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triphenylphosphine ligand complex catalyst. US-A-4,283,562 discloses that branched-chain alkylphenyl-
- phosphine or branched-chain cycloalkylphenylphosphine ligands can be employed in a rhodium catalyzed
hydroformylation process of olefin to produce aldehydes in order to provide a more stable catalyst against
entrinsic deactivation while retarding the rate of the hydroformylation reaction far less than n-alkyldiphenyl-
40 phosphine ligands, relative to that obtained using triphenylphosphine. US-A- 4,400,548 discloses that
bisphosphine monooxide ligands can be employed to provide rhodium complex catalysts of improved
thermal stability useful for the hydroformylation production of aldehydes.
EP-A-96988 and 96986 teach the use of, among others, (bi)cyclic phosphites in the rhodium catalyzed
hydroformulation of internal olefins and alpha-olefins, respectively.
45 However, despite the obvious benefits attendent with the prior art references mentioned above, the
search for a more effective phosphorus ligand which will provide a more active, more stable and/or more all
purpose type metal-phosphorus ligand complex catalyst is a constant one in the art and heretofors, unlike
the present invention, has been centered for the most part on the use of triorganophosphine and
triorganophosphite ligands.
50
- Disclosure of Invention

It has now bsen discovered that certain diorganophosphites (some of which are already known as

stabilizers and/or antioxidants for organic polymers, see EP-A-2821 and 9115) may be employed as the

55 phosphorus ligand in rhodium complex catalyzed hydroformylation processes to provide numerous advan-
tages relative to heretofors commonly proposed rhodium-phosphorus ligand complex catalysts.

For instance, the diorganophosphite ligands employable herein are useful in providing both improved

catalytic activity and at the same time improved catalyst and ligand stability in hydroformylation, even with
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wherein each y individually has a value of 0 or 1; n has a value of 0 or 1; Q is a divalent bridging group

= -~ 49 selected from -CHz-, -CH(CHz)- and -S-;

o W is an unsubstituted or substituted C:-Cyg alkyl or an unsubstituled or substituted Cs-C1z aryl group; and
each Ar represents an identical or different unsubstituted or subslituted aryl group selected from phenyiens,
naphthylene and anthracylene;
said substituent(s) on W and Ar being selected from C;-Cig alkyl groups , phenyl, naphthyl, benzyl,

45 phenylethyl, tolyl, xylyl, cyclopentyl, cyclohexyl, 1-methylcyclohexyl, cyclooctyl, cyclohexylethyl, halogen,
nitro, cyano, trifluoromethyl, hydroxy, -Si(R®)s, -Si(ORF)s, -N{Rf),, -C(O)Ré, -C(O)ORE, -OC(O)R®, -C(O)N-
{R5)2, -N(RE)C(O)RE, -S(0)2R® -S(O)RS, -OR®, -SRS, -P(0)(Rf), wherein R individually represenis the same
or different hydrocarbon groups selected from Ci-Cig alkyl groups and aryl, aralkyl, alkaryl and alicyclic
groups containing from 6 to 18 carbon atoms with the proviso that in substituents -N(R®), each R® taken

s0 together can also represent a divalent bridging group that forms a heterocyclic group with the nitrogen atom
and in substituents -N(R®)2,-C(O)N(RE). and -N{RS)C(O)R® each R® bonded to N can also be hydrogen
while in substituents -P(O)(R®). one R® can also be hydrogen; said Ar groups being bonded through the
ortho positions in relation to the oxygen atoms that connect the Ar groups to the phosphorus atom; and any
substituent, when present on such Ar groups or an aryl group W, being bonded in the para and/or ortho

55 . position of the aryl group in relation to the oxygen atom that bonds the given subslituted aryl group to the
phosphorus atom,
provided that in case W is an aryl group at least one of said aryl groups Ar and W is substiluted and not all
of the total accumulative number of ortho positions on Ar and W are substituted with a radical having a
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dl val enthe bkacdgtruogregbfomp) catalytically active metal complex species, which may be present in their
mononuclear, dinuclear and or higher nuclearity forms. Indeed the exact active structure is not known.
Although it is not intended herein to be bound to any theory or mechanistic discourse, it appears that the
—40 active catalytic species may in its simplest form consist essentially of rhodium in complex combination with

the carbon monoxide and a diorganophosphite ligand.

The term "complex” as used herein and in the claims means a coordination compound formed by the
union of one or more electronically rich molecules or atoms capable of independent existence with one or
more electronically poor molecules or atoms, each of which is also capable of independent existence. The

45 diorganophosphite ligands employable herein which possess the element phosphorus have one available or
unshared pair of electrons and thus are capable of forming a coordinate bond with the rhodium. As can be
surmised from the above discussion, carbon monoxide (which is also properly classified as a ligand} is also
present and complexed with the rhodium. The ultimate composition of the active complex catalyst may also
contain an additional organic ligand or anion satisfying the coordination sites or nuclear charge of the

s0 rhodium as in the case of herstofore conventional Group VI transition metal-triorganophosphine or
phosphite catalysts. lllustrative additional organic ligands and anions include e.g. hydrogen™ (H™), alkyl™,
aryl~, substituted aryl~, CF3 , C2F; , CN~, R:PO~ and RP(O)(OH) O~ (wherein each R is alky! or aryl),
acetate—, acetylacetonate™, PF, , PFz NO; , NO; , CH3O~, CHz =CHCH; , GgHsCN, CH:CN, NO, NHs,
pyridine, (CzHs)sN, mono-olefins, diolefins and triolefins, tetrahydrofuran, and the like. It is of course to be

55 understood that the active complex species is preferably free of any additional organic ligand or anion that
might poison the catalyst and have an undue adverse effect on catalyst performance. For instance it is
known that in conventional rhodium catalyzed hydroformylation reactions that halogen anions and sulfur
compounds can poison the catalyst. Accordingly it is preferred that in the (rhodium catalyzed) hydrofor-
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preparation are well known. For instance a conventional method for preparing such ligands comprises

reacting a corresponding organic diphenolic compound (e.g. 2,2'-dihydroxybiphenyl) with phosphorus

- .30 trichloride to form an organic phosphorochioridite intermediate (e.g. 1,1'-biphenyl-2,2'diyl-phosphoroc-

hloridite) which in turn is reacted with a corresponding mono-hydroxy compound (e.g. 2,6-di-t-butyl-4-

methylphenol) in the presence of an HCI acceptor, e.g. an amine, to produce the desired diorganophosphite

-ligand [e.g. 1,1"-biphenyl-2,2'-diyl-(2,6-di-t-butyl-4-methylphenyl)phosphite]. Optionally, these ligands may

also be prepared in the reverse order, for instance, from a preformed organic phosphorodichloridite (e.g-

35 2,6-di-t-butyl-4-methylphenyl phosphorodichloridite) and a corresponding diphenolic compound (e.g. 2,2'-di-

"~ hydroxybiphenyl) in the presence of an HCl acceptor, e.g. an amine, to produce the desired dior-
ganophosphite ligand, {e.g. 1,1"-biphenyl-2,2'-diyl-(2,6-di-t-butyl-4-methylphenyl)phosphite].

A further preferred class of diorganophosphite ligands employable in this invention is that of the formula

~+10

(Q)n P-0-W (11)
1 )

23 : )0
50
| 2

55 wherein Q is -CHz- or -CHCHs-; n is 0 or 1; each Y', Y2, Z2 and Z3 group individually represents hydrogen
or a group given above as possible substituent on Ar and W (preferred alkyl groups having from 1 0 8
carbon atoms), with the proviso that both ¥' and Y2 are groups having a steric hindrance of isopropyl, or
more preferably t-butyl, or greater, and wherein W represents an alkyl group having from 1 to 18 carbon
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~radical s being bonded through two phenolic oxygen atoms (wherein each
" oxygen atomis bonded to a separate aryl radical) and the other organic
radi cal through a single phenoligpghsgkgPBP! i C 0Xygen atom

" Tri organophosphites contain three organic radicals each radical being

- bonded to the phosphorus atom 10 through its own individual oxygen atom

~ Thus i f afodrppdigramydiront @ 1dicarboreaansh Disnéféred liggasats thesspdi 6yralole @) hisave iwheraioul d

- yi el d bobth Yaardi Y3 hersanciisdcbaipakyngroups hatigtivee@dive @tenelome, espegign-batyn A3 ang

bonded #Z&ara hgdigmmn at an allyhdroupaedperially t-tatvl a nono- ol conpound, while

~ tri or ganopobgrhpreferrddi ¢jesa s dissanaghaspliitedigeride eaglavabiel karain o thdse exseraip kY -ivl

- conpoun@dstitqag on ueRebrfitited 3o getlirgleshich yps tdanep rbRves espedially sHiptiingy enh ppsypstituted

cor r esp@fRMVtredidlfe conpounds obtai ned by the 15 addltlon of a car bonyl group

to an ol ef ’f?ﬁ(’i’%ﬁnl Qpsqiyed At }“é H’“ccéPB('ﬁ‘F *%(?'Bfﬁ‘i"lyf?"‘tnﬁéa §?"a "f 'r‘\ Figt9anq F’B sPilet h

~simul 1 g mg Trnbdh 0f E}ﬁf@pr toap fg\ O, B e

- Pr Ocess oups o ormula( q IOﬂS rezjg( ve eox eﬁéato?r}w a ondL%Ii:ac érl ﬁ'gqe tc?%aS

-process AGHdrObhnd Je R el ol onhg
ﬁ ca Qa% pyNOWN

h
- Processj fork mdié JQ g’
pr ocessg-%lgm f%é%m gwaﬁfofa,sétﬁ,w &f?%e%mpt up% ad 51« mexc% 'u&ema tagﬁﬁ by b4t | ON
~ react i oRSwity? Particularly Ofith | B P BC RyardidhRyiktiors EdrfedCoub Yl the T ipdsBth adi | QEbsP S 8RS Can

be copdiggiofrbspHte f§HAY. FOLASce, RFFandpREHAIBUGAAES inVhick Al Bi¥lariiamdubOkle anbdinieal ve a
liqui d agCmeitds @d’odﬁtrarstdgamnmrwy)cdne dRRRfahésPiite Aigand€ fi Wil .fouk bikiBdMoBEacclifiga-
©manner @ve ountbdf oDbucAtthd ipGditiond ol i@ drgardup®are suGstbdddenithSa raiblahadyiag aadudic

~ sol vent hiadgrencalos omady! @ rgrdaiec dbo ainch sty hindragrek ol Shedbradrtesinyle benvent thonal

- f ashi on podrtigagpe s@bilitk and/dn gatplytisfagiivite thatmyariefoblaingd withi tair use paiduiery in shepresbeeabl y

.- car r.i2ed obexce¢snireg ligeesiQe the ather band rimeipyerh IRSd stdbility andfet giteigic cactiviy e riodifdr  t he

catal ystcata'meéquwz'am@vwnm REgsensoh XChRs fesp digandimen lbp pbteipesiathan atleast two

corrpoun@f tﬁﬁ(ﬁ”‘%éﬁ‘%ﬁr’g ftvea’H@b§le§lt°ar?ﬂi‘°aP939'°'§cﬂ"lﬁdilt%e aryl 9reugs) et li“?)ﬁ'”%'?a""f‘@"'i"ﬁe
- case wi f'wnfs At spbst 'a?awba?wf e hovsp G oiede @gdrffﬁapf' ¥yO" diore preferably
hodiy ur® et 0 mgrg den g g Faton gfe 8 o % total
hydr °§ 1n :Sn@: roug ? Ot ttEﬁ me t?m(gewln rg péfaf s(gr séno t;c;;m ds m w é of
free dig) e %%B e m%%wmgi;%éoag% E i
, cat al yStra ic haw %t n!: gl I9St-B k/l rbagé’}
~conpl exg gﬁam aQWtIHe%:&rSHﬂo sédhveengsmme%&o% % b

- hydr QB%W' & ||a919 dPth@%ﬁt&mQ of ki3l &yl @&ﬁ‘onkb@&niea W MBFeB¥E i Stﬁ‘é Bletetrd& dior-

hydr of ogaRshrkbRe iguas, tlehQBRHKBRAE diBUfatMiy mby B futtiler QRhaR@k &l onb RO SdRNEHHYS
- ligand eesmoheo tidadna kaditadegiosdiita B WYd sabstiufed WaR @i b1656-neatvelsObstilient, algd ByRME d
- cat al yshavingaigt dapabllity of orriieg & week ceardiistd one eittsrhodigpi.oved cat al yst and | i gand
~.stabi | i ty, Themahotreraeterizdrviaks ¢f stiorgafdpbosdid ligands sraplaysige ifthis eentoncarghpeEhthe phi t e
“T'irgarsels fasngldsoyabl e herein, as opposed to the 35 triorganophosphi ne and

“triorganophosphite |ligands heretofore enployed in the prior art. It is to
" be noted that the,guccessful practice of this invention does not depend and

i's not predicate
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s the exact structure of the catalytically active nmetal conplex species,

- which may be present in their nononucl ear, dinuclear and or higher
“nuclearity fornms. Indeed the %P 1 g\, structure is not known. Although
it is not intended herein to be bound to any theory or mechanistic

- discourse, it appears that the 40 active catalytic species may in its

.. sinplest formconsist essentially of rhodiumin conplex conbination with
~the carbo Qnexide and a di organophosphile |igand. The term "conpl ex" as
.. used her t he clains means a coordi nati on conpound f-ormed by the
““union of - e—eleg@yonically rich]nolecules or atons capabl e of
I ndépendent exi gtence with g or nore ronigally poor nolecul es or

" atonms, each of (RAjxch is al so capabl® pendélent exi st enqev)The 45

. di or ganophosphi fe |igands epgf oyabl e her whi ch possess the el enent

phosphor yg_Qaye due_avai lggbl e or unshar pair of electrons and thus are
capabl e ¢ ﬁ 4§ a coordinate bond withthe rhodium As can be surm sed
froffthe 2 gi'scussi on, carbon nonoxi de (which is also properly

.classified as a ligand) is also present and conplexed with the rhodium The

- drti mage GORPOSERL QP 8licd.NG ARLL YEuCHPLEX. Sak % %8t vITRY Al 50 6088 glo, an
. addi ti piahak) QpRsdnts! HySagH, §7ona Bt RB gRals gNoi laBite bl BossiB8 Gl stBbritOh A dnSw OF
s nuclEeagneCREERa ki grblips Aing 3RS 118 cafton blBmb)NRIHCHS BroRde 1A TaETaH: BER of the X'
‘convenidoadlousd SHLEP loXst Iboth loRAS ivt hdanv2HRIuEd orf & 4ih HRARRSHASBANE FOuREI MHRAA t €
- cat al ygt) abovel drdigbitad havg alkrit indBhco O @3RS/, |oF BRRAS oGBSy BHILANG grdakl WAE €. g.
" hydr og&th-thd provigo tBt Ky Formul@ ki)l above i ikkd thait B@e [asd prifeablg neRMEE)thotdyo prang X,
- (wher exan Yeas 2 Ryroups atek grbupsr haging la) steria detiehe, ofaiswptopllaw edreatrmtag the fagertjme.
. pyr idi Preferaple rtie] X'mdh oF' odndf Y2 rgsqupsl il ledncies! chaid atkyli asdups ihaving 3 tot ¥ ediyddratdmsy an,
T and thesppdidle t-bytyl. The wprequriernsd ligandpdn EEmuUA ) e diesde wherein tefier &ethi X énd dfipl ex
-speci egrours artdptgron ety X anda® groursre -t i onal organic |igand or anion that
-m.ght  poi"8ianofecPreieted| opss of HiRioaneriesrhiip ligarfisenithate swsiderpdiotbediavet SPraRoyist
- perfor {')Pﬁ?lefé’.‘a“?'o‘ie’ P STRlPwaRIe fny thip vegres g Pesgto! e ¥BYR ent i onal r hodi um
- cat & yzed hydrofornyl ation reactions that hal ogen anions and sul fur
~ conmpounds can poi songk he catal yst. Accordingly it is preferred that in the
. (rhodi um cat al yzed ydrofor- 4 EP 0 155 508 B1 [err] 10 and the like.
“1n _general, the \tuent groups present on the groups represented by W
and,s he Ar dF oepk e , i organophosphite fornmula contain from1 to
A.i?;carbon at ons.

LU @n Poo-w
35
| z3 0
—d0 .
Y

45 wherein Z2 and Z3 each individually represent a radical selected from hydroxy (-OH) and an ether (i.e. oxy)
group -OR® wherein R® is the same as defined above and wherein W, Y', ¥2, Q, n and y are the same as
defined above, preferred alkyl groups Y' and Y2 having from 1 to 8 carbon atoms. Preferably R® is an alkyl
group of 1 to 18 carbon atoms, more preferably from 1 to 10 carbon atoms, e.g. primary, secondary, and
tertiary alkyl groups, such as methyl, ethyl, n-propyl, isopropyl, butyl, sec-butyl, t-butyl, t-butylethyl, t-

‘50 butylpropyl, n-hexyl, amyl, sec-amyl, t-amyl, iso-octyl, 2-ethylhexyl, decyl, dodecyl and octadecyl. Further
each y preferably has a value of zero, and when n is 1, Q is preferably -CHx- or -CHCHs-. Most preferably
n has a value of zero. Preferred unsubstituted and substituted monovalent hydrocarbon groups represented
by W include those as defined and exemplified above, for example alky! groups having from 1 to 18 carbon
atoms, preferably from 1 to 10 carbon atoms, such as primary, secondary and tertiary alkyl groups, e.g.

85 methyl, ethyl, n-propyl, isopropyl, butyl, sec-butyl, t-butyl, t-butylethyl, t-butyipropyl, n-hexyl, amyl, sec-
amyl, t-amyl, iso-octyl, 2-ethylhexyl, decyl and octadecyl, as well as alpha-naphthyl, beta-naphthyl, and aryl
groups of the formula



. Moreover, each Ar group and/or group represented by Wnay contain one or
-more such substituent groups which substituent groups may also be the sane
~or different in any given diorga Q Sugtepr A preferred class of

.:«di or ganophosphite |igands enpl oyabl er e| n are those wherein Wis a
“substituted is or unsubstituted [err] al kyl group. Preferred al kyl groups
“contain from1l to 10 carbon atons, such as those defined above. O her
‘preferred al kyl groups are substi tqg]ed wi th a non-hydrocarbon substituent
-as di scussed above, i.e., [err] andg [err] [err] wherein [err] is the sane
~as defined above, as well as hal ogf nitra, cyano, trifluoronethyl and
“hydroX¥y groups. An el ectro-negati @ Ubt i tuted al kyl group has 20 the
‘potential of form ng a weak coordirfate bond with the rhodi um conpl ex, and
~'such substi-tuents may render the r;{‘%dr um di or ganophosphi te conpl ex

~-cat al yst in hydrofornylation rmre cat alytically stable. The nost pref erred

el ectr zﬂ; 'Vngy)GSa'#ebﬁm%'sEUt gé:ld rou ar%set hose of the fornul a

_ p

el BRI ,rre ol drzrrergrgmﬁrr r:grfsf

.-.eaCh R7 l‘a%tb r‘P'berh ona rven | rganop ogen
and [ errjgasy &fbrngfaqua%o@ 5} %a\fﬂ:g\é dr’ig hrﬁ rante H;Etg bly u vl, 0 T err]
groups Wpedid| dhd [Wvith $he révido hat O R A VRBbdve, o Mebrd/ I fi Qore than

. di f f eieenivo aNtle XS Xa 5 GEVA digls B QrRps N!vir@ats{%ﬁc RARMHCS 6 .&Ja%yrfanere agrhglésrn&an
~al so be tmedr ogen. Such types of drorganophosphrte | i gands enpl oyabl e

Zthis i nventinomy thedber moet figettadf dirganbibsphity’ RjaAdsadti Fofnud @) \eBdvb akd1HIvd. ofﬁﬂer

i nst anceformuzgonvent i onal nmethod for preparing such |igands conprises
‘reacting a correspondi ng organi ¢ di phenolic conpound (e.g.

.2, 2" - & hydroxybi phenyl ) wi tyy phosphorus 30 trichloride to forman organic
;=phosphoroch|or|d|te |nterﬁ§d|ate (e.g. 1,1 -Dbiphenyl-2,2" diyl-phosphoroc-
“hloridite) which in tur 5 reacted with a correspondlng nono- hydr oxy

. conmpound (e.g. 2,6- QZ t |-@-- met hyl phenol) in the presence of an HC
.accepgor, e.g. an amne of protce the desired di organophosphite |igand
«~[e.g. 1 1' - bi phenyl -2; 2" "0}yl - (2, & di -t - but yl - 4- net hyl phenyl ) phosphi te].
fprtlonaIIy t hese Ilgands(Qi¥ al so Be=prepared in thevIeverse order, for
iinstance, froma preforned|organ| phosphorodi chloridite (e.g. 35

-"_2 6-di -t - butyl - 4- net hyl B sphorodr chloridite) and a correspondi ng
;7 di phegol i c corrpoundZ di - - hydr oxybi phenyl) in the presence of an
- HA. acceptor, an a , to produce the desired dior- ganophosphite

“ligand, (e.g. 2

4,1 - bi phenyl -2, 2" -di yl - (2’6 di -t-butyl -4-met hyl phenyl ) phosphite]. A

f urt her prefer red cl ass of di organophosphite |igands enployable in this

i 'nvent®si ovelein Ftapd ZHpach linglividealisnéneespre rardroub Selestéreiragi yd@xy and ©RF Wwhasin [Religdn N i S

= 0-or 1; akdcgioypeharipg Hem 1718 1§rcetrpn piads, W%aﬁefesabwepmesmntoscarmdramgsnasodeﬂaadgr oup

-__gr ven alfBoeE QSonrsenss tite- auBEPHriUEhee aomlumet Gerd!, BelomblyfQ Yt e Bleksh indyyi

hav| ng fPREEEPY & ‘ﬁ? selected from branched chain Cs-Ci2 alkyl groups, phenyl, benzyl, cyclohexyl and 1-
methylcyclohexyl, preferably a branched chain C3-Cs alkyl group; and W represents a C1-Cg, preferably

~ 40 G;1-Cyo alkyl group, alpha-naphthyl, beta-naphthyl, and aryl groups of the formula

-+
45

wherein Z* is the same as defined above.

The most preferred diorganophosphite ligands represented by Formula (VI) above are those wherein 22

and Z3 are hydroxy or methoxy radicals, especially methoxy, wherein Y' and Y2 both represent a branched

s0 -chain alkyl radical of 3 to 5 carbon atoms; especially t-butyl; wherein W is selected from Cy-Cio alkyl
groups and aryl groups having the formuia

wherein Z* is selected from hydrogen and methoxy, especially hydrogen; and wherein Q is -CHz- or

9



carbon atons), with the proviso that both [err] and [err] are groups having
~"a steric hindrance of isopropyl, or nore preferably t-butyl, or greater,
~and wherein Wrepresents an_alkgﬁoqggggzgiving from1l to 18 carbon 6 EP
.0 155 508 Bl atons, preferably from o 10 carbon atons. The preferred
ligands are those of Formula (11) above, wherein both [err] and [err] are
~ br ancheecHaHaah hawaglaalug 6iU@ 3. Meve bre@radolyrved niethyf.i ve carbon at ons, especially
T t-butyl, HE2traindexddples @ siopdiicbgesphaephignigaidk wblugrengip, especially t-butyl.
"Anot her preferred class of diorganophosphite |igands enpl oyable herein are
“those wherein Wis a 5 substituted or unsubstituted aryl radical such as
.. defihed above, especially sub$tBeuted or unsubstituted phenyl radicals. It
. .has been observed that in rhodi umcatal yzed hydrof ornyl ati on reacti ons,
. when the di organophosphite Lidand enpl oyed is one in which Wrepresents an
. aryl radical, that su%?tit \ (excluding any substitution caused by the
r.briq ing group [err] of th 0 sition of the aryl group (W and the

“two 10 Ar groups of Fornula—~{l), Fﬁé\ t hose ppstidions relative to the
Ml group po- tghs 13:%;,orus atom of the
infl uence the cat\g Ic activity and/or

oxygen atom that bond each ar

- ‘di-or ganophosphite |igand ne

-wstability of the Iigaﬁg. :ntlﬁ, teric hindrance around the phosphorus

“atomgof the di organophosphN I gand caused by substitution in such ortho
positions of all the aryl otfps has an influence on ligand stability

. and/or catalytic activity, pardticularly with regard to hydrof ornyl ations

- carried out in the presence of“B%cess free dior- 15 ganophosphite |igand.

~ For instance, diorganophosphite ligands in which all the aryl groups are

unsubstituted aryl radicals (too little steric hindrance) and

- diorganophosphite ligands in which four of the total accunula- tive nunber

~of such ortho positions on the aryl groups are substituted with a radical

- having a steric hindrance of isopropyl or greater, (too nuch steric

-~ hirndrance), are not considered desirable because of the poor |igand

' staﬁflity and/or catalytic activity that may be obtained with their use

..particularly in the presence 20 of excess free ligand. On the other hand

- inproved ligand stability and/or catalytic activity in rhodium catalyzed

.-.hydrof ornyl ati on even in the presence of excess free |ligand may be obtai ned

~when,at | east two of the total accunul ative nunber of such ortho positions

8p_all the aryl groups of the diorganophosphite ligand are substituted with

‘“‘a’substituent radical having a steric hindrance of isopropyl, or nore

‘preferably t-

Y)

- 35 -

40
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sibutyl, or greater, provided that no nore than three and preferably not nore

“than two of the total 25 accumul ative nunber of such ortho positions on al

“the aryl groups are substituted wptgys dga@sCcal having a steric hindrance of

“isopropyl or greater at the same tine. In addition, diorganophosphite

s ltigands in which two such available ortho positions of the two Ar groups of

i generic Formula (1) above are substituted with a radical having a steric

+hi ndrance of isopropyl, or mor&-Pseferably t-butyl, or greater, appear to

- possess better ligand stability as a general rule than if the

. di organophosphite |igands YWEre\so substituted in the two 30 such avail able

--or tho®posi tions of throaw (;Do.- rgpresented by W Mreover, in the

'preferred dior- ganophosph I gand the catalytic activity and/or

~stability may be further enhanced if o q,q_fgs,ai%ortho positions of the

aryl radical represented by Wi s substjtuted w an el ectro-negative

;- Substjtuent, e.g. cyano, hb N t he 9é€ébility of form ng a weak coordi nate

~*bond Wi th rhodi um Thif ;«dla ot erred cl ass of di organophosphite

. ligands enployable in this\Ty£ntion are those of the 35 formulas [err] 7
EP'0 155 508 Bl [err] wherein|Qis -CH2- or -CHCH3-; n has a value of 0 or

. 1; each [err] and [err] group t«Bavi dually represents hydrogen, or one of

=t he gsoups gi ven above as possible substituents on Ar and W15 (the

< preferred al kyl groups having from1 to 8 carbon atons), with the proviso

. that at l|east both of the [err] and [err] groups or at |east both of the

“[err] and [err] groups on a QL&S” di organophosphite of Forrmulae (111) and

" (I'V) above are radicals having a steric hindrance of isopropyl, or nore

. prefePably t-butyl, or greatdqr, and with the proviso that in Formula (II1)

i above no nore than three gndlpreferably no nore than two of the [err] [err]

. or [err] groups are. gLoup AW Ng aosteric hi ndrance of isopropyl or

. 'greater at the sang '8fne QH"’e er a the [err] and [err] groups are

~ brancped chain alkyl grou Having 3 to carpon atons, - especially

+t-butyl . The more preferred Ifgands in EoFnul®%(GHy) are those wherein
~either both [err] and [er & oups ar -butyl or both [err] and [err]
‘'groups are t-butyl o4Ygt preperred class of diorganophosphite

-1 gands, which are cansi to be novel conposi -

30

.38

N\

t-Bu

. 60
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. tions of matter per se, enployable in this invention are those of the

- formula 25 [err] 45 wherein Z2 and [err] each individually repreant ?

- radi cal selected from hydroxy ( ether (i.e. oxy) group [err

- wherein [err] is the sane as deflgﬁ')é)d%g%8€%1and wherein W [err] Q n and vy
are the sane as defined above, preferred al kyl groups [err] and [err]

havi ng friyod rebdliod® ot didiAantdh @¥TactivElcBhifhadMoybelf@E bl halo§endid &hf‘ﬁlydlre&fy(wrﬁhe@fo 1-to
18 car bame mbdis, nore preferably from1l to 10 carbon atons, e.g. prinmary,
secondary, Trenthntber bfi aveilabla | csgtliinao0 BiRs ,on Sh@kunas wa tkaywn, mahehydt and1may Gedgé in

1 Sopr opyilumbdyutopr] 4 te &C Bipuntay lof illustiatitinyil aprear uliay et deye, rhibdiund Oataliati tsydcfps @PYHis,

n- hexyl ,invantiph corgairs- ia ity simplestdenyl an angortef tigiganophosthity ligaed yid, cadbert mbnoxide gl |

and oct deledygil of Ryr moles ineceginley cmlifationaiinyonh arlegof visddiver. Bfus Aler aplivecapeciastreay n i s
1, Q is pmetseragsimplex Cpiglyst gpixturGHTIBIr, magpryericp diepéa erbhighennuglgerity foprag. U\élcmarezer 0.
Preferr e%aféﬁﬁ%'ﬁ%’s PY OO dtho. aﬁ'?@!Ofst!?[?ﬁtq"thﬂ‘@m%'F?oma'P‘é’iﬁ NRYEiPse Reh OPe GISEHS of

repr eserf?‘@'ﬂ'mb S Wt%etrm@af?%g@%@ ig @leg H’éﬁ?"’aﬁﬂ QR ith &g rgsirein thepgctive

~ exanpl’e e;@ ﬁrfl et T c.%f’f’%%'"; g é‘?“é‘bf e L to
: ég cr;rg{ Eciﬁo%éo n rny ro e (%? ?ﬁjg t'bef unb%t%métvﬂg%?e? 5 hatt Yn% Ttv specrgs of €. g.
ta st inverition’ dur] ydroform atuon ay aIs pl ed
b I I |,
t2 e}("hél &%}X o g oX tp gca hQ and &ﬁoh rr?o%gﬁlde |g nds p:ﬁl{tlﬁ[xf? Iy in vaew o gh(:y

_beta-nap thlrL;ovela arﬁl@éél of %QW%n&ﬁrefbr}ﬂﬁ theP4ci! d%mglex catdifat ol R0 1iEinto @le’ 1 10
“wher ei N i @bibinyiiéh i z0Rd & vinBRer SR R i3 SpaRk i9195haRB VA JGHRG trIeﬁ‘qerfan@Bﬁcﬁs ents
a group rédagdn, tehydRsmorQylhtloR readtde is'giadlddNg the BfosdnBd bfred Bibrgdidphdasitb &i]ﬁ@chuaé yl

. groups Ay btilistigion the Mitihate @ordgbsi@an dd@He padfeidB actmb thadilih Corfidlex\sh&os ichi@lst 3dn deeast

. bot h f likdned joe ritrjoutaiel td e rdutcome b Sontuetirgt rebctiarat beb@bh cabont Menokies ajd @adiick-er r ]
" groups @anophagihite riigetide fiqy axampldgpdti doerdihatiga mites Ofith Figr modian EMnerbTnese adngetigoups
havi ng deastions can Wei distirkzed eeinthienged oyithio sighificaatriimite b inpreasing roaidcyeatingdottié ydncentya-
gr eat er iomatithgj didiganepbogphitey ligeed. tAscat g4naralized istatemerft\ihe abmpaaent rcarlypp rreonpiidenort hr ee
and pr efdé’fﬁmpf)“ﬁﬂted'ﬁ?rﬁ yiidrean shift g gaufioriymh el thegorpeting rfetlorﬂ]n itgriayamshoudd enigyr oups
havi nﬁ “esqf%ﬁfﬁ;gpﬂ?rtwweaﬁfc@f]w"s’ g'a% fg%‘a“%?f ;qr@%n"érs'f:at YRS lngeﬂagﬁ;%mng
‘the eve "ﬁ’fﬂ' alyst E’nng@@ ?'!j roflgi;nylal HESs mainiing Pi&r?é?é” Gro pighesricps fams ghrstive ar e

t hose 0 'h; on, or as a means Yor shifting the equilibrium of 'thé competing

. rea s in its favor and therefore causing additional diorganophosphile ligands to enter into complex

i combination with rhodium with the probable eviction of a similar number of carbon monoxide ligands from

D 30 the complex catalyst.

e The diorganophosphite ligands employable in this invention are those of formula (I) above.

o ' Specific illustrative monovalent hydrocarbon groups represented by W include primary, secondary and
tertiary alkyl groups such as methyl, ethyl, n-propyl, isopropyl, butyl, sec-butyl, t-butyl, t-butylethyl, t-
butylpropyl, n-hexyl, amyl, sec-amyl, t-amyl, iso-octyl, 2-ethylhexyl, decy! and octadecyl; and aryl groups

35 such as phenyl, naphthyl and anthracyl. Preferably the unsubstituted alkyl groups contain from 1 to 10
carbon atoms.
Preferably the substituent groups on Ar and W, including those represented by R®, are unsubstituted
alky! or aryl groups.
Among the more specific alkyl groups, including those represented by RE, that may be bonded to the
~ 40 wmonovalent hydrocarbon groups represented by W and/or the Ar groups of the above diorganophosphite
formula that may be mentioned are primary, secondary and tertiary alkyl groups such as methyl, ethyl, n-
propyl, isopropyl, butyl, sec-butyl, t-butyl, t-butylethyl, t-butylpropyl, n-hexyl, amyl, sec-amyl, t-amyl,
isooctyl and decyl. Other illustrative hydrocarbon groups R® are phenyl, naphthyl, benzyl, phenylethyl, tolyl,
xylyl, cyclopentyl, cyclohexyl, 1-methylcyclohexyl, cyclooctyl and cyclohexylethyl. More specific illustrative
45 non-hydrocarbon substituents that may be present on the monovalent hydrocarbon groups represented by
W and/or the Ar groups of the above diorganophosphite formula include e.g. halogen, preferably chlorine or
fluorine, -NO2, -CN, -CFs, -OH, -Si(CHa)s, -Si(OCH3s)s, -Si(CaHz)s, -C(Q)CHa, -C(0)CzHs, -OCG(0)Cs Hs, -C-
(O)OCHs,-N(CHz)2, -NHz, -NHCHs, -NH(C2Hs), -CONHz, -CON(CH3)2, -S(0)2C2Hs, -OCHz, -OCs Hs, -C(0)-
CeHs, -O(t-C4Hs) , -SC2Hs, -OCH2CH>OCH3, -(OCH2CH2)2 OCHs, -(OCH2CHz)3OCHs, -SCHz, -S(O)CHa,
80 -SCeHs, -P(O)(CeHs)2, -P(O)(CHs)2, -P(O)CzHs)2, -P{O}CsH7)z2, -P(O)(CaHa)2, -P(O)CsH13)2, -P(O)CHs-
(Cs H3), -P(O)(H)(CsHs ), -NHC(O)CHs,
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.. formula 20 [err] 35 wherein [err] and Z3 each individually represent a
:.group selected fromhydroxy and [err] wherein [err] is an al kyl group
-+having from1l to 18 carbon at ongp ¢ ggoa?é'gferably from1l to 10 carbon
~atonms, as defined above; Q represents - or -CHCH3-; n has a value of O
~or 1, preferably 0; [err] and [err] each individually represent a group
~sel ected frombranched chain [err] al kyl groups, phenyl, benzyl, cycl ohexyl
: and 1- nethyl cycl ohexyl, pteB¥rably a branched chain [err] al kyl group; and
“"Wrepresents a [err] prefgrably 40 [err] alkyl group, alpha-naphthyl,
»-beta-napht hyl, and aryl grdups of the formula 45 wherein [err] is the sane
..as defined above. The ny Rr ef erred di organophosphite |igands represented
by Formula (VI) 4 pse gpherein [err] and Z3 are hydroxy or met hoxy
- radicals, especialty ne , WwheNein [err] and [err] both represent a
.“branched 50 chain alkyl Tadical ofN3 to 5 carbon atons; especially
~t-butyl; wherein Wis sel e€Hgd from¥®er@—a &4 groups and aryl groups

5ihavﬂﬁg the formula 55 [err]y wherein Z4 is selected from hydrogen
- and net hoxy, especig]ly ogen; Zand wherein Qis [err] or EP 0 155 508
“BrTerr] n havi rfefis oP 1. mre preferably Wis nethyl.
“Illustrative exanples o h di organophosphite ligands include e.g. [err]
.25 35 10
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-"EP 0 155 508 Bl [err] 15 t-Bu 20 EP 0 155 508 Bl nyl ation reactions of
“this invention the active catalysts also be free of hal ogen and sul fur
~directly bonded to the rhodi um Epca {24 §b1of avai |l abl e coordination sites
-on rhodiumis well known in.the art and may range in nunber from4 to 6. By
- way of illustration it appears that the active rhodi um catal yst species of
this 5 invention contains, inits sinplest form an anount of

- di organophosphite |igand an&-8#rbon nonoxi de equal to a total of four noles
~in conmpl ex conbination with ,one nole of rhodium Thus the active species

-~ may conprise a conplex catalfyst m xture, in their nmononeric, dineric or
“hirghes nuclearity forns, Rh are characterized by one, two, and/or three
““di or ganophosphi teClﬁsQ @ stpl @xed per one nol ecul e of rhodium As noted
~above carbon nonoxide is\g presagt and conplexed with the rhodiumin the
active 10 species. Mireoverfy as in ?q ﬁasenventi onal

- rhodi umtriorganophosphi ne o phosphite [Mi gaN pl exed catal yzed
“hydrofornyl ati on reactiona he act/'/ve cat al y§ peci es of which is

- generally consi deigdoto @ ont gf n hydrogen directly bonded to the
.rhodium it is |ikeM se \ddiddered that the active species of the rhodi um
-catal yst enployed in this ention during hydrofornylation nay al so be

- conpl gxed with hydrogen in algjtion to the di organophosphite and carbon

~ nmonoxi de |igands, particul art¥4 n view of the 15 hydr ogen gas enpl oyed in
~the process. Moreover, regardl ess of whether one preforns the active

- conpl ex catalyst prior to introduction into the hydrofornylation reaction
'.zone or whether the active @4 es is prepared in situ during the

... hydr ofoor nyl ati on reaction, the hydrofornylation reaction is effected in the
-presence of free .di organgptrogphite |igand. Thus by way of illustration the
~ultimte conposit gneof efepred active rhodi um conpl ex species

:wcatal yst can be 20 i keNde/gf attNbutable to the_outcone of conpeti ng
~reactions between carbon nmonpxi de anth\the dior- hite ligands for

" conpl Eing or coordination sjtes with Pt r@oo ‘ 2‘?’3 These conpeting

30

36 t-Bu

O

50
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*;groups [err] are phenyl,

gireactlons can be disturbed or influenced, within significant limts, by
i ncreasing or decreasing the concentra- tion of the dlorganophosphlte
ligand. As a generalized statemﬁpaqsétﬁﬁﬁpnponent (carbon nonoxi de or

.. di organophosphite |igand) which can $h the equilibriumof the competing
reaction in its favor should enjoy 25 the greater opportunities of
_.occupyi ng the coordination or conplexing sites. For exanple, one nmay View
. the function of free di organepl@gphi te |igand as either namintaining the
.'status quo of the various forns of active conplex catalyst during the
JLhydrofornyIation, or as a medns for shifting the equilibriumof the

B i i in i or and therefore causing additional

eD_into conpl ex conbination with rhodi um

* di or ganophosphi |l e €H

~:W th the probable eV|ct|o~ a si ar nunber of carbon nonoxi de |igands
..from30 the conplex catalyst]. The di gamypbn§phite | i gands enpl oyable in
“this invention are those ornmul a ) above. " Specific illustrative

repb ented by Winclude primary, secondary
; _ P as nmethyl, ethyl, n-propyl, isopropyl,
“ibut'yl, sec-butyl, t-butyl) butyl ethyl, t- butyl propyl, n-hexyl, anyl,
.sec-anyl, t-anyl, iso-octyl, 2-ethy|hexy|, decyl and octadecyl; and aryl

" groyps 35 such as phenyl, napimylyl and anthracyl. Preferably the
“unsubstituted al kyl groups contain from1l to 10 carbon atons. Preferably

~ the substituent groups on Ar and W including those represented by [err]
“are unsubstituted alkyl or aryl groups. Anong the nore specific alkyl
“'groups, including those repgesgnted by [err] that nmay be bonded to the 40
. noné%al ent hydrocarbon groups represented by Wand/or the Ar groups of the
- apove di organophosphite forjula-that may be mentioned are primary,

-~ secondary and tertiary groups such as nethyl, ethyl, n- propyl,
“isopropyl, butyl C,Be0-k butOd, t-butylethyl, t-butylpropyl, n-hexyl,
Izanyl sec-anyl, t-anyl, and cyl. O her |IIustrat|ve hydrocarbon
5 ht hyl, benzpl » pre®tethyl, tolyl, xylyl,

...cycl opentyl, cycl ohexyl, t hyl cycl exyI cyclooctyl and
;ﬂcyclohexylethyl More spleeni\c ill rative 45 non-hydrocarbon
'substituents t haCa & the nonoval ent hydrocarbon groups

Egnpno%alent hydroca&Bo
~and. tertiary al kyl “g8ou

- repgesented by Wand/ or Ar groups of the above di organophosphite
S ornula i nclude e.g. hal ogeg, preferably chlorlne or fluorine, -[err]
: t-Bu
t-Bu

<0 cn3o;_. O \ o
o \, o l l
.45 _ . CH;O O 0/

t-Bu
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" EP 0 155 508 Bl [err] 12
EP 0 155 508 BL [€fr] [err]
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““EP 0 155 508 Bl [err] 55 17  EP 0 155 508 Bl [err] EP 0 155 508 Bl

C[err]
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EP 0 155 508 Bl [err] EP 0 155 508 Bl [err] EP 0 155 508 Bl [err]

.. EP 0 155 508 Bl [err] EP O 155 508 B1 [err] 5 27
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“.EP 0 155 508 B1 [err] 28 EP 0 155 508 Bl [err] In the above

- di organophosphite fornmula t-Bu represents a tertisry butyl radical ph

= represents a phenyl [err] radi 3o akidsdsSsf ] represents branched nixed nonyl
..redicals .the nost preferred dior- ganophosphite [igands enployable in this

““invention are those of the formulas 29 EP 0 155 508 Bl 00~~

[err] 1,1 '-biphenyl-2,2"-diyl-(2,6-di-t-butyl-4-nethyl phenyl)phosphile 15
[err] 20 phenyl [3,3",5,5 -tetra-t-@®htyl-1,1'-biphenyl-2 2" -diyl] phosphite

.. 35 t-Bu 50,1
' -bi napht hyl e @ i9J-\(2, 6 di-t- | - 4- met hyl phenyl ) phosphite 55 30
.o B

. P-0

BER© ST
| \ . 0 |
R

P— 0 —
@)
t-Bu
- CH3
t-Bu
ChHy —<O>‘ 0\
P-0— CBB

3 O — 0 t-Bu

Oy,

56
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..EP 0 155 508 B1 [err] 20 nmethyl [3,3' -di-t-butyl-5,5-dinmethoxy-1 ,1

. "-bi phenyl -2, 2'-diyl] phosphite As noted above the di organophosphite
- -l'igands defined above are eanoW?Q 485 k4 g1 1 nvention as both the phosphorus

~1igand of the rhodium conpl ex ca a?ys? as well as the free phosphorus

-~ ligand that is present in the reaction nediumof the process of this

" invention. In addition, it is tq be understood that while the phosphorus
“Iigand of the rhodi umdiorgan 6%phite conpl ex catal yst and excess free

- phosphorus ligand 25 present ijh the process of this invention are nornally
.the sane type of diorganop ite ligand, different types of

:..di or ganophosphi te digands. ® mxtures of two or nore different

.-di or ganophosphite i gands enp ed for each

L pUTNOSe i n said process,
if desired. As in the case O prior art g;_o,u VI_J_Lon nmet al - phosphor us
.conmpl ex catal ysts, the rhodiunt di organgphosphite 0 Ex catal ysts of this
ds Eppﬁﬁ inthe art or 30 instance,
or ganophosphit ¢) catal ysts may

. I-nvention may be formed by/pe

- prefdPmed rhodi um s i @

 possi bly be prepared and i uced into the reactiemuedi um of the

“ hydrof ornyl ati on process. Mre]preferably, the rhodi um di organophosphite
. conplex catalysts of this irnmgmd n can be derived froma netal catalyst
~'precugsor which may be introduced into the reaction nmediumfor in situ

-~ formation of the active catalyst. For exanple, rhodium catalyst precursors
- such as rhodi um di car bonyl aetyt<Betonate, [err] 35 [err] and the |ike may
be introduced into the-reacti on nmedium along with the di organophosphite
~ligand for the in situ formtj of the active catalyst. In a preferred
“iembodwent rhodi um di car bo O¢etyl acetonate is enployed as a rhodi um
‘precursor and reactteBu send® of a solvent with the

- di organophosphite to form a\catAl yti c\ hodi um car bgg di or ganophosphite
...acetyl acet onat e precursor whichlis intr Jced i nt g eactor along with
. excess free di organophosphite |fgand for “the Pnsi mati on of the

- actiVv® catalyst. In 40 any eveny, it is/sufficient the purpose of this
;+invention to understand thaf bon noxi de, hydrogen and

- di organophosphite aFeBy t are capable of being conplexed with
«:the rhodi um and that an actiwe—{ hodi um di or ganophosphite catal yst is
“ipresgpt in the reaction medi umulnder the conditions of the hydrofornylation
...process. Accordingly, the rhodi goggi or ganophosphite conpl ex catal ysts of -
his invention may be defined as 45 consisting essentially of rhodium
onpl exed wi th carbon nonoxi de and a di organophosphite |igand. O course,
t is to be understood that the catal yst term nol ogy "consisting
ssefwially of" is not meant toteRe|ude, but rather include hydrogen
-:-conpl exed with the rhodium in pddition to carbon nonoxide and the

S OaN
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.. di organophosphite |igand. Mreover, as noted above such term nology is al so
s+ 'not meant to exclude the possibility of other organic |igands and/or anions
- that mght also be conplexed: F% %g%ﬁ’ di um However, 50 such cat al yst
~termnology preferably is mean ude other materials in amobunts which
" unduly adversely poison or unduly deactivate the catal yst and thus rhodi um
" nost desirably is free of contam nants such as rhodi um bound hal ogen e. g.

- chlorine, and the like. As wyuged, the hydrogen and/or carbonyl |igands of

. .an active rhodi umdi organoghosphite conpl ex catal yst nay be present as a
~result of being ligands bound to a precursor catalyst and/or as a result of
v in-gtu formation e.g. 12 \Oo the hydrogen and carbon nonoxi de 55 gases

- -enpl oyed in a hyeBof ' #rocess. Mreove like prior art Goup VIII
. .transition nmetal phosphRyrus/liga s it is clear that the
anount of conplex catal yst present |i@-th®r di um of the

¢ “hydrofornyl ati on proces this ipgvention ne y be that m ni nrum anount
- necessary to provjde t Nen rddi um concentrat jon desired 31 EP 0 155
. 508 B1 to be enﬁT VELNE { ill furnish the sis for at |east that
~catalytic anmount of rho necessary to catal yze*the hydrofornylation

- process. Mreover, one of the benefits of this invention is the generally

‘- inmproved catal ytic activityc<iai nable by the use of the di organophosphite
~1igdhds enpl oyabl e herein. Such inproved catalytic activity can translate
‘into a considerabl e processing asset, particularly since a rare and 5
r-expensive netal (rhodium is to be enployed, since |ower reaction
“tenperatures and/ or | ower akoBWt s of catalytically active netal nay be
~enplpyed to achieve a desirgd rate of productivity than may be possible
-.when | ess active catalys re enployed. In general, rhodium concentrations
"'in the range of from ab to about 1000 ppm calcul ated as free

nmetal, shoul d b&-8uf fTC or s{$hydrofor on processes. Moreover,
it is generally preferre enpl oy ] (1 50N pm of rhodi um and

- norespreferably 10 from 25 to 350 pp rhod| al cul ated as free netal.

" The olefinic starting re nts enconpassed by the process of this
“invention can be-@Ba mn{l H&ernally unsat urated and be of

“.strai ght-chain, branche n or cyclic structure. Such olefins can

contain from2 to 20 carbon atons and may contain one or nore ethylenic
Auﬁsd?urated groups. Moreovel,_qguch ol efins nmay contain groups or
.substituents which do not essentially adversely interfere with the

L CHS 0_\
- a0 - O—
. K ///P <i:::>
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"“sol vent which does not

- 15 hydrof ornyl ati on process such as carbonyl, carbonyl oxy, oxy, hydroxy,
- oxycarbonyl, hal ogen, al koxy, aryl, haloalkyl, and the like. Illustrative

ol efinic unsaturated conpounds iég: ?igpa ol efins, internal olefins,
- al kyl al kenoat es, al kenyl al kanoates, al kenyl al kyl ethers, al kenols, and

the like, e.g. ethylene, propylene, 1- butene, 1-pentene, 1-hexene,
1-octene, 1-decene, 1-dodecene, 1-octadecene, 2-butene, 2-nethyl propene
(i sobutyl ene), isoanyl ene, ®Bentene, 2-hexene, 3-hexene, 2-heptene,
...cycl ohexene, propylene dinmegs, 20 propylene triners, propylene tetramers,
. 2-ethyl - 1- hexene, styrene, B-phenyl-1-propene, 1, 4-hexadiene, 1,7
. octads ene, 3-cyclohexyl /I_b\ ene, allyl alcohol, hex-1-en-4-ol,
- oct-1-en-4-o0l, vCRy! @ at 10/l acetate, 3- butenyl acetate, vinyl
- propionate, allyl propiogate, all but yr at e, hyl net hacryl ate,
-3-butenyl acetate, vinyl et:gl et heN_ vi nyl ether, allyl ethyl

t

- ether, n-propyl-7-octenoat -butenghrt 1T e) enamff-de, and the |ike.

O cdbrse, it is underst at mAtures of erent olefinic starting

~materials can be 25 enp i f sired, by the hydrofornylation process

~ of the subject iMkvVanfTO e preferably the subject invention is
especially useful for th oducti on of al dehydes, by hydrofornyl ating
'alphqﬁolefins containing frgm2 to 20 carbon atons and internal ol efins

. contarning from4 to 20 carbeBuatons as well as starting material m xtures

of such al pha olefins and internal olefins. The nost preferred olefin

-starting materials are butene-1, butene-2 (cis and/or trans), isobutene and

“various mxtures thereof. 3@-gy The hydrofornylation process of this

i nvenwion is also preferably conducted in the presence of an organic

“sol vent for the rhodi um diofganophosphite conpl ex catal yst. Any suitable

adversely interfen§ﬂgth t he hydrofornyl ation

process can be ergH | vents may i ncfjude those heretofore

- commonly enpl oyed in knowa_g oup Vi transitionAetgl catal yzed processes.
By wed of illustration suitgdhle solvehis _fog '..ES} at @y zed
“hydr of ornyl ati on processes Ijn@l ude those 35 di scC ¥ e.g. 3n 3,527,809 and
4,148,830. O course, mytures of o nore differg sol vents may be
- enployed if desirgg. _ln s rhodiun1cataI“ ed hydrofornylation it
cistprgferred to en‘p? oy de conpounds corresptiling to the al dehyde
“'products desired to be prodfced and/ or hi gher boiling al dehyde |iquid
_“.condensation by-products as % he primary solvent such as the higher boiling
.. :al dehyde liquid condensat i off products that are produced in situ during
i :t-he hydrofornylation process. Indeed, while one may enploy, if desired, any -
‘s-Sui tadgl e solvent at the start up of a continuous process (al dehyde
;- conmpounds corresponding to the desired al dehyde products being preferred),
““the primary solvent will normally eventually conprise both al dehyde
- products and hi gher boiling al dehyde |iquid condensation by-products due to
~the_nature of such continuous processes. Such al dehyde condensati on
“by-pr¥ducts can al so be preformed if desired and used accordingly.
- Moreover, such higher boiling al dehyde condensation by-
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well as a conbi

.45 products and nethods for their preparation are nore fully described in
US- A-4, 148, 830 and 4, 247,486. O course, it is obvious that the anount of
“'solvent enployed is not criticagppqsé Bes gybj ect invention and need only be
~that anmount sufficient to provide the reaction nediumw th the particular
“rhodi um concentration desired. In general, the anount of solvent when

““enpl oyed may range fron1abo t 5 percent by wei ght up to about 95 percent by
_wei ght or nore based on t e Btbt al wei ght of the reaction nmedium 50 I t
~is further generally prefe red to carry out the hydrofornylation process of
- this invention in a co Nous manner. Such typgsg c]pf continuous processes
~are el |l known igH -(;;p. @y involve e.g of ornyl ating the
olefinic starting th rbon nmonoxi derand hydrogen in a liquid

. honbgeneous reacti on nedrujn conpri & ng a sol ve he

+rhodi um di or ganophosphi t e Gt al yst, Rrd-fg ee—s g:9a~ophosphite | i gand,;
'jsuppLylng make-up quantitjps of thegrolefinic s i/ng material, carbon

' nDnOX|de and hydrogen j e 55 eaction nedium naintaining reaction

~ tenperature and'ﬂﬁp it Pons favorable to the hydrofor- nylation of
~the olefinic starting Na ; and recovering the desired al dehyde
~hydrofornylation product ip any conventional nmanner desired. Wile the
--contsnuous process can begCgrried out in a single pass node, i.e. wherein a
- vaporous m xture conprising unreacted olefinic starting nmaterial and
cvaporized al dehyde 32 EP O 155 508 Bl product is renoved fromthe liquid
reaction nedi um from whencgyt he al dehyde product is recovered and make-up
~olefinic starting material, &arbon nonoxi de and hydrogen are supplied to
the?iquid reaction nmediunjfor the next single pass through w thout
"'récycling the unreactedrotafinic starting mate€hHgl, it is general |y
desirable to emqj;p @ pLIsgprocess that i nvol ves either a Ii quid
:-and/ or gas recycle@ 5 p gar e. ch types of dec cle procedures are well
+known in the art and nma vol ve t liquidr

5 ng of the
- 1 hodf um di or ganophosphi te gHQpl ex caPa+ysd Q sefgy.ated fromthe
.desired al dehyde reacti gn._pr8duct, guch as dis ed e. g3 in US A-4,148, 830
“or a gas recycle proceg such di sclosed e]g. in US- A-4,247,486, as
pqu|d and gas.recycle procedure if
!"‘desiss ed. The nost pref- ed hydr of ornyl ati on dpgpess of this invention
. Cosprises a continuous liqghid catal yst recycle process. 10 The desired
:i:al dehyde product may be re€CHyered in any conventional manner such as
w..descri bed, e.g. in US A-4,148, 830 and 4, 247, 486. For instance, in a

s#-conti nuous |iquid catalyst recycle process the portion of
- 35
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the liquid reaction solution (containing al dehyde product, catalyst, etc.)

renmoved fromthe reactor can be passed to a vapori zer/separator wherein the
. desired al dehyde product can be g¢ qg@%&ﬂByia distillation, in one or nore
.- stages, under normal, reduced or elevaied pressure,fromthe |iquid reaction
- solution, 15 condensed and collected in a product receiver, and further
- purified if desired. The remaining non-volatilized catal yst contai ning
~liquid reaction solution nm&yBehen be recycled back to the reactor as may |f
.~ desired any other volatilejmaterials, e.g. unreacted olefin, together with
. any hydrogen and car bonxi de dissolved in the liquid reaction solution

..:after®.separation thgr-- e condensed al dehyde product, e.g. by
cdistillation in any<cond onal nner. In general, it is preferred to
--separate the desired al dehyde proddt fromthe 20 rhodi um catal yst
....containi ng product sol utioRBpnder reBace@-fieoMeCmd at | ow tenperatures
qasuchi$s below [err] and pe+e preferably below [err] As noted above, the

0

;,Ehydr ornyl ation Egoces.gép hi nvention is carried out in the presence
~~of free diorganophoéphi i/gand, i.e. ligand that is not conplexed with
pl ex catal yst enployed. Thus the free

* the rhodium of the netal "TG
di organophosphite |ligand may_correspond to any of the above defined dior-

- 25 ganophosphite |igands & BPussed above. However, while it is preferred

.‘to enploy a free diorganophosphite ligand that is the sanme as the

. .di organophosphite |ligand of the rhodi um di organophosphite conpl ex catal yst

. .such |igands need not be the sane in a given process, but can be different

- if desired. Wiile the hydrofornylation process of this invention may be

- earrPed out with any excess mpunt of free dior- ganophosphite Iigand

. desired, e.g. at least one ndle of free diorganophosphite |igand per nole

. of rhodium 30 present in th¢ reaction nedium it has been found that in

“rhodi um cat al yzed hédrofp tion | arge anounts of free di organophosphite

ligapd are not nece B tic activity and/or catalyst

;,Stabﬁ i zation, and genera etar he activity of the rhodium catal yst.

-+Accordingly, in general anp s of di anop, gt i gand of from about 4

.«to about 50, and preferably Tjrdm abo %-ta(; gpb?ofdl[}?kégz,dﬁﬁol es per nole of

hodi um present in the r n med/um shoul d be suitable for nost .

\pur pgses, said amoubip gan@phosphite 35 |igand enpl oyed being the

S ) ganophosphite that is bound (conpl exed) to

“the rhodium present and the gnount of free (non-conpl exed)

«di-or ganophosphite ligand pregggf . O course, if desired, nmake-up

:di-or ganophosphite |ligand can be supplied to the reaction nedium of the

‘hydr#f ormyl ati on process, at any tinme and in any suitable manner, to

cwfmei ntain a predeternined |evel of free ligand in the reaction medium 40

.. The ability to carry out the process of this invention in the presence of

" freé diorganophosphite |icgkrn®® is an i nportant beneficial aspect of this

::-rﬁvegtion inthat it renovks the criticality of enploying very | ow

l . ' CH \P——O- g
R Oa®)
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.. the hydrofornylation pr

 material during suchr

o preci se concentrations of ligand that may be required of certain conplex

* catal ysts whose activity nmay be retarded when even any anount of free
~ligand is al so present during EBQJH%Qﬁgiﬁ’ particularly when | arge scal e
~commerci al operations are involved,  thus hel ping to provide the operator
~with greater processing 45 |atitude. The reaction conditions for effecting
~a hydrofornylation process of this invention may be those heretofore

- conventionally used and nayteB@pri se a reaction tenperature of from about
.45 C to about [err] and pregsures ranging fromabout 6,9 kPa to about 69
“MPa (about 1 to 10,000 pg+ VWiile it may be possible to produce al dehyde

products having a_high spraight chain) to 50 branched chain
- al dehyde productt' i 0, order of about® to 1 or greater, by

vesd of thidjnvention in general the preferred
hydrof ornmyl ation will be that pro;;;;rmhi ﬁ'F@z?ﬁ;Qﬁ%gﬂficient i n producing

“~al dehyde product rich i anched ai n al dehyde, i.e. al dehyde product
“havi‘ng a | ow norgmd,, oi'n) al dehyde to branched chai n al dehyde
~product ratio, e.g. der  of 5 noles or |ess of n-al dehyde product

- to 1 nole of branched al denyde product. Mreover, a unique feature of the

. .55 present invention is the all .processing latitude afforded in

- controlling the al dehyde product selectivity that is provided by the use of
- the di organophosphite |igands enpl oyabl e herein. For instance, due to

i sonerization of the olefin starting material during hydrofornylation that

~occurs with the use of the di organophosphite |igands enpl oyable herein, one
may control or preselect t®BeBYarticular richness of 33 EP 0 155 508 B1

- bramched al dehyde in the pgoduct desired (i.e. preselect the particular

~desired ratio of nornal tolbranched al dehyde product), which is in marked

contrast to hydrofornylaiddQs that enpl oy phosphorus |igands which show

little or no alsi-Bat ’ rization of t@e olefin starting
ions IeaCth.one with ITttle or no ability to

~cont¥ol the ratio of normal]l to branche® ch® T §HdE8F® product that may be
- 5 desired. For exanple pha- ol ef i such as butene-1 nmay be readily

. hydrofornylated by the ss of is invention to produce al dehyde

_ products havi n¢-$a&¥ ai o@branched chain al dehyde product ratios of
;'Les% than 5 to 1, prefe |l ess than 3 to 1 and nore preferably about 2
240/1. On the other hand intlernal

e t-Bu

" 35

t~-Bu

/

45 t-Bu O 0

t-Bu

50
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ol efins may be surprisingly hydrofornylated by the process of this

r-invention to obtain al dehyde products 10 that are even richer in their

-~ pbranched chain isonmers. For inStEE sg%5§BQUtene 2 can be hydrofornyl at ed

"to obtain nore 2-nethyl -butyral dé yde . al dehyde products wherein the
“ratio of n-val eral dehyde to 2- nethylbutyraldehyde is about 2 to 1 or |ess,

preferably less than 1 to 1 and nore preferably less than 0.5 to 1. Such

--processing latitude of the prasey invention, provided in part by

“"isonerization of the olefin stjarting material during hydroformnylation and

" ‘the choice of the diorgano hite Iigand enpl oyed, is especially 15
.usefubk in those instances tlcular optim zation of the branched

~ chain al dehyde pro ¥ TS ablg; i nstance, since

. -2-met hyl but yral dehyde is t ecurso oprene which is used to produce

- synthetic rubber, the ability |to produ E eséent?%ﬁq SGHay

- 2-met hyl but yr al dehyde .dir g by ag;/ﬁydrofor- nyl ati on process of this

~~inven®ion is extregegy [ the art in that it greatly facilitates

‘“the refining operation (s ion fromn-val eral dehyde) and allows for the
-~ production of higher anmounts @¢f desired 2- 20 nethyl butyral dehyde product

.. per given anount of butene-2 staffing material. On the other hand, there

care - clearly instances en it may be desirable that the al dehyde

- product need not be quite so rich in branched chain al dehyde, but may

«.conprise a slightly higher normal to branched chai n al dehyde product ratio
such as when the al dehydes are_enpl oyed as precursors for al cohols and

i~acids which in turn may findtaBBlity in such diverse fields as synthetic
‘lubrimants, solvents, paints,y fertilizers, and the like. 25 Li kew se
m-xt ures of al pha-olefins and internal olefins can also be readily

" hydrofornylated by the pro of this invention to obtain al dehyde

. products that ar&-Bu —pr-afleged chain |soner§0 For instance
starting materi al nlxture butene-l d butene 2 C eadi ly be

* -hydr ofornyl ated to obtain alo-hyde producrs-WhET ;hsézﬂj o of straight

- chain al dehyde to brancheo -,|n al dehyde i s about 3 to 1 or less and nore

“'preferably about 2 to 1 Th bility to hydrofornylate both types

.-of olefins 30 cmd¥re coﬁparable facility fromthe sane starting

s materjal mxture is hlghlu bgheficial to the art since such m xed al pha

ibegfin and internal olefin stjarting materials are readily available and are

.. .the nost econonical ol efin fqegy ocks. Mreover, the versatility of the

“Hdlorganophosphlte | i gands enpl oyabl e herein Iend t hensel ves readily to the

ontii nuous hydrofornyl ation of both al pha-olefins and internal olefins

hereisn different reactors in serles may be enpl oyed. Such ability not onIy

provi des one with the proceSS|ng¥ | atitude of further hydrofornylating

=4 n the second reactor any unregC ®d olefin passed to it fromthe first

“feactor but also allows one, ifJ desired, to optimze the reaction

.- conditions for hydrofornyl of e.g. the alpha-olefinin the first

“react$r , while al xo-Bap eaction conditi @s for the

. hydrof ornyl ati on of e.gqg. ernal Nl efin in the second reactor.

P-0— cnzcn SCH,
45 t-Bu (::) Y

yd o
t-Bu

t
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CI course, it is to be understood that while the optinization of the

1;react|on conditions necessary to 40 achi eve the best results and efficiency

.. subj.ect hydrofornyl ation |nvent|on

“desired are dependent upon one'gpg qe ece in the utilization of the
onl'y a certain neasure of

~=experimentation shoul d be necessary to ascertain those conditions which are
optimum for a given situat¢omyand such should be well within the know edge

-.,0of one skilled in the art

and easily obtainable by followi ng the nore
nvention as expl ai ned herein and/or by sinple

: For instance, the total gas pressure of

T 8<finic unsat uratgd starting conpound of the
thléehnventlon may range fron1about 6,9 kPa to
bout 10,0@0'p9r7cH?B e ably, however, in
ef i ns t & produce al dehydes |t is preferred that

L L@g“al gas pressure of hydrogen, carbon

..."D ide and olefinic Yurated starting conpound of |ess than about

> 10340 kPa (1500 psia.) nore 50 preferably |ess than about 3450 kPa
(500 psia.). The m ni num t'ot pressure of the reactants i s not

- particularly critical and Is Iimted predom nately only by the anount of

" reagfants necessary to obtain a desired rate of reaction. Mre specifically

preferred aspects of t
.. routine experinegtatiqg
" hydrsogen, car b&i*HonoN
. hydr of ornyl ati on proce 6
. about 69 MPa (about 1 to a
.the hydrofornylation o
évtheggrocess beeQpgralg

- the carbon nonoxi de partial pressure of the hydrofornylation process of

1552508 Bl Further as no

s+ thi-'s invention is preferably fromabout 6,9 to about 828 kPa (about 1 to
‘about 120 psia.) and nor&-Breferably from about 21 to about 620 kPa (about

- 3 to about 90 psia), while the hydrogen partial 55 pressure is preferably

.-aboet 100 to about 1100 KPa (about 15 to about 160 psia) and nore

. preferably from about/ 2l l to about 690 kPa (about 30 to about 100 psia). In

~general the H2BRO #6 o—0P aseous hydrogen ¢o carbon nmonoxi de may

2 range from aboeut 1: 10 00:1 or her, the nore*preferred hydrogen to

- carbon nonoxi de nol ar ratlo bei ng frdnmaubutCﬁégﬂﬁb(eﬁyiﬁ?hio:1. 34 EP O

i ed above iMe hydroformnylati on process of this

s+ ltnvention may be congletey at a pégg;ion tenperature fromabout [err] to

- about [err] TrSwyref : Pon tenperature enployed in a given process

“w ll of course be depwndght upon the particular olefinic starting nateri al

,“and gJetal catalyst enployed as well as the efficiency desired. Wile

ﬁ_.onventlonal hydr of or nyl & E gn reaction tenperatures may 5 al so be enpl oyed

i herein, the operation of the hydrofornylation process of this invention can

.."be_optim zed

t-Bu

. O N :

P - O-—cn,CH,P (B) (Ph)

/

S t=Bu (:) o
45 .
t-Bu
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in a surprisingly |ower tenperature range than heretofore preferably
-~advanced by the prior art. For exanple, conpared to prior art rhodi um
" catalyzed hydroformyl ation syst egp 1%9% &Eproved catalytic activity and/ or
-.stability afforded by the rhodiun}giorggnophosphite conpl ex catal ysts of
..this invention is particularly unique for achieving high rates of selective
- hydrofornyl ati on at conparatively |ow reaction 10 tenperatures. In general
---hydrof ornyl ati ons at reactigiBy enperatures of about 50 C to about [err] are
“preferred for all types of plefinic starting nmaterials. Mre preferably,
."lerr]-olefins can be effg vely hydrofor- nylated at a tenperature of from
..abouts[err] to about [e Lile even less reactive olefins than
) t @gbut yl ene and internal olefins as well as
eﬁg

“ conventional a-ol%t3 ;

- mxtures of [err]-olefi aid int al olefins are@ffectively and
" preferably hydrofornylated Bt a te ature_of %; bout [err] to about
“[err] 15 Indeed in the r ho&fam cat al éﬂ'ﬁ&ﬁ?zﬁ- 4%%4%& on process of this
~~invenfi on no substanti al gefit i g/seen in operating at reaction

- tenperatures nmuchg@bov and/such is considered to be | ess desirable,

- due to possible cataly tAvity decline and/or rhodium| osses that may be

o

- -caused by the higher te tures. As outlined herein the hydrofornylation
_procegs of this invention clkn be carried out in either the liquid or
. gaseous state and involve &-8ontinuous |iquid or gas recycle system or
-~ conmbi nati on of such systens. 20 Preferably the rhodium catal yzed
~ hydrofornylation of this invention involves a continuous honbgeneous
. catal ysis process wherein the hydrofornylation is carried out in the
- presemce of both free dior-% hosphite |igand and any suitable
.- cenventional solvent as furf§her outlined herein. Such types of continuous
~hydrofornyl ati on systens met hods for carrying thern out are well known
“in the art and thus ne q;l; garticularly detailed herein. 25 Wil e
o-the h drofornylat??ﬂ?%ﬁ of th i nvention may be carried out enploying
““any dPefinic unsaturated rting nma rigL_summ3as al ready noted herein
...the preferred rhodi um catal yzed hydroror- nyl ation process of this
;. I'nvention has been foun e parpfcularly effective in converting ol efins
.such as [err]-ol efamsl 02 to 20 carbon atons and internal olefins
“ having from4 to 20 car ons, as well as mxtures of such olefins, to
--kpgir correspondi ng al deh faoducts. Moreover, the hydrofornylation of 30

ol'efins that are normally | ess reactive than their corresponding sterically

‘unhi ndered [err]-olefins, such as isobutylene and internal olefins is an
#-.even nore preferred aspect of this invention, as is the hydrofor- nylation
» of msxtures of [err]-olefins and internal olefins. In general the use of
" the diorganophosphite |igands provide a far nore catalytically active and
.- stabl e rhodi um cat al yst t-he hydrofornylatioﬁ‘o?mg efins, especially
. .internal and ot her suc@_r_ea@tive 35 sterically hindered olefins e.g.
- -1 sobutyl ene than obtai W th CquentionaI t ganophosphi ne |i gands,
~ 40
S A

O —0 t- Amyl
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~.rhodium catalyzed hydrbo

“thus allowing for greater rates and/or increased anounts of al dehyde
“ production at nuch | ower reaction tenperatures. The rhodi um catal yzed
. hydrofornyl ati on process of thig J i of m xtures of a-olefins and
internal olefins is further uni%u%ql#léqa Q{] t he subj ect process of this
invention results in a high degree of al dehyde product production from both
“types of olefins in the starting material, in contrast to those prior art
40 processes that pronote twply of ornylation of primarily only the nore
..reactive sterically unhindgred [err]-olefins. O course, it is to be
. understood that the prope+rRi onal nmake up of the mixed olefin starting
- matérials enployable ip \ inyention is not critical and any desired
“ proportional aﬁﬁ%ﬁt§‘b ol €fyns may be enployed in the starting olefin
m xture. In general, it\s<especiaNy . preferred to hydrofornylate m xtures
~ of butene-1 and butene-2 (4i s and/ or Pt rafsy CHyFHAFH3ICRL0F8g may al so
_ optLpnaIIy contain i sobdgtene, in der to 45 obtain proportionate product

m xtures of vakq&@ de qa. X- e | but yral dehyde and optionally 3-nethyl -
““‘hut yral dehyde. "FUrt her ddfsirabl e side reactions that nmay occur in
_ of nyl ati on may be curtailed by the use of the
;. di organophosphite |igands bf this invention such as, undue al dehyde
-by- pr oduct heavi es fornati&ﬁ?"hs well as ligand stability towards the
al dehyde product. For exanple, while the use of 50 the diorganophosphite
- I'i gands enpl oyabl e. herein may curtail undue higher boiling al dehyde
condensati on by-product formation, it is axiomatic that in conmerci al
- continuous hydrof ornyl at igsBwf such ol efins the concentration of such
“ hi gter boiling al dehyde cgndensation by-products (e.g. dineric and trineric

- ar- dehydes) will eventuafly continue to build over a period of tinme until

it i1s finally desirab

17508 Bl inversely propor
.seri-es. Accordingly, it

necessary to renove at | east a portion of such
: ajon by-products, as described e.g. in 55
u'US-§r4,148,430 and 4, In si&h an occurrance it is desirable that
- phosphorus ligand whictrT% al so presevy (pjefegghlypnin an excess anount)
~have a | ower vapor pressuge (higher iling porm) than that of the

. al dehyde condensati on Ay croduc&;ﬁsﬁb?hat the iigand will not be | ost or
~depl et ed when. sgygh_a sation by-products are renoved. For
exagple, volatility 1Y ated to nol ecul ar weight and is 35 EP 0 155
bnal to nol ecul ar wei ght within a honol ogous
sel i desirable to enploy a di organophosphite |igand
: -whose nol ecul ar wei ght exteRus that of the al dehyde by-product triner

. higher boilinggmideh

- 35

t-Bu — O 0\ _ o

. i

s 't-_Bu O.__.o/

50 t-Bu
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=of this invention,

. stability,

:;6orfesponding to the al dehyde bei ng produced. For instance, since the

--mol ecul ar wei ght of val eral dehyde trimer

- preferred di organophosphites
“weight, it is clear that the
- especially suitable for use i

is about 258 [err] and all the
of qﬁj§1'%ﬁﬂg ion exceed 330 in 5 nolecular
diorgan&% osgiﬁtes of this invention are

n hydrof ornyl ati ng butene-1 and/ or butene-2,

.is as nmuch as there shoul d netB@ae any consi derable | oss of the

. di organophosphite |igand duri
‘al dehyde by- product
~different phosphorys Ii
+-vapor ®pressure oF“ﬁ&Mﬁ’
- by-product is enployed (a
. steps if recovery and reuse

whil e triorganophosphite
“catalyst with suffggien
experience has shown th

“hydrof ornyl ati on, has bee€
~enpl oying trior- ganophosphi
~affinity for reacting wth a

. foundsst o readily hydrolyze to a correspondi ng hydroxy al kyl

~acid, as shown by the follow
- Moreover,

xRNds in
iNitypt'o hydrofornylate interna

the formation of such acid is an autocatal ytic process,

ng product al dehyde and hi gher boiling

as mght predictably be the case when a

a |l ower nol ecul ar wei ght (e.g. higher
{nt) than the higher boiling al dehyde
0 mh?%h\mpuld requi re additional processing
f the phoBphdPos FH 58§1i(SHgksired). Further,
eneral will provide a netal -conpl ex
ol ef i ns,

r use, particularly with regard to conti nuous

pss than satisfactory. This drawback in

eé is believed to be due to their very high
d Hydes, the product of 15 which has been
phosphoni c
[err] 30

ng skel etal reaction node:

t hus

- rendering triorganophosphi tte-Bu gands even nore susceptible to the

~ production of such undesirapl

e acid by-products, particularly in continuous

 rhodi ¥m cat al yzed |iquid refpycle hydrofornylation wherein contact between

. ttre phosphite |igand an
di or ganophosphig g, i
~general to be far |ess
. form pg such 35 phosph

~thus providing a nore prolo
~ catalyzed liquid recycl g1
© triorganophosphitgg |1g¢
. phosphoni ¢ aci d by-prod

. the centinuous rhodi um catg.yst

.-thi-s invention. However, thk

ehyde product

a
nged st abl g#zand active? cénti nuods
arofor2¥yd?ron than nmay be possible with

is prolonged. Surprisingly, the
e in this invention have been found in
re sensN\{ive and far |ess reactive toward
cid than Cgnyep-o0&flcH giiqbggnpghosphi tes,
i i nuods3r hodi um

ch- i not to say however, that hydroxy al kyl
not be eventually fornmed over the course of
|l i quid recycle hydrofornylation process of
accunul ati on of such undesirabl e hydroxy al kyl

“’phosphoni ¢ acid, during a 4rB&ontinuous recycle hydrofornyl ation process

takes place at a nuch slower rate than when

='triorganophosphite ligands are enployed, which allows for a longer and nore

ﬁ“effiéﬁent conti nuous operation.

For instance, rapid deconposition of the

FVphOSphite ligand may not onl y.gdversely affect catalyst activity and/or

- but obviously | ea
" ‘must be replaced with make=

. further pronote the auto
= % t-Bu

“ t-Bu -

O

50

s to a quick loss of the phosphite |igand that
p phosphite ligand, as well as helps to

ticofornation of the undesirable

AN
P - O— CH,CH,OCH
/

272 3
0

t-Bu

In the above diorganophosphite formulas t-Bu represents a tertiary butyl radical, Ph represents a pheny!
(~GgHs) rad_lcal and (-CsHis) represents branched mixed nonyl radicals. The most preferred dior-
ganophosphite ligands employable in this invention are those of the formulas
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.. more preferabl

. reincor poratron i

invention is dir

.. 45 hydroxy al kyl phosphonic acid which is often insoluble in the general
“biquid hydroformylation reaction nedium Consequently rapid and high

.. bui l d-up of such hydroxy al kyl éﬂ@:égl § acid can lead to precipitation of
_.the acid to an obviously undesiTabl %& Lti nous by- product, which may plug
-.and/or foul the recycle lines of a continuous liquid reaction system thus
" necessitating periodic processing shut- domgﬁ*or st oppages for renoval of

. such acid and cipitate fromthe syt by any appropriate method e.g.
“ by 50 extrac i€:§b Gacid with a wealq base, e.g. sodi um bi carbonate.

. Moreover, it hy{s en surpNsingly found/tttaX the above nentioned

- di s@&dvant ages attephdent with ch dyd @ p&ﬁ)sphoni c acid by-product
~may be effectively}jand prefe ably contr N ved by pas¥ing the liquid reaction
“effluent strea contipfious liquid reé e process either prior to or
Qﬁratlon of the d dehyde product therefromthrough
basi ¢ ani'on exchange &@%# n, such 55 as a bed of

in, e.g. Anberlyst@A-21, and the like, to renove sone

- any, SU|tabIe
- am fe- Anber | yst
- or ‘all of the undesirable hydr oxy aIkyI phosphoni ¢ aci d by-product that

- m ght : | t al ontalnlng streamprior to its

i bBR&@Pﬂ dkﬂg%pet duhﬂﬁpgﬁpﬁ&en I)é e reactor. O course if desi red,

nmorg than one such basic anion exchange resin bed, e.g. a series of such
- beds, may be enpl oyed and any such bed nay 36 EP 0 155 508 Bl be easily

‘renoved and/or replaced as reeBured or desired. Alternatively if desired,
. any part or all of the hydroxy al kyl phosphonic acid contam nated cat al yst
. recycle stream nay be periodijcally renoved fromthe continuous recycle
.. opeftati on and the contam liquid so renoved treated in the sane
. fashion as outligpgg,aboy | im@ate or reduce the anount of hydroxy
~al-kyl phosphonic acid co d thepgfﬂ\grlor 5 ENsi ng the catalyst
_containing liquid in the of ornyl atio r oge g;Ep se, any ot her
=-suitabl e method for renoving puch hydrox Y ghi ¢ aci d by- product
N frofh t he hydrofornylation S invention Yy be enpl oyed herein
i f desired. Acco d#ngly red and novel aspect of the subject
: S conti nuous hydrof ormyl ati on process
- for producing al dehydes conprises reacting an olefin with 10 carbon
..fongxi de and hydrogen in the presence of a liquid-nmedium containing a
-~ 'solubilized rhodi um organop ite conplex catalyst, a solvent, free
- ‘organophosphite |igand, and al dehyde product, the

phenyl [3,3',5,5'-tetra-t-butyl-1,1 "-biphenyl-2,2'-diyl} phosphite

t-Bu

GO -
o
* @@ : | t-Bu

+ 60 1,1"-binaphthylene-2,2"-diyl-(2,6 di-t-butyl-4-methylphenyl)phosphite

55
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" .their manufacture are

;?inprovenent conpri sing mnimzing deconposition of the free organophosphite
“Tigand by (a) renoving a streamof said |iquid nmediumfromthe

. hydrofornylation reaction zone, gp) {sE8a4 79 the liquid nmediumso renoved
with a weakly basic ani on exchange resin and (c) returning the treated

~ reaction mediumto the 15 hydrofornylation reaction zone. Such treat ment
~of the liquid mediumwith a_meakly basi ¢ ani on exchange resin conprises
“'passing the liquid medium i.e. hﬂUld reaction effluent stream after
-..renoval of said streamfromthe ﬁy of ornyl ati on reaction zone, either
'prior to and/or after. separatlon of al dehyde product therefrom through a

= weakl § basi c ani on exchange reS| bed. 20 Any suitable weakly basic

. .ani on exchange resin bed may | oyed herein. Illustrative weakly basic
Cani on'exchange resin 2@ I’ herein may include, e.g., crosslinked
“tertiary am ne pol ystyrene am\

xchang%resi ns of the gel or
" macropeticular type, such as a bgd of am'Ne-Anberlyst[err] resin and nore

preferabl y, Amberlyst[err] A-21, jwhich conPrs@s—a Qiij)s_sl i nked pol ystyrene
. backbone wi th pendant benzyl t hyl am [err] functional groups. Such

“'types of weakly basic anion ange 25 esin beds and/or nethods for

: ' h@ art As noted above deconposition

--of -t he organophosphite Tigan be effectively controlled and m nim zed

“. by the preferred treatnent of thils invention which as postul ated renoves

“ 'some or all of the undesirable h Qg axy al kyl phosphoni c acid by-product

+ that might be present in the liquid mediumas a result of in situ build-up
“'over the course of the hydrofornylation reaction and which is an

- -att ocht BPYYIiHI Zot-bulyld Bdiredthok . 1'dipbenyp2diyl] oespifite t he or ganophosphite, e.g.,
“.via the siddoeeakae B disroaparbrsphitetigants dafinadl ahend asd aeteyetiin thisiokecton ay\bath the snal |
""'aeruntsp'E?Pp'E’ﬁ'Er'ig"r’? dF*B?( P'R’PI°° PISTaHtyR a5 vall peithe free pheihoris ligepd theliippresegtint i on

e U AR D e g e ey coén’ga%""*"?%f’;é%f&%é‘?t“”%?é‘?ﬁ-‘?mf@%‘aC“ N
_gas § ﬁgt e%pr eSS ft,IjIS ntl?n ar fno g typ 19@'51', dlm etic
.___bgl ! :Qggt & cﬂt E g‘%i as rr%gurf %¥ tgo P'j m 8 g%r nt | ?sagnel |Iqa fount s
P pl f C :
SlowasAelee §pm%§ BE %- ‘2 R,E'% Ex %éﬁ'Ft e the
: .I ﬁ &1 i f 1
the hydiir:tbt:waddlzmlo Igbgsdémniﬁduﬂﬁ?'oa thet ﬁWbedﬂfﬂ;IétlBPrpr&t: tS rﬂtigrra 96] fﬂglrngPilum-

‘eact i odiorg@dphosphaé cinfpfox RBIGIGRS & thifin@Brneimida® Be ﬁé?l%zﬂ)bhﬁ@ﬁ@t@l dablyd thescursor which
or r es poad badntradiced Ings tia asecBonp@adiuny it it i HawEor 6 the aNVRcEta?é% NiER WRamplUs 40 -
i | e t thedigw bitalyst preeamos\sesteas rhagiometidabalyl 3ceiacainpia SAe O, , Bh, (IUPG S8 (COPE, Akenoval
f ' hydr O¥ylalard/the fiHearqytheiritrieduged idtoftiregeaction] meglivinchidny ditiothe dinghrasbhasphits égaad fopn

T T edi um e, iy ia orrgqiugﬁyofd@ﬁﬁcg_\{erpgtawr p atprpaweqirgn@ddyneat rhodiupedicartpoyl aicetylacetonate is
L employed as a rhodium precursor and reacted in the presence of a solvent with the diorganophosphite to
S form a catalytic rhodium carbony! diorganophosphite acetylacetonate precursor which is introduced into the
SR reactor along with excess free diorganophosphite ligand for the in situ formation of the active catalyst. In
' 40 any event, it is sufficient for the purpose of this invention to understand that carbon monoxids, hydrogen
' and diorganophosphite are all ligands that are capable of being complexed with the rhodium and that an
active rhodium-diorganophosphite catalyst is present in the reaction medium under the conditions of the
hydroformylation process.
Accordingly, the rhodium-diorganophosphite complex catalysis of this invention may be defined as
45 consisting essentially of rhodium complexed with carbon monoxide and a diorganophosphite ligand. Of
course, it is to be understood that the catalyst terminology "consisting essentially of" is not meant to
exclude, but rather include hydrogen complexed with the rhodium, in addition to carbon monoxide and the
diorganophosphite ligand. Moreover, as noted above such terminology is also not meant to exclude the
possibility of other organic ligands and/or anions that might also be complexed with the rhodium. However,
50 such catalyst terminology preferably is meant to exclude other materials in amounts which unduly adversely
poison or unduly deactivate the catalyst and thus rhodium most desirably is free of contaminants such as
rhodium bound halogen e.g. chlorine, and the like. As noted, the hydrogen and/or carbonyl ligands of an
active rhodium-diorganophosphite complex catalyst may be present as a result of being ligands bound to a
. ‘precursor catalyst and/or as a result of in-situ formation e.g. due to the hydrogen and carbon monoxide
- 66 gases employed in a hydroformylation process.
Moreover, like prior art Group VIl transition metal phosphorus ligand complex catalysts it is clear that
the amount of complex catalyst present in the reaction medium of the hydroformylation process of this
invention need only be that minimum amount necessary to provide the given rhodium concentration desired
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al kyl i@dnﬁls Mb@é’lheﬁetofore commonly employed in known Group VIii transition metal catalyzed processes. By
way of illustration suitable solvents for rhodium catalyzed hydroformylation processes include those

35 disclosed e.g. in 3,527,809 and 4,148,830. Of course, mixtures of one more different solvents may be

- employed if desired. In general, in rhodium catalyzed hydroformylation it is preferred to employ aldehyde

compounds corresponding to the aldehyde products desired to be produced and/or higher boiling aldehyde
liquid condensation by-products as the primary solvent such as the higher boiling aldehyde liquid
condensation by-products that are produced in situ during the hydroformylation process. Indeed, while one

J may employ, if desired, any suitable solvent at The start up of a continuous process (aldehyde compounds

corresponding to the desired aldehyde products being preferred), the primary solvent will normally
eventually comprise both aldehyde products and higher boiling aldehyde liquid condensation by-products
due to the nature of such continuous processes. Such aldehyde condensation by-products can also be
preformed if desired and used accordingly. Moreover, such higher boiling aldehyde condensation by-

- 45 products and methods for their preparation are more fully described in US-A-4,148,830 and 4,247,486. Of
course, it is obvious that the amount of solvent employed is not critical to the subject invention and need
only be that amount sufficient to provide the reaction medium with the particular rhodium concentration
desired. In general, the amount of solvent when employed may range from about 5 percent by weight up to
about 95 percent by weight or more based on the total weight of the reaction medium.

50 It is further generally preferred to carry out the hydroformylation process of this invention in a
continuous manner. Such types of continuous processes are well known in the art and may involve e.g.
hydroformylating the olefinic starting material with carbon monoxide and hydrogen in a liquid homogeneous
reaction medium comprising a solvent, the rhodium-diorganophosphite catalyst, and free diorganophosphite
ligand; supplying make-up quantities of the olefinic starting material, carbon monoxide and hydrogen to the

- 55 reaction medium; maintaining reaction temperature and pressure conditions favorable to the hydrofor-
mylation of the olefinic starting material; and recovering the desired aldehyde hydroformylation product in
any conventional manner desired. While the continuous process can be carried out in a single pass mode,

i.e. wherein a vaporous mixture comprising unreacted olefinic starting material and vaporized aldehyde
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.40 The ability to carry out the process of this invention in the presence of free diorganophosphite ligand is
' an important beneficial aspect of this invention in that it removes the criticality of employing very low
precise concentrations of ligand that may be required of certain complex catalysts whose activity may be
retarded when even any amount of free ligand is also present during the process, particularly when large
scale commercial operations are involved, thus helping to provide the operator with greater processing
45 latitude.
The reaction conditions for effecting a hydroformylation process of this invention may be those
heretofore conventionally used and may comprise a reaction temperature of from about 45°C to about
200° C and pressures ranging from about 6,9 kPa to about 69 MPa (about 1 to 10,000 psia).
- While it may be possible to produce aldehyde products having a high normal (straight chain) to
"50 branched chain aldehyde product ratio, 6.g. on the order of about 5 to 1 or greater, by the hydroformylation
' process of this invention, in general the preferred hydroformylation will be that process which is most
efficient in producing aldehyde product rich in branched chain aldehyde, i.e. aldehyde product having a low
normal (straight chain) aldehyde to branched chain aldehyde product ratio, e.g. on the order of 5 moles or
- less of n-aldehyde product to 1 mole of branched aldehyde product. Moreover, a unique feature of the
55 present invention is the overall processing latitude afforded in controliing the aldehyde product selectivity
that is provided by the use of the diorganophosphite ligands employable herein. For instance, due to
isomerization of the olefin starting material during hydroformylation that occurs with the use of the
diorganophosphite ligands employable herein, one may conirol or preselect the particular richness of

B

33



place outside of the hydrofornylation reaction zone of the continuous
“hydrof ornyl ati on process and the -40 mediumso treated returned to the
."hydr of ornyl ati on reactor. Accorghﬁq ¥5 gls treatnent is adaptable to both
.wel | known continuous type gas 3P 5P% &li d recycl e hydrofornyl ation
iprocesses. For exanple, in a continuous gas recycle hydrofornylation

- Pr ocesgyantiag aTdBﬁy@L EEid pRbuct Bdsied G SRsbISR IHIERYiBRar ©Bdirbd Bflo 8o to branched
inter maideﬁ)ata i), WIAEH is MURMHR YooMdabilisl hyRididhdly1RioROdt isfBlof pkbsphdhus Mgapkid @dR Of
“the |'i gHwitieaclol DMty b Pbriit@sobe@Blidn e to QRAA ShrtingPA@EaN@urihd sichiedbibhs Ravakly
-basi ¢ 3hé Giin RAS BARODIIYES icontddle N6l of Wikl I Brehchdtechsin aribhydé pRAICE fhatSthdylbeSt I eam
..0f the detigdl d reaction mxture to the reactor. In a liquid recycle

-hydr of or nfdr @kdngpte, ppcasfiss sdch es [buigk-t mae te wwadilyehydmweemfiatainbit the proegss tobthiscan be
..passed invartiou tphproduee widabivdeypridusts bavingi strighe xETela (enehed icipirbaidbhde reawyct pgion of
. t'hr oughesatthap [ado i surgferakly [seothersd to Fand maie prafecsbly abeut 8 t4 i.RAN e pleeryhahdbinternal
~-hydr of ofefigs mey emsysrisiegly tiydsoformylated by dygrrsesess ¢ dis ntiagrie Piein @ldpRyde emdurts a
“por t ioothabpreteman richeyin Bei %’ﬂ&h?ctﬁ'i'a'p iseere-t FopiBeipGpPYe SHPRerecap &a BYdstiormated Qe
desir ed’btéi”dé ?a g Vbﬁ&)ﬂf'dqhé‘i’?ov%r dehydq '6%‘0’6 rhARsinethgy radip jof I"aYF'?’S'HS'Q’E’%I ¢ e

by pasdy 'b“ty ge isaky Ef' S RERIR “?“\7& F’?%‘?’? B8 ?P'éfeﬁ ?Bin tg he
“desi red- s9) "g T“g? Pft % td'::‘?@ °'1‘"r‘iiI ° er ﬂmgual ly
- conden ng ri qecy r Haﬂo chal t, n oep |s es ecial

_ h
“';'?sepa1r5at eul |n h E; ijna: e .0 I?) i e br§ gelé%ch% g&ﬁ? let uc

|s used to produce
- hodi u mﬁeqawa .@ tsq,

; S senﬁé?l bhf l2-m tﬁ;/ﬁa%ty%cﬂ%@l% R hyabpmd and

: sone U'Wla%&d b&ds ad e W&fiorpfs%%&ﬂely' tondiid@no rtr?eCaW?‘ %‘é ytfébnﬁ theSRfirdinyl
al.ong WodrkioWhdb@YtRh oM -VaRFldGHy3Ie)Cand alldWy dér ey prédu op Br%Unfé AQbsiled Hat

“m ghfp ahedbral@b3ae Ploddch p&ajiven BREME biadiohdd2 Et@a‘ﬁrhgjhiaenawmnhl% othee ndridedbeant  of

such | iceilydingia@ssiuien it @fay Hbl @ésirasdsthat MeCaitbhyde Ghrbidoct heiyhol I dujtalscodon imbthrhddon

»'pr-ocesshan alaahgdy, dutmopyt compilise s dlightie highed morranto Ibeancrad chatrdaldetiydeprddodt rdtio saahd/ or

- subsequemhert e eldehydespme aplaed e$ pratudlvyfoaaliqonardand tacitihelie in dum may findsitisy &f er r ed

“to car reychoiverse fieldy asesatthatin fubiisants, fspleentspneénts; fedifizessl erairthet Itke r enoval  or

“isepateat i oikeyise aniderps e alphecipfies. andripiermalxelefis ean jlso jbg repdibf Bydraiaamylgdedy by ithei on

“the. wedKIcyssipadhie '"&WP‘%“&%P@W&H@@WBS"W“C‘EP‘%afi5‘5" gOYeiphranched enajgdspmers: 5?’ t he

- al dehy d‘é*t ‘Feoﬂﬁf&’ig Ve el "E’ES‘F?ss%f feqe- 6@“%(9“‘?'?%& C‘Wnﬁif‘d"y §’°d§(§@@ﬂ"yﬂq‘ﬁdo‘8

-.weakl y Vd& H?%%W e%fP'H“‘BB%P ?' ut|
recycl & :6 1) %ﬂ fa'Bo:}]/g 'o%% t (5‘?] ‘5@?" lt nnl ent
Cand %cc;&mm ity i e s :*y ..z,.e L g
b“aSI c bn3 %@ §std c r at% £§| %\ &J fy Hagm
Smihime 4191%’: el%@‘?&'ﬂ y 19 hetcarﬁln dw f&m IQrom) Gleﬁrbg |HtQ?nQIQ:§ é’vﬁIereYrW ich

5 t 0. RNt 13aGHE i Srie¥Virdal bk NBnpWeaK Is¥icH ashilte nﬁmngnprm NG Rith ¥l Pro@Bhgl t 1S

- latitude of further hydroformylating in the second reactor any unreacted olefin passed to it from the first

-rgactor but also allows one, if desired, to optimize the reaction conditions for hydroformylation of e.g. the
-alpha-olefin in the first reactor , while also optimizing the reaction conditions for the hydroformyiation of e.g.
the internal olefin in the second reactor.
Of course, it is to be understood that while the optimization of the reaction conditions necessary to
~—-0 achieve the best results and efficiency desired are dependent upon one's experience in the utilization of the
subject hydroformylation invention, only a certain measure of experimentation should be necessary to
ascertain those conditions which are optimum for a given situation and such should be well within the
knowledge of one skilled in the art and easily obtainable by following the more preferred aspects of this
invention as explained herein and/or by simple routine experimentation.

45 For instancse, the total gas pressure of hydrogen, carbon monoxide and olefinic unsaturated starting
compound of the hydroformylation process of this invention may range from about 6,9 kPa to about 69 MPa
{about 1 to about 10,000 psi). More preferably, however, in the hydroformylation of olefins to produce
aldehydes it is preferred that the process be operated at a total gas pressure of hydrogen, carbon

. monoxide and olefinic unsaturated starting compound of less than about 10340 kPa (1500 psia.) and more

50 preferably less than about 3450 kPa (500 psia.). The minimum total pressure of the reactants is not

particularly critical and is limited predominately only by the amount of reactants necessary to obtain a

desired rate of reaction. More specifically the carbon monoxide partial pressure of the hydroformylation

process of this invention is preferably from about 6,9 to about 828 kPa (about 1 to about 120 psia.) and
more preferably from about 21 to about 620 kPa (about 3 to about 90 psia), while the hydrogen partial
_ pressure is preferably about 100 to about 1100 kPa (about 15 to about 160 psia) and more preferably from
", about 210 to about 680 kPa (about 30 to about 100 psia). In general the H2:CO molar ratio of gaseous
hydrogen to carbon monaxide may range from about 1:10 to 100:1 or higher, the more preferred hydrogen
“to carbon monoxide molar ratio being from about 1:1 to about 10:1.
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o y E)_, Uca‘deh\)dta ptoduct production from both types of olefins in the starting material, in contrast to those prior art
B 40 processes that promote hydroformylation of primarily only the more reactive sterically unhindered o-olefins.
Of course, it is to be understood that the proportional make up of the mixed olefin starting materials
employable in this invention is not critical and any desired proportional amounts of such olefins may be
_employed in the starting olefin mixture. In general, it is especially preferred to hydroformylate mixtures of
butene-1 and butene-2 (cis and/or trans), which mixtures may also optionally contain isobutene, in order to
45 obtain proportionate product mixtures of valeraldehyde, 2-methylbutyraldehyde and optionally 3-methyl-
butyraldehyde. s
Further, undesirable side reactions that may occur in rhodium “Gatalyzed hydroformylation may be
curtailed by the use of the diorganophosphite ligands of this invention such as, undue aldshyde by-product
~ heavies formation, as well as ligand stability towards the aldehyde product. For example, while the use of
50 the diorganophosphite ligands employable herein may curtail undue higher boiling aldehyde condensation
' by-product formation, it is axiomatic that in commercial continuous hydroformylation of such olefins the
concentration of such higher boiling aldehyde condensation "by-products (e.g. dimeric and trimeric al-
dehydes) will eventually continue to build over a period of time until it is finally desirable or necessary to
: remove at least a portion of such higher boiling aldehyde condensation by-products, as described e.g. in
55 US-A-4,148,430 and 4,247,486. In such an occurrance it is desirable that phosphorus ligand which is also
present (preferably in an excess amount) have a lower vapor pressure (higher boiling point) than that of the
aldehyde condensation by-products so that the figand will not be lost or depieted when such aldehyde
condensation by-products are removed. For example, volatility is related to molecular weight and is
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"~ obviously preferred and beneficial to have the weakly basic ani on exchange
“.resin bed in place, at the start- up of the hydrofornylation process
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. contai ni ng product solution under reduced pres8tit&tentdriaris df'¢ enperat ures
such as below [err] and nore preferably below [err] In addltlon to
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.._,-'_'I-:gandﬁavé)fbed?ﬂibﬂﬂdﬂ iAeferdl ta1BEl far less moisture sensitive and far less reactive toward forming such
't 5. -phosphonic acid than conventional triorganophosphites, thus providing a more prolonged stable and active
- continuous rhodium catalyzed liquid recycle hydroformylation than may be possible with triorganophosphite
ligands. Such is not to say however, that hydroxy alkyl phosphonic acid by-product will not be eventually
~ formed over the course of the continuous rhodium catalyst liquid recycle hydroformylation process of this
— invention. However, the accumulation of such undesirable hydroxy alkyl phosphonic acid, during a
40 continuous recycle hydroformylation process of this invenlion, takes place at a much slower rate than when
triorganophosphite ligands are employed, which allows for a longer and more efficient continuous operation.
For instance, rapid decomposition of the phosphite ligand may not only adversely affect catalyst activity
and/or stability, but obviously leads to a quick loss of the phosphite ligand that must be replaced with make-
. up phosphite ligand, as well as helps to further promote the autocatalytic formation of the undesirable
" 45 hydroxy alkyl phosphonic acid which is often insoluble in the general liquid hydroformylation reaction
' ' medium. Consequently rapid and high build-up of such hydroxy alkyl phosphonic acid can lead to
precipitation of the acid to an obviously undesirable gellatinous by-product, which may plug and/or foul the
recycle lines of a continuous liquid reaction system, thus necessitating periodic processing shut-downs or
stoppages for removal of such acid and or precipitate from the system by any appropriate method e.g. by
50 extraction of the acid with a weak base, e.g. sodium bicarbonate.
Moreover, it has been surprisingly found that the above rmentioned disadvantages attendent with such
hydroxy alkyl phosphonic acid by-product may be effeclively and preferably controlled by passing the liquid
. reaction effluent stream of a continuous liquid recycle process either prior to or more preferably after
) . separation of the aldehyde product therefrom through any suitable weakly basic anion exchange resin, such
.66 as a bed of amine-Amberlyst® resin, e.g. Amberlyst® A-21, and the like, {0 remove some or all of the
undesirable hydroxy alkyl phosphonic acid by-product that might be present in the liquid catalyst containing
stream prior to its reincorporation into the hydroformylation reactor. Of course if desired, more than one
* such basic anion exchange resin bed, e.g. a series of such beds, may be employed and any such bed may
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o acid from a liquid hydroformylation reactlon medium that alréady contains mofe than merely a frace amount
of such acid to thereby minimize further decomposition of the organophosphite ligand, experience has
shown that decomposition of the organophosphite ligand can be very rapid when the amount of hydroxy
alkyl phosphonic acid is allowed to build up to more than a trace amount. Thus the preferred process of this
45 invention is one in which the liquid medium to be treated does not even contain a readily detectable amount
of such hydroxy alkyl phosphonic®acid and such is accomplished by beginning said treatment of the liquid
medium prior to the build-up of a readily detectable amount (e.g. 100 ppm) by weight of such hydroxy alkyl
phosphonic acid via 3'FP NMR so as to remove said hydroxy alkyl phosphonic acid as it is being formed.
Accordingly, while this invention encompasses both intermittent and continuous treatment of the liquid
s0 medium to minimize organophosphite ligand decomposition, continuous lreatment of the liquid medium
during the hydroformylation process is preferred.
Moreover the minimization of the degree of decomposition of the organophosphite ligand obtainable by
~ the process of this invention can be readily observed and quantitatively calculated if desired, by determin-
" ing in a given process, the amount of organophosphite ligand remaining and/or lost in the hydroformylation
. ‘g5 reaction medium, from that amount initially employed, after a given period of time of the continuous
" hydroformylation process, in contrast to the amount of organophosphite ligand remaining and/or lost in a
corresponding continuous hydroformylation process carried out under the same conditions, but without
employing the weakly basic anion sxchange resin treatment outlined herein.
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) epar eghtdininafes asiwel) agiary @thet undssiraie ¢dnhinees, 40m such weakly basic anion exchange resin
~ 3 beds prior to their use may be readily accomplished by conventional washing techniques that are well
' known in the art.

As further noted herein the treaiment of the liquid medium containing a solubilized rhodium-or-

--. ganophosphite complex catalyst, a solvent, free organophosphite ligand and aldehyde product must take

place outside of the hydroformylation reaction zone of the continuous hydroformylation process and the

~40 medium so treated returned to the hydroformylation reactor. Accordingly, this treatment is adaptable to both
well known continuous type gas and/or liquid recycle hydroformylation processes.

For example, in a continuous gas recycle hydroformylation process, the treatment of this invention may

be carried out by intermittently or continuously withdrawing a portion e.g. slip stream of the liquid reaction

o mixture from the reactor, passing it through a weakly basic anion exchange resin bed and returning the so

.. .45 treated slip stream of the liquid reaction mixture to the reactor. In a liquid recycle hydroformyiation process,

the liquid medium removed from the reactor can be passed through the weakly basic anion exchange resin

bed at any point throughout the recycle process. For instance, in a liquid recycle hydroformylation

procedure, it is common place to continuously remove a portion of the liquid reaction product medium from

the reactor and the desired aldehyde product recovered in one or more distillalion stages e.g. by passing

. 50 said liquid medium to a vaporizor/separator wherein the desired product is distilled and separated from said

- medium and eventually condensed and recovered. The remaining liquid residue obtained upon such

separation of aldehyde product, which residue. contains the rhodium-organophosphite catalyst, solvent, free

- organophosphite ligand and some undistilled aldehyde product is then recycled back to the reactor along

with whatever by-products e.g. hydroxy alkyl phosphonic acid that might also be present in said recycled

66 residue. While the treatment of such liquid mediums, of such continuous liquid recycle hydroformyiation

' processes, according to this invention can be carried out prior to and/or subsequent to the separation of

aldehyde product therefrom, it is preferred to carry out the treatment of this invention after the removal or

separation of aldehyde product. For example, it is preferred to position the weakly basic anion exchange
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and  enpkagischstvanich el EFtMLIRYbrad Given' shiltiod WhieB@8mple, SHcO t ed'réf&rre@'s@& shiib st he

fol | owi digpctwdinne rcontiBlibus hydrbiarahyiiion pricesr i @ik detembostiarn B 18 8lgehopMRhite Myand d

Ewith  sehbleyed avilt bel préventeld iapdi@nyihimized for @ Yong (@2 pBssMie; and since such decomposition is

l..i~ . 8 considered to be accelerated by the build-up of undesirable hydroxy alkyl phosphonic acid by-product, it is

. ' obviously preferred and beneficial to have the weakly basic anion exchange resin bed in place, at the start-
up of the hydroformylation process involved, or in place soonly thereafter, so that the liquid medium to be
treated can be continuously passed through the resin bed, thus preventing any undue build-up of
undesirable acid by-product as discussed above. Of course, if desired, the resin bed can be used later on

40 in the process to remove readily detectable amounts of such hydroxy alky! phosphonic acid by-product
build-up, although such is a less desirable way of minimizing decomposition of the organophosphite ligand.

Moreover, the diorganophosphite ligands employable herein have the added benefit of improved
storage stability or shelf-life over that of conventional triorganophosphites, such as trialkylphosphites, e.g.
trimethylphosphite, triethylphosphite, and the like, and triarylphosphites e.g. triphenylphosphite, tris (2-

45 biphenyl) phosphite and the like, particularly with ragard to moisture sensitivity and hydrolytic stability.

Thus it should be clear that one of the featured beneficial factors involved in the employment of the
diorgano phosphite ligands in this invention, in contrast to that herstolore employed in the prior ar, is the
wide processing latitude as taught hersin that one has in selecting the proper combination of conditions that

- will be most useful in obtaining or at least best approaching a particular desired result or need.

50 Thus while it is clear that the rhodium hydroformylation process of this invention represents a clear
technical advancement in the art, it should be noted that some rhodium loss, i.e. precipitation of the
rhodium from solution, has been found to occur in the continuous liquid recycle hydroformylation process of
this invention. It is believed that such rhodium loss has been caused by high temperatures employed in
separating the desired aldehyde product from the rhodium catalyst containing product solution and that

. ... .56 such rhodium loss may be reduced, if not eliminated, by separating the desired aldehyde product from the

: rhodium catalyst containing product solution under reduced pressure and at low temperatures such as
below 130° C. and more preferably bslow 110°C.
In addition to providing the basic bensfits of catalyst reactivity and stability in the hydroformylation of
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B theory or mechanistic discourse, such ligand solubilily may be the reason no rhodium loss was observed
.over a prolonged period of time at an aldehyde separation temperature higher than herstofore recom-
" mended as preferred when methyl [3,3'-di-t-butyl-5,5'-dimethoxy-1,1"-bipheny!-2,2'-diyl] phosphite was
~ employed. Alternatively, rhodium complex catalysts containing a ligand as defined in said Formulas (V) and
(V) above may undergo some structural change under hydroformylation andfor vaporizer/separation
" “conditions to a more stable or soluble rhodium complex due to the ether (i.e. oxy) groups represented by Z2
and Z3 in Formulas (V) and (V1) above.
Moreover, while the diorganophosphite ligands of Formulas (V) and (VI) above and the rhodium
complex catalysts containing such a diorganophosphite ligand are considered to be novel compositions of
maitter, it is of course to be understood that such ligands and catalysis can be readily made by the same
40. general procedures, disclosed elsewhere herein, for obtaining diorganophosphite ligands and rhodium
complex catalysts in general. Likewise diorganophosphites wherein Z2 and Z3 of Formulas (V) and (VI) are
hydroxy groups can be readily prepared by first obtaining the corresponding ligand wherein Z2 and Z® are
an alkoxy (e.g. benzyloxy) group followed by any conventional dealkylation procedure (e.g. hydrogenaclysis).
o A further aspect of this invention can be described as a catalyst precursor composition consisting
45 essentially of a solubilized rhodium-diorganophosphite complex precursor catalyst, an organic solvent and
free diorganophosphite ligand. Such precursor compositions may be prepared by forming a solution of a
rhodium starting material, such as a metal oxide, hydride, carbonyl or salt e.g. a nitrate, which may or may
not be in complex combination with a diorganophosphite ligand, an organic solvent and a free dior-
o ganophosphite ligand as defined herein. Any suitable rhodium starting material may be empioyed e.g.
- 50 rhodium dicarbonyl acetylacetonate, RhzQa, Rhs (CO)12, Rhg(CO)s, Rh(NO3)s, diorganophaosphite rhodium
- carbonyl hydrides, as well as carboxylates of C»-Cis acids. Of course any suitable solvent may be
employed such as e.g. those employable in the hydroformylation process desired to be carried out. The
desired hydroformylation process may of course also dictate the various amounts of metal, solvent and
" ligand present in the precursor solution. Carbonyl and diorganophosphite ligands if not already complexed
: 85 with the initial rhodium may be complexed to the metal either prior 1o or in situ during the hydroformylation
process. The preferred catalyst precursor composition of this invention consists essentially of a solubilized
rhodium carbonyl diorganophosphite acetylacetonate complex precursor catalyst, an organic solvent and
free diorganophosphite ligand. Such precursor compositions are prepared by forming a solution of rhodium

watt
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" bel ow,

-+ 15 EXAMPLE 2 42 EP 0 155 508 Bl The sane procedure and conditions
-..enployed in Exanple 1 of preparing a rhodiumcatal ytic precursor solution
“using rhodi um di carbonyl acetyl agepqagakgs gfexanol and
211" - bi phenyl -2, 2" -diyl-(2,6-di-tert-butyl-4- nethyl phenyl) phosphite
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- excepsi %a.u;efco;uﬁbﬁ@taylﬂe phé@UrdoP bSmpREIGHAR €108 PS Al tatsirh i) @03 REmicEN sha\eRiciéht b tiod ©
-1 hodi umic a#ralirgXheCrabdhlny srbcupsoSetsl S hydakdahylaios stakep. hydr of or nyl ation reaction
'condl t i onFiraby, $ecarehyde plodiBitEof3hd Bydentarmylitien ipyodess fobthizyihvabtion haveeawitie ainga ait € 1 n
LR utility that is well known and documented in the prior art 8.g. they are especially useful as starting materials
for the production of alcohols and acids.
— 20 The following examples are illustrative of the present invention and are not to be regarded as limitative.
It is to be understood that all of the parts, percentages and proportions referred to herein and in the
appended claims are by weight unless otherwise indicated.

EXAMPLE 1
2

A series of various rhodium complex catalyst precursor solutions consisting essentially of solubilized
rhodium carbony! diorganophosphite acetylacetonate compiex precursor catalyst, organic solvent and free
diorganophosphite ligand were prepared and employed to hydroformylate trans butene-2 into Gs aldehydes

.. in the following manner.
30 Rhodium dicarbonyl acetylacetonate was mixed with sufficient 1,1'-biphenyl-2,2'-diyl-(2,6-di-
~ tertiarybutyl-4-methylphenyl)phosphite ligand having the formula

35 | | @o\ t-Bu

';.'.'_:'._.'_......:.._ /P -0 CH;
& o @-—-0 t-'lu

the amount of ligand being varied in each instance as shown in TABLE 1 below) and diluted with sufficient
solvent Texanol® (2,2,4-trimethyl-1,3-pentanediol monoisobutyrate) to produce the various rhodium catalytic
45 precursor solutions containing the amounts of rhodium and ligand shown in TABLE 1 below.

Each rhodium catalytic precursor solution so prepared was then employed to hydroformylate trans-
butene-2 in a magnetically stirred, 100 mi capacity, stainless steel autoclave which was attached to a gas
manifold for introducing gases to the desired partial pressures. The auloclave was also equipped with a
pressure calibrator for determining reaction pressure to + 0.07 kPa (+ 0.01 psia.) and a platinum resistance

50 thermometer for determining reactor solution temperatures {o + 0.1°C. The reactor was heated externally
by two 300 watt heating bands. The reactor solution temperature was controlled by a platinum resistance
sensor connected to an external proportional temperature controller for controlling the temperature of the
extornal band heaters.

. In each hydroformylation reaction, about 20 milliliters of the rhodium catalytic precursor solution so

-85 -prepared containing the rhodium complex, the diorganophosphite ligand and the solvent was charged to the

- autoclave reactor under nitrogen and heated to the reaction temperature employed {as given in TABLE 1
below). The reactor was then vented down to 0.134 MPa (5 psig.)Jand 5 m{ (2.9 grams) of trans-butene-2
introduced into the reactor. Then carbon monoxide and hydrogen (partial pressures given in Table 1) were
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S B Run Reaction G am Mol es/
.. Al dehyde No. Litand (9) Condi ti ons Li t er/ Hour Mol e
."Ratio [err] (Continued next pagegp4555809B146 EP 0 155 508 Bl TABLE-3
~: (CONTI NUED) Precursor Li near Sol ution and Reacti on
‘. Rate Branched Run Reacti on Cram Mol es

i Al.dehyde 5The same procedure and condiliims employekiigBxachpleg)of preparing a riGdined ichtilgtivprecursor

™ Lit'er / Heolption usiivip fhediiatdicarbprat acetyéchtahbie. Texanol® and @ghbipheod-a.2RdiR12.didrelfbut4-55 47
“TEP 0 153eB0RhBY!) phosphitligand priorydoisimuptidtionirapatiutens2owdroiepreataddatei ferrtke exp@ionspm
-1 hodi umef Gydiegfprawlaiiigobuiansd pndesd ot tans-bulpnAd 3ndrusing| abowf 15 Mildieisngt the shodiumn

.t Errpef atPracyrsor solution instead of 20 milliliters and varying the rhodium complex catalyst precursor solutions and

T hydroformylation reaction conditions as shown in TABLE 2 below. The hydroformylation reaction rate in

terms of gram moles per liter per hour of Cs aldehydes produced as well as the mole ratio of linear (n-
valeraldehyde) to branched (2-methylbutyraldehyde) product were determined in the same manner as in
Example 1 and the results are given in TABLE 2 below.
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5 [err] partial pressures; [err] 20 psia.. [err] 20 psia
“trans-butene-2 = 50 mnoles. (20 psia 0.1417Pa) (b) Precursor solution
--and reaction conditions: 200 p@pdwp.}{ [0 nol es di organophosphite Iigand
- per nmole of rhodium reaction tenperature [err] partial pressures, [err]=
.30 psia. CO= 30 psia trans-butene-2 = 50 mnoles. (30 psia = 0.21 MPa) (c)
- PrecursowrBlButi on and reaction conditions: 15 230 ppm rhodium 3

- nol es dior ganophosphite |igand per nole of rhodium reaction tenperature

. [err] paiThe samepresexs @@, cofiditiond empld8d ipEixanpldCOotpréd@ringsi rhodiun Gatytibreeumser 2 = 50
. m nol esplutitisestig THdivin| didatbionyd: peehvipoetpnatm Eaxerel®yandd . ipbiteny28l diybR.adi-tetrb@g-4-

#i nstse awetyiphBay rahpsphite; ligendsand hititoigyeylating: transthateni=@vert cppeate saverfos the exasbliens on and
- I eact | grysiepindverlouherganopfosphinigendsding maryingthariiogiam gpron! t9|¥ gassRersaluonyand

o per ITD‘F"@ héﬁ'fOfP'l’mlﬂ'Qﬁ‘rfPacF@aR?t' ioRs ?Seﬁl?ﬁ‘@‘ i8R Qgelow The r[y Pt feéﬂt'mb'ia@é% ures,
;-. termg Lg molesdgr hteg@ar r gf :Eﬁ:jt(%qq@n as th l rajt t

m I I i I'i"f*g 1 ﬁ'agﬂ?ﬂ" ?F%?P (%m P Pyd§b?r?ﬂ“i:to"¥?"? ?Féet"@'ﬁ%d 'thezsﬁ’“ﬁﬂa'i"leh ters.
= (30"stdN E Lgveni F “%ol uti on and reaction conditions:

--200 ppm rhodi um 6 nol es di organophosphlte | i gand per nole of rhodium
i Teaction tenperature [err] par{TABYE 3ressures, [err] = 20 psia. CO = 20
" psia. trans-butene-2 = 50 mnoles. Used 15 35 mlliliters rhodium
. catg) ytic precursor soI ution instead of 20 mlliliter psia = 0.14

MPa) (f) Used [err] as rhodi udfifeeideser deast©ackael Z?ﬂi@{ di car bonyl

acet yl acet diwat e. Reaction Gram Moles/  Aldehyde
Ne. Ligand (q) Conditions Liter/Hour Mole Ratio

P - O - BHT (®) L.7 0.7

25

" 0 - BHT ) | 3.4 (n) 0.89

&
EOZN
KO
Q

3 '-O - BHT (b) 17.82(d) 0.86
t-Bu
) t-Bu -0
- (“) - BHT
" 0 () 0.46 0.56
t-Bu@
t-Bu
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...(9) BHT = 2,6-di-tert-butyl-4-methyl phenyl t-Bu = tertiary-butyl Ph =
- phenyl (Continued next page) 45 50 48 EP 0 155 508 Bl TABLE 3
-{CONTINUED) (h) Activity of thigp g959adgive triorganophosphite pronoted
»= catal yst rapidly declined under continuous hydrofornylation (See Exanple
2'B). (i) Activity of this diorganophosphite pronpoted 10

i-’_’_\'cat al yst declined very rapidly ig,a, cORtdy gl ass reactor experinment
.simlar to that described in Exaﬁp‘i—e—ﬁ—ﬁ#@%e activity of these
- di organophosphite pronoted catal ysts was sharply inhibited when the

...hydrof ornyl ati on was carried outpsifi@rnore than 3 nol ginespri val ent s of

- sol ution usinmgrh

L ga_rﬁ_ per mol e of rhodium 20 E:MMDLOE ¢d2530::t’i‘°“Tngf=s&?;e§ deocedure and
. conditions erﬁf’oyeg il ;Ldﬁganpl e 1cm§m§par| @ ta,ﬁm I Ul

@byt i C precursor
onyTacetylacefonate. Texanol[err] and

<1, 1' - bi phenyl -2,2' -diyl-(2,6-di-tert-butyl-4- methyl phenyl ) phosphite |igand

b trans- butene-2 were repeated, save for the exceptions
2 s\la'ff ent ol efeps as the starfjng hydrof ornylation
i.ng & ~NBddi um conpl ex catal yst precursor solutions and
gefct i on Peondi ti ons as shown in TABLE 4 bel ow.

'-.15 | o\

6 .0 (c) 2.9 (§ 1.0

. and hydr of or nyl g
.. ‘ol enpl oyi nggvar
~material and var
- hydrofornylatio

; \9.0-@ Q) 2.6 (j) 1.0
-D/ Pn
25 -

0
3 >'.o.® (<) 8.1 0.73

. 38 (Continued next page)
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30" The hydrofornylation reaction rate in ternms of gramnoles per liter per
~‘hour of al dehyde produced as well as the nole ratio of |inear al dehyde to
branched al dehyde product were ggtoe,rgl 8@% as in Exanple 1 and the results
are given in TABLE 4 below. 35 40°45°50°Z3  EP 0 155 508 Bl [err] EPO
..155.508 Bl [err] EXAMPLE 5 55 The long termcatal yst stability of

:1, 1' - bi phenyl -2, 2" -di yl - (2, 6-di -tssie butogkrndeoyret hyl phenyl ) phosphite (the
“di or ganophosphi.te |igand of Exanple 1) pronoted rhodi um catal yst as
.“conpared to di phenyl (2,6-di-tert-_butyl -4-nethyl phenyl)phosphite (the
“t'riorganophosphite ligand of Run RECI%7in Tahk&.:3 raldibiarfr onoted 51 EP
~0 155 508 Bl rhiwdi um_cat al st waskedgtior n negrammoldse fAIBdhpdei Ng manner. These
"long term cat aly8t %—é-y—e =%

X perRHEHRe— o He iy "8 B3y dr of or nyl at i ng
“trans-butene-2 in a

S o, LY *~ro-pur (y &3 112
L orere”

t-fu
©
t-Bbu °
? - 0-CH,4 (e.£) 5.4 0.68
10 '
t~Bu @ @
_ 20 cebu
b
i.ﬁ__. t-Bu oL
s 28 11 @ -
_ P - 0= CH,CH,CN (e,f) 0.65 0.68
) t-Bv @ o
mlod 30
. . ~ . t-8u
telu O 0
12 /r-o-cnzcuz-?@) 2.51 0.62
t=By [
’ g=Bu
w0
(Continued next page)
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‘wglass reactor in a continuous single pass node. The reactor consisted of a
- 90 nl (three ounce) pressure bottle subnmersed in an oil bath with a gl ass
“front for view ng. In each experigpgissaaget 20 M of a freshly 5 prepared
:zrhodium catal ytic precursor solution was charged to the reactor with a
..syringe after purging the systemw th nitrogen. Each precursor solution
i.contai ned about 200 ppm rhodi umintroduced as rhodi um di car bonyl
vracetyl acetonate, about 5 nole equi vaPEFELISIIMEBSphor ous | i gand per nol e of
~.rhodi um netal and n-val eral dehyde t rireaersoas t hgeasthygpte.Liggzgeédr cl osing the
ireactor, the systemhwas again purgeckewdcian it r ogemoteafl tAieeged bath was
“heate@ to furnish Rehe—dé&iitibdahydr of Srdioat i onkite(ivirgn Hodehtdt ure. The
“ hydrofor- 10 nylation reaction in each experinment was conducted at a total
~~gas pressure of about 1.24 MPa psig.) using about 0.21 MPa (30 psia.)
~~hydrogen, about 0.17 MPa [?4 psia.) trans-butene-2 and about 0.21 MPa (30
“a psi a. ), carbon monoxi de, je remai nder being nitrogen. The flows of the feed
-.gases (carbon nonoxtte; -3 and propyl ene) were controlled
cindividual ly wigsh mass fTow net brs-an@ed,hq.feged gasgs, di spersgd into the
“Preécursor solution yja :#3: nl @Ss steel spargérs. The unreacted portion of
=t he feed gases stri ppedt 15 the product [err] al dehydes and the outl et
.-gas was anal yzed for [err],al'dehyde products periodically over four days of
" continuous operation at the reaction tenperatures given in TABLE 5 bel ow.
.~ The average reaction rates for each experinent in terns of gram nol es per
liter per hour of.produgt [err] al dehydes as well as the n-val eral dehyde to
.- 2-met hyl but yr al dehyde/mhoduct ratio for each day of operation are given in
- TABLE5 bel ow. 1%0 25 40 2‘5,59_@2 éFS 0 155 508 B1 [err]

-]

— / 0.82

ew <O o o™
1§ . °>“°—@ (a) 4o 0.88
t-Bu O

Y @ e

(3 1)
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Eﬁphéylphsphte pont edcaal st whc s - not of ths ineto; i'st abu75

?%ofiSctIicaivy e~~~ Y- 0 St 4' * WK :40
- 155 508 B1 u " - The
-+ above data show that the dloganoﬁ%ospﬁ?te ligand [1, 1

- -bi phenyl -2, 2" diyl-(2,6-di-tert-butyl-4- nmethyl phenyl)phsophite] of this
;gjnventionnaintained catalytic activity after over four days of continuous
i'hydr onyt &) | P wbet €66 $EBuEDBRARAGI YeattiohJaBARRRSPAELE! | gand

~ [ di-phenyl (2, zZo0i pperthbdiyi: 46 mbbys- dpbegyhpphosphiite] pronoted cat al yst

Mhich is notlbjandi per nmebei ofi thediahouredbtdioh tempeatzhyki c activity

‘overs the sank0@t€i bdpattiakepressiuyess B «h2Oopsliat .g&O eonposition
isfndi cated the@ peial treaosibbtene)2i eoh@rmzaviles. éﬁoshe—paw%/ﬂﬁdtene 2
~:feed was_achi eved when the_ di organophosphite (Li A) was 53 EP 0 155

508 Bl &Ml “qﬁ%roﬁ?}ﬁﬁlﬁﬂtéﬂé {eeehbentsapﬂa QF ‘the total butenes in
W'the outlet) BanEFQQI IE& ﬁ?e 1PHEFHBHER§ été ui li briumvalue of .
=577 ol e p gagt F%‘ng &PE€of 1.21 MPa
{175 psia. ) IT| ? hﬁ EB gﬁf? éand 8P B4 abi ity to

i+ isoneri ze bul n% 22 pht2PRTE AR Ofy i Bi BRe8%ovef fhé perlod’of t he

5Ltest E%é?@%g}@% cboPeLd s VahhO¥8a @Egt gqgk 3s catalyst pr ecur sor
S0l ygions ¢ bR kS fﬂi IMOQLSSQF hgs g gn1carbony|

~di or ganophos 5ﬁaa§6£y a£él ofatRo& PUR" efeQE%QUhS empk@t¥se, Organic

= solvent and jogec 10 psli i ganppEesRbese HboandoWpggapr epaked and enpl oyed to
rhydrofornyl aze psbbyt vt gne- bat enel debyse” mnmbhesf ol yeeangsmanner. Rhodi um
“—di carbonyl asklyipieépnphedian caxalyviéhphedutbbei eblludionnt of

% di organophosixis tead i gfinzio amill ti L Lt eds wi(h ssuk fd oizert ) sol vent. Texanol [err],
.;2.to produce a rhodium catal ytic precursor solution containing about 150 ppm
».0f rhodidim Rtechrset Belutiennand| readtiboucosdimdbasequi val ents of
[3d|organopho t PR Srhod yamg ?@rmﬁbFQ diorganpurhospbiriegand being varied
|ven in 3 cPE| BYd € | 9L cBRAS hYB; oF BARE A AR 6ﬁmi>eaemuéﬁ about 20
fliters %HST% -rh%ﬂFEi?cBFﬁFZFFE prﬁ%uf P B8R At 0fOs

a, trans-buten m moles. Used 15
nillilzte:s rhodium catalyt1c precursor solution
instead of 20 milliliters. (3opsnn~ = 0.2//15)

.(e) Precursor solution and reaction conditions:
200 ppm rhodium; 6 moles diorganophosphite
ligand per mole of rhodium; reaction temperature
100°C;: partial pressures, H = 20 psia, CO =
20 psia, trans-butene-2 = 50 m moles. Used 15
milliliters rhodium catalytic precursor solution
instead of 20 millilite:s.(zopya=:a/yﬂyﬂ)

(£) Used Rh4(CO),2 as rhodium precursor instead
o -of rhodium dicarbonyl acetylacetonate.

(g) BHT = 2,6~di-tert-butyl-4-methylphenyl
t-Bu = tertiary-butyl
Ph = phenyl
(Contlnued next page)
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i'prepared was charged to the autoclave reactor described in Exanple 1 under
_-nitrogen and heated to the reaction tenperature enpl oyed as given in TABLE
..6 below). The reactor was then pggsSisispgato 0.17 MPa (10 psig.) with
..nitrogen and 5 m (about 3.12 grans O |sobutylene) i ntroduced into the
“‘reactor. Then about 20 0.21 MPa (30 psia) hydrogen and about 0.21 MPa (30
"psia.) of a 1:1 syn gas m xture (0.10 MPa (15 psia.) of carbon nonoxi de and
- 0.10 MPa (15 psia)of TABEEQYPNTREEBD) nt r oduced into the reactor via the gas
~ mani fold and the isobutylene so hydrofornylated The hydrof ornyl ati on

reaction r |ter hour of al dehyde produced (3-
et hyFbuty?(ta derh {f’o %Uﬁ Bﬂﬁ ?; &B °HB£&FFH ned from
" sequential 34. 5 5 tor, spanni ng
"t he nom nal operatlng ﬁ@%%gh e |n reacto fﬂ% }83 ts are given in

 TABLE 6 bel@y kv PYS @gig\gdggi IquN 30 percent
. conversi on of ti&uﬁvée@ﬁﬁé@r%ﬂg s g&’ﬁ gﬂéﬁgouﬁp 0 155 508
"Bl TABLE 6 Reactgxasdat €adtidr experiment s1m11ar to that

~gram noles/ Nodescribed in Exgmplle 5. Tenp
Fetr] Liter/Hr. [err] 55 55 EP O 155 508 Bl TABLE.6
(continued)f3) The actiReityiofi €é¢me diorganophosphite promoted

e - catalysts was sharply inhibited when the

hydroformylation was carried out using more than
3 mole equivalents of ligand per mole of rhodiunm.

</<) Cotspnvnts've run

20

EXAMPLE 4

25 The same procedure and conditions employed in Example 1 of preparing a rhodium catalytic precursor

solution using rhodium dicarbonyl acetylacetonate. Texanol® and 1,1"-biphenyl-2,2'-diyl-(2,6-di-tert-butyl-4-

- methylphenyl)phosphite ligand and hydroformylating trans-butene-2 were repeated, save for the exceptions

of employing various different olefins as the starting hydroformylation material and varying the rhodium

: “complex catalyst precursor solutions and hydroformylation reaction conditions as shown in TABLE 4 below.

- 30 The hydroformylation reaction rate in terms of gram moles per liter per hour of aldehyde produced as well

~ as the mole ratio of linear aldehyde to branched aldehyde product were determined as in Example 1 and
~ the resulits are given in TABLE 4 below.
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( continued) Reaction Rate gram noles/ Run No. Li gand
Liter/Hr. [err] EP 0155 508 Bl Reaction Rate

FABLE 6 (Conti nued) g&%ﬁ& Run No. Ligand
enp. Liter/ Hr. [err 1 NPLE A series of various rhodi um

conplex catal yst precursor solutions consisting essentially of solubilized
. 'rhodi um carbonyl di organophosphite acetyl acetonate conpl ex precusor solvent
:and. free di or ganophosp e ligand were prepared and enployed to

1ydr of or nyl ate tranSwﬂh ele 2 iato«[err] al dehydes 40 in the foll ow ng
yanner . Rhodrunrdrcgmbo Ihacetylaeetonate was mxed with a sufficient
wanpunts of a drorgangghp phitt @ | +gand and diluted with sufficient solvent,
~Texanol , to producé=®zx®hodi um catal ytic precursor solution containing
ffabout 250 ppm of rhod um cal cul ated as free netal and about 10 nol e
-equi val ents of drorgﬁno hosphite |igand per nole of rhodium The |igand
?ﬁberng varred as give "g TABLE 7 bel ow. 45 I n each hydrofornyl ation
';eactlon about 15 mgg |ten5 of ehenrrhodi um catal ytic precursor solution
50 -preared was char ggde ?he at of| &ve reactor under nrtragen and heat ed
“t:0 the hydrof or nyl at igodh¥ eacti on tenperature of [err]. TheXeactor was then
;vented down to 0.13 fPA(5 psig.) and 5 m (2.9 grans)—of ﬁ%e olefin
~enploygd (as given in TABLE 7 belomb i ntroduced into thp reactor. Then
.+rabout 0.61 MPa (90 psi L 1syh gas mixture (0.31 Mga (45 psia.) of
.“¢arbon nonoxi de and O. g‘f MPa 14& p3| f of hydrogen) wefge on. I ntroduced into
ithe reactor via the gas manifold and the olef in so hydrof &nylated. The
ghydrofornylatlon reaction rate in gram nol es per Irteruperﬁhour of [err]

. ~ L4
. o = c:
aldehydes produced vas 5 g
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. EXAMPLE 5
-The long term catalyst stability of 1,1'-biphenyi-2,2'-diyl-(2,6-di-tert-butyl-4-methyiphenyi) phosphite (the

diorganophosphite ligand of Example 1) promoted rhodium catalyst as compared to diphenyl(2,6-di-tert-
butyl-4-methyiphenyl)phosphite (the friorganophosphite ligand of Run No. 2 in Table 3 above) promoted

51



‘determ ned fromsequential 34.5 kPa (5 psia.) pressure drops in the reactor
Z.spanni ng the nom nal operating pressure in the reactor, while the nole
~ratio of linear (n-valeral debydgp otf‘},stgbgﬁqhed (2-nmet hyl butyral dehyde)
“wproduct was neasured by gas chromatography and the.results are given in
. TABLE 7 bel ow, said 55 results being determ ned after about a 5 to 20
“» per-centrhddRmvdataiystvas Géterinth@d inrted WwBholaing easme? starting material . 60 EP 0 155
508 Bl TABleks ibndRemt tdtaiyst stability expérimvedwereRabdicted by hydRifaumngitingl trédsbutene-2 in a
. G am Mulass reactorAh dehntitlgoublsingle pass mode. The reactor tdngjstertiof a 90 ml (three ounce) pressure
~1'Li t er /delyesubmelded & dRapilibath [weh R jglass frdRFoOvievE . BOBcBRpariABhiEbTUL 2 oTitdf A reshly
..Reacti orppared rhotium ccglalyticRereqursor solution wasihargechie dheRigactor with a syringe after purging the
G ram Npjten with Aqtrgn@ny%h IREpCursor soIElfogegq@;ained about 200 ppm rhodium introduced as rhodium
L't er /99aeny! agsiviscetenetecrbgyt 5 molgpsufyalantsof iy piwous figangrer miqlegtt rhofiu@anetabandct i on
=14 near: /n-valeraldehyde trimer as the solvent. After closing the reactor, the system was again purged with nitrogen
and the oil bath was heated to furnish the desired hydroformylation reaction temperature. The hydrofor-

10 mylation reaction in each experiment was conducted at a total gas pressure of about 1.24 MPa psig.) using

about 0.21 MPa (30 psia.) hydrogen, about 0.17 MPa (24 psia.) frans-butene-2 and about 0.21 MPa (30

psia.) carbon monoxide, the remainder being nitrogen. The flows of the feed gases (carbon monoxide,

hydrogen and propylene) were controlled individually with mass flow meters and the feed gases dispersed

into the precursor solution via stainless steel spargers. The unreacted portion of the feed gases stripped out
o 15 the product Cs aldehydes and the outlet gas was analyzed for Cs aldehyde products periodically over four
, - days of continuous operation at the reaction temperatures given in TABLE 5 below. The average reaction
... - rates for each experiment in terms of gram moles per liter per hour of product Cs aldehydes as well as the
' " n-valeraldehyde to 2-methylbutyraldehyde product ratio for each day of operation are given in TABLE 5

below.
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Branched Run

_ Al dehyde No. Li gand

I-Liter/Hour Mble Ratio [err] 35gk¢AMBlshg 81The reactivity of various

di.or ganophosphite and tri organophosphite |igands towards al dehyde were
determ ned as follows. A series of phosphite-al dehyde solutions were
.-prepared, each in the same manner, by successively 40 charging, to an oven
si'dried [err] for one hourf;60 mM (2.0 -0z.) narrow neck bottle which had
cooled to anbient tenperdfuwe:iq & gry box ang which contained a magnetic
stirring bar, about 4.5% ol &s.of: phosphste Li gand, about 3.0 m nol es of
Lri ph&nyl phosphi ne oxi #& as a phosphorus containing internal standard,
mand a sufficient anount a m xture of n-val eral dehyde and

2--met hyl but yr al dehyde_tw@3pbt aj n_a_ conmbi ned yeight of 30 grams for each

-5 [\

csol ution. The bottle w8E%d Ifent sgalled: withaisgr gmStopper, renoved 45 from
.:.the dpy box and pl aceds a magnetic stirrer at anbient tenperature until a
a.solutton was obtai ned?*fffe bottle was then returned to the dry box to
~remai n under nitrogen gtnosphere at anbient tenperature. Periodically 3
imtliliter sanples of &@ach solution were drawn and the phosphite
concentration anal yzed2®d phosphorus, 31 NVR.spect roscopy. The extent of
'phosphi te deconpositiof2Ehst a%r8sd 3 of rgaftigng vth al dehyde) was
cqualitatively determnd@Jromthe relative intensities of*the [err] NWR
“.resonances correspond- =53 ing to those of the pure phospigte Iigand

~-enpl oyed and the internal standard. The phosphite |igandsg enpl oyed and the
#~test -results, are givendn TABLE 8 bel ow. 55 63 EP 02155 508 Bl TABLE 8
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b4
« Day - Day = Ew Yy e sa 0 TR
ST RGN VIR Qf: .3‘
. t ™M [
3 R I RN Z Pk
S g o Ve e Y © -
F S °© o ° S S o °F @ o8
al o -
> £ "
o
e Ng?;‘?::—:.\ e e T3 I gl
= ::t ﬂ,q,\';,\ﬂ,@ %Q\:,V\J 2 3
a Y ¥ e 834 N @ 3T 3w
\ S g S %8 g S 8 8 &8 4 o
— e~~~ —~ — w3y,
& oa" g9 $83 %3 f£z=%
3 b= IR R @Q%Sv ‘,‘,g_é
a T & 3 IR 8 I I 8T EB3.E
= S ¥ o & o O S a 9 w-N-J
g : BN,
[ e -t
o " P&
F ] > - v w @ v @ € e ;?:s
E 3 o Q@ o o © @ 0o 0o 0o 48
TP
PR~
G >N
] o 8O
1 (-4 Q
-t - e
L-X o Bty
-] O~ m~ w O ~ @*® o M~ B v b
ﬂa ™~ L] ™ ™~ [ ™~ - - L) -« Qowe,
[- 3 it -y -4 -t -l -4 -t it -4 [l - ) O
L E~B-E.
~ DN
Py -
- 3 Uy
. CX- N
[ ] [ uy e o
c o a " eg
elsa s 22 3 g 253 32 rea%
~ YNy
-t Ot
o e M by
[ G
- ) U A
>e 85
» gL 3a
™ Qo L ] L ] n - (-] [ ] - e - G 08 e
] - - - . - . . - . . -
2 e -, s ™ - L " ] ¢ ™ - &;"hot
A
s @O
- St
— O
- et O
P-4 -0 MM
5 -y
> s s 0a
':; < < [ amanaaand -] “.:

The above data show that the diorganophosphite ligand [1,1'-biphenyl-2,2'-diyl-(2, 6-di-tert-butyl-4-
methylphenyl)phosphite] of this invention maintained catalytic aclivity after over four days of continuous
‘hydroformylation whereas the comparative triorganophosphite ligapd [diphenyl(2, 8-di-tert-butyl-4-methyl-
phenyl)phosphite] promoted catalyst, which is not of this invention; lost about 75% of its catalytic activity
over the same period of time. Analysis of the outlet gas composition indicated that total (equilibrium)
isomerization of the pure butene-2 feed was achieved when the diorganophosphite (Ligand A) was
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e 7 10 [err] EXAVPLE

9 50 Th

gfet \e/ﬂnl ﬁgz phofsplh: te |i %ands tovvards al dehyde at high tenperat u?e;e\?\g laVI Y
N as foll ows. serie te al dehyde sol utions we
-prepared. each in the sane rran%g) by SUCCESSI vely charging a 360 mre( 12

9(230)5 Fi scher-Porter bottle containing a magnetic stirring bar, wth about

about m)l o) qhe%b\%? 68 bhd@REon BRI otalouttBdsin M‘Bloeﬂet)(abprbetﬂﬂtm%%ﬁ'qy@ﬁﬁt e,

e o 5,, ﬁJ mDakd BB ¥8h&s pbreent biftaiedbs1 at 1sr € and & tatal srepsrergy 1€hpl oyed

e tmi' %ﬂg}ﬁs Bgy; fr t'n&r an@ﬂ;hoﬁﬂﬂhﬂe gbid B)Gﬁ)wealamlalalltsstsrﬁa‘omemzeMte%aﬁtt“'%ﬁap'%\“’

i Ur Qinffishbl ovéAthepétbodletyeiestand 2- net hyl but yr al dehyde to obtain a comnbi ned
:.:vvm ght of 100 grans for each solution. The bottle was sealed with a

. pressupgamaE eodi fied to contain a nechanical sti rrer and gas purgi ng and

;sanmpl i ng-varves and inserted into a st

. €overi ng. A ¥tes bovaribus rbaiumEam cgﬁlést;zp%hrgéress o eel SRR oPLRbfS! Ve
sophosphircgival aeplanyt] diorgenogigspiite ylgcplapat %amc solvent and free o 45
-.MPa %0 dipegagpphisphitodiginderoRIERE I Gy 8??&' :ﬁ% . on Was Tt en St, rred for

.one hotellogitg @eAvpent t errper at ur e.
~Heat R ; HE t AA\ AN dRRJahiphasBnieagaranen
~Heat ed by ﬂ'&'@lq'f@erWé &e)gm‘iﬁ? tS e E&ﬂi Ehdiytic %ﬁel:dr&f; Relutidh lcorfteidinty.

"Per i odiap@H %}9"6 ¥:1? %«, er
fod, S ot 10 hehicdupivasts 6fhumorgahephpdphit
concentﬁb%|"§h £ od|u (lq] {;:Erh s (rén\é@ é’glm?rhTI-CﬂT'_EBrbélﬁgure i qtiu d Priphitee

: i

ggggﬁazgl Iégg dro orm BB SinRIBR! & YRtrmadien eathigiot praxtirsphotiion $oe

“T ABLEp § a LtoQive rERel Hdiarbal inhExainpte al uednyntiedenzang hedtedel then

'3.1 5 reac%nqwhpe ﬁ&!tlh PRBLE 6 beiow). The FBectigovat then pressurized to 0.17 MPg gand

' with mtro Jﬁ'&\gé’-g%l (about 3.12 grams of isobutylene) introduced into the reactor 'Fneg bout

OEED Oﬁsﬁciﬁ%@ﬁ §§|5) hydrogen and about 0.21 MPa (30 psia.} of a 1:1 syn gas mixture (0.10 Mlga (15 psna)

of carbon monoxide and 0.10 MPa (15 psia)of hydrogen) were introduced into the reactor via the gas
manifold and the isobutylene so hydroformylated.

_ The hydroformylation reaction rate in gram moles per liter per hour of aldehyde produced (3-

methylbutyraldehyde being the only aldehyde product) was determined from sequential 34.5 kPa (5 psia.)

~ pressure drops in the reactor, spanning the nominal operating pressure in the reactor and the results are

given in TABLE 6 below, s said results being determined up to about a 30 percent conversion of the

" jsobutylene starting material.

_ fdec
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" EP 0 155 508 Bl TABLE 9 (CONT.) Reaction Percent Tenp Time
-gand Run Li gand (hrs)

Deconposed No.- [err] 20 25 EXAMELE1§Q56§ g continuous catalyst liquid
ecycle manner, a m xed ol efin arting material of butene-1 and butene-2

(Cs and trans) was hydrofornylated for six days foll owed by the
'ontlnuous catalyst liquid recycle hydrofornylation of butene-1 as foll ows.
fie I'ilqui'd recycle reactor system empeoyeéd contained two 2.8 liter
t'ai nl ess steel stirred tank reactors, connected in seLp&Sen @a&h coONt ai ning |
L'verticall gyymounted agitator and a C|rcular t ubul ar 3pavg@msnear t he
ottosn of the_reactokidamd feeding the ol efI8RaA8/ or s £ spar ger
~contained a plurality of holes of sufficient size to prOV|de t he desired
gas- flow into the |iquiese body. Reactor 1 contained a silicone oil shell as
:xmeans of bringing th ontents ofe.sd he reactors up to reaction tenperature
kil e the reagti on in Rq actor 2 was heated by electrlca

‘heat €f. Both ¥Yeactors mn- ‘hQa| czﬁllng coils ?or controlling the
r'Bacti‘on tenperature eagtbrs 1 ahd 2 were connected via a line to
transfer: any unr &8c gases from*eactor 1 to reactor 2 and were further
:connected. via a line sashat a portion of the liquid reaction solution

ont aj;ni ng al dehyde product and catalyst fromreactor 1 could be punped
nto reactor 2 wherein the unreacted olefin of reactor 1 is further
ydrof ornyl ated in. reagtor 2. Each reactor also contained a pneumatic

-LQU|d | evel controllen for autonmatic control of the liquid levels in the
eact.ors. Reactor,,ler contaffmed a line for introducing the ol efin and
syn gas through the s..rgeP\ wutk$g§gge up1syn gas was ®d¢Rd to reactor 2

|a the samne transfer::’n%/zarry ht unreacted gases from

=%
oy 0,\
3 | ey . ./l - ‘—@ 115 1.80
) cx, — 0 )
L
4 do 1o0 1.50
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S

5 - reactor 1. Reactor 2 also contained a blowoff vent for renoval of the
nreact ed gases. A line fromthe bottomof reactor 2 was connected to the
op of a vaporizer so that a POgp bQ8s5 8hg Bie | 1 quid reaction solution could
.punped fromreactor 2 to the vaporizer. Vaporized al dehyde was
i-sengaged fromthe non- volatilized conponents of the I|qU|d reaction
olution in the gas-liquid separ ahie Pacéntdfuebne vapori Afe remaini ng
on-'vol'atilized catalyst containing liquid reaction se;u.thmMﬁs punped
hrough a B8dgsl e 1ine 582an8ack into redterps *d. The rhitgefix.|ine al so
ntai ned a pneumatic liquid level controller. The vaporized al dehyde
roduct was passed into a water-cool ed condenser, liquified and collected
n.a _produck receivelg,, The hydrof ornyl atgson reacti on ygs conducted by
hargi ng about 0.789 liters of a catalyst precursor solution of rhodium
Lcarbonyl acetyl acetonate (about 200 ppm rhodium, about 1.0 wt. %
51z biphenyl- 2, 2" -diyl-(2,6-di-tert-butyl-4 -methyl phenyl)phosphite
7 rgand (about 10 nol e equivalents of ligand per nole of rhodium, about 0.5
LA % 2, 6-di-tert-butyl-4-nmethyl phenol as an antioxidant, and about 98.5
AM: .. %6of [err] al dehyda« (about 68.5 wt % val eral dehyde and about 30 wt %
aleraldehyde trlner as solvent to reactor 1 About 0.96 liters of the sane
at as yst precursey ibON mas charged to reactor 2. The reactor system
mas then pugged mnth |tr refqove gy oxygen pressqnt. Then about 0.79
MPa (100 psig.) nltr--én 0155 508 Bl pressure was put on both
eactors and the™se ‘ e heated to their reaction tenperatures given in
“TABLE 10 bel ow. Cbntrolled flows of purified hydrogen, carbon nonoxi de and
" ni%%ed ol efin starting material of butene-1 and butene-2 (cis and trans)
WET e fed through the sparger into the bottomof reactor 1 and the reactor
réssure increased to the operating pressure given in TABLE 10 bel ow. Wen
he I'iquid level in S5emreactor 1 started to increase as a result of liquid

Td@byde product for tlon a poedion of the liquid reaction solution of
eactor 1 was p "reactqr -2 through a line into the top of reactor
at-a rate?suffici t oM g ,congoant |iquid Redel in reactor 1.

he pressure of rea P a/lncre dtoits operating pressure - given in
ABLE 10 bel ow. ] ®gas fresrreactor 2 was anal yzed and neasured. A

rder to maintain thei P desired partial pressures In 10 reactor 2. The
Eératlng pressures agﬁ reaction tenperatures were maintained throughout

e hydrof or-. nyl atl As the liquid level in reactor 2 started to
'Qrease as‘a r el Ihguld ehydT ¥ooduct for matti¥h,
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ngg ol | ed fl ow of malke-up syn gas (CO and [err]) was added to reactor .2 in .



_portion of the liquid reaction solution was punped to the

ori zer/ separator at a rate sufficient to nmaintain a constant |iquid

evel in reactor 2. The crude al dghyqss pggogy/Ct Was separated at 1 15 C and
.14 MPa (20 psia.) fromthe liquid reaction solution, condensed and
ollected in a product receiver. The 15 renaining non-volatilized catal yst
ontaining liquid reaction solutiqgn Jas recXCI ed back to reactor 1. The
ydrofornyl ation of said nixed ol et ut ene- 15afdShit*®@ne- 2 was :
dtried out cof¥seusly fddswsdx days aftQematficch ti melitdwm| efin feed was -
hanged over to a predom nately butene-1 feed and continued for an

ddi 'ti50nal day. The, hY{dyfornyl at™®on reaction conditions as well as the
ateof Cs al delydes p duc\ed in rns of ,ggam 20 nolgg, per liter per hour

nd the linear to bra "éd,al deh ptoduct ratio of n- "val er al dehyde to 2-
thylbutyraldehyde a
6

giVen in TABLE 10 bel ow. TABLE 10 Days of Operation

ke 7 Butane Feed, nol % Butene -1
41. 27 99. 97 Trans-Butene-2
34. 06 0.0 30 Ci s- But ene- 2
24- 67 0.03 Reactor No. 1 Tenperature,
-85. + 85. 4C0O 66. 1 Pressure. (psia)MPA
. 41( 205) 20" 1. 4105 ,...o_@ 1.41 (20b) [err] (psbdR) 6 . 3)
;10.442(64.2)  0.535(78@0ITo a) MPa 0. 439(63. 7)

i~0.434(63.1) 0.523(75.9) 0.523(75.9) Butene-1 (psia)MPa

+..0..005(0.7) 0.010(1.5) 0.174(25.3) Trans-Butene 2. (psia)Ma
=0 158%23 0) 0.127(18.5) 0.008(1:1) Cis-Butene-2. (psia)VWPA
-:0. 050%%. 3) : 0.049 (7.1) 0.012(1.7) 40 Reactor No. 2
©.Tenperature [err] -8 85.1 85.5
o 8.5 Pressure. i S (185) 1.27(195)
“1,'27(185) H2. (psia)MPa 8 %77( 83.8) % 0. 380 (55.1)
375454.4) Co. (psia) Nga Mpie—a 0, 261(37. 9)
378(54.8) = 0:358(52/8) Bt ene- 1. (Psia)MPA 0.003(0. 5)
;002 (0.3) 0.048 " (0 -
12 100 0.34
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Tr ans- But ene- 2.
020 (2.9) 0.019
3 ' 3.19

drofornylaklo experi

dehyde product wgs
nd..about 34;5 kPa (5

.s'

_dfofornylatlon C

‘series) was used Wty
harged with 0.88 lit
hodi um as rhodi unfdi

gand per ndfe eqmy
xture of val eral deh

bout 173 pp 5di um 5
si-mi | ar procedure as ftescribed in Exanple 10 above,
agated atwvaporizer conditions of about 87 to [err]
he |iygsli d reactore.8€l uti on and wherein
Iution was passed through an

eane aci di ¢ by-products.
155 508 Bl period of one day wherein sone rhodium
%elleved to be adsofbed onto the Anberlyst[err] resin bed there were no
etectable | osses of rhodiuminventory in the reactor over the next 10 days
5 EXAMPLE 11 A simlar continuous
|p Exanpl e 10 was
n"No. 3 of TABLE 8, a
The start-up and

tis- or t hobi phenyl yl ph ph

o (psia) MrPa
:076(11.0) 0.014(2.1) C s-Butene-2.

(> Darvim bt

"'-'.._utl on after conpletion of t
nt,

|a\) fro
he recycl ed catal yst
nberlyst[err] A 2%
uhllbratlon 67

“.cont i nuous hydrof ornmyl ati on,

|pﬁent|

ove

{(con

Umed—sar&‘use
conparable'efberlnen

xper I-ment

arnged out u5|ng t
hosphite not of tggéf_ ) as the ligand pronoter.
pérating procedur et forth*¥*n Exanple 10 were enployed with the 10
ception that in this test only a single reactor
butene-1 as the olefin feed. The reactor was
of a catalyst conposi tion consisting of 100 ppm
| acet onat e,
192 nol e equival ents of phosphite
of rholium di®solved in %421 wei ght: wei ght
At the end of 0.8 days of
15 ypentyl

and Texanol [err].
T°ati on. massi ve percigi tation of al pha-hydrox-
rred which caused plugging of the reactor transfer
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0.112(16.2)
(psia) MPa

gfrr] Al dehydes.
ear/ Branched Al dehyde Ratio 0.47

2. 44 Subsequent anal ysis of the rhodi um conpl ex catal yst

£ONL i nUoUs senedtidhapate Rt
~catal ysgnggglat'i on to contain

WAS- £onduct ed enpl oyi ng

but wherein the crude

0. 026(3. 8)
9nol / 1/ hr

After an

set fort
apylylﬁhgsphlte (

(in place of two reactors

phosphoni c acid
i nes and subsequent
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.25 Tepper at ur e.

18

19

20

.Phosphor us-31 Nucl ear
s-or t ho- bi phenyl yl phosphite
as termnated. The data set for

“operating conditions and performance prior to the forced shut-down of the

EP 0155 SQq Bl TABLE 11 Days of operation
PRRLE - “Frof & 9 But ene-Heaction Rate

e 0.2 CEIBREHe-2

== 55 70 Reaction Conditions

process. 20 25 30 50 68

.033(150. 0) 30 [es

¥
Resutts

But ene

-99.2 Trans- But ene- 2 ’ .
‘0. 05 But ane  Run No. Ligand

v/ ®

a— {O)—
ey _.((:)}.— .\'— 3 "’__ _ 100
:.,_@'_/ L
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wh of the continuous hydr of ormyl ati on. Anal ysis of the catal yst sol ution
Magneti ¢ Resonance Spectroscopy,

ofpE 4P

showed that all

ed. The hydrofornylation test
bel ow descri bes the

[errl] £ 80.3 Prressure. (psia) MPa
y-a)o - 0.223 (32.3) co. (psia)
.304@43.3? But enepd ( psi a) MPa o.os 0.418

—0 €4y
<1 - ‘/
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__}  /;AIdéhydes :

mol es/1iter/hour) 40 Linear/Branched

ehyde. Mbl'e Rati o 45 EXAMP 304

| phenyl -2, 2' ~diyl - (2, 6- di I_-tEgi,quT)%eso%tg}g term catalyst stability of 1,1

10di um cat al yst . was deiernined }n tLg %o[rﬁarxgphenyl) phosphite promot ed

dr of yS . ed manner. 5 0 The :

e oo o e Ty o et Shasgsemnciir CPBITI e o o
' 0 enlNE rea '
%Eh;g?-cfg:f%gprizsq?aggb;}Ie submer - an OiI'Bg?ﬁge?%%S;eglggsa >0

TIL ) ng. aut 20- of a freshly prepared rhodi '

cursar. solution s charged to the reacto ’ odi um cat alyiic

e =V . r wth a syringe, aft '

e T B e

uﬁyalents of 1“1. h§n§l-2, _gisryzzﬁgetylacetonate, about 10 nole

r-tert-butyl -4=me | pi enyl ) phosphite |igand per nole of rhodi um netal

xent. After closing the reactor, the systemwas again

1.02 Reaction Rate

and ;fexanol as the so

purged with nitrogen and the oil bath was h '
e 9 W 01 _ eated to furnish i rec
ﬁwﬁtﬁggggyg?tlo? reaction tenperature. The hydrofor- nylatio;hfeggf:gﬁdmas
ueted. 'EP ot al gas pressure of about 1.2 MPa (1§0ypsig.), the partial
-fg.m\nwfﬁn Tgbﬁ?S 308 Bl of hydrogeni®°carbon nonoxi de, and propyl ene
9. n. ‘ Low, thgege?alnger bei ng nitrogen and al dehyde
it , carbon nonoxi de, hydroge
djnjtrogen) wer e c--trol;ﬁg ually wth mass floalnegepé gagng:ne
- gases 4l . : e precursor solution via fritted gla

e TSR port o o the et gases i) pped ot e pr o
114 al def 1 as anal yzed over 22 da f '
perati on at the reaction tenperature ' [ Y2 el one Tha
g at 1 are given in TABLE 12 bel ow. Th

age reaction rates for each experinent i . ©

er-:-hour . of .product [err] al deh e O dram o ee per Titer
et : ydes as wel | -

;quy?yraldehyde product ratio are given inas the n-butyraldehyde to

*

. t-Bu = tertiary-Butyl -
U L~ = 1-Methylcyclohexyl
Z'..‘. .*. .=_. a"’"“l‘or‘ ~n .

5-—EXAMPLE 7'

. A series of various rhodium complex catalyst precursor solutions consisting essentially of solubilized
*"'rhodium carbonyl diorganophosphite acetylacetonate complex precursor catalyst, organic solvent and free
* diorganophosphite ligand were prepared and employed to hydroformylate trans-butene-2 into Cs aldehydes
7" 40... in the following manner.
© . Rhodium dicarbony! acetylacetonate was mixed with a sufficient amount of a diorganophosphite ligand
" and diluted with sufficient solvent, Texanol®, to produce a rhodium catalytic precursor solution containing
__,about 250 ppm of rhodium calculated as free metal and about 10 mole equivalents of diorganophosphite
__tigand per mole of rhodium. The ligand being varied as given in TABLE 7 below.
" In each hydroformylation reaction, about 15 milliliters of the rhodium catalytic precursor solution so
"' ‘prepared was charged to the autoclave reactor under nitrogen and heated to the hydroformylation reaction
: ..tomperature of 100° C. The reactor was then vented down to 0.13 MPa (5 psig.) and 5 ml (2.9 grams) of the
- ..olefin employed (as given in TABLE 7 below) introduced into the reactor. Then about 0.61 MPa (90 psia.) of
" a 1:1.syn gas mixture (0.31 MPa (45 psia.) of carbon monoxide and 0.31 MPa (45 psia) of hydrogen) were
) introduced into the reactor via the gas manifold and the olefin so hydroformylated. :
% . The hydroformylation reaction rate in gram moles per liter per hour of Cs aldehydes produced was -
“determined from sequential 34.5 kPa (5 psia.) pressure drops in the reactor spanning the nominal operating
:pressure in "the reactor, while the mole ratio of linear (n-valeraldebyde) to branched '(2-methylbutyral-
' dehyde) product was measured by gas chromatography and the results are given in TABLE 7 below, said
“"results. being determined after about a 5 to 20 percent conversion of the trans-butene-2 starting material.
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i.s8i ng "0 200 ppm rhodium as rhodi um dicarbonyl
yl acetonate, 0.9 wt.** of phenyl [2,2'

valents ef phosphi Pgand nol e equi val ent of

6nﬁ|t|ons -and performa e in gramnol es per liter per

“Od efin Feed Mdl e | sobutyl ene
o, qp-l sobrmyt ane 2.8

. _@_/

o/...,_@

CH_‘

c=-Be
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E. 12 below. 10 [err] 70 EP O 155 508 Bl [err] EXAMPLE 13 A simlar
nti nuous hydrof ormyl ation experinment as set forth in Exanple 10 was
i-ed- out -usi ng 50 - i sobutyl engpasiskiagg @hef i n and phenyl
-nethylene bi s(6-t-butyl-4- nethylphenyl)] phosphite (the ligand in Run_
$rof Table 6) as the ligand pronmoter. The slart-up and operating
edure set forth in Exanple 10 wekes@npl oyed with the exceptlon t hat

~a single reactor (in place of fhe two reactorsnmmﬁserle used
- i'sobutg). ene as the olefin feed and the above ndlixnad ite as
[lgandn he reagiqasa was charged with 1127 m . offligesygug| #é&lﬁaﬁp05|t|on

et-hyl-ene- bi s(6-t-Qut : -ret hyl phenyl ) ] phosphlte (about 10 nol e
t rhodi um dissol ved
“m xt'urd of about gy“’" "8 al dehyde and quut 466 gr-. of
nol®. [err] The forthasin Tabl e 13 bel ow descri bes the operating
hour of

T thylbutyraldehyde pr oduct EP 0 155 508 Bl over three days of
.l nuous. hydrofornyl ati on. TABLE 13 Days of Operation
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:Reactioh Condi-ti ons Tenperature, [err]

8 : 84.8 84.8 Pressure, (psia)Wa
38(201) 1.41(204) 1.42 ( @5 g& éprr] (psi a) MPa
;-509(73.92) 0.521(75. 65) 0. 453 . CO (psia) MrPa

ER 023(3. 34) 0.055(7.98) 0.287 (41 64) | sobut yl ene, (psia ) MPa
0 730(106 0) 0.677(98.24) 0. 530Q§§ §9g Resul ts 3- Met hyl but yr al dehyde

55 - 1. 60 0. 64 RS e (g mokesd | it¥etdiour) EXAMPLE
: 45 RBut ene- 2 was hydr of or rryl ated in the samGravaener me%mrrpl e 12
sing 1. No._bi naghthylene-2 2' -diyl- (2, 6-di-t-bdkipex/iourplite Rayiany| )
Sphite as the ligand, (the ligand of Run No. 9 of Table 3). The
ydrofornylatlon was conducted in a glass reactor operating in a contlnuous
jngle pass but ene-2 gydrofornylatlon node. The reactor consisted of a 90

(three ounce) RIE re bottl® subnersed in an oil bath with a gl ass

riont for ylemnng t RO m a freshly prepared rhodi umcatal ytic o

red&rsor Sol ution Vthyf@é tfte reactor with a syringe alter purging . :
5 Systemwith nPtﬁ%ﬁ%n“ The pkecursor solution contained about 200 ppm

hodlun1|ntroduced as pOdLun1d|carbonyI acetyl ac@Rofat e, °Bout 9.6 nol e

qui val ents of 1

l:gplnaphthylene 2,2 -diyl-(2,6-di-tert-butyl -4-nethyl phenyl) phosphite

[ gand per nol e of rhodlunlnetal and Texanol [err] as the solvent. After
llosing the reactor, the systemwas again purged with nitrogen and the oi
ath was heated to furnlsh t he desired hydrofornyl ation reaction
enmperature. Th hydr of or #8M atl on reaction wasyxonducted at a total gas

ressure of abou (%6 the partial pressures of hydrogen,
ar'’bon nonoxi de glven in Table 14 bel ow, the remai nder
"g'nitroge a dehyde pﬂbduct The flows of the feed gases (carbon

xi de, hydrogen and butene-2) were controlled individually with nass

bM/neters and the feed gases dlspersed into the precursor solution 72
‘25

3 ;@;_°/- Sé'*) | 1.9 '1-2.
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P 0 155 508 Bl via fritted glass spargers. The unreacted portion of the
:eéed 'gases stripped out the product C5 al dehydes and the outlet gas
al yzed over about 14 days of cogﬁhqggga Eperatlon at the reaction
nperatures are given in TABLE 1 belom1 e average reaction rates for
each experiment in ternms of gramnoles per liter per hour of product C5
=al dehydes as wel| as the linear n-vahftal defiytento 2-net hyl butyral dehyde
branched 5 product ratio are given in TABLE 14 bd(ﬁMﬂLﬁrr] LEAYPLE 15
sobutyl e Nas hydrofornyl ated in the sane manner aguExgnp enqﬂw93|ng 1,1
" bi phenyl g, 2' - di {hasked, 6- 55 di-tert-butyl - 4- met hyfBeonsd) widdaglsi t € as
‘he ligand (the |igand of Exanple 1). The hydrofornylalion was conducted in
gl-ass reactor operating in a continuous single pass isobutylene
1ydr of ornyl ati on node. The reactor consisted of a 90 nl (three
ounce) pressure bottle submexsed in an oil bath wwth a glass front for
IQMAn About 20 m of reshly prepared rhodiumcatal ytic EP 0155 508
Bl pre ursor sol ution® ngd to the reactor with a syringe after
purglng the systemw th ni ;og Re—die precursor sol ution contai ned about
56“ppn1rhod|un1|ntrody /r hodi um di car bony! acetylacetonate about 10
nn1e equi val ents of

' -bjzphenyl -2, 2" -diyl - (2¢8-di-tert-butyl -4-nmethyl phenyl) phosphite Ilgand
r mol e of rhodlun1netal and Texanol [err] as the solvent. After closing
e reactor, the systemwas again purged 5 wth nitrogen and thé oil bath
s heated to furnish the (desired hydrofornylation reaction tenperature.
[he. hydrof ornyl ati on reagti on was chducted at a total gas pressure of
about 4.2 MPa (160 psi part1a pressures of hydrogen, carbon

ronoxi de, and |sobutylenecbe|n —@i in Table 15 bel ow, the remai nder
b81ng nltr%gen and alde oduct . The flows of the feed ggsgs (carbon
fioxi-de, hydrogen and’ s tylene) were controlled individually with mass
-Low neters and the feed gases dispersed into the 10 precursor solution
fr¥ftted gl ass spargers. The unreacted portion of the feed gases
rlpped out the 3- methylbutyral dehyde product and the outlet gas anal yzed
r..7 days of continuous operation at the reaction tenperatures are given
TJABLE 15 below. The average reaction rates for each experinment in terns .
gr-agn nol es per It§§+1§g§ﬁgqugquﬁﬁﬁpethyIbutyraldehyde product is given

able 15 below. , = ouprinbive vum

 EXAMPLE 8

~ The reactivity of various diorganophosphite and triorganophosphite ligands towards aldehyde were
“determined as follows.
' A series of phosphite-aldehyde solutions were prepared, each in the same manner, by successively
charging, to an oven dried (150° C for one hour) 60 ml (2.0 -0z.) narrow-neck bottle which had cooled to
ambient temperature in a dry box and which contained a magnetic stirring bar, about 4.5 m moles of
phosphite ligand, about 3.0 m moles of tripheny! phosphine oxide, as a phosphorus containing internal
" standard, and a sufficient amount of a mixture of n-valeraldehyde and 2-methylbutyraldehyde to obtain a
combined weight of 30 grams for each solution. The bottle was then sealed with a serum stopper, removed
46 - .from the dry box and placed on a magnetic stirrer at ambient temperature until a solution was obtained. The
" . bottle was then returned to the dry box to remain under nitrogen atmosphere at ambient temperature.
- Periodically 3 milliliter samples of each solution were drawn and the phosphite concentration analyzed by
~ - phosphorus-31 NMR spectroscopy. The extent of phosphite decomposition (as a result of reacting with
" aldehyde) was qualitatively determined from the relative intensities of the 3'P NMR resonances correspond-
ing to those of the pure phosphite ligand employed and the internal standard. The phosphite ligands
employed and the test results are given in TABLE 8 below.
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2 EP 0 155 508 Bl [err] so Methyl

3%~ di-t-butyl-5,5" -di methoxy-1 ,1 '-biphenyl-2,2"-diyl] phosphite having
- ornmula 55 75 EP 0 155 5 ' was prepared in the foll ow ng
aanner A sol ution of about 90 gﬁgﬁg%?%§§£%1o.5 nol es) of
t=butyl - 4- net hoxyphenol and 170 ml . of [err] 15 containing about 56

ans (about 1.0 nole) of potassium hydroxide was heated with stirring to
out [err] Air was then passedTABbE augh the sol ution until precipitation of
di phenol i ¢ conmpound (i.e. 2,2"-di hydroxy- _
‘3"-di-t-butyl-5,5" -di met hoxy-1, 1' - bi phenyl ) was conplete (total reaction

o 1 oty o L SRbisantey Co so B SE PRI EBERPT L SCE, Voo
:grams (87.6 % of theory) of thebdysol at edDay Day Day

27 2di hydroxy-3, 3' -di -t - butyl -5, 5' <& met hoxydLl., 1 *Zbi phenyl’920 product
$~recover dd wg; gdlp nelting peifRt of ahept 222 to 224 C and whose
%iﬂtTure was coFrnedPby infrared and mass spectroscopy. About 75.2 grans
-he 2, 2' -di hydroxy-3,3' -di-t-butyl-5,5"-di met hoxy-1, 1" -bi phenyl diol so
pared was then added to about 1 liter of toluene. Sufficient toluene was
jen -renoved azeptrppically to renove residual traces of noisture fromthe
of:utjzon. The difol 2t ‘ganH;(p 3q.ti onsa@s thenpgol ed.to O C and about
R €M _

3. ( { Ot -0 )p None Some  Most A
fh

-4, - - -
- 5. Most - -
6. None None None

t-Bu = tertiary Butyl
Ph = Phenyl _ y“_

&

 EXAMPLE 8

0 The reactivity of various phosphite ligands towards aldehyde at high temperatures were determined as
- follows.
. A series of phosphite-aldehyde solutions were prepared. each in the same manner by successively
~ . charging a 360 ml (12 -0z.) Fischer-Porter boitle containing a magnetic stirring bar, with about 0.005 moles
.. .of phosphite ligand, about 0.0075 moles of barium carbonate, about 0.0025 moles of barium valerate (the
. barium salts being employed to maintain neutrality of the solution) and a sufficient amount of a mixture of n-
~ valeraldehyde and 2-methylbutyraldehyde to obtain a combined weight of 100 grams for each solution. The
- bottle was sealed with a pressure cap modified to contain a mechanical stirrer and gas purging and
~ sampling valves and inserted into a stainless steel wire mesh protective covering. The bottle containing the
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70 grans of trlethylanlne added follomed by the dropw se addition of

yaut: 29 grams of phosphorus trichloride at [err] over about 20 minutes.

he-r-eaction sol ution became thi g o\/qg‘srgogrmet hyl am ne hydrochl o- ‘ride salt
d-was heated for about 30 minutes at about [err] The suspension was then

pled to about 55 C and about 13.44 grans of nethanol added over about 15

r_r_u;t' .'e's phbgphiteletdehiacblumn wae thonl pordeelatite ditraden abo adoutII5tMPE] 58rpsih nftrogenaliast] tone
1. Thremsie dath sivtioreehsuimnvetisedt fbrame hour ieangtbntitiempdraure.ciacty ghobihite-tigahd sbiuBéh

.'.-et hyI veasitve Hegteld b hlecind e beitieiniopi trelteated (160 1R silifdnk ol hate Revedinalivasagwies of

'ness qaeil eqiutigrn wera rwithdTine ang herbeepliter eoggeiationdajerminash agintitatyply &yl high Pt 100

f..6r ciapigyghrpmategeaphy rihe phasehita figandsominiayed #ndisidartiohplosrhite decamensiipn @ya rastthy| .

73 ol feagine Yith e gideydehatarplyRy in1TABLE Bpgiteny| - 2, 2 -diyl ] phosphite |igand,

bout 75 grams (85.4%yield of theory) of which was recovered. The desired

ystalline, solid phosphite liga product was found to have a nelting

@rnt of about 64 to 69 C and a ¢ eristic [err] NVMR phosphite

ﬁsonance at 131.9 ppm 35 (relative to external [err] EXAVPLE 17 The

1 owi ng di'or ganophosphite |igands were prepared in the sane manner as

scribed in Exanple 40 16 above, save of couggft{g enpl ower@nt he hydroxy

ound l;u%act ants that correspond to and accourftimé or t heir Ligand

r ganopiesphi te stigsodures. Ligand AC[err] phelbys) —Decomposed

3" -di -T-Dutyl -5, 5" -di met hoxy-1, 1' - bi phenyl -2, 2' -diyl] phosphite.

Erystalline product having a nel ti ng point of 131 to 132 C and havi ng a

haracteristic [err]  NVR phosphite resonance at 140.1 ppm 76 EP 0 155

08 Bl relative to external [err] Ligand B [err] 4-nonyl phenyl

3, 3 adi-t - butyl -5,5" -di methoxy-1 ,1 '-biphenyl-2,2'-diyl] phosphite

Non-¢rystalline product havrng characterlstlc [err] NWR phosphite
sonances .at @b—p d 139.9 ppmisbel ative t23.20 externalu[err]

onyl' r epr esgnt r

an d m xed nonyl radicals).

2 L Zeeo -,{C:))-‘Hglso 21 13

_.l:_.'.:. . <Qj : t-'au
3 25 0
t~Bu
t-B
y N P 0~ 160 21 4
-Bu 0
t-Bu
._5

160 21 4
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%gggng_ C Lerr] bet a- napht hyl

. 3" di-t-butyl-5,5" di net hoxy-1, 1' bi phenyl -2, 2' -di yl | phos

3.3°¢ ) ) , phat e

ggbn crystalline gum product hayigngsaogBaracteristic [err] NVR phosphite
esonance at 139.2 ppm relative to external [err] 40 EXAMPLE 18 Butene-2

mgs3pydrofornylated in the sane manner as in Exanple 12 using methyl
h“'|:dl-t-bUty|-535 - dinmethoxy-1 ,1 '-biphenyl-2,2'-diyl] phosphite as

cdﬁdutgggdin(;helllgand of Exar¥fBeE_BOICONTAE . . The hydrof ornyl ati on was

cond a glass reactor operating in a continuous sin 22

hydrofornylatlon node. The reactor consistegh,efion 90 n1p@agkéepgﬁﬁcgytene ?

ggegsure bottle subnersed in an oilyegat h W t lrime gl ass f negendf or vi ew ng
:hput 20 ngn of a flLé%“ﬁfy_ prepared rRhodi um catfats)t i c pr ePesearetedol uti on was

g;arged~tﬂ_the reactor—with a syringe after purging the systemwth

] nitrogen. The precursor solution contained about 250 ppm rhodi umintroduced

as rhodi um di carbonyl acetyl acetonate, about 2.0 wei ght 50 percent |igand

agguaeﬁ9i72ng!egiﬁigzgkfnts_oisngthyl [3,3" -di-t-butyl-5,5"-dinethoxy-1 ,1
vaLép Idyh- L2 - osplnf i gppd per nmolg of rhodi wwsnetal ) and ,
val-er al dehy@e trll‘ﬁ{h,_ te” so- eTie. After closing the reactor, the system
was again pur ged @!u mtroger’f nd the oil bath was heated to 1,‘urni sh t he
desi red hyd(ofornylatlon reaction tenperature. The hydrofornylation
eaction was-conducted at a total gas pressure of about 1.2 MPa (160
psygh), the partlal pressures. of hydrogen, carbon nonoxi de, and butene-2
_ngg given in Table 16 bel ow, the renai nder being nitrogeh and al dehyde
b“o uct. The flows of the feed gases (carbon nonoxide, hydrogen and
wutqgeaz) were controlled individually with mass flow meters and the feed
gggg:étgzpepseq—+n%e—+he—precursor solution via fritted glass spargers. The
T eact gﬁéghpqﬁgti&ﬁﬁsﬁeﬁu gases stripped out the product [err] '
arae {_es =t¥englt | et gas anal yzed over about 11 days of continuous 77
o :55-508 Bl operation at the reaction tenperature of about 90* C are

Qﬂ.VP~TABLE 16 bel ow. The average reaction rates for this experinment in
as“gﬁ“p ran}nnles per liter per hour of product [err] al dehydes as well

he -val eral dehyde to 2-net hyl butyral dehyde branched product

o.are given i
- Inga cor?tﬂwéug c-al;é%t ﬁqu?uGre&%lleQrWnner, a mixed olefin starting material of butene-1 and butene-2
" (cis. and frans) was hydroformylated for six days followed by the continuous catalyst liquid recycle

" hydroformylation of butene-1 as follows.

' The liquid recycle reactor system employed contained two 2.8 liter stainless stesl stirred tank reactors,
.connected in series, each containing a vertically mounted agitator and a circular tubular sparger near the
s ‘bottom of the reactor for feeding the olefin andfor syn gas. The sparger contained a piurality of holes of
5 . sufficient size to provide the desired.gas flow into the liquid body. Reactor 1 contained a silicone oil shell as

means of bringing the contents of the- reactors up to reaction temperature while the reaction solution in
Reactor 2 was heated by an electrical heater. Both reactors contained internal cooling coils for controlling
the reaction temperature. Reactors 1 and 2 were connected via a line to transfer any unreacted gases from
.. reactor 1 to reactor 2 and were further corinected via a line so that a portion of the liquid reaction solution
~.containing aldehyde product and catalyst from reactor 1 could be pumped into reactor 2 wherein the

* unreacted olefin of reactor 1 is further hydroformylated in reactor 2.
. Each reactor also contained a pneumatic liquid level controller for automatic control of the liquid levels
. in the reactors. Reactor 1 further contained a line for introducing the olefin and syn gas through the sparger,

while make up syn gas was added to reactor 2 via the same transfer line carrying the unreacted gases from

reactor 1. Reactor 2 also contained a blow-off vent for removal of the unreacted gases. A line from the
" bottom of reactor 2 was connected to the top of a vaporizer so that a portion of the liquid reaction solution
. could be pumped from reactor 2 to the vaporizer. Vaporized aldehyde was disengaged from the non-
. volatilized components of the liquid reaction solution in the gas-liquid separator part of the vaporizer. The
. remaining non-volatilized catalyst containing liquid reaction solution was pumped through a recycle line

‘pack into reactor 1. The recycle line also contained a pneumatic liquid level controller. The vaporized
* aldehyde product was passed into a water-cooled condenser, liquified and collected in a product receiver.

" The hydroformylation reaction was conducted by charging about 0.789 liters of a catalyst precursor
_ solution of rhodium dicarbonyl acetylacetonate (about 200 ppm rhodium), about 1.0 wt. % 1,1"-biphenyi-
© D, 2'-diyl-(2,6-di-tert-butyl-4 -methylphenyl)phosphite ligand (about 10 mole equivalents of ligand per mole of
5" thodium), about 0.5 wt. % 2,6-di-tert-butyl-4-methylphenol as an antioxidant, and about 98.5 wt. % of Cs

: _aldehyde (about 68.5 wt % valeraldehyde and about 30 wt % valeraldehyde trimer) as solvent to reactor 1.
".About 0.98 liters of the same catalyst precursor solution was charged to reactor 2. The reactor system was
_then purged with nitrogen to remove any oxygen present. Then about 0.79 MPa {100 psig.} nitrogen
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é’r'r] EP 0 155 508 Bl Butene-2 was hydr of or Iét ed in th |
h Exanpl e 12 using phenyl [3,3 -di-t-butyl- 5% © sane manner as

i met hoxy- 1, 1' - bi phenyl -2, 2' - di Sippfe as th [ [

_ e ligand, (Ligand A
anple 17). The hydrofornylatlon was conducted in a g?ass rgac?or °
)perating in a continuous single pass butene-2 hydrofornylation node. The

| [)ffic,gor % %' et 6 o HActbs akd 16 RRCIEHREAIID e uvastion dervreestuesaieR YeAELR an
éontrcﬁ\ecgh&%%f bu@isd nfdedgen, icerbmaonoAibe and 2 gixgdl olglin gaqlr}gergamr I of
repare utE adaraucea& 8l bridd 1€ Gusresied themibh thie sparges dnte: e PEAM $fde3Cky ‘Z or
h'a Saskbtongr8ssaiblifieapadr gitivgoretatingsyressermainkn It HBLE 4 8?!0‘” 1“?4'}9" % '
501 Ut | OReatoint atbrv@do mbreasb a2 BGespiboh linkid elieiviq Meque'derEatP” "q(‘i'd ’°a°‘b°“n |
acet yl acaitonat esctabows pend i wreor gdirewhe 19 Hieee ‘eR] °i%ﬁ(§'at° i
QUI val exunginod cq]nlalemylhwd jevel in reactor 1. The pressure of reactor 2 mcreased 10 its Lgepressure

3, 3 - digivbr IDUTABLE 50 Below Bigw- Pty gap- fromy reagiqr al e ,and me red A confrolled flow of
Per ol by hodeniFARE 1F) v o943 @F%{%’q&g g ‘“h‘"‘a'" o' h@ Hpiibbsulot Band
% cl-osi ;g redgler 20Ther pgeEtingy prestswgs tur s %d tYBughBte \RNydroftk-t er

empe
; d 10 LUK SeQuidbibdRydd grédagi@gimatied, t he
- OhL bat I ch Sty w%: ;L Svedd yam{.%m e

jon h
L (raggglrj ?g@? i Dy {Eveﬁ’f}, @1% d Q&hy\%spr&ﬂa 4§ bpradtl aB1 150C ad QEis
- car bon froﬁ i Ssbﬂu ; céndénhsiifibid Bdiieqidcemsalpeeuct frecklyatr Stpen,
“being™n r?mamm noh-v Ipﬁc tdigNEuid led&ion bdlutid@wastechdedidclty, reactoe1r emai nder
g’ ni ?} y R RiAERS food BEbUdNeMENDbutéree vise SeiTieshest SONRUEYHHON
i Oy am RS @R sioh) foNarvas Ghatiged bieedd i mpeidoridaiely bytergt feedrards
1.ow-net g F,\g, r iR dilichadiay.> gases dispersed into the precursor solution
Vi frittegndiyantorykiibgRkdion ddnditas peselas thepae bf Graidshydeneroduseryn (pras.ef gram
S PREGmESY pérNiRer NFed ot an@Sihe libeh yod brencherd aldehyde ot r§iq<of frvale BydR VR
beut . 13mslﬁma.tweﬁdeﬁmtarermmum TYBEE 39 baday- at t he reaction terrperature of about
err]. are g: \ée? in TA]I?LE 17 be: ow. The average reaction rates for this '
erns of gram nol es per lipnkEE r hour of produc
: .____dehydes as well as the linear n-val eral dehyde to 2-net Eyl but;rgleglreLyde

zhranckhed progfucior’ opésatdod gi ven in TABRE 17 bel ow. 0
. Anal ysi & af t .5
sdays- :of operation indicated poor butene-2 feed due to pl ugg?/ng of tﬁ(ra 2®

S 1 . _
--..T Butene-1 rrected and { hg reactionjcoentinuedg92§7 35 40 45
Trans-Butene-2 57. 00 _ 34. 06 0.0
.Cis-Butene-2 37.78 24. 67 0.03
Reactor No. 1
Temperature, °C _ 85.2 85.4 66.1
Pressure, (psia)kf - 141 (205) 14 (2085) 44/ (205)
"H2., (psia)HPn. 0.594(86.3) 0.4z 64.2) 0.535 (8. 35
co, (psia) M 0.439(63.7 o.y3463.1) o523 5 9
- .- Butene-1, (psia)HPa 0.005(0.7 0.0l 1.5 0.17%
~ Trans-Butene 2, ({ sia)MPa  0./58(23.0 0.22138.5 0.008 (1
Cis-Butene-2, (Ps a)Mpa 005 (1-3) o.0v§ (1) 001z 3:7)
Reactor No. 2
Tenperature, *C 85.1 85.% - . 68.5
P:essure. sia)H/’« - /-27(185) /.27(185) 1.274189)
‘Hy, (psid)HPa - o0.577(83.8) 0.380 (55.1) o:n:%sq .4)
co &m) M Pa, 0,2¢1(37.9) 0.372(54. ? 6.3s8 (52.0)
"Butene-1, @sia) 0.003(0.5) 0002 0.3) o.ow Q. ,;
Trans-Butene-2, (psi /'fo 0.112(16.2) 0.0T¢ A1.0) o.014 @.
Cis-Butene-2, (psid . 6.024(3.8) 0.020 (2.9, o013 2-8)
" Results
Cs Aldehydes, gmol/l/hr 3.03 .19 3.19
Linea:/Btanched Aldehyde Ratio 0.47 0.78 2.44

Subsequent analysis of the rhodium complex catalyst solution after completion of the above continuous
~ seven day hydroformylation experiment showed said used catalyst solution to contain about 173 ppm
rhodium.

. _ A comparable experiment was conducted employing a similar procedure as described in Example 10
I . -above, but wherein the crude aldehyde product was separated at vaporizer conditions of about 87 to 89°C
o and about 34.5 kPa (5 psia.) from the liquid reactor solution and wherein the recycled catalyst containing
: solution was passed through an Amberlyst® A-21 bed to remove acidic by-products. After an equmbrauon
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“f9 . -EP.0 155 508 Bl [err] EXAMPLE 20 55 But ene- 2 was hydr of or nyl at ed
s, the sanme manner as in Exanple 12 using 4-nonyl [3,3 -di-t-butyl,-5,5"-
d| met hoxy- 1, 1' -biphenyl -2, 2' - diylolisglagsphi t€ as the ligand, (Ligand B of
Exarrpl e 17). The hydrofor rryl ation was conducted in a glass reactor
operatl ng in a continuous single pass butene-2 hydrofornylation node. The
gaact Opeuaintd bisst dagl wobreia s@k bdin Wiisdelicvedo®p afiso@sd biitethb Ainbériysi® udsinedes @drel N an
ol ‘| -80 were hdPdBleddife H6Bs Bl ringitun inventoryaingth@ssactor ovet theonexv it@wiaysgof Alptubus20 i
;of “a f rmedgbfoynyptiepar ed rhodi um catal ytic precursor solution was charged to
<{-he- reactor with a syringe after purging the systemwth nitrogen. The
recér SYAMBHE 1k i on contai ned about 250 ppm rhodi um i nt roduced as rhodium

& |.'.carbonyl acety Iacetonate about 2.0 wei ght percent gand (about 13.6
- e e UI 'F@?‘f cgnt oug h ylat|on comparative experiment as set forth |n ample 10 was carried

iy ﬁ‘ﬁ;g e ol
' e oi
f @aﬁﬁqg@ﬁ i mﬁ;f fm AR mqg e

_-s-t enper ghtiafn Riad P fthd QRivaiSASH &\SHLnW%stBE‘ igtwéight Al 82

1PT eSS U gle@iueiyBE Bid Fexdnold- At thbGidd R b.8-dbys StPerkidht maaéwepﬁe%mutroﬁ%f Qbhd¥diorgen,

“car ben' ygeH hddphonie A6ld BeLR&BwchREIsBA pIBdgiAIf inB rehatBr tRanskét IRGY dAtVsudsbtRiert @G Nder
€i'Ng Riowil 0Yed cRthudlsCIRANObEM IOk Uhlysisl BE the | el stodoltitieby @RepEARes Nddlearcar bon
Thonoxi dagndiy (Reamente Bpekctidstiopy) @hdied Wet @il Gisdittioadidherdlyiphekiphitechaa | deyompioseld. TRRS S

“f I'ow nilyedroisrmgfatont tvet ee trgiases b Sipler s dorihnin OTdblaeli [pBlee LfeS@ibess tie Udperatingv i &
“1r i t t ectonylitiossand perfayeanse pibh® torfeedttheedopo et thoprosts.t he feed gases stri pped
=out 4he product [err] al dehydes and the outlet gas anal yzed over about 13
.days of continuous operation at the reaction tenperature of about [err] are
zgi.ven i.n-TABLE 18 bel ow. The average reaction rates for this experinent in
erms of gram noles per liter per hour of product [err] al dehydes as wel |
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's-+ 'l i.near n-val eral dehyde to 2-nethyl butyral dehyde bran io
are given in TABLE 18 bel ow. 20 25.3% 35 ZO 45 8{ EP ghﬁgSDESgu%a {2&:?
= VPLE 21 A simlar continuous é%)’dj'i%fﬁsrﬁ/ﬂ ation experinent as set forth in’
ngnpjehlo was carried out using isobutylene as the olefin and nethyl
3,37-di-t-butyl-5,5-dimethoxy-1 ,1 '-biphenyl-2,2"-diyl] phosphite (the
igand of Exanple 16) as the ligand pronmoter. The start-up and operating
~procedure set forth in Exanple 10 . was éﬂﬁﬂﬁyéﬁp-The hydr of or myl ati on
eaction was conducted by charging about 1.03 liters of a catalyst
precur sor sol ution of rhodium di carbonyl acetylacetonate (about 450 ppm
Todi i) ,. abouF 2.8 wt.%nethyl [3,3 -dl-t- butyl-5,5-dinethoxy-1,1
‘bi phenyl -2, 2" -diyl) phosphite |ligand (about 15.3 nole equivalents’of
i-gand per 82  EP 0Dapé S0®eBEakR® of rhodium,%about 2.0 w. %
‘riphenyl phosphi ne oxide as an internal standard, and about 95 é wt. % of
C5 -al dehyde (about 82.8 wt % val eral dehyde and about 13.0 wt @6 .

va%ermldehyde trimer) pgten® preal, ne1éc@Ctor 1. About 1.2 liters of the same
atalyst precursor sofurtron was charged to reactor 2. The reactor system

s, then purged with nitrogen to renpve an
WPa (100 psi g. ) g any oxygen present. Then about 0.79

Butene-1 99.2
Trans-Butene-2 0.2
Cis-Butene-2 0.05
Butane | 0.55

Reaction Conditions

Temperature, °C 80.3

Pressu:e.(psia)/4ﬂa /033(150.0)
H,. (psia) Ml 0.223(32.3) '
co. (psia) Mfa 0.30/ (43.7)
‘Butene-1(psia) 1 Pa 0:¥17 (60.6)
Results ' |

C. Aldehydes 1.02
5Reaction Rate
(gmoles/liter/hour)

Linear/Branched
Aldehyde Mole Ratio

EXAMPLE 12

The long term catalyst stability of 1.1'-biphenyl-2.2'-diyI-(2.6-di-tert-buty|-4-methylphenyl) phosphite
promoted rhodium catalyst was determined in the following manner.

The hydroformylation was conducted in a glass reactor operaling in a continuous single pass propylene

hydroformylation mode. The reactor consisted of a 90 ml (three-ounce) pressure bottle submersed in an oil

" bath with a glass front for viewing. About 20-m1 of a freshly prepared rhodium catalytic precursor solution

was charged to the reactor with a syringe,after purging the system with nitrogen. The precursor solution

- contained about 200 ppm rhodium introduced as rhodium dicarbonyl acetylacetonate, about 10 mole

- equivalents of 1,1"-bipheny!-2,2'-diyl-(2,6 -di-terl-butyl-4-methylphenyl)phosphite ligand per mole of rhodium

metal and Texanol® as the solvent. After closing the reactor, the system was again purged with nitrogen

- and the oil bath was heated to furnish the desired hydroformylation reaction lemperature. The hydrofor-

“mylation reaction was conducted at a total gas pressure of about 1.2 MPa (160 psig.), the partial pressures
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"i'ft'ro'g'e'n'pr essure was put on both reactors and the reactors were heated

< fi'ed hydrogen, carbon rmnoxug-_e qgéisdasgputyl ene (the conposition of the.
butyl ene feed throughout this process consisted of at |least 99.9 nole %
) ..great er of isobutylene, any renmainder being isobutane) were fed through
‘he "spabiggtrogent cartioh enddeddepand @fopyler@dieny gibertin daliid1€2 ieRWC e Fenfain@&r ing nitrogoh eas ed.
3 t:he  emkaidehydegprgnuets Sher fiowg iof/ e feeth gdseBidarbdr® mbaixidey. hydlhgen, firbryiehe e rdtirdgeyel i n
I € aobre cortroligdandivisdally ovith messcfinw anegess andrtieesieddt gasds dispeysaddnta ke erpgareor [solatidol C t
mat’i-va ritegh gless spargert. Thaantepdiad rortior atthé éerd geses stiiened ot theeproduot C«.lalwasdepurrped
-0.-§ e arst e ogtlet gas @paltredover AL daym tobcmwyoqsmereﬁonraé&\etrwuoz tempergturepare given in
£ ci éABLR 2 belevnthaiaverageceastiandpies foy ‘ETBW rPPIERRSE injteims af-grany moles peTiter pAr b ur e
eacPlproduct G pidefydrs asorellias theprsbulyraldryydsr tledsorhulyraidetnsin praquct Agie 2re) givesein ow.
vv.:.-fof.FA‘fos %8t r eact or 2 was anal yzed and neasured. A controlled flow of
_-up syn gas (CO and H2) was added to reactor 2 in order to maintain
thei- deS| red partial pressures in 15 reactor 2. The operating pressures
ej\/eactl on tenperaturesgpere naintained throughout the hydrofor-
Wl ation. As the Ilqun@I:Eg ed gngreagt@ P stgrtedyte ivncrease as a result
“l'i'qui d al dehyde prodifl| for4rati én~ a por&i en of<tée-liquid reaction
“utson was punped to:.tEﬁ vaporizer/separator at a rate sufficient to
tain a constant liquid level in reactor 2. The crude al dehyde product
separ at: ed (at varyi g tenperatures) fromthe liquid reaction solution;
Londensed and coIIected@t a product receiver. The 20 remaining
non-volatilized catal ysg g a3 ng ng L:l (:rul:d regctg aqn goluti on was recycl ed
hack 290 reactor 1. The hg of of ny | dt inom eXper Kment~ weis~carri ed out
Tt i nuously for about % ays. During the first 15 days of operation the -
dehyde product was se Jrated fromthe liquid reaction solution at about
]. and 0.15-0.18 MPa (22-26 psia.); fromday 16 to day 19 this
'arzatl on was conduct ed about [err] and 0.15-0.18 MPa (22-26 psia);
] day 19 through day 22 this separation was conducted at about 123 C and-
0.1 5-0.18 MPa (22-2B3p& #)Sa8dY @ daye2% t® §a§ 32.5 this
ration.was condugj e§38t f & r} ang @ B-L 0 NPar(22- 26 psia). The data
forth in Table 1% b de&scé ibes the oheratd ng gondi ti ons and
f.Q6:mance.in gram | fs per liter per hour of 3-nethyl butyral dehyde
@duct over -about 3$d ya of conti nuous hydroforrryl ation. 30 40 83
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their reaction tenperatures given.in TABLE 19 below. Controlled flows of



P 0_155508 Bl TABLE 19 5 Days of COperation 6.9

379 21.'8 32.5 Reactor No. 1 Tenpperature, [err]
=95.0 - 95.0 9480 155 508 B1 95.5 Pressure, (psia)Ma
;71:27(185) 1.27(185) 1.27(85) 1.27(185) [err](psia)Mra

O 500(72.7) 0.488(70. 8) 0. 486( 70. 6) 0.431(62.5) [err](psia)WPa

"Q 399(57. 9) 0.380(55.2) 0.366(53.1) 0.385(55.9) |sobutylene,

psi-a)yMPa 0.236(34.3) 0.23B(37.5) 0.274(39.7) 0.323(46.9) Reactor No.

20 Terrper ature, [er r*}-g; 95.3" 95.4

5o 95.4 PresstiEg.e ( psia) WP ~ » 1.14(165) 1.14(1 6 .
B) 5 1.14(16 5) 1.5&& 5) Eerf;r]f(p?ailvﬁa: i 0.526(7 6.3)

. 0 B517(¢(7 5. 0) 0,503 (73.0) 0.455( 66. 1) CO (psia)Ma

“:0; ~333(48. 4) 0.298(4 3. ? 0.339(49 .2) 0.367 (53.6) 25 |sobutylene,

' ’(psi a)MPa  0.004(13.7) e6(15. 4) 0.113 (16. 4) 0.167(24.3) Results

:30" 3- Met hyl but yr al dehyde 53 1.77 1.81
1 747 1.49 (g mol / ¥ hg) 35 The rbiodi umd nventory in the reactor
'.ystem was nonitored dail ring the: chuls@ ¢F Fhe experinent and no

_}’ect abl e 1 oss of rhodiumTn the reactor system was observed over the

. first 26 days of continuous hydrofornylation. However, continued analysis
~ showed that about a 10 percent |oss of rhodiumi nvent-ory in the reactor
system occurred over the c®tinuous period from day QG to day 32.5

conpl etion of the experi ). The above experi nent ~denonstrates the high
s Fhodirum conpl ex cat al yst aé‘ﬁ vi - ghdesgapl l;Lt,y Hbt aighed i n enpl oyi ng
imethyl [3,3 -di-t-butl, > di m?thox.y -J T ﬁhenyl“ 2,2 -diyl] phosphite
_a garm when hydr of or - =rTEI i ng eVee @ nfg)r‘PraPI y» Ml ghl y8 unreactive ol efin, g
ition, said expelirent derg)nstrat es that the use

/1

:3“'3' di tbutyl 5,5 cﬁmﬂt -1 T hiphe '3 di yla phosphite permtted
he crude al dehyde pr.pdgct t sé_pa:farer% B an‘i’.he I4 qui d reaction
ol-utfon at vaporizatZon er a?uraes» eved &s<high as about [err] without

xperl enC| ng any loss™i B r L unmgt AVt g ovel @ prcﬂ onged peri od of
, While the st eady“;{fr oda’cbz{qrﬁgif‘?\‘hﬁ Ij{y’l but;-yral dehyde i ndi cates

~ §UN TN

28

.23(a
J
4

z 'v 6 & 0 8 ¢ < g o 'u
[ 4 ] =
] ~ -4
» o ~ e~ =~ 0 O ©0 O o
[ 23 -t - . . - . @
- Lad -y ] ~t -l - -4 it (>
s
]
=
g o
= o
bR @
o M » W > O N € o -t
= [~ Q - Q Q Q Q -
[ M 4 N < N N ~ ®
1
-
3
[-
= - "
X [ - C-] -t - e -t ~ M-S
- ® @ ~ L T o
.-,
<
oy
>
2
; L T a o W W r-3
) m e A @ ~ ® ™ i
a -t Lo -t -t -

EXAMPLE 13

A similar continuous hydroformyliation experiment as set forth in Example 10 was carried out using
isobutylene as the olefin and phenyl [2,2'-methylene-bis(6-t-butyl-4-methylphenyl)] phosphite (the ligand in
Run No. 3 of Table 6) as the ligand promoter. The slart-up and operating procedure set forth in Example 10
- were employed with the exception that only a single reactor (in place of the two reactors in series) was
.. used with isobutylene as the olefin feed and the above mentioned phosphite as the ligand. The reactor was
. charged with 1127 mil. of a catalyst composition consisting of 200 ppm rhodium as rhodium dicarbonyi
- acetylacetonate, 0.9 wt. % of phenyl [2,2' methylene-bis(6-t-butyl-4~-methylphenyl)] phosphite (about 10
- mole equivalents of phosphite ligand per mole equivalent of rhodium) dissolved in a mixture of about 475
o - gr. of valeraldehyde and about 466 gr. of Texanol.® The data set forth in Table 13 below describes the
operating conditions and performance-in gram moles per liter per hour of 3-methylbutyraidehyde product
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and s high stability against in situ phosphite deconposition to
JeS|rabIe throxy al kyl phosphonic acid by-product. 50 EXAVPLE 22
utene- 1 was hydrofornylated in nner as in Exanple 12 usin
ta:naphthyl [3,3" -di-t- buty Eg%ﬁ ggpﬁe?ﬁoxy 1,1 - blphegg 2,2 - d|yl?
osphite as the |igand, (ngand C of Exanple 17) The hydrofornylatlon was
ductqst tre daygbrasRinlicta Gyddsfordpietoat i Ng i n a continuous singl'e pass butene-1
"hydrofornyl ation .node. The reactor consisted of a 90 m (three ounce)
ssure bottle subnersed in an oil bath with a glass front for view ng.
ut. 20 m of a freshly prepar edTABREI UG catal ytic precursor solution was
ged to the reactor with a syringe after purging the systemwith
gen. The precursor solution contained about 25 ppm rhodi um i ntroduced
j“ﬁ,ﬁodlun1d|carbonyl acetyl acetonate, about 2.0 weight 84 EP 0 155 508
L.-percent -1igand (about 155 nole equival ents of beta-naphthyl
3'-di-t-butyl -5, 5 -di met hoxy-1, 1' - bi phenyl - 2,2'-diyl] osphite |igand

Hol.e oEEEEgﬂEhﬁﬂﬁEEHEﬁEhnd.valeraldehyae trimed as thessol vent. After
skng the reactor, the systemwas again purged with nitrogen and the oi
h was h it tq, f j sh e desired hydrofornyl ation reacti-on
nper at ur tion reaction was conducted at a total gas

es_. sure 53 r‘%’b% t 1 2 MPa (160 psig.) qd R Pargd &g p_rrqbs(f%res of

dr-ogen, ¥i de, and butene-1 bel ng given in 20 bel ow, the
ai hder le Q,gltry d ogen and al dehyde progugis The fgews of. t he feed gases
~bon mohoxi ydrogen and butene-1) were controlled individually with
ss-flow neters and the feed gases di spersed into the precursor sol ution
a boi-ttefodlciIors o tSonEe unreacted portion of the feed gases

i pped ot The product [err] al dehydes and the outlet gas anal yzed over
gut: 14 dTempeiratantd Nfis 10 operation &dt. & he rédadtion t&wmferature of

.Lerr]. given in TABLE 20 bel ow, _The ra eact i rates for each
pepplygent Pirrestslaﬁms.@n‘shi;ﬁ)f(‘mﬂ’nol es pefdq ?Zoéj Z@f&éﬂﬁ % %{Qﬁuct [err]
e €s- as we as t e. linear n-vale Io.] By (4 2"59 ﬁH) al dehyde
'chﬁd[pﬁ ' bare given. in ‘f’ Q ﬁela% @ g’ |ng re;ctl on.
ce-of [ err e produced over ti tr table to '
Ly M % on of rhodi um? %3‘@0;?2‘899%? %9%7361 66”

.' _;_'--l:Isobut:ylene (psia) MA - 073006.0)047(8.24)r52 5. 59)

| _lss_s_u_l_t_s ) o |
- 3-Methy1butyraldehyde 1.55  1.60 = 0.64
-~'--1Reaction Rate |

(g mol es/1 iter/hour)

" EXAMPLE 14

______ " Butene-2 was hydroformylated in the same manner as Example 12 using 1,1'-binaphthylene-2,2'-diyl-
~ (2,6-di-t-butyl-4-methylphenyl) phosphite as the ligand, (the ligand of Run No. 8 of Table 3).
The hydroformylation was conducted in a glass reactor operating in a continuous single pass butene-2
“‘?' hydroformylation mode. The reactor consisted of a 90 ml (three ounce) pressure bottle submersed in an oil -
" bath with a glass front for viewing. About 20 m2 of a freshly prepared rhodium catalytic precursor solution
) was charged to the reactor with a syringe after purging the system with nitrogen. The precursor solution
" contained about 200 ppm rhodium introduced as rhodium dicarbonyl acetylacetonate, about 9.6 mole
" gquivalents of 1,1'-binaphthylene-2,2'-diyl-(2,6-di-tert-butyl-4-methylphenyl) phosphite ligand per mole of
"~ “rhodium metal and Texanol® as the solvent. After closing the reactor, the system was again purged with
nitrogen and the oil bath was heated to furnish the desired hydroformylation reaction temperature. The
- hydroformylation reaction was conducted at a total gas pressure of about 1.2 MPa (160 psig.), the partial
. pressures of hydrogen, carbon monoxide; and butene-2 being given in Table 14 below, the remainder being
.. 'nitrogen and aldehyde product. The flows of the feed gases (carbon monoxide, hydrogen and butene-2)
. --were_controlled individually with mass flow meters and the feed gases dispersed into the precursor solution
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30 35 40 45 50 85 EP 0 155 508 B1 [err] E EXAMPLE 23 A simlar
ti'nuous hydrofornyl ati on experinent as set forth in Exanple 10 was
gonducted and formation of hydrox? ¥/ @g Qs phonicacid nonitered. The
r.of.ornyl ati on reacti on was conduce 5’ y charging about 770 ml of a _
: | yst precusor solution of rhodium di carbonyl acetlacetonate (about 492
ppnT.-hodi UM mReDYkss Ipargdrs. Irnd ulrbgdted pphtion of the feed gases stripped out the product Cs aidehydes
242" - di-y| argAnédeulibt dae lahatfzad yor dbaethydyp biecopiinupisapphionet the gesatibn (terbmrrturdstar
T017E " 61U giadnamn TABLES 14| HelyanThe pearagenéeetianfratesiodeagmpxparrdengin dertns 96or@n wiolespesfiiter -
‘al degnyole of produst CHAdeBydes 36 well asriiz ledi pcyeleraideny dbto 2 meimibutysaldghyde Sfagieg de
‘rer:)sasprodiciretiv are givandmEARME 14 bApwout 900 milliters of the same catal yst
cursor solution ~ EP 0 155 508 Bl was charged to reactor 2. The
-up ‘and operating-wgrqcedures set forth in Exanple 10 were enpl oyed.
~hydr of or nyl ati on réa;:zlon conditions as vell as_the rate of C5
ehydes produced in t-eg &f *graan'Pm):I s 'peP k ter°pet Mour and the |inear
-branthed. al dehyde prdlct °ratid of "n-Val efalUefyde T o™ 2- -
t ybutyr al dehyde are:;ﬁ en in TABLE 21 bel ow.
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P -."-EXAMPLE 15

Isobutylene was hydroformylated in the same manner as Example 12 using 1,1'-biphenyl-2,2'-diyl-(2,6~
di-tert-butyt-4-methylphenyl) phosphite as the ligand (the ligand of Example 1).
"~ -The hydroformylalion was conducted in a glass reaclor operating in a continuous single pass
.isobutylene hydroformylation mode. The reactor consisted of a 90 mil (three ounce)pressure bottle
. submersed in an oil bath with a glass front for viewing. About 20 mt of a freshly prepared rhodium catalytic
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A “E¢21 Days of* Operation - 7

1. 12 10 Butene Feed, nol % Butene-1 '

- :37.4  40.2 Trans- But engp 9 155 508 B1

.38.2 36.4 G s-Butene-2 '

. 24. 4 23.4 Reactor No. 1 Tenperature [err]

0.4 . pre@@rs® solul@p.wias 2Barged tPtt@sreantoe wit pSiyrnpd/BBer purging the system with nitrogen. The :

"14( 20Brurs@, solgtiqh 2QRtRING! dho(ZF8) ppinethediunt rerodukddPas rhodium dicarbonyl acetylacetonate, 0. 611

88 7) agoqggg(n@@ m}nvalents o 15!6-g|()®f2ylz'2)2‘ diy- (2Q ggerggutyl fAPathylphenyl) phosphite ligand per

"1:36( Feplepof rhodiugy megay and3Fpxapl® asehmmrwﬂe)ciozeg thBiRagiaiethe systqnsvag)ahe purged

25/( At yitrogen ang)the o pagh 1 js healgd tefyrpioh the dasiradhkydpfprraylation regetign temperatgig; Biwe- 2
formylatlon reaction was con ct gn%gtagzas' Pregsuse 3Kvggut71%2 MPg) (166 R@g "L?)Paﬂé'act or

isobltyle

2 :g ssures of hydrogen carbon monoxnde. ne being given in Table 15 below, the rem

er7
emg ?r&ducjgelj WﬁDP g}]g J?eg g %t%aogmonomde hydrogen and

utyl oII ass tlow metefs gases dispersed into the

"%he fee ases trinped out the 3-
: e il ?‘E‘? i et Lot b %gg
“‘g ( Joac n)'gtgpe are en in t‘?iBQ I (5 e eaaﬂéa %s f 0 at the

psi-a) Mras of gram moles per Iuter per hour of 3-mélhyfR hyjd)a prodth %%ﬁérﬂiﬁ Tlt)le 1@1) 4 7)
Tsults C5 Al dehydes, / hr

3LisLi near/ Branched AI dehyde Rati o 1. 87

34 -1.39 45 During this hydrofornylation experinent the

droforrryl ation reaction nedium was nonitored by 50 routinely

-hdrawi ng sanpl es of the continuous catal yst-containing hydrofornyl ation

eaction medi um from
: 20
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tor 1 and examining sane via [err] NVR spectroscopy for a detectable
_nal (resonance peak) of al pha- hydr oxypentyl phosphonic acid. A
mparative synthetic sol ution.cqpt@idy dpg ph00 ppm (concentration by weight)
;alpha hydr oxypentyl phosphoni c acid which gave a detectabl e phosphonic
Ci d- signal (resonance peak) at about 25.8 ppmrelative to external [err]
he [err] NWR after 2Q00 pul ses (transients) was 55 enployed as the .
dard. Such set the '@ detection limt of the al pha-hydroxypentyl
fosphoni ¢ aci d ‘at about 19| pp& (@oneerhbradrr en by weight). After about 10
s ‘of . conti nuous hydrofSog &yl afi ot nG d"ét ec;tibl g amount of
i 'pfhﬁa shydr oxypent yl phosﬁh@ c gcid sHowed up on the [err] NWR spectrum At
zday. 11 of the continuous @ g ation however, a 87 EP 0 155 508 Bl smal I
gual i tative amount of al ﬂﬂa- ydr oxypent yl phosphoni c acid had forned as
‘denced by a snall phosphonic acid resonance peak that appeared on the
pectirum of the [err] NWR conducted that day. At this poi Wt on day 11 an
wber"yst[err] A-21 ion exghdnge resin bed was enpl oyed ||3 t he catal yst
~r}a\gycl e line of the |iquid%ré¢cycle process and the cat aIy t contai ni ng
e€tycl e solution aftgr renpvldl 6 theﬁi:lesr r’@d§ «a dehydegpr oduct, passed
-ough sai d bed on B s qf eB@IN 1% e egctor: %Wﬁ’hr n hour§ t he
ha-,hydr oxypen- tyE pi sﬁ ni g aQ dnag sRavenged from the
£y dr of or nyl ati on reaEt 6 i um as evi d&nc&d %y he di safpearance of the .
: stabl.e phosphoni c ah d ak |n t he [err] NNR,;ipectrumb‘ or the sanple of
hydroforrrylat n..fe ti ’_‘ tyay 12. rtbternthrs
¢peri.ment a comeficidl ~r= y§§[ A@ZJa\rem n was enpl oyed.
;parezmtly this redin c tar§1ed @hlgormlem ngur £t i€s whi ch ftontanmi - 10 nat ed
pei sured) a ‘por tign of Hhe FhodiumcB abyst @s ®vi denced by new '

-

diumligand conpl & peaRsglon Shé| ' NER 5 estra. LE 24 15 A
|-ar--cont i nuous hgr of or I at’?f oy e% nt\‘ggs*set for#n in Exanple 10
conducted .and thé f orma of th oxyal kyTD pﬁosphonr chacr d nonitored.

RAr of or nyl ati on gk eact iwo was condycted_py_char gi ng al:qput 770 M of a
at-al'yst precursor sl uti orﬁ* rﬁod'r"un’l-dré:ar ogyl sacetyl ac®tonate (about
ppm- rhodl un), abdut 2. ok, T1 17 bi phenyl - :
li yl - (2, 6-di-tert-but§1 >4 -nethyl phenyl) phosphite Irgand (about 15.8
eagur vaI ents of i gand per nol e _ o
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" EXAMPLE 16

" Methyl [3,3'-di-t-butyl-5,5'-dimethoxy-1,1'-biphenyl-2,2'-diyl] phosphite having the for_m_ula
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Q---__c__)f rhodi um) and about 98 wt. % of Cs al dehyde (about 70 wt %
:-_I.:_er‘a-ll dehyde and about 28 wt 9% val eral dehyde triner) as solvent to reactor
7 About 900 milliliters of theEﬁgqgsgag ghyst precursor solution was
-harged to reactor 2. The start-up and operating procedures set forth in
Exanple 10 were enployed. In this experinent a purified Arberlyst[err] A-21
-on -exchange resin bed was enployad fromthe start of the process. Said bed
iwas situated in the catalyst recycle Iine so that the recycled rhodium
“catal yst containing 25 |iquidsaaction nediumafter removal of the desired
+-dehyde product passed t by @ & erd‘on its return to the reactor. On -
. of _ i bAgl amount, Qf e sanme phosphite |igand was -
ided to nmake up for the | ow condgentratj 1r'l ionl%hﬂe ori g!onal Iocharge. gCh day 7
e Anberlyst resin bed wgs ] m a new purified Anberlyst[err]
21 ion exchange resin bed: y 8 the systemwas shut down for two .
a0ours due to a power failure. Onjday 14 the rhodi um conpl ex catal ysts were
-np(ﬂed._ fromboth reactors . 30 tiHhscause reactor liquid | evel control
‘Rdi cations appeared erroneous. On day 15 fresh rhodi um di carbonyl
Zﬁghyhlt_avgagtp?ngrggm%sm AflethahRr.r @i se the reaction rate and an additional
Btk . tlo%a?%b brhe (2bbid BEImEEH | 0P YL HutpasmaidsptleroDartii 70t il Bf HaD get
“eoncen ;io Hj@ abol R 1 by P BotbRRMLHy BrBxide0nd inbataalveth atiringetb bbaassa-iee r at e
0T CS alileaViRéSpaBiea dh6RH thesoludn TntiOgrecipitatioh GDh Ephepelic donband er 2 2tdiydramd t he
near . § 9.gPrRRENedirttdaPy doippsgnuas condiato (el reactial imeabicbhytdlds rrinues). 38e
et hy| bity [ salicd@bhgeisic preCipigitanes then filfids Hat &2 waetiod yice5@thg@out 200 @ walgs Ay B1
<TABLE 2% Baws (8.6 Gpaif atdooy of the isolated 2 2'-dihydroxy-3,3'-di-t-butyl-5,5'7dimethoxy-1,1'qiphenyl 29
But epe jprodat waslecSeButveivh-tkd a melting point of about 222 to 22404 gnd whose sjyctue was 43 g
#Trans - Buhirmed By infrared and mass speciroscopy. 34. 6 30.5 32' 5 .10 '
. 5-:But-endbgut 75.2 grams of the 2,2"-dihydroxy-3,3"-di-t-butyl-5,5"-digethexy-1,1'-biphegyl giol so ‘E?Faﬁd I}gg% ctor
1 .fliernp@\eétt@u iapout Felf{qr] of toluene. Sufficient toluene was then removed8qozeo ropically gger?ve
1 residual traces of moisture from the solution. The diol-toluene solution was then cooled to 0°C "about
70 grams of triethylamine added followed by the dropwise addition of about 29 grams of phosphorus
trichloride at 0°.C over about 20 minutes. The reaction solution became thick with triethylamine hydrochlo-
ride salt and was heated for about 30 minutes at about 100° C. The suspension was then cooled to about
* 55°C and about 13.44 grams of methanol added over about 15 minutes and the reaction medium heated at
" "about 90 to 95°C for about one hour. The reaction medium was then filtered hot to remove the solid
" triethylamine hydrochloride precipitate and the filtrate evaporated to dryness under vacuum. The recovered
! residue was then dissolved in about 100 ml of refluxing acetonitrile and cooled to precipitate the desired
" “methyi’ [3,3"-di-t-butyl-5,5'-dimethoxy-1,1"-biphenyl-2,2'-diyl] phosphite ligand, about 75 grams (85.4% yield
" of theory) of which was recovered. The desired crystalline, solid phosphite ligand product was found to
“-have a melting point of about 64 to 69° C and a characteristic 3'P NMR phosphite resonance at 131.9 ppm
:-+{relative to external H3POs).

.. EXAMPLE 17

_ The following diorganophosphite ligands were prepared in the same manner as described in Example
.40 16 above, save of course for employing the hydroxy compound reactants that correspond to and account
. for their diorganophosphite structures.

Ligand A

t=-Bu

o - pheny! [3,3'-di-t-butyl-5,5'-dimethoxy-1,1"-biphenyl-2,2'-diyl] phosphite. (Crystalline product having a
. melting point of 131 to 132°C and having a characteristic 31p NMR phosphite resonance at 140.1 ppm,
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essure, (psia)Ma 1.41(205) 1.41(205) 1.41(205) 15

:-5695( 86. 4) 0.641(93.1 ) O. 600(87 1) [err](psia) MPa [err] (psia) MPa

s--@ 189(27 5) 0.056(8.1) 0. 088( 12% %\;{ (psi a) MPa Trans- But ene 2
ina. 2 C s -Butene- pS|a)Nba

0.422(61.2) Reactor No. 2 Tenperature, [err]
(o182 18 oxtomdl BsFO,Pr essur e, (psi a) MPa 1.27(185)
1.27(185) 26 ~[err] (psia) MPa

0.487(70.7) 0.LigA6D . B) [err]( psia) MPa

0. 103(15.0) 0.11016.0) Butene-1, (psia) MPa
. 0.025(3.6) 0.026(3.,8), Trans-Butene-2 and
483 Ci s- But ene- 2- (p3|a) MPa . 365(53. 0) 0. 453( 66. 6) 0.483(70.1)

gnol hr _ 3.31 3.15
» ' 1.59 1.91 1.81 During this
ydrofornylatlon experinment t hydr ornylat I ction nmedi um was
'hgthed for - al pha- hydr oypent yf—1 phos c?3&id via the sanme [err]
dVR:procedure of Exanple_23. %Né spectra of 40 sanples of the
wdr of ormyl ati on reacti off taken Iromreactor 1 on days 7, 16 and 22

f.the continuous process showed no detectabl e anbunts of

Lpha- pydroxypentyl phosphonic &M deconposi tion product. Moreover, in

i's experinent the conmmercial grade Amberlyst A-21 ion exchange resin bed
MWas- puri fi efdnda@bidng - [5BediMibaty i, 55aime@oxyal1 -Bibhshyla g [phompsitet (Nanerystaline gum
ntam nafeRudt hadig ehamctamtc AlPURMR phospiy Mohyeer & 140H iponedsiBe .o Tiee, relative to
Juri fi catekierfial Gk POk enon@Siepressns benctdd ohed nas! radidalspws. A 250 gram (630 ml)
porticm 45 of the resin was charged to a 50 cmx 36 nm gl ass col um

Jegu pped with a stopcock and con;aining a glass wool plug. The resin was
's~ed_mﬁth the follow ng solv a e given rate of bed vol unes per
R(a) three bed vol unes (1890 n1) of 10% aqueous HCl (b) four bed

{ﬂrﬁnl%ed water; (d) four bed v@+bmes (2520 m) of nethanol and (e) three
d;volunes (1890 m) of toluenq. The resin was then discharged fromthe

>ee

t-Bu

* beta-naphthyl [3,3'-di-t-butyl-5,5'-dimethoxy-1,1"-biphenyl-2,2'-diyl] phosphite (Non-crystalline gum product
~ having a characteristic 3P NMR phosphite resonance al 139.2 ppm, relative to external Ha PO,).

. EXAMPLE 18

Butene-2 was hydroformylated in the same manner as in Example 12 using methyl [3,3-di-t-butyl-5,5'-
dimethoxy-1,1'-biphenyi-2,2'-diyl] phosphite as the ligand, (the ligand of Example 16).
The hydroformylation was conducted in a glass reactor operating in a continuous single pass butene-2
" hydroformylation mode. The reactor consisted of a 90 ml (three ounce) pressure bottle submersed in an oil
" ‘bath with a glass front for viewing. About 20 m1 of a freshly prepared rhodium catalytic precursor solution
was chargedito the reactor with a syringe after purging the system with nitrogen. The precursor solution
contained about 250 ppm rhodium introduced as rhodium dicarbonyl acetylacetonate, about 2.0 weight
percent ligand (about 19.7 mole equivalents of methyl [3,3'-di-t-butyl-5,5'-dimethoxy-1,1"-biphenyl-2,2'-diyl]
phosphite ligand per mole of rhodium metal) and valeraldehyde trimer as the solvent. After closing the
reactor, the system was again purged with nitrogen and the oil bath was heated to furnish the desired
hydroformylation reaction temperature. The hydroformylation reaction was conducted at a total gas pressure
~ - of about 1.2 MPa (160 psig.), the partial pressures of hydrogen, carbon monoxide, and butene-2 being
‘given in Table 16 below, the remainder being nitrogen and aldehyde product. The flows of the feed gases
- (carbon monoxide, hydrogen and butene-2) were controlied individually with mass flow meters and the feed
. ‘gases dispersed into the precursor solution via fritted glass spargers. The unreacted portion of the feed
" gases stripped out the product Cs aldehydes and the outlet gas analyzed over about 11 days of continuous
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t.o a one-liter flask and dried. at about [err] and 1.3 kPa (10 nm Hg)
essure using a rotary evaporator. is noteworthy that no

hl ori de-rhodi um conpl exes showgg g % geBie [err] NMR spectra of this
zexperiment which enployed the purified Anberlyst[err] A-21 resin. Cains 55
“dainms for the following Contractlng States: BE, DE, FR GB, IT, NL, SE 1.
LA hydr aberativ |adithb GéuctinQefsstatlre bf oadocc RE @Jedahyms 18Hticloh., 'Uterqvarhgzaesaqtieact i ng
“an” ol efrated Rathls\expofitaitin tefred efQranT galed @or tiengmo bowd of\producic@r didehyde® rRowelides tend
~hydr ogeainear n-valbreldqjuy%te Rewthyfoulgraldeiyde orancbeshprbdust r@® are giyep i TABFARS Bolo2  Days of
er at i on 7 16 22 But ene Feed,

3l %0 But ene- 1 - 42.6 46. 1 43.5

ans- But ene- 2 9 34.6 30.5 32.5 10
s= But ene-2 S 22.8 23. 3 24. 0 Reactor
© 1" Tenperature. [err] =R M~ 000N~ 85 85.5 '
5.4 Pressure, (psia)Ma HSml 5 o o o BA(808) 1.41(205) 1.41(205)
JLerr1® (psia) MPa =598 0.595(8 6 .4) 0.641(93.1) 0.600(87.1)
~err] (psia) MPa o< 0.189(27.5) 0.056(8.1)
- __:j'88( 12.7) Butene-1, (psia )fpa 0.047(6.8) 0.044(
. 4) 0.050(7.3) Trans But ene 22 and 20 Ci s-Butene-2, (psia) Ma
: 3625(52 6) 0.391(56.8) 0.422(61.2) Reactor No. -2 Tenperature, [err]
295°2°°  95.3 96.7 Pressuge, [Cpsia) MPa 1.27(185)
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. EXAMPLE 19
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155 508 Bl catalyst consi sting essentlally of rhodi um conpl exed with
on nonoxi de and a di or ganophosphite ligand, and in the added presence
a’ free di organophosphite |igagg, erized in that the
i "rganophosphlte | i gand conplggéuﬁﬁﬁ?ﬁﬁﬁhe rhodi um and the free
or.ganophosphite ligand are each individually |igands having the fornmula 5
rr]. wherein each y individually has a value of 0 or 1; n has a value of 0O
_ P Qis-a dival ent brldgﬁ?g roup selected from[err] and -S-; Wis an
grsubstituted or substitute rr] al kyl or an unsubstituted or
sgpstituted [err] aryl groupj-u . «aNd gagh AL repLesents an identical or
diffefent unsubstituted or sm%'ﬁléuged A YL grps ssl geted from phenyl ene,
naphthylene and ant hracyl en 3F4'd substituent(s) on Wand Ar being
l.ected from[err] alkyl dgreges , phenyl, naphthyl, benzyl, phenylethyl,
lyl, -xylyl, cyclopentyl, ayclghexyl , 1-nethy|cyc|ohexy|, cyclooctyl,
clopexylethyl hal o- gen, ~ni trto, cyano, trifluoronethyl, hydroxy, [err]
4 “Wher ei n [err] individually repre- sents the sane or different
tydr-ocar bon groups sel ected dro [err] al kyl groups and aryl, aralkyl,
a.karyl and alicyclic grougfxc ntaining from6 to 18 carbon atons with the
pr-ovi so that -in substituent er[L g@gp‘LegrL t.aken,t poet her can al so
represent a dival ent brldglqg ggo up_fhat ;fqrnp a hetierpcyclic group with
t‘he -ni trogen atomand in subs igluent s -N(R6)2 C(ONR6)2 and [err] each R6
bonded.to N can al so be hydr@ 3 while in substituents [err] one R6 can
al’so. be hydrogen; said Ar gmo bei ng bonded t hrough the ortho positions
un“relatlon to the oxygen atons that connect the Ar groups to the
phospﬁorus atom and ggy subsbutuent when present on such Ar groups or an
ary| group W' being bdhded}ing 2, 3R0L06 ozpgsition of the aryl
Qrou“'p inrelation to t#e o yg&bagofﬁ W@Eom}gtﬁa_;gtyen substituted aryl
group to the phosphordg atpm rgeg'hhaL,unupasquwrs an aryl group at
f astzone of said aryF‘grg ps and vy|§ Rk sfifht%d“and not all of the
the: t St al accunul atr &3number ortho posrtloﬁé “OrRAR and Ware
5 bstltuted with a'T dEcaﬁ haV|ng a steric hlndrance of isopropyl or
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" EXAMPLE 20

Butene-z was hydroformylated in the same manner as in Example 12 using 4-nonyl [3,3"-di-t-butyl,-5, 5‘
 dimethoxy-1,1"-biphenyl-2 ,2’-diyl] phosphite as the ligand, (Ligand B of Example 17).
: The hydroformylation was conducted in a glass reactor operating in a continuous single pass butene 2
. hydroformylatron mode. The reactor consisted of a 90 ml (three ounce) pressure bottle submersed in an oil
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40" olefins containing from2 to 20 carbon atons, internal olefins
=_;'.—_c,ont aining from4 to 20 carbon atons, and m xtures of such al pha and
~internal olefins. 3. A process g od%ts'sﬂﬁ’% inclaim2 wherein the olefin
~starting material is selected frombutene-1 butene-2, isobutylene, and an
‘olefin mxture consisting essentially of butene-1 and butene-2. 45 4. A

#process @ wiefd fiRe rbm r@Mewng.enalt 20 Inai ot fibstyopréparidenagium qatalytihreeusOPIHIPhL | On i

Zreact i OnNyds QRsthdd 18Nk RENIRWIth @ syringe aitiéri rorginganmpeysauie nitiegenn Ehe BIARYESOHFoltipy m

S[.err] - t acopained atibut ZEDAtpTYABIEN deduced ef rHuglidn olirarbonyt ApabtATelRRTe BPYE Z:Qn"éP'gm

- ol ef i ni crekdent ligarBiaatoUAT3EcnaY gmivelentT oo &, Jpi-toukshh, %d'g\ethwfe%a'ehﬂeﬂé

w1500 BSi ghpsphite Ihgadd peremolg af thoditm mreted) e ealerpldghyémiringnag °f%'()?5“ "e d
psia), areadarbibe systamo whslegajpapurded Wity iseaqnr @d de il bath B’aQaheca t t Qe es 120
si.a),  averoietTeviaiomrepdfien temaeretEnT U DI BIANAPTLON 2B age oy ° i gsau d
-dior. gano?jms‘pﬁr’é‘t MPa {1 &r?&gbé'i‘e pastab p@fs“fﬁﬁé’ﬁf‘ oDy °§'§’°g:| m°"?‘:§ th @

788 "def i ngeniim Tabip/! WOThe (5‘? ’WE’ girgg W f‘:hyfa B 0 e ¥

=¢onpl’ &e@a’mw"?ﬂ@ F W°f° ol QL dahrhgRe e a&dofam Rod
p\h:fsent gpses d trp (g é%cf %legluuon vﬁr :Eed Ie@gasﬁigigyzﬁé oveP BBt @%gays bf@brtihuol®

V\’her ein Qgs?:f théT nﬁi:oi rat o o abbuP80° & ars Gildnl in FRELE RS bdiowd ITRe BgFAES BattioDT

rafe for S oP arfmoRb BerMed 8r HABICHT bfdcGdk B Buchyidstal welnes the

Lprovi 39 * Qrtn-\Bfﬁa oydb 2-:%51 lt{u‘é‘yrrzfldeh%@:ra@ér@ulaﬁadlkbammge givatie TABLENSdaNnce of
lsopropy or greater; and represents an unsubstituted [err] alkyl group.

20 6. A process as deflned inclaim5 wherein [err] and [err] are branched
”alkyl groups having from3 to 5 carbon atons and wherein Wis an
sunsubstituted [err] alkyl group. 7. A process as defined in claim®6
“Whereizn [err] and [err] are t-butyl groups, Qis -CH2- and Wis an
sunsubstituted [err] alkyl group. 25 8. A process as defined in any one of
claims 1 to 4 wherein Wis a phosphonyl substituted al kyl group of the
ormula [err]
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Wherein-each R6 is the sane or different and is individually sel ected
] nl[err] al kyl , phenyl and cycl ohexyl; each R7 is the sane or different
and i's |nd|V|duaIIy selected fr byggggpg1and [err] alkyl; p is an integer
@f froml to 10; with the prOV|so that one [err] can al so be hydr ogen. 35
A process as defined in claim8 wherein Wis a [err] group. 10 A process

éF defined in any one of clg 1 to 4 wherein the diorganophosphite |igand
tonpl exed with the rhodi um nzhe free di organophosphite ligand al so

ent “are each individual g"Plgands having a fornul a sel ected from 40
ferrland 91 [err] where has<a<vl e F”d"on LT Qis [err] or [err]
gnd [®err] are hydrogen or r\&eft B ﬁeﬁhlngs glven Thclaim1 for the :
Substituents on Wand Ar, he proviso that at |east both 15 of the
Le.r] .and [err] groups or aﬁ st both of the [err] and [err] groups on a
gi'ven di organophosphite of Hornulae (I11) and (1V) are groups having a

ri ¢ hindrance of isopropyl or greater, and with the proviso that in

{nuFa (111) no nore than href of the [err] and [err] groups are groups

fidvi ng a steric hindrance o 7;§ propyl or greater. 20 11. A process as
ﬂE'Fned in claim10 whereing and [err are branched chain al kyl groups
hé@ving from3 to 5 carbon ag 02N R d3s®ag Betl ned in claim 10
mherebn t he di or ganophosphi gand' 'b'ééfected fFom 25 t-C H [err] 50
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. EXAMPLE 21

A similar continuous hydroformylation experiment as set forth.in Example 10 was carried out using

isobutylene as the olefin and methyl [3,3"-di-t-butyl-5,5'-dimethoxy-1,1'-biphenyl-2,2'-diyl] phosphite (the

. ligand of Example 186) as the ligand promoter. The start-up and operating procedure set forth in Example 10

. was employed.

o The hydroformylation reaction was conducted by charging about 1.03 liters of a catalyst precursor

. ..... solution of rhodium dicarbonyl acetylacetonate (about 450 ppm rhadium), about 2.8 wt.% methyl [3,3"-di-t-
" butyl-5,5"-dimethoxy-1,1'-biphenyl-2,2'-diyl) phosphite ligand (about 15.3 mole equivalents of ligand per
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ry 1_5 | 13 A process as defined in any one of clains 1 to 4 wherein the
!_:_.pr-.ganop-hosphl te conpl exed vm th the rhodi um and the free di organophosphite
igand al'so_present are each indi 'dj@%éro\ééf gands having the fornula [err]
5_;.--Wher €in Z2 and [err] each individually represent a group selected from
:__;-:h‘_y,droxy and [err] y, n, [err] Qand Ware the sane as defined in claim1,
zand [err Lo 3f Rodhtj! 6810050 RiheRfiptiobihing loatepas aiiniemal standaidadnehialiout 85281 % of
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Terr] eagiindoRRKRS #bh heNibiidryaciat solutioranondddsee pne Seliected ritahiyrpduct] Poeierp§ces s
2 - def joN@gkndininglodratilZad witeyse containing Squidreastionl Blutioh yrssesyeled bask e9dciel in cl ai m
:;;LBV\Aher_ ei N traenythodmyeatarp Besiient sascerioH @xieedniigiupyslytfercabp 3didays: RHINt theufirst 15
e . days of operation the aldehyde product was separated from the liquid reaction solution at about 115°C and
 0.15-0.18 MPa (22-26 psia.); from day 16 to day 19 this separation was conducted at about 117°C and
0.15-0.18 MPa (22-26 psia); from day 19 through day 22 this separation was conducted at about 123° C and
-0.15-0.18 MPa (22-26 psia.) and from day 23 to day 32.5 this separation was conducted at 133°C and 0.15-
0.18 MPa (22-26 psia).
_ " The data set forth in Table 19 below describes the operating conditions and performance in gram moles
" per liter per hour of 3-methylbutyraldehyde product over about 33 days of continuous hydroformylation.

igr-eat er.
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5é€'drofganophosphite | i gand al so [ . .
ee _ of present is [err] 19. A
é%gneg,!?.any one of claims 1 to 18, which coLpriges ninig{g?ﬁzs =
Sort1on of the 11quid hydrof or rg ST oRhBhct i on medium T1om the = -
POrt - the _ ction mediumfromth
EiazgaogoaggL?tlgn reaction zone, (b) treating the liquid nediun?so renmoved
:'action-nedy asi ¢ anion exchange resin, and (c) returning the treated
reaction.m ah;ngag épecrgﬁagfimmﬂnﬂlhw1 reaction zone. 20." A process as
qet & n _ _ 17T0 19 wherein the hydrofornyl ati [
40 continuous catal yst containin I qui y oy ooy o 21T o
Za _ _ _ g liquid recygle Jroce
pr":sc)'l'-'(r:gfso%ra I gﬁ‘ |di§—g_~gﬁq1{ ai m 20 wHi S COWpl’ll%b‘@S rem)\%]n'geoa por |'gjn (2)1iL I f\qui d
/ ) lon reaction nmediumfromthe hydrofornylation reaction zone

afgéﬁ388in% saig)zﬁgig?}oﬁ;tPﬁr prLor to and/or after separation of

Y Cel _ rough a weakly basic anion h '

n _ exc res

e 22‘. i A%[ag‘%?éé gs defined inggpy one @50 ains 194D 21 vﬁgr in siaind45

Ef%@{s_t'y?mmsmwp%&éﬁ hge r@iﬁg@fwt 'Z,égﬁﬁs)‘é‘r Cﬁgg 85 .ed"3|7 85)arg ar5none

A "r-':’r.]or* 09 osghipe | i gand reasaor(@2t He eR&i et 84 o Sgéﬂi @%5155 50;331
el et o8O Bﬁii‘)y’d’vgiregﬂdz[zeé?% ;?.aa%?g' S5 v UnbE6(58 eBr&847(55 a%r oup

_. evﬁgiI%abuayuefxer.résia}/é/’-hmé%énsbro[gﬁ 5195}% 224@333) g,i%\z/g@@?f; gle:r: Qed
substituents on AF and W provided that in case Wis a substituted aryl

;groupz_ﬁegig zuﬁgpihuent(s) I s(are) bonded to the para and/or ortho

-@6shtio - :
-+, Temperature, og OUP I relgatiaon to ghe40xygengat.em t hadShénds

"P,res_sure,'@sia)/’l/'q_ /14 165) /'/‘/(165) /./‘;‘(165) /./9@.65)
Hy, (psia)Mfa . 2.526(16.3) 657745.0) 0.503 (3.0) 0.45766.1)

€0, (psia)HA 0.3338.4 0.298(43.3) 0.333(49 .2) 0.36763.9

" Isobutylene, @sia)H/q a,o.:«fQ.S.?) 0~/06Q.5.l+) 0.143 Q.6.&)0'/[7(26.3)

- Results

. 3_Methylbutyraldehyde 1.77 1.81 1.74 1.49

(g mol/l/hr)

= “The rhodium inventory in the reactor system was monitored daily during the course of the experiment
: and no detectable loss of rhodium in the reactor system was observed over the first 26 days of continuous
. hydroformylation. However, continued analysis showed that about a 10 percent loss of rhodium inventory in
" the reactor system occurred over the continuous period from day 26 to day 32.5 (completion of the
* experiment). ’

The above experiment demonstrates the high rhodium compiex calalyst activity and stability obtained in
employing methyl [3,3‘-di-t-buty|-5,5‘-dimethoxy-1,1‘-biphenyl-2,2'-diyl] phosphite ligand when hydrofor-
-mylating even a normally highly unreactive olefin, such as isobutylene. In addition, said experiment
~ demonstrates that the use of a ligand such as methyl [3,3'-di-t-buty1 -5,5'-dimethoxy-1,1'-biphenyl-2,2'-diyl]

" phosphite permitted the crude aldehyde product to be separated from the liquid reaction solution at
vaporization temperatures even as high as about 120°C without experiencing any loss in rhodium inventory
over a prolonged period of operation, while the steady production of 3-methylbutyraldehyde indicates the
ligand's high stability against in §|t_u phosphite decomposition t0 undesirable hydroxy alkyl phosphonic acid

by-product.
. EXAMPLE 22

. Butene-1 was hydroformylated in the same manner as in Example 12 using beta-naphthyl [3,3™-di-t-
Do butyl-5,5‘-dimethoxy-1,1'-bipheny|-2,2’-diyl] phosphite as the ligand, (Ligand C of Example 17).
. ‘The hydroformylation was conducted in a glass reactor operating in a continuous single pass butene-1
hydroformylation mode. The reactor consisted of a 90 ml (three ounce) pressure bottle submersed In an oil
" ‘bath- with. a glass front for viewing. About 20 m1 of a freshly prepared rhodium catalytic precursor solution
~ “was charged to the reactor with a syringe after purging the system with nitrogen. The precursor solution
. contained about 25 ppm rhodium introduced as rhodiurn dicarbonyl acetylacetonate, about 2.0 weight
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e substltuents on an aryl group W if any, is different from hydrogen
nd not .all of the total available ortho positions on the aryl groups
esent have a steric hi ndrance g g P@MI or greater. 24. A
;dhorganophosphlte |l i gand as defined 1n claim23 wherein each Y has a val ue
zero; Qis -CH2- or [err] is a [err] alkyl group; Y1 and [err] each
ndi vi dyaldot RERI BB AEE tholor sy EFQRRsnabiiteyh (385 di-tBAty1-5,5"-dimaihoryf el -biphaailicy |
Aroups, RHAANY bhosBid Biydnd pérydieddterogiumanthl) landredidigidebyds] tirheeay the selyrit. Yfter slosing
el-ect ednd reatdr] B kystentvisydgaia o withadiyzigen arsiphe éilthath wrsthaatery HWW the depiredh
Tyl gr onjroRfmyldien feastionitempératone] Thaedreformyfakan rgactionwgs gopdypied rﬁ”eé?“’ean
the  gstcbps 1 MBa (160 peig-hithe dartiek prossrss jof D!@\"RQS" SArDRG mapRYidey G‘F? P Vi so
hat at gieadt Tabist 29 tsfowt the rdmainddr baing n{tresq;]‘l ?5% q‘w' do pypdugh T'r fé?&f °‘o‘8‘? P fhe

erf] anidarh rgmoxigss hyskpoen gld\ﬁé‘ﬁ"?ﬂ)d‘le@aﬁ? ”é‘“VI 75 A el ng a
.gteric hjasedr disrersedintq e Bresys" se'Ft'O tigd glag Vlrg ‘:’;’g:jtf ”‘°" 9‘5“‘ '%Xf hat
o -Ior e sqq%mstftpﬁ?‘b@t ge Pf‘ﬁéct P'F%h "‘?Q o &gonaratgg eric
Yindr #hc@osEen 8 OUt er per hoI ée |den S !aglwéfl a@'ﬂmh%
“dherein le?%alh %@8 rt? 09 el;{é edp I%Mc?mg il TABRE K| beldwerhd and
:;'f'YZ." are b Y Q‘ n ra ed v&“{% is Q‘:GﬂgI g\/ H SttbulaBib ftd ] viedyl low
Foup. s'"g °° I'n claim?25 wherein Z2 and [err] each

epﬁe§§n?mmm”ﬁ and [err] each represent tertiary butyl; and W
epresents nethyl 27 A | igand as defined in claim26 wherein n is zero.
B. Aligand as defined in claim23 having the fornula: 95 [err] 29. A
hodi um conpl ex hydrof ornmyl ation catal yst conprising-rhodi umconpl exed with
. a.-di organophosphite 20 | igand as defined in any one of clainms 23 to 28.
=30 Az hodi um conpl ex hydrofornyl ation catal ytic precursor conposition
scansisting essentially of solubiliz- ed rhodi um di organophosphite conpl ex,
Han organi ¢ solvent, and free diorganophosphite |igand, char- acterized in
“that "t he dlorganophosphlte | i gand of said conplex and free
“organophosphlte Ilgand is a 25 ligand as defined in claim1l.
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.:31. ‘A conposition as defined in claim30 wherein the
‘r hodi um di or ganophosphi te corrpl ex is a rhodi um carbonyl diorganophosphite
icet yl acét onat e conpl ex. OFgI sg ghhe followi ng Contracting State AT
.. A hydrofornylation pr ocess produci ng al dehydes whi ch conpri ses
eacting an olefinically unsatu-

rated organi c conpound w th carbon
_.onoxide and hydrogen in the presence of a rhodi um conplex catal yst

...consi sting essentiral®y of rhodi um conpl exed with carbon nonoxi de and a
~-di"or ganophosphi t e Ilgé'nd-a and in the qugdopeesem:e:o? A free

““di organophosphite Ii g&f&m cRaradl et ekl ;eg ienet bates tdeo dPoPganophosphit e
«+Fkj-gand conpl exed wit h & R r todf fmand the free di or ganophosphite. |igand
~ar.e ®ach individual l y};a nds having the forrmula [err] 20 wherei n each
individually has a vgf of O or 1, n has a value of O or 1; Qis a

i.val ent bridging groug sefected from[err] and -S-; .. Wis an
insubstituted or substituted [err] alkyl or an unsubstituted or
*"“[ rL aryl- group; and gachyAr represents an identical or
“unsubstituted or subst &t ed aryl

snapht hyl ene and ant hr a8y

substituted
di f'ferent
group sel ected fromghgnyl ene,

e 55~ n asaid @uﬁbﬂtuegt,(,s)_., on Wand Ar being
el'ected from[err] aI b: gLbups+ .~ phenyP, Sn&bfit hyI benzyl, phenyl et hyl,
byl , iylyl, cycl opentg/ H cycl ohexyl, 1-nethylcycl ohexyl cycl ooct yl,
eyc qhexylethyl

hal o- @ n-' nitro, cyano, trifluoronethyl, hydroxy, [err]
Lerr] wherein [err] i NO¥ bl ually repre- 96

EP 0 155 508 Bl sents the
game or different hydrocarbon groups selected from([err] alkyl
aryl, aral kyl,

groups and
al karyl a licyclic aroups sontgh e ’«R‘r )m 6 to 18 carbon
atons with the preyi sd t hafl i X\ zbg

%/ n zﬁsﬁ@@@ SINERE) T:err] t aken
t.oget#er- can al so et eprles e,\nte,,b |dgh~ngwgycﬂzp‘3t‘iﬁam forms a
h‘-eterocycl ic groupz =W gh t&q ni\‘t r\b@gé aéogr %n ikn S UHsOi tudnt s - [err] and
ierr] each R6 5 nde&t & ﬁcan

b al so be hydrogen while in substituents:
: one [err]° a8 a§>o be hydrogen; said Ar groups being.bonded through
eortho posrtL1 ng Lpfrel |%néoa¢1geﬂ-oxy§e@a§:¢$\ﬁg &nnect the Ar

. 4 ] -
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s EXAMPLE 23

i cted and the
A similar continuous hydroformylatrocr; :;r:]ir;rrr;znt as set forth in Example 10 was condu L
:. form‘?::gnr?;dt:zgr?r:ﬁ;:lgnptr‘::g:g: waZ conducted by 4;23@;;? raggﬁ:mzﬂ; br:rft :fs :ﬂca;f‘!:s: -;t))rrphenyl-
1 oo of i, dosoy, SO ot 18 ol sivlrs o 0% 1
: lilej;a:é:(rwdea::maebr?u;sggo?v::t :f; rc;fagzxa:de:g:jt (ggg uri\rﬁhters of the same catalyst precursor solution

. va
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roups to the phosphorus atom and any substituent, when present on such Ar
ups. or an aryl group Wbeing bonded in the para and/or ortho position of
he aryl group in relation to thepxygeshsadem that bonds the given
“substituted aryl group to the phosphorus atom 10 provi ded that in case
“Wi's an aryl group at |east one of said aryl groups Ar and Wis substituted

“and " not dd chtbed 1 foak0il 2 iThaaaiRLEna bperaing priEEEoreet Brth IndExpard 10 wiseoployad: and W

sare - subst i trué Riraldrin{latin Feaction adndiionsian gelhassberrie®! G #idahydee erodyced i aﬁ? ¥§F {gram
__:gr eat er . males RerpitarcHs shoarsardetp riieedr ity brshemaltishygh crasihiet retipeof o eeraiiepydel g 2
=ansat ur atretylsiyrgiiehyed aiesgivee INSABEEI 2T belath al pha- 15 ol efins containing from
%21'0 120 carbon atons, internal olefins containing from4 to 20 carbon
=at-ons, and m xtures of such al pha TABLEn#drnal olefins. 3. A process as
fined in claim2 wherein the olefin starting naterial is selected from
ene-.1, butene-2, isobutylene, and an ol efi n_m xture.consi Sty
ent i al | Days bﬁt@m@r@m butene-2. 20 4. A [Zr ocess a¢ defi r}ed in any one

_ cld?ms 1 to 3 wherein the hydrofornylation reaction conditions conprise
r_,eactlonmm range of from50 Cto [err] a total gas
Ssure ofgyl I@éqllreo.gen carbon nonoxi de and ol efiln9cal | Y7udsat ft®t%ed or gani ¢

__rrpound o& fro _210340 kPa (1 to 1500 pgia), ajgdoge3epartial

: r'essug 100 kPa (15 to 160 psj.a), a r bon oxi de 25
wart i aI preasuertca‘ne‘-rZ)m 6.9 to 828 kPa (1 toszfz(y psi gfb,‘b[gnd%'eqei n the
aeeaction nmediumcontains from4 to 50 noles of said di organophosphite

471 gand perRmadce:QJT Naodi umin said medium 5. A process as defined in any

“ohe of cla ahergin the di organophosdﬂtle Ilgfa§1cﬁcon§$e ed with
“the rheodi um% tét?:e\flrre,e r ganophosphi tgz/{« Ay &gphshre each
5

§ndi.vi dual IR fqﬁ%ﬂstﬂ%ﬁ)ﬂ'% he 30 for g &osy @ 2)3

4l [err] @ rﬂLQ is [err] or [err]o’ p@@?eﬂﬂ]{“@ Z3 are
:hydr ogen o%g s the substituents gn/‘ﬁ 93:% k& 9 aiml
AaM:th the r oth Y and [err] are h .
_I'draf'ﬁce (ﬂuﬁmfbpfwsbﬁ) “at er; and WP g'xdagﬁﬁbstlf?}fed [err]

yl - grou as deflned I n I m rei nd [err]
"br: anch%{ﬁﬁa&&%‘%ﬁfeﬁd itmG from 3 td tﬂ?ﬁza‘z 7r)ﬁ ?ﬂé )ael n Wis
"':ns_ubst IHed €Cot M6] 2 aI kyI group.

Temperature, °C 90.7 .95.5 95.3

. Pressure, (psia)kt/a /:27(185) /- 274.85) t27{85)
T Hy, (psidMA 0.6 89.1)03TQT 969 . )
- o, (psid A 0.053 (8 .6)0.4623 . 2002389 .7)
" Butene-1, (Ps:m))'-m,L - 0.0/0 la)ao/é@ 3)00/:@ 2)
‘Trans-Butene-2 and oz
Cis-Butene-2, (psia)/"P& 0:25’5@7.1)0,3/2@6.1) '(@97)

Results

Cg Aldehydes, gmol/1l/hr 2.89  2.76 2.31

Linear/Branched Aldehyde Ratio 1.87 1.34 1.39

During this hydroformylation experiment the hydroformylation reaction medium was monitored by
routinely withdrawing samples of the continuous catalyst-containing hydroformylation reaction medium from
reactor 1 and examining same via 3'P NMR spectroscopy for a detectable signal (resonance peak) of alpha-
hydroxypentyl phosphonic acid. A comparative synthetic solution containing 100 ppm (concentration by
weight) of alpha-hydroxypentyl phosphonic acid which gave a detectable phosphonic acid signal (resonance
. -peak) at about 25.8 ppm relative to external HsPOs in the 31p NMR after 2000 pulses (transients) was
-employed as the standard. Such set the low detection limit of the alpha-hydroxypentyl phosphonic acid at
about 100 ppm (concentration by weight).

. After about 10 days of continuous hydroformylation no detectable amount of alpha-hydroxypentyl
... phosphonic acid showed up on the 3'P NMR spectrum. At day 11 of the continuous operation however, a
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/A process ‘as defined in claim®6 wherein [err] and [err] are t-butyl
roups, Qis [err] and Wis an 55 unsubstituted [err] al kyl group. 8.
process as defined in any onegpf 1%@6@'@11 to 4 wherein Wis a phosphonyl
ubstituted al kyl group of the Eorrru a [err] wherein each [err] is
~the same or different and is individually selected fromf[err] alkyl,
sphenyl sl gt CdnfXof | lph@aeRoxfentyis pHolihosiaeEid dad ehirhiddesscevidenasd tiysa small
indi Vi Ghigdphahic ik @ssb@ilcd geaimnirysppeamaon siadpdceumn bf tad K NMRzonductas thatdiap g thisof
=fr om 1 phiat diOday Wi tah Aberlystecatision bithdnge resin[bed mhs erapioyadl sidhdeatayptiieeugieriine of - A
-'pr.oc es sheahquidiefetyoisd plocese laad nheBcaldiet eontainingi weysle] salutipn, afjerorgmoval Of thp(desired
;Pr.oces sidatsydd efodunt cbassad thropghoseisl ksl oo ftafetue t ﬂtedewfw’{%ih'@' urg f@ alpha-hydroxypen-
- di or ganghosppériic ecid iwgaserverapg ffrem et Wrdrgformplatio HeastioRmediyn {3 Svifignced by the
ji_or garsisphrospitetad thej dotasigbla Pbesppanissasidt peak in e IR NI SRACHYR 19" yhe $2 lﬁd’é‘ aving
a- f-or. mierolemyistane tyagtion opiym [epgredaen day 12. Nolo in_this oxperipgnt & SORREFE E1P has a
val ue dimbgriysi® 421 (gsingnap epmplovedy A R@F"F%Y 'aﬁdeszgc?faew e pudies PR <" .
R oG P o P a6 O T P don <= -

tami-
r trE%"
i sd" WalMBPi%E%st both of the [err] and [err] groups or at |east both
tF Md [err] groups on a given diorganophosphite of fornulae
1) ahe— -are groups haV|ng a steric hindrance of isopropyl or

sCT ARChi doBurkbiR ht}ﬁrg%}n%ti(;m%erlrﬁbn{ & §§Woﬁh (i ElanplB Q0 Wk orldiaéy drlartee Of

€ _erf_sr}naﬁ;a(if hydFdkyalkgi hbspRort! Ridddakpsa. havi ng a steric 50 hi ndrance of
0PI opy | T nydif Rt Ration kdactioh WasOEdAGRted Soyderfaigihg Cabbut Z7b ahamofl@ aatalysteprecufser r |
ahd [ erdltichl & rhRRCH&EboR)) abdlylabisidte GbaLIPSD hav iagiuh), ebuB2.0 evt.5% dalf-biorenelt ons.
:56.  12.2Adigr(@6asern-bgyldembthgshenyl) phbsphite lig@hdvktenteisis nidiresagivalentsent digand seridie
J1.igasmd df shaaiingent! etlodt raBnwt986 of Cs aldehyde (about 70 wt % valeraldehyde and about 28 wt %
" valeraldehyde trimer) as solvent to reactor 1. About 900 milliliters of the same catalyst precursor solution
- ‘was charged to reactor 2. The start-up and operating procedures set forth in Example 10 were employed. In
*this experiment a purified Amberlyst® A-21 ion exchange resin bed was employed from the start of the
" process. Said bed was situated in the catalyst recycle line so that the recycled rhodium catalyst containing
" liquid reaction medium after removal of the desired aldehyde product passed through said bed on its return
- to- the reactor. On day 1 of the process an additional amount of the same phosphite ligand was added to
'~ “make up for the low concentration in the original charge. On day 7 the Amberlyst resin bed was replaced
- with a new purified Amberlyst® A-21 ion exchange resin bed. On day 8 the system was shut down for two
_hours due to a power failure. On day 14 the rhodium complex catalysts were removed from both reactors
because reactor liquid level control indications appeared erroneous. On day 15 fresh rhodium dicarbony!
acetylacetonate was added to raise the reaction rate and an additional amount of the same phosphite ligand
employed was added. to maintain target concentration. ' '
"“" The’hydroformylation reaction conditions as well as the rate of Cs aldehydes produced in terms of gram
moles - per -liter per- hour and the linear to branched aldehyde product ratio of n-valeraldehyde to 2-
5 .. methylbutyraldehyde are given in TABLE 22 below. :
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; ﬂ155 508B1 [err] - EP O 155 508 Bl [err] y 20 wherein z2 and Z3 |
'f[g}e.”rlr]nd'l Vi dgal ly represent a group selected fromhydroxy and [err] y ,
Ler _019 ?R W are thg sanme as EI%H%@QD&BWl aim1l, and [err]  are hyarogén -
_.y. the groups given in claim1Il as substituents on Ar and W 14. A
e~rff-szrafe?ﬁ' ned |250I ai m'[13 wherein each y has a val ue of zero; QI S
err]..or. s a err] alkyl group; [err] and [err h |

dIV: dually are sel ected from hydmradieh22br anched Lhai n {err} g?ﬁcl groups.
rep?/al k$Fn§¥Lh-pgychhﬁxyl aﬂflhll- rret)_hyl cycl ohexyl; and Wis selected from ’
cr J.al kyl a-n ‘hyl, beta-napht yl andean aragl roup of t
rnul,a [err] Rayér Bfrﬁqeér"f:?&hnd Z4 are hydrogen or any of Igitzhegg'rogps git\rllgn

yoclaiml as fol Faet oD Ar and Wwith the i
| ai : provi so that at | east
te'ged?érgggo Reehe |t02 Iolr gtdl east both of &he& [er#§.land*3-err] gr oﬁpsbgﬁlha
e o o g%é%&’é’P}’t Z\?M are groups hayi g a s6.&ic3hisndrance of

_ _ W th the proviso thatg no §9re tigm three of th
1, -[err] andc¥@-Bptenps? are groups having agg'teeri C h'i:fldrance of isopropsl

g_r_:,eat_ter. 15 A LORESS as defined in claim 14 wherein Z2 and Z3 each
Lﬁf}gg ¢h2$ﬁ'f’pema FRy, cesglrjltls_ng [Srr] ~alkyl; Y gsutl Y254 e both
D def-rPnrealsmn.dPaH}?Jf ps; an V\/,J//S(ﬁﬁs)LQE/P@oS)I)W(ZOQroup. 16. A

Bce _ % wherein [e
Eg;lis/ ger.(rj] ad (pexad)hfertiary butyl; a”lrﬁ“{; @\?F@fo%@@é%&?ﬁgt sf).re;gm 17. A
cess as defiggedpifn)plfai m 15 wherein n 4/ 2&rdy 2448 - Wirbtlss as defi ned
“ .a_:_l_:l_.m 13 meﬂ'u%'er;el ’e@gigmnophosphi t e0.¢43nipl Bk éerr i DBt hodi um and

Trans-Butene 2 and o422

Cis-Butene-2, (psidH/a 0.%2(52.6)0.31(56.8, [ 61.2
Reactor No. 2
Temperature, °C 95.2 95.3 . 96.7
Pressure, (psig)}ifn rz7(18s) 27(85)427Q83
" Hy, @sidffa o.mQB.Z)O"/ﬂQO.'I)om@.O)
€0, (psia M o./ay(_l_s.1)4/:::@5.0)0.//046.0)
Butene-1, @sié [Fa 0.013 (2 . 7) 0,025 Q- 6}0..2;(3 .8)
Trans-Butene-2 and 0433
Cis-Butene-2, psia) Mfx 0.5%5(53.0) 0.453(66 .6) {@0.1)
. Results | o
_i..:Cg Aldehydes, gmol/1/hr 3.31 3.15 3.01
. L;l.nea.;'l_Brapched. Aldehyde Ratio 1.59 1.91 1.81

.. During this hydroformylation experiment the hydroformylation reaction medium was monitored for
" alpha-hydroxypentyl phosphonic acid via the same 3'P NMR procedure of Example 23. P NMR spectra of
" ‘40" samples of the . hydroformylation reaction medium taken from reactor 1 on days 7, 16 and 22 of the
: ~ continuous process showed na detectable amounts of alpha-hydroxypenty! phosphonic acid decomposition
product. Moreover, in this experiment the commercial grade Amberlyst® A-21 ion exchange resin bed was
purified before use via a series of elution washings to remove contaminate chiorides and aluminum oxy
. polymers (oligomers). The purification of the resin was conducted as follows. A 250 gram (630 m1) portion
" 45 of the resin was charged to a 50 cm X 36 mm glass column equipped with a stopcock and containing a
. .glass wool plug. The resin was washed with the following solvents at the given rate of bed volumes per
" - hour: (a) three bed volumes {1890 m1) of 10% aqueous HCI: (b) four bed volumes (2520 mi) of 5%
~ aqueous NaOH; (c) five bed volumes (3150 m1) of deionized water; {d) four bed volumes (2520 m{) of
" methanol and (e) three bed volumes (1880 m1) of toluene. The resin was then discharged from the column
" to a one-liter flask and dried at about 40° C and 1.3 kPa (10 mm Hg) pressure using a rotary evaporator. It
- is noteworthy that no chloride-rhodium complexes showed up on the 31p NMR spectra of this experiment
. . which employed the purified Amberlyst® A-21 resin. :

.7 Claims o - '
5 Clalms for the following Contracting States : BE, DE, FR, GB, IT, NL, SE

' 1. A hydroformylation process for prqducing aldehydes which comprises reacting' an olefinically unsatu- '
L .rat_e_d organic compound with carbon monoxide and hydrogen in the presence of a rhodium complex
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fr g€ di'or ganophosphite ligand al so present is - 55 EP 0
[err] 19: A process as defined in any one of claims 1 to 18, Wmmﬂm“‘m”“‘ '
conprises mnim zing deconposition of the free di organophosphi®e ti1 gand by *

20.... . (a) renoving a portion gfoibesdd 8i d hydrofornylation reaction - 1

medi um from the hydrofornylation reaction zone, (b) treating the liquid
medi'um so renoved with a weakly basic ani on exchange resin, and (c) IRTERE
returning the treated reaction mediumto the hydroformylation reaction ~ ™7 "%
zoné.: 25 20. A process as defi nedfABiEad% one of clains 1 to 19 wherein the ™
hydr-zo-gor nyl gt I on conprises a continuous catal yst containing liquid recycle
procedur.e.” DI0&E defined in claim20 whigg conmaeises renoving-a_ i
port.son of | il%@éd%ﬁygiﬁéﬁraﬁ}l ation reaction medium f rbom 'Enﬁe ) :
hydrof or myl at BittenecBetéd omotohe and passing said nedium either prior. to 30.
and/for -after gepafeati on of al dehyde product 42héref iént t H3ebigh a weakly

bast-c- ani on egﬁl}%}ggtwé_ip bed. 22. A process.gs dabi.ped 3znsany one of

clains 19 to erein said weakly basic ani,0p exghagge Jzegi n conprises a
cros¥ti nked t 618 1BYS$"87f ne pol ystyrene ani on éxchange resin of the gel or
nmaeroreti cul aReéror NbYPE. 23 A process for preparing a di organophosphite

| i gand havi ngﬂ;gfe:gguggglod‘ ornmula 40 [err] wgerein gsesr] &nd Z3 each :

i ndi: vi dual 'y £$gss%sr%qt(pgiagwgp sel ect ed,,w@j@syyﬂ;/@%) apdsprr] y. n, Re, Q

R 7 675086 . )adv 3. Yose? ) S
- €0, (psid Hia 0.185 27.5) 0056(8.Y04%12.7) .
Butene-1, (psia)M/a : 0.047 (6.8) oovylg.4)s452(7.3) - el
Trans-Butene 2 and L2 : S
Cis-Butene-2, (psid [fa 0.%2(52.6)0.3156.8, [ (61.2)
- Reactor No. 2 -

e Temperature, °C 95.2  95.3 96.7

T Pressure, @sia)}"(/’q, _ /'27(_185) /'77@85) /'Z7Q.83
Hy, (psid fifa 0.€33(78.2) 0470 . 7)o4769 . 0)

o, (psia) Mfa 0.104(15.1)0.%305.0p.1o16.0)

: Butene-1, (psi3 /Mfe 0.019(2.7)0.025 B.6Jos2(3.8) .
Trans-Butene-2 and 0.¥%83 ;
Cis-Butene-2, @sia)Hﬂu 0'355@3.0)0,95‘](66.6) ,(QO_-l)

- Results o )
.. Cg Aldehydes, gmol/1/hr 331 3.15 3.01
_ Linear/Branched Aldehyde Ratlo 1.59  1.91 - 1.81.

L During this hydroformylation experiment the hydroformylation reaction medium was monitored for

" .alpha-hydroxypentyl phosphonic acid via the same 3'P NMR procedure of Example 23. 3'P NMR spectra of

" ‘4p samples of the hydroformylation reaction medium taken from reactor 1 on days 7, 16 and 22 of the

- _continuous process showed no detectable amounts of alpha-hydroxypentyl phosphonic acid decomposition

~ product. Moreover, in this experiment the commercial grade Amberlyst® A-21 ion exchange resin bed was

purified before use via a series of elution washings to remove contaminate chlorides and aluminum oxy

polymers (oligomers). The purification of the resin was conducted as follows. A 250 gram {630 m1) portion

45 of the resin was charged to a 50 cm x 36 mm glass column equipped with a stopcock and containing a

. glass wool plug. The resin was washed with the following solvents at the given rate of bed volumes per

hour: (a) three bed volumes (1890 ml) of 10% aqueous HCI; (b) four bed volumes (2520 mL) of 5%

aqueous NaOH; (c) five bed volumes (3150 m1) of deionized water; (d) four bed volumes (2520 m1t) of

) . methanol and () three bed volumes (1890 m1!) of toluene. The resin was then discharged from the column

%50 to a one-liter flask and dried at about 40° C and 1.3 kPa (10 mm Hg) pressure using a rotary evaporator. It

* - is noteworthy that no chloride-rhodium complexes showed up on the 3'P NMR spectra of this experiment
.. - which employed the purified Amberlyst® A-21 resin.

" Claims :
- Claims for the following Contracting States : BE, DE, FR, GB, IT, NL, SE

o 1. _ A hydroformylation process for producing aldshydes which comprises reacting an olefinically unsatu-
""" rated organic compound with carbon monoxide and hydrogen in the presence of a rhodium complex

89



70155 508 Bi Ware the sane as defined in claim1, and
dr ogen or any of the groups given in claim1l as substltuEa dm!umj'mr”l’mm
‘ovi‘ded -that in case Wis a sugspiisssslsfr Yyl group, said subst it uént {s)s
ar.e) --bonded to t he para and/or ortho position of the aryl group in
ation to the oxygen atomthat bonds said aryl group to the phosphorus
m.and gkahGt §unsistingl@skehthmt ofahodiveracdmpere wifh daebon Jnonoxidaradd t fuerganophosphite
bst:i. { UeNjasd, Gand am ter ‘ydded) peagenck\/of iaf fraengliprgareplibsphite rigantl, Ehamatetiged rio dghwh thend not
“0f * t hetorgabptiosmhitaiigaad b@npiaxechwithpibs iodion sndthe frbredierggriophyerbiip fgapd arg@ath have
st eri C individiatyniigendsthavingalr foppyila or greater, which process conprises
acting. a correspondi ng organi c di phenolic conmpound wi th phosphorus :
chlori.de to feamanoarganicgophosphorochloridite internediate which in
'-i-j_q_s ‘reacted wjth a corresponthng nono-hydroxy conpound i-n the presence.
Tof an. HCl . accept @C oﬁproduce t he ired 10 di or ganophosphi te |i gand.
A" process as (e ed in claim 23 rein each Y has a value of zero; Q

gg’@:HZ _or [err(Qlins a [err] alkyl grouf; {&r] ¥nd [err] each

%5 dually are del ected from hyjlr/oﬂ%eﬁ, branched chain [er r(]I al kyl groups,

enyl , benzyl dﬁﬂzdt}exyl and 1-negNyl cycl ohexyl; and Wis 'sel ected from

r-]- aI kyl - Ag__8roups al pha0 apht hyl , bet a- napht hyl and an aryl group

the forrrul a xI¢

r]"-25 wherein [err] and [err] are hydrogen or any of the groups given

cl-ai' m dheadin 64dh§ tiridividdly HasOavaii oBM6k W\ \hist dvalul e Poray Qgsoa divedent akigihegrsdp bot h

t-he - [ esdidcted M [-€Hr - CiICHY)PdES- at | east both of the [err] and [err]

'OUpS---ONWais g usnbstiiued gasbpititsiphi-G e alky gaarduravistitgled opsybstitited fg-Cas &ylaarug;

1N ciwan c earaif eabts Spreppsantson idpniicat @ ditfegenicunaiibstiutedher qyb%sweg@rx' gepuP ﬁﬂeqtﬂﬁrf@mt han
ee .of. theylfrerna]ohtwig@fﬁﬂhfﬂgvlwps are groups having a steric :
ncesaist substiieripph Vb pndyirepingrselegter from Gr-Grsedlly! a@"Riethﬂé(bl "F‘W“‘(L"I a?rﬁ%('m

in ZEhaniﬁhYZ:}mé'a’é}’I'V' rcéii?Pégté'nfycFEﬁxY 1-mp Fyé’? 'r VC' 4 and.
ar e 9o Nifo. |5 r;gﬁ%y' @X ¥ N I X'ls'( ?ﬁ '. ﬁ}él ||

y (

35 %@N@&) %“é St D e I %@
. gggm ?l?cy gro S co(iaclt% ﬁ 1[wn‘f‘u %{e‘ﬁ (s t bstl

th( 9 ﬁoqépr EFI: ﬁ‘\? h rﬁet@roby%llcz er 0.
28. A BJ P 1o Shh cﬁ ‘)?ldb)ﬁ cf, SRR ANFRIGGIE bhh |
QW' "‘-n-gb nggcmd N'J‘cdn%ls rb@ﬂ?d’r w‘nle ﬁh’ubstlluents -P(O)(R°). one K¢ can also be hydrogen; sald -
> Argroups.being bonded through the ortho positions in relation to the oxygen atoms that connect the Ar
"groups to the phosphorus atom; and ‘any substituent, when present on such Ar groups or an aryl group
"W, being bonded in the para and/or ortho position of the aryl group in relation to the oxygen atom that
“bonds the given substituted aryl group to the phosphorus atom,
. provided that in case W is an aryl group at least one of said aryl groups Ar and W is substituted and
" not all of the total accumulative number of ortho positions on Ar and W are substituted with a radical
.- having a steric hindrance of isopropy! or greater.

' A process as defined in claim 1, wherein the olefinically unsaturated compound is selected from alpha-
~ olefins containing from 2 to 20 carbon atoms, internal olefins containing from 4 to 20 carbon atoms, and
. mixtures of such alpha and internal olefins.

~ A process as defined in claim 2 wherein the olefin starting material is selected from butene-1, butene-2,
~ isobutylene, and an olefin mixture consisting essentially of butene-1 and butene-2.

A process as defined in any one of claims 1 to 3 wherein the hydroformylation reaction conditions

" comprise a reaction temperature in the range of from 50°C to 120°C, a total gas pressure of

" hydrogen, carbon monoxide and olefinically unsaturated organic compound of from 6.9 to 10340 kPa (1

~ to 1500 psia), a hydrogen partial pressure of from 100 to 1100 kPa (15 to 160 psia), a carbon monoxide

. . partial pressure of from 8.9 to 828 kPa (1 to 120 psia), and wherein the reaction medium contains from
- 4 to 50 moles of said diorganophosphite ligand per mole of rhodium in said medium.

B, " A process as defined in any one of claims 1 to 4 wherein the diorganophosphite ligand complexed with
- - -the rhodium and the free d|organophosph|te ligand also present are each individually ligands having the
- .formula :

£ 90



: [err] 102 EP O 155 508 Bl 29. A rhodium conpl ex hy rof

zgatalyst conprising rhodi umconpl exed with a di organophosph ZHW”W“HIHHII l“",

efined in any one of clainms 23 &8 2fhs 53881~ I hodi um conpl e

tdr-of or myl ation catal ytic precursor corrp03| tion consisting essent [ aI y of *

biliz- 5 ed rhodi um di organophosphl te conplex, an organic solvent,

_d free di organophosphite lig char- acterized in that t he

rganophosphite |igand of s¥ d corrpl ex and free diorganophosphite | |gand

a,_l__.l gand as defined in clalm1. 31. A conposition as defined in claim 30

fierein ‘the rhodi um di gga SQBI te conplex is a rhodium 10 car bonyl

' r.ganophosphl te acet ¥l 3t onpl ex. PatentansprUche Patentanspri che

f of gende Vertragsstaate E. DENFR, GB, IT, NL, SE 15 1. |

r-of ornylierungsverfahren gQy_Herst epl ung wom Al dehyddrLI)wel ches unf al t

- Unset zung einer ol efini scr| Bngeslftigten organi schen Verbi ndung m t
l'ennonoxi d und V\asseést I n Anfesenheit eines

Rhodi:irkonpl exkat al ysag ¢ O wesent | i chen-aus nit Kohl ennonoxi d und
wngm' Di organ- ophosphi t1ioahgen konpl exj ertem Rhodi um besteht, und in der

-_gt._z__l_l chen Gegenwart eines flael en Di or ganophosphitliganden, dadurch

‘ennzei chnet, daR der mit d¥m Rhodi um konpl exierte Di or gan- . 20

osphitli gand und der freie Diorganophosphitligand jeweils einzeln

-’ganden MyhordiRrQ ROICME! or(-CACHa-; n is 0 or 1; Y!, Y2, 22 @nd 3 are hydrogen or the sam(eGss B9

L substituents on Ar and W defined in clainpp1 wih the *roviso that both Y' and Y? are groups having a

) ( Q_le)_S_tGMC hindrance of isopropy! or gredter34ddd W represents an unsubstitu{ediC) -Csd #iicy] group.

' 20 6 A process as defined in claim 5 wherein Y*' and Y2 are branched alkyl groups having from 3 to 5 carbon
" ‘atoms and wherein W is an unsubstituted G1-Cio alkyl group.

. .A process as defined in claim 6 where_ln ¥' and Y2 are t-butyl groups, Q is -CHz- and W is an
o _ unsubstituted C1-Cs alkyl group.

. ~ A process as defined in any one of claims 1 to 4 wherein W is a phosphonyl substituted alkyl group of
. 'the formula .

- -[C(FV)z 1WPONRE)

wherein each R® is the same or different and is individually selected from G C1s alkyl, phenyl and
cyclohexyl each R’ is the same or different and is individually. selected from hydrogen and Ci-Ca
.._i_alkyl P |s an integer of from 1 to 10 wnth the proviso that one R® can.also be hydrogen S

A process as deflned in cla|m 8 wherem Wis a -CHz CHz P(O)(Cs Hs)2 group.

X 'A process as defmed in any one of clalms 1 to 4 wherein the diorganophosphite ligand complexed with
the rhodium and the free dlorganophosphlte ligand also present are each individually ligands havmg a
* formula selected from

(ITT1)

'..a_n.d o
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: _r|n jedes y einzeln einen Wert von O oder 1 aufweist;

s#xyon 0 oder 1 hat; Q eine zweiwertige Brtckengruppe, ausgeWAhI ,H!Q”mw\ﬁ@ﬂlm

’AGH( CH3)- : - und -S-, isgpo\egbeERyNSUbstituierte oder St it

+CL-C a- Al kyl - oder eine unsubst tUI erte oder substituierte C6-

18- Aryl - G uppe reprasentiert; und jedes Ar eine identische oder

ht erschi edl i che unsubsti tui erte oder substituierte Aryl gruppe, ausgeWAhI t B
P p und Ant hracyl en, darstetlit; 40 AF der (die) -

Ar ausgewfhlt ist (sind) aus G -Clg kyl gr uppen,

henyl , Napht hy P thyI Tol yI, Cycl opentyl ,
/cl ®hexyl, 1-Met hyI c %ctyl ORE ethyl , Hal ogen,
i-tro, Cyano, Trifl uo¥gdihyl, Hydrox -"Siq ORG) 3, -N(R6) 2,

C(O)RG C(O)O?G - QQ O)R6 -C(QO R6)2 - N(Rg OR6, -S(O2 Rs,

- : kLN di esel ben oder

t sserstoffgruppen darstellt, die aus

- €28- Al kyl gru : pen und Aryl-, Aralkyl-, Al karyl- und

F‘ﬂ«cycl i schen Gruppen, die 6 bis 18 Kohl enstof fat one ent hal ten, ausgewahl t

nd,  m twl%?ern Mids9PRGe ogaﬁr |, SUBSL bl eRBREN ‘P”( K62 70,4884 FSare hydrogen or
Usamrengelo S dadys bived ﬂ%laﬁﬂ‘@?o\“@n@tsblﬂ@tugﬁs% BEH AHDRE: thebr6uigaitiat S8t both
ticlst of f%&m arfdd KeCqrbhipk &F QM bsts BE the W RRE YD bloGiRtan £lgivet @drbambphissphits ofund i n
Ubst i t ueinfite (MR8 Xik) are GoGIsNaVRR) ZstetRhindtidety (Soddyborjgedes aadwil tepuidene Rs

'h V\As s@itSih @drinuls @IYInd<more , thanethree delthb X', SED 8t artdUergrans al(dBupR6vinges sterfRE
“ebenf al | shifese€6tSdopiopyl SEreats0 kann; wobei die Ar-G uppen in Bezi ehung
%zZu.'don Sauerstoffatonen, die die Ar-Guppen nmt dem Phosphoratom verbi nden,

“Uberzodi1e. 8ptobess 3¢ eéfhemlgslamgﬁmmwrv‘ gich; aratmanchastsbiin liod gieersi havigLfiest 3 odent |
:-wenn er acarigertemsi gen Ar- Gruppen oder einer Aryl gruppe Wvorhanden ist, in
'Bezl ehung zu dem Sauerstoffatom das die %e gebene substituierte Aryl gruppe
san das 1PhO SieRess a8 eafined in glaim 10jwhergia thepligrggnophosphite ligand is seleGigd frif ey
rttho- Stel l ung der Arylgr uppe gebunden ist, 55 - mt der Ml gabe, daR
a 1% W eine Arylgr uppg , weni gstens ei ne der A@Lb ppen Ar und W
stituiert ist und nifcpi~a\Il e der akkunul ativen Ggsa ahl der
ho Stellungen an Ar @ mt—ePpem Rest substitfiert sind, der eine

’ opyI 0

e erfahr en we
Anspruch 1 defini ert, \Earbl ndung

evvghlt |st aus -

and .

92

EP 0 155 508. ...:



} phad efinen, die 2 bis 20 Kohl enst of fat one ent hal te'n, i nternen d efinen,

:dle 4 bis 20 KohI enstoffato- me ent haI ten, und M schungen der ullm n
und-interner Aefine. 5 3. Verf &tbp Anspruch 2 defi n?H“l“ﬂ ﬂ m””“l
: s_ A efin- Ausgangsmat eri al ausgewA I st aus Buten-1, Buten-2* ISoButylef

d"el ner O efinm schung, die imwesentlichen aus Buten 1 und Buten-2
[ 4. Verfahren wie in i rgendei nem der AnsprCchg_ g Ris 3 definiert,
fmr-.-.pn d| e Hydrofo W epamegr eakt i ons- bedi ngungen ei ne Re 9kt | onstenperatur

u_ge ttigter Verbindungjwer 6,9 bis 10340 kPa

psser st i al druck von N s 1100 kPa (15
bnMonoxi dpfa‘lrs?lL-Kr 8B kPa (1 bis
fi das Reaktig d| um 4 bi Mol des

Q Ml Eﬂo #0m in dem Medi umenth~I't. 15 5.

an] der sprUche 1 bis 4 definiert, worin der mt

T 3 gk ganophosphi t i gand und der CgBgnfalls :

__,_r_gandene freie sefiosphitligand jeweils einzeln L| ganden mt der

'r'rrel 20 28 Qn ’POOW

) 2~~~~ sind, 2: . 2,Z .s :

S; .._Wornk n 19 A Hidsss Q¢ @Sflnecg#% ondl& e 1 fo 4 Wh@enﬁ)@\@ Idio ﬁ ole:\‘rte Briplexed wWih @‘1623
d

sserst of f hefies attl Bb Ghe dRB RosbHith Wedn &A% t akd Kby RgafisSIvHG thel
ni.ert s;bmi"a gl nd m t g’r§H fléabgﬁ da%%gbcs)v\oﬁl Y1l als auchrb Y2 Gr'uppgn

.ei ner sterischen H nderung von |sopropyl oder grdaer sind; und W eine
substituierte G -C, 8- Allkyl gruppe darstellt. 40 6. Verfahren wie in
Ansprieeh 5 definiert, n yl und Y2 verzwei gte Al kylgruppen mt 3 bis 5
“Kohl enst of f- atonen si nd worin Weine unsubstituierte G -C,

Al-kyl gr uppe dagé’,-tel Verfahgen wie in Anspruch 6 definiert, worin Y
nd-Y2..t - Butyl gr uppen - - darstelit und Weine unsubsti tuierte

's'.'160 psi a), einen Ko
20’-_pS| a) unfassen und

S"'p:r"flﬁéhe' 1 bis 4 defini eCl,yworin Wein
kyl gruppe der Fornmel -[&RE 32 ]pP(O)(R6 )

: ‘ v
(C.Hz)y. (v)

_ wherein Z? and Z3 each individually represent a group selected from hydroxy and -OR®; y, n, R¢, Q and
W are the same as defined in claim 1, and Y', Y2 are hydrogen or any of the groups given in claim 1 as
- substituents on Ar and W. '

. A process as defined in claim 13 wherein each y has a value of zero; Q is -CHz- or -CHCH3-; R® is a
C1-Cio alkyl group; Y' and Y2 each individually are selected from hydrogen, branched chain C3-Ci2
alkyl groups, phenyl, benzyl, cyclohexy} and 1-methylcyclohexyl; and W is selected from Ci-Cisalkyl
groups, alpha-naphthyl, beta-naphthyl and an aryl group of the formula

. wherein X', X2 and Z* are hydrogen or any of the groups given in claim 1 as substituents on Ar and W
" with the proviso that at least both of the X' and X2 groups or at least both of the Y' and Y2 groups on a
given diorganophosphite ligand are groups having a steric hindrance of isopropy!| or greater, and with
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50 . darstellt, worin jedes R6 gl eich oder verschieden ist u I

‘Ci- G- 8- Al kyl, Phenyl und Cycl ohexyl ausgewdhlt Ist; jedes R mnmlmaum”"l
réf'schi eden ist und einzeln aus é{ya‘g und G- , C4-Akyl @usgew

. st; p eine ganze Zahl von 1 bi |st mt der MaBgabe, daB ein R6 auch
’V\asserstoff sein kann. .:55 9. Verfahren wie in Anspruch 8 definiert, worin ;
;_W eine - Otl%ﬂ:iﬂﬁ’{o@)wém-lﬁ\):%-tﬁimmm dansKeDEtY' &a. Y2\igoupa areegrovsenaling a steric -
i-rgéendei neinddece oAlsepogychrerebtebi s 4 definiert, worin der nit dem Rhodi um
ikoaneX|erte 104 EP 0 155 508 BI c L
M- S - 11 Aoprgeasd ph defiphd in ¢lajnrid whading@Erang 72 each| reryeseol BB & nieprpsepting Ci-Cro

: Dl‘ or gfanopw&slph‘l anfl Vtyerh doth Brgaghpd; chain Gz ks ﬁlkv_lgg)amew Wig 2 @-Gre kg geoug

%7 1y ~16. A prz()c%))ss as defined in claim 15 wh?;o,«rzn (z) nd Zéeacz rqpreggnt (eHgxy; Y‘(@[%?Y()gaSch represent

9. 35 éif%if;’é%ﬂlaf‘%wrﬁﬁf???ﬁﬁs meMY, worin n eonen Wert von O oder 1

I.aufvvel si (%r sqoﬂl mc%—(Cl—gwhe“ eutet. Y, v2,. X, X2, zZI, Z2 und Z3
Vassét s o APreRrsESPIER are 'h Rnspruch 1 fUr die Substituenten an W
;QU-I’I d Ar 9&3 %@&@ﬂfﬁ%ﬁéﬁt iH @Qﬁﬁ ﬂv‘*fa%' RE Qiorggﬂobhogﬁﬁte %&&Q@ wnrptﬁ?rh\é'&‘imh gﬁé fbs

_bEI‘ de der diotd phite ligand also present is

0 t-Bu
N\, @

t-Bu

cH, O

t-Bu

. . A process as defined in any one of claims 1 to 18, which comprises minimizing decomposition of the
e free‘ diorganophosphite ligand by o
(@) removing a portion of the llqmd hydroformylatlon reaction medium from the hydroformylatlon
- reaction zone,
.. (b) treating the liquid medium so removed with a weakly basuc anion exchange resin, and’
. (c) returning the treated reaction medium to the hydroformylation reaction zone.

- .'A process as defined in any one of claims 1 to 19 wherein the hydroformylation comprises a
- 40 continuous catalyst containing liquid recycle procedure.

21. A process as defined in claim 20 which comprises removing a portion of liquid hydroformylation
~reaction medium from the hydroformylation reaction zone and passing said medium, either prior to
and/or after separation of aldehyde product therefrom, through a weakly basic anion exchange resin
bed.

: 22; A process as defined in any one of claims 19 to 21 wherein said weakly basic anion exchange resin
comprises a crossiinked tertiary amine polystyrene anion exchange resin of the gel or macroreticular
type.

. 23. A diorganophosphite ligand having the general formula
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&G'uppen oder weni gstens ‘bei de der Y' - und Y2-Guppen an ei ne Imﬂgm
_Di'organophosphit der Forneln (111) und (I'V) G uppen sind, die '1"""”"””"’
teri.sche H nderung von |sopropylg® 55 .pr auf wei sen, 40 °

Mal.gabe, daBl .in Fornel (111) nic ?1 drei der Xl-, X2-, Y' und
2- & uppen G uppen sind, die eine sterl sche Hi nderung von | sopropyl oder
r6Ber ~aufwei sen. 11. Verfahrep wi e in Anspruch 10 definiert, worin Y1 und,
ver zwei gt kettlge Al kyi gruppen mt 3 bis 5 Kohl enst of f at omen si nd. 45 12
Verfahren wie in Anspruch: efiniert, worin der D organophosphitligand
sgewdhlt ist aus 501255 EP 0155050851

o |___-|v| S Ty . 3 {0 ' (1) H
T \ | t-cl 25———-Sct c4'419 t-CAHO ~ t  04H
D~~~~~~~. 30 und. 10 (?HZ)

~mmmmeat-C HO X-~~~ D-~- CMB C4 g 45 13.

Verfahren wie in i rgendei nem%r Ansprflche 1 bis 4 de'f |t0n| er wori n das

t, défn Rhodi um konpl exi er - (eCbejf ganophosphi t d der ebenfal s anwesende
i e Di organophosphitligand jleweils einzeln gan- L

\'/
z3 0 (V)

Y

_wherein Z2 and Z2 each individually represent a group selected from hydroxy and -ORS; y, n, R¢, Q and
W are the same as defined in claim 1, and Y, Y2 are hydrogen or any of the groups given in claim 1 as
‘substituents on Ar and W, provided that in case W is a substituted aryl group, said substituent(s) is(are)

-“bonded to the para and/or ortho position of the aryl group in relation to the oxygen atom that bonds
said aryl group to the phosphorus atom and also provided that al least one of Y', Y2, 72, 72 and the
substituents on an aryl group W, if any, is different from hydrogen and not all of the total available ortho
positions on the aryl groups present have a steric hindrance of isopropyl or greater.

" '24, A diorganophosphite ligand as defined in claim 23 whersin each Y has a value of zero; Q is -CHza- or

"~ -CHCHs-; R® is a C1-Cyo alkyl group; Y' and Y2 each individually are selected from hydrogen, branched

. ‘chain C3-Cy2 alkyl groups, phenyl, benzyl, cyclohexyl and 1-methylcyclohexyl; and W is selected from
""" C1-C13 alkyl groups, alpha-naphthyl, beta-naphthyl and an aryl group of the formula

x1

x2

wherein X', X2 and Z* are hydrogen or any of the groups given in claim 1 as substituents on Ar and W

with the proviso that at least both of the X' and )2 groups or at least both of the Y' and Y2 groups on a

given diorganophosphite ligand are groups having a steric hindrance of isopropyl or greater, and with

the proviso that no more than three of the X', X2, Y' and Y2 groups are groups having a steric
_hindrance of isopropyl or greater.

25. A ligand as defined in claim 24 wherein Z2 and Z3 each represent -ORE, R® representing C1-C1o alkyl;
Y' and Y2 are both branched chain Ca-Cs alkyl groups; and W is a C1-Cio alkyl group.

26. A ligand as defined in claim 25 wherein 22 and Z3 each represent methoxy; Y' and Y? each represent
tertiary butyl; and W represents methyl.

- 27, A ligand as defined in claim 26 wherein n is zero.

28. A ligand as defined in claim 23 having the formula:
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nmt def Formel 50 55 106 un  EP 0 155 508 Bi o
R . ' v ZV§2i%5£55:£~35~() sind, worin zz“!.lrl!jlclw“l!l“l‘s”“!ll

| ewei |l s einzeln eine G uppe darstel?en, di e ausge hlt I st aus dr
: CR6 _y, n, R, O und W_gl eich wie in Anspruch 1 \(Ij\gfi niert si ndl_zndm\(()ll ugg
.;‘:_.:\Aals:se.rstoff oder irgendei ne der G uppen, die in Anspruch 1 als 1
-:;-Slubst|.t uenten an Ar und Wang_@g‘@b’en sind, darstellen. 14. Verfahren wie in
zAnspruch 13 definiert, worin jedes y einen Wrt von O hat; Q fU -CH2- oder
CHCHSZS steht; R6 C -d o- Al kyl gruppe darstellt; Y und Y2
E\m{égllzs ei nzel n aﬁ‘ge hi aus0 Wasserstoff, verzweigtkettigen
usge\'/A\v: m/![girgt)pau,s:, O_he _ Alniy:" Cycl ohexlyl un"%‘-’Met hyl cycl ohexyl ; und
ot~ - . r - 3
d_._."ei ner. Aryl gruppe der For mgl 3)6 ’ r;en, aopha i, beta-haphthyl
. worin X, X2 un z4 Vassers{off oder i'r gendei ne %\(r:]}s!%ruch 1 als
ﬁg?smkt uenten an Ar und Wg angegebenen G uppé& arstellen, mt der
dbvg$1e ng weni eRs und X2- Gruppen oder weni gstens beide
hepe Y1- un Y2- Gruplien_ an gegebenen Di or ganophosphi tli ganden G uppen
Ma-”el ner sterischen H nde von | sopropyl oder grofer sind, und mt der
.3g%be, daB nicht nehr als dilei der X1-, X2-, Yl- und Y2-Guppen G uppen |
er'f"a:Lpg;\ xgr:ﬁcgen Hi nﬂerlzng"\kh | sopropyl oder grdoer sind. 45 15
"ehen', nwein A PC, n knyl niert, worin Z2 und Z3 jeweils fUr -OR6
. 29. A rhodium complex hydroformylation catalyst comprising rhodium complexed with a diorganophosphite
ligand as defined in any one of claims 23 to 28.

_ 30. A rhodium complex hydroformylation catalytic precursor composition consisting essentially of solubiliz-
od rhodium diorganophosphite complex, an organic solvent, and free diorganophosphite ligand, char-
acterized in that the diorganophosphite ligand of said complex and free diorganophosphite ligand is a

“ligand as defined in claim 1.

- 31. A composition as defined in claim 30 wherein the rhodium-diorganophosphite complex is a rhodium
“e - carbonyl diorganophosphite acetylacetonate complex. |

. _Glalms for: the following Contracting State : AT

1_._" * A hydroformylation process for producing aldehydes which comprises reacting an olefinically unsatu-
" rated organic compound with carbon monoxide and hydrogen in the presence of a rhodium complex
" catalyst consisting essentially of rhodium complexed with carbon monoxide and a diorganophosphite
" ‘ligand, ‘and in the added presence of a free diorganophosphite ligand, characterized in that the

.. diorganophosphite ligand complexed with the rhodium and the free diorganophosphite ligand are each
individually ligands having the formula

ar) o

((llﬂz)y )
(Qn P-0-W

[ - (1)
(Clﬂz)y- /

(or) — 0

" . wherein each y individually has a value of 0 or 1; n has a value of 0 or 1; Q is a divalent bridging group
. selected from ~CHz-, -CH(CHa)- and -S-; '

W is an unsubstituted or substituted C1-C1s alkyl or an unsubstituted or substituted Cs-C1a aryl group;
" and each Ar represents an identical or different unsubstituted or substituted aryl group selected from
~phenylene, naphthylene and anthracylene;

said substituent(s) on W and Ar being selected from Ci-Cys alkyl groups , phenyl, naphthyl, benzyl,

phenylsthyl, tolyl, xylyl, cyclopentyl, cyclohexyl, 1-methylcyclohexyl, cyclooctyl, cyclohexylethyl, halo-
. gen, nitro, cyano, trifluoromethyl, hydroxy, -Si(R®)s, -Si(OR®)s, -N(R®)2, -C(O)RE, -C(O)OR®, -OC(O)RE,
-C(O)N(R®)2, -N(RS)C(O)R®, -S(0)2R®, -S(O)R®, -ORF, -SFE, -P(O)(R%). whersein R® individually repre-
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idar'stellt; Y1 und Y2 beide verzweigtkettigte C3-Cs-Al kyl W
ietne G -G o-A kylgruppe darstellt. 50 16. Verfahren we ?Mﬂmm‘mmm ﬂ“
definiert, worin Z2 und Z3 jewei Iﬁ,ﬁ@,ﬁ; #@téﬂpxy stehen; Y1 und®Y2-j eheil
Hlr tertiares Butyl stehen; und W Met darstelit. 17. Verfahren wie i n
___Anspruch 15 definiert, worin n O ist. 56 18. Verfahren wie in Anspruch 13
cdefiniert, séms the sdms ofTHTferdﬁmthb’dafbbmmol{mns@Ieemdl @orh €1 0h O alRyd Ig@PPROED Nt anakgdl, der
-ebenfal | s axagsandicyticajrapOiatatying droinasp B tchibgraatems Gith the provigutha€B8Bsubstituehts
-;@. _ -N(R¢)> each R¢ taken ttegBiher*agn also represent a divalent brldg'nggmuptrpt forms a heterocyclic
O . | QBMB v@R3h@ nitrogen atom and in substituentg NG )z,-C(O)N(R®) and -N(R?)C(O)R® each R®
[ Ax~~~ts- Bu ibBnded 2N camalso ke ivdiepsyivhilp i subptiuprierRR(FRRle 9NIBT cansisp be Bysooenispid 18
=definiert, An/@roewet@mmbenqw Hrovplethg ﬁ@*‘°d@?t'"02étl‘r§é‘?“°"i%ﬁ oFgen ?tg'%ﬁ teag connect the Ar

ru }]
%S;gﬁgfme E’I ﬁ‘?g%{ﬁ%ﬂ ﬂEntP'E’naoEé ﬁﬁf fuep n‘t‘ggg FSPIBJ Iwamr:‘ngto e§ox£g§§l% Meisi

tlo
Jlerungsre ‘155'*%*?“@” s ;5 £ PaAE By 9 SBRMR
¥ atbl és an ar rou one aid ary’ Jr up: d it .n
“gh? Q:elkf Unhr Lﬁﬁ U?%gi %‘érmﬁ:é!lutatw (2!% 5 élt:gé on Ar and Wsél\'bgtrb@tﬁutgd \HI 8 al

<Hydr of or nyl'i er ngsrea |onszone u 20. Verfahren W e in irgendei nem

“der Ansps, Ucmﬁ'oélespbssdeiu%dq@lebum 1ecvﬁereu¥\@\5 biaflrﬁi:‘aﬁ‘y Uiy RE DERMPbiranid IRl Fom alphd0
skont i nyli er | §igiREsntdfing #brh @ho 5d Eartddh QtoliE Gidrhal SIbFRE UéHghirkR Moot ta Y oA latoms, and
“ent hal t endehixififed sl ihh antiThiaBkiolefirk, Verfahren wie in Anspruch 20
“definiert, welches die Enffernung eines Tells des fl Ussigen Hydroforny-
lirer ungsaeakbrbmsmwumsn clai® 20ereinyich abffio stanihg waterrayis seleckedi fomspnet, bndneka s
'Dur chl ei t erisatietglendeglidia®lefiremixiwecensisticr essentidlip dEbutanerd Andtanefinung von

AI dehydpr odukt daraus, durch ein schwach basi sches
4. A process as defmed in any one of claims 1 to 3 wherein the hydroformylation reaction conditions

comprise a reaction temperature in the range of from 50°C to 120°C, a total gas pressure of
hydrogen, carbon monoxide and olefinically unsaturated organic compound of from 6.9 to 10340 kPa (1
to 1500 psia), a hydrogen partial pressure of from 100 to 1100 kPa (15 to 160 psia), a carbon monoxide
partial pressure of from 6.9 to 828 kPa (1 to 120 psia), and whersin the reaction medium contains from
4 to 50 moles of said diorganophosphite ligand per mole of rhodium in said medium.

‘6. A process as defined in any one of claims 1 to 4 wherein the diorganophosphite ligand complexed with
* . the rhodium and the free diorganophosphite ligand also present are each individually ligands having the
formula

Q) P-0-W (11)
!

40

45 .

whersin Q is ~CHz- or -CHCH3-~; n is 0 or 1; Y', Y2 Z2 and Z® are hydrogen or the same as the
substituents on Ar and W defined in claim 1 with the proviso that both Y' and Y2 are groups having a
steric hindrance of isopropyl or greater; and W represents an unsubstituted C1-C1g alkyl group.
50
6. A process as defined in claim 5 wherein Y' and Y2 are branched alkyl groups having from 3 to 5 carbon
atoms and whersin W is an unsubstituted C1-C1o alkyl group.

- 7. A process as defined in claim 6 wherein Y' and Y2 are t-butyl groups, Q is -CHz- and W is an
-85 . unsubstituted C;-Cg alkyl group.

"~ 8. A process as defined in any one of claims 1 to 4 wherein W is a phosphonyl substituted alky! group of
the formula
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.- Ani onenaust auscher harzbett unfaft. 22. Verfahren we | | nem
sder AnsprUche 19 bis 21 definiert, worin das schwach basi sche I"I,ﬂ WT"””’I”H"[
}-*Am onenaust auscherharz ein ver nﬁ,zdfﬁ-,gogrg i ares

‘Ami-n- Pol yst yr ol - Ani onenaust auscherharz vom Gel- oder makroreti kuI aren Typ ¥

funfaft. 40 23. Diorganophosphitligand nmt der allgenmeinen Formel 45 50 55
-.'-'e108 - EP0155508B1 * c L M s *

PO - W~~~ / t5
i l;.z. 3 4 t wherein e(acg_g‘ is the same or different and is individually selected fro \)§1 -G ahyhwehieP axd  und
.Z3. | éwei | sydahmykieachenis ty sasireordiffecant pdein '"dmdéa"wg'q@%ﬁ*ﬂ"% hydsqgenygad fyBy oxy

“und. - ORG; alyh mis apystegen of fiem W°gﬁ°e‘i’"3‘ﬁhwr%"'ﬁ°ﬁhah?f§& (eI RELWHRGBr t sind und Y,

Y2 wa ff od d de | s Substituent A
e Ak b "é?HE"g'Hr”Eq aefpﬁﬁagzéibé %‘g%pf al |§vp .
.?SUbSt ! t‘w I’tn:%eéas‘r ldgtr n 9 91 %rﬁd of rms1 o% hésre' %r;“ o'i"g%n gs ite n %% X Qﬂ.tﬁ”m
Sauef'sto E\ ?géo LSRG ggf (fqrgur%pyﬁo rug%e “ge u;r%g d"aTI Aﬁd&s’h

_'.-;dl e par a-dc;,m

‘auch nit der Ma~gabe daB weni gstens ei nes von Y1, y2, Z2 und 23 und der
=Substituenten an einer Arylgruppe W falls vorhanden, von WAsser st of f

ver sghi eden ist und ni al l e der gesamten verfUgbaren ortho-Stellungen an
en_ vor handenen Aryl gruppen eine sterische H nderung von |sopropyl oder

=gr-6oer aufwei sen. 30 : : 1
S 2 — O 0
. < 5 N (III)

@ | \‘P—O

- and

(IV)

T4 wherein n has a value of 0 or 1; Q is ~CHz- or -CHCHs-; Y', Y2, X', X2, Z!, Z2 and Z3 are hydrogen or

' have the meanings given in claim 1 for the substituents on W and Ar, with the proviso that at least both

of the X' and X? groups or at least both of the Y' and Y2 groups on a given diorganophosphite of

formulae (Il) and (IV) are groups having a steric hindrance of isopropyl or greater, and with the proviso

that in formula () no more than three of the X', X2, Y' and Y2 groups are groups having a steric
hindrance of isopropyl or greater.

. . 11. A process as defined in claim 10 wherein Y' and Y2 are branched chain alkyl groups having from 3 to 5
carbon atoms. :

- 12. A process as defined in claim 10 wherein the diorganophosphite ligand is selected from
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“24 . Di or ganophosphitligand wie in Anspr uch 23 definiert, worin “\
sei-nen Wert von 0 hat; Qfir -CH2- oder - - steht; R6 ei ne \\!ﬁﬂ ‘“‘“““‘\‘“\
:a -G o-Al kyl gruppe ist; Y und YZEF} gwggALfia 1nze| n ausgewghit s aus. ; ®
Masserstoff, verzweigtkettigen C3- yl gruppen, Phenyl, Benzyl,

“Cycl ohexyl und 1-Methyl cycl ohex- yl; und Wausgewdhit ist aus C, -G,

-a~ Al kyl gruppen, al pha- Napht hyl, beta- Napht hyl und ei ner Aryl gruppe 35

%.’_-der Formel x| 40 t-C + z4 x2 45
:;V\DI‘I n X, X2 und Z4 Wasge die in

—oderp i rgendei ne der
An Ar u Wangegeben SifAt
der X - d_X2- uppe
SO gegebenen B Grgﬂ
dg™on | sopfopyl oder gr&Ber/sind, und nit der
_ - -dr der X -, X2-, Y' und Y2- G uppen
;'Gruppen m't einer steri g von | sopropyl _d@r roler sind. 25.
“Lirgand®wi e in Anspruch 2 , worin Z2 und Z3 jewei¥s fir -OR6
stehen, wobel RI C -G o-Akyl darstellt; Y1 nd y2 beide verzweigtkettige
{C3- C5- Al kyl gruppen sind; und Wi gegd -d o- A kyl gruppe ist. 55 26. Ligand
‘W e in Anspruch 25 definiert, wori 22 und z3 jeweils fO Methoxy stehen;
YN undgy2 jeweils fO tertiaresjButyl stehen, und WMethyl darstellt. 109
P 0 155 508 Bi 27. Ligand wie ] n Anspruch 26 definiert, worin n O ist. 28.
' mt der Fornel: 5 t-Bu |

menl st ens bei de
I gafrden Gruppen

|va| gabfe daB weni gst ens berd
;;-der Y1l-und Y2-Gruppen an eiQ

E.':f'l\/la(gabe dal nicht nehr

ert,

.. 20

P-0

26

and

e ., .
@, B O/
@@ | . t- C,Hg

13. A process as defined in any one of claims 1 to 4 wherein the diorganophosphite complexed with the
rhodium and the free diorganophosphite ligand also present are each individually ligands having the
formuta

- 80
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SRS oot 0 LT R R

|~ p

20 29. Rhodi unkonpl ex- Hydrofornyh %rﬁ {;gﬁal ysator, unfassend *Rhod

konpl exiert mit einem Di organ- op osp I ganden wi e in irgendei nem der
Anspr Uche 23 bis 28 definiert. 25 30.

Rhodi umkonpl ex- Hydr of or i erungskat al ysat or-Vor | | uf er zusamrenset zung, im
wesentTichen beste- hendaus |6slich gemachtem '
Rhodi um Di or ganophospphi+{Konpl ex, ei nem or gani schen L6sungsmittel und ei nem
f-r.ei en . Di or gano ﬁosp yTy anden durch gekennzei chnet, daB der

D| organophosphl t1i gay und der freie Diorganophosphitligand
ei'n Ligand wi e in Ansy -' 1 defl ni e ist.-31. Zusammensetzung wie in
Arlspr uch 30 definiert, § _der Rhodi umDi or ganophosphi t - Konpl ex ein

Rhodi unctar bonyi di or gano? ogpm tacetyl acet t- Korrpl ex ist. Patentansprtlche
f:Ur fol genden Vertragss AR AT 35 -1. Hydr o O{J gsverfahren zur
Herst(gl lung von Al dehyd¢OH,yel ches unfalt di nse zung ei ner dNefi nisch
urigesat ti gten organi schen %e Ybi ndung mt | enmonoxi d und Wasserstoff in
Anwesenhei t ei nes Rheddnkonpl exkat al tors, der imwesentlichen aus mt
Kohl-enmonoxi d u&c’ﬁ e' or gan- g sphitliganden konpl exi ertem Rhodi um
besteht und i n-der I Chen genwart eines frelen 40

Dior ganophosphi t|i gakeeq, dadurch gekennzeichnet, daB der mt dem Rhodi um
korrpl exi erte Di organ- ophosphitligand und der frel e Dior ganophosphl tligand
j;ewei |'s einzeln Ligandeh nit der Fornmel (Ar) O 45
~"4("2)y(Q)n P- O- W60 ~ C2) y/ (1)
(Ar) = wherein Z? and Z® eqgh gidividyallp Bpresent gunovmsejecide frony hysiraxy eddrOBF:ryem RiQ endvon 0
Gder - 1 auf Wedrathe semecasrfisfinedény qlairg rand Yh Y& pre Dydiegen or@nE Pirfe grows @iven i glaim 1 as
Brfakkengr uwet'tueawgéwmw aus -CH2-, -CH(CH3)-

. 14. A process as defined in claim 13 wherein each y has a value of zero; Q is -CHz- or -CHCHs;-; R® is a

26. - C1-Cio alkyl group; Y' and Y2 each individually are selected from hydrogen, branched chain C3-Ci2

~ alkyl groups, phenyl, benzyl, cyclohexyl and 1-methylcyclohexyl; and W is selected from C;-Cizaikyl
- groups, alpha-naphthyl, beta-naphthyl and an aryt group of the formula -

Xl

.:......_., o ._.. . . . xz

wherein X', X2 and Z* are hydrogen or any of the groups given in claim 1 as substituents on Ar and W
with the proviso that at least both of the X' and X2 groups or at least both of the Y' and Y2 groups on a
given diorganophosphite ligand are groups having a steric hindrance of isopropy| or greater, and with
the proviso that no more than three of the X', X2, Y' and Y2 groups are groups having a steric
hindrance of isopropyl or greater.

- 15, A process as defined in claim 14 wherein Z2 and Z3 each represent -OR®, R® representing C1-Cio
45 alkyl; Y' and Y2 are both branched chain C3-Cs alky! groups; and W is a C1-C1o alkyl group.

16. A process as dsefined in claim 15 wherein Z2 and Z2 each represent methoxy; Y' and Y2 each represent
tertiary butyl; and W represents methyl.

17. A process as defined in claim 15 wherein n is zero.

18, A process as defined in claim 13 wherein the diorganophosphite complexed with the rhodium and the
free diorganophosphite ligand also present is
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“und -S-, ist; Weine unsubstituierte oder substituierte d - C|
~eine unsubstituierte oder substituierte CE- 110 EP 0 155 ay j"l"nz’j ’m
o1ty 111111 11111 10 C18- Arégo%-,umeb{ eprasentiert; un 4 ede

“f‘denti sche oder unterschiedliche unsubstituierte oder substituierte

“Aryl gruppe, ausgewahit aus Phenyl en, Naphthylen und Anthracylen, darstelit;
“Wobei der (die) Substituent(en) ssBY/ und Ar ausgewahit ist (sind) aus

.0 -Cis-A'kyl gruppen, Phenyl, Naghthyl, Benzyl, Phenylethyl, Tolyl, Xylyl,
.Cycl opentyl, Cycl ohexyl, 1- hyll cycl ohexyl, Cycl ooctyl, 6

=Cycl ohexyl et hyl ,” Hal o en, N Cyano, Trifluornmethyl, Hydroxy

+~Si (R&)3, - Si (OR6) 3, <3 5,0. c(0)0R6 - OC( OB, C(O)N(R6 )2,
«=N(R6 ) C( ) R6, -S(0)2R6 CR% “P(O) (R6_)2, worin R6
<e+nzel n di esel ben oder unt er schiled! i che | envasser A1 e gruppen darstellt,
wdie aus G -G - A Kyl grup- pen urnd Aryl - Wﬁ 061%(3

sl i cyclischen G uppen, die 6,0+4 18 Ko/nstoffatome ent fal ten, ausgewahi |t
7si nd, it der Mat gagﬁl a3 stlt nten -N(R6)2 jedes R6
'.;;;zusamTengenom‘ren auct'y #e zwei wertige Brackengruppe, die mt dem
“Stickstof fatom eine het er ocyelHsche G uppe bildet, darstellen kann, und in
=éf.Substl tuenten -N(R6)2, -C(ON(R4)2 und -N(R6) (O R6 j edes an N gebundene R6
-auch Wasserstoff sein kann, wahresBuin Substituenten -P(O) (R6)2 ein R6
8benfall s Wasserstoff sein kann; wobei die Ar-Guppen in Beziehung zu den
“Sauerstof fatonen, die die Ar-Guppen mt dem Phosphorat om ver bi nden, Ober
~di.e" or t hae.Sk enlol:dsﬁlgeaefgabu raghe bnesaf REimsuntd 1804hsh comgrspd@inimiBgdeconpgeitian of the] 5
wenn er an fwekardivdahapbosphite-ligindppen oder ei ner Aryl gruppe Wvorhanden ist, in
Bezi ehoing zu (gJemmSingen prtinf d trfquidaydrdioenyiptionetyation S\eBiYT i for e théd"?i?'y‘ly@?%ppe
can._das . Phospheactédnaanebi ndet, in der para- und/oder ortho-Stellung der
“Aryl gr uppe gdbumetiog thediguid WPQ'UTEEWGWE‘BQ&B%E werkly bpsi prion\gxetpnge r%"}/?’{j’ruppe i st,
‘weni gstens ei(figoteraing e ypaRd IpAsHen mgdivTe tharrefeVIalindPactign@Pie nd” ni cht al | e
sder. akkunul ativen Gesant zahl der ort, ho teI{ a%’ﬁen
S

n
{:'E:l nemzReg? A (PSPTSt B3 g?fine% "h a"y st 8]‘ erein e){,drolflorm\//l%turc])n Ictgrggr?sg% ;l

inder. gr.oi er°°§U¥’9\H§|°§tf"y3tf°"t%?gf'Qﬁ’géeﬁy‘i/ﬁ ‘éroﬁeﬂur%\nspr uch 1 definiert, worin die

wofefinis Xn esat 1! Q& V r dédr\rqw iU WAL Lndvil 2! dh &]h%rbf&?rﬂhatlcﬂI e 2
IS _,20 éhl Rhe aﬁ&%%metﬁéﬁﬁ di6thyla ont %ﬂfﬁnzo %ﬁdﬁﬂégf; i n%;l Bh SeitkE} prior to
: | engt of féh Br affg? s@d}uﬂ@d i€ keny4d q:r QRN thFREIRE WodkB badlc RRiBn extAshgh RdsRI ner

“ef 2 ne bed.

" . 22. A process as defined in any one of claims 19 to 21 wherein said weakly basic anion exchange resin
" comprises a crosslinked tertiary amine polystyrene anion exchange resin of the gel or macroreticular

" type.

: 23, A process for preparing a diorganophosphite ligand having the general formula

1
- 22 0
P | (FH2)y
o ' (?)n P-0-W
(CHZ)y
‘..50.
z3 0 (V)

Y
wherein Z2 and Z3 each individually represent a group selected from hydroxy and -OR¢; y, n, R®, Q and
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.25 3. Verfahren wie in Anspruch 2 definiert, worin das
- Oefin-Ausgangsmaterial ausgewghlt ist aus Buten-1, Buten- 'mmm!, LH"M”H'H
~einer definmschung, die imwesepykd shpegy aus Buten-1 und Bt en-

i4. Verfahren wie in i rgendei nem der AnsprCche 1 bis 3 definiert, worin die

. Hydr of ornyl i erungsr eakti ons- 30 bedi ngungen ei ne Reakti onst errperat ur im
" Ber ei ch WynareShe &ine ai 26in€l inelaiven akse¥'avh apsaisdrogekor amnof Wesgs@ips giadnfin claim 1 as

" Kohl ennoreokstitieninioh & aafl Wiipeeikleditha) dscabe Wgt @subsidutést and grogp, gt s@sBudpl(®) istB840 kPa
(1 bi s 1900ded;to the para andionyrthogriositian diNte seml gtoal npaletion 4¢ the wagew glem1tl® bbds 1100
kPa (15 Iraid an gr o foatfie pldsphorts ietsi axdratsa erdvidprhingti at legstcneiokY'y ¥t 28,23 apd theg28

. kPa {1 bi %‘bsl'%"ti)gﬂ aD) ary| grouR ¥e i 2§ diflerentriromcydrreealend ot Shefdheiptplavaiplde grtho | ;
~des Di or RHERIRES PFRAY Qrﬂé’ﬁ(&@ﬁe nbhaye RBeriTsEANER | 'sﬁpra@’l’r?rl\%?ﬂ%m enthalt. 35 5.

" Ver f ahr en""'\ﬁhep'?‘ﬁs F 2 & SOk "EkPéqaﬁ!'cﬁ "ﬁé‘?’?‘?‘?f"é"r prith RR‘PF hod§er i t
dem Rho rgEg COrp %H mt? ﬁe ? tur d with :

= vor handen r'?slp%']h gQP (8%!?8@ %’f‘ t s?"@ T" Hei %5%8I°h tc’l_'i’rﬁéal'ﬁ?i ] ‘1%5{9 der
é'_-FQrmaI 40" PR (11) 50

- ' roces Qs d ﬁecﬁh Qgrm Mﬂe naeacwaa Qa@fe of Qﬂg@s &%V st %hbﬁg- |Q aOder 1
isi; a@c i o b e el e e B ek HER LA Sy A und
W di e l e g ri,l Gy bftlohex§H 44 1-dtiYidycidhetyl dRd W5 &m,froﬁlﬂﬁ (ﬁ?‘éﬂ;h Y

cal s s E%r&upﬂ,%ﬁhé%htﬂl beta-naphthy! and an aryl group of the formula C S auch
Y2 Gruppen mt einer sterischen H nderung von |sopropyl oder gr ol er si nd:
~und Weine unsubstituierte G -C, a -Al kylgruppe darstelit. 6. Verfahren
=zwe in Anspruch 5 definiert, worin ¥*und Y2 verzweigte Al kyl gruppen mt 3
..bis 5 Kohl enst of f -

.. 20 Zl'

<2

wherein X', X2 and Z* are hydrogen or any of the groups given in claim 1 as substituents on Ar and W
with the provisc that at least both of the X' and X2 groups or at least both of the Y' and Y2 groups on a
given diorganophosphite ligand are groups having a steric hindrance of isopropyl or greater, and with
the proviso that no more than three of the X', X2, Y' and Y2 groups are groups having a steric
hindrance of isopropyl or greater.

25. A process as defined in claim 24 wherein Z2 and Z® each represent -OR®, R® representing Ci-Cio
.- alky}; Y! and Y2 are both branched chain C3-Cs alkyl groups; and W is a G1-C1o alkyl group.

. A process as defined in claim 25 wherein Z2 and Z® each represent methoxy; Y! and Y2 each represent
- tertiary butyl; and W represents methyl.

27. A process as defined in claim 26 wherein n is zero.

40 28. A process as defined in claim 23 wherein a ligand having the following formula is prepared:

t-Bu

50

BT
t-Bu
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' 5 atorren sind und worin Welne unsubstituierte G -G
____darstel lt. 7. Verfahren we in Anspruch 6 definiert, worin Y' I@l'm m””"!
“t-Butyl gruppen sind, Q -CH2- dar g} ks %Y\/el ne unsubstituierte

“Al kyl gruppe bedeutet. ,0 a Verfahr en we In irgendei nem der AnsprUche 1

bis 4 definiert, worin Weine Phosphonyl -substituierte -*

‘Al kyl gr uppea mﬁdlurﬁeérﬁﬁéx hy birici yRtigridalat ddbprsthg $tdium coipiset @iith b diowgandphospigiele s
‘R6_gl ei ch ogard a¢@bed inedeond B tlaied3 @i2szel n aus G -G a- Al kyl, Phenyl und

“Cycl ohexyl ausgewghlt ist; jedes R7 gleich oder verschieden ist und einzeln
-aus . \Wassae.sA dibdiura ol hydeoNMlaylbn Gatrtyje pidbvrsor tamposifpn gprsistingogssentiaiy lat solubifiz- 1

‘bi's 10s i st ;ednhediuie diolgneghsehite derfblex an REaniedlyemaansides wisrgenepbesphitedigend. g 9

“Ver f ahr en victsrized in\Hheithe dlarggnogledtsphie dgand ofwesid gpmiplex piree diorganophosphite ligand s a

- CH2CH2P( O)'(gw-ﬁ)dﬁfl"@ tiysen dar steil t. 10. Verfahr en wiein i rgendel nem der

“AnsprUche 1 bis 4 definiert, worin der mt @’2 Lﬁm%)lﬁ np exi e eh
Di or ganophd’ WRW'F“%‘a?fddeU 'EI(—?P'"bB%H % g‘e\fB‘T'df‘r'Hh REORP ge omplox 1 & fhodium
“Di orgdﬁopho‘? o Fieganeangse iaTeéya@?ﬂT cr‘fmﬁl’@anden mt einer aus 25 10:

2.0 . ?e xl 40~~~~ 40
Patentansprliche

236 Patgntansprilche fr f em%eﬁ?agjsstaatgﬁq BE; DE, FR, GB, IT, i, 5¥) 0 55 ausgewAhlten
~Formel sin en Wert "von eér 1 aufwelst; Q -CH2- oder - CHCH3-

“bedeut,gt 3 YI:IydroYczmyllgllun s&g'iahrgn 7zurzﬂer§{§]ﬂngz3onv\ala§ﬁﬂe$t Qrfelf:hed&fnﬁéﬂﬁ'd‘eelﬂh\@@eﬁg ghe i n
-";Ans pruch 1 Sigrhiseh ﬁlggd&%@feh TokyBMEcREh PaMbiNuAgl Ahit Kohlenmonoxid und Wasserstoff in Anwesenheit
e eines Rhodiumkomplexkatalysators, der im wesentlichen aus mit Kohlenmonoxid und einem Diorgan-
ophosphitliganden komplexiertem Rhodium besteht, und in der zusétzlichen Gegenwart eines freien
Diorganophosphitliganden, dadurch gekennzeichnet, daB der mit dem Rhodium komplexierte Diorgan-

20 ophosphitligand und der freie Diorganophosphitligand jeweils einzein Liganden mit der Formel
' (Jl\r) o
- N
(Qn P-0-¥
| I
((iﬁz)y / ( )

0

(Ax)

- sind,
* worin jedes y einzeln sinen Wert von 0 oder 1 aufweist;
~n einen Wert von 0 oder 1 hat; Q eine zweiwerlige Brlickengruppe, ausgew#hit aus -CHz-, -CH(CHs)-
“und -S-, ist;
W eine unsubstituierte oder substituierte C1-C1g-Alkyl- oder eine unsubstituierte oder substituierte Cs-
Cis-Aryl-Gruppe repréasentiert; und jedes Ar eine identische oder unterschiedliche unsubstituierte oder
substituierts Arylgruppe, ausgewihit aus Phenylen, Naphthylen und Anthracylen, darstellt;
40 wobei der (die) Substituent(en) an W und Ar ausgewdhlt ist (sind) aus C1-Cis-Alkylgruppen, Phenyl,
~ Naphthyl, Benzyl, Phenylethyl, Tolyl, Xylyl, Cyclopentyl, Cyclohexyl, 1-Methylcyclohexyl, Cyclooctyl,
Cyclohexylethyl, Halogen, Nitro, Cyano, Trifluormethyl, Hydroxy, -Si(R®)s,-Si(OR®)s, -N(R®)2, -C(O)R¢,
-C{O)ORS, -OC(O)R®, -C(O)N{RF )2, -N(R?)C(O)R5, -S(0)2RE, -S(O)R®, -OR®, -SR?, -P(O)(R®)2, worin R
sinzeln dieselben oder unterschiedliche Kohlenwasserstoffgruppen darstellt, die aus C1-Cis-Alkylgrup-
45 pen und Aryl-, Aralkyl-, Alkaryl- und alicyclischen Gruppen, die 6 bis 18 Kohlenstoffatome enthalten,
ausgewihlt sind, mit der MaBgabe, daB in Substituenten -N(R%). jedes R® zusammengenommen auch
eine zweiwertige Briickengruppe, die mit dem Stickstoffatom eine heterocyclische Gruppe bildet,
darstellen kann, und in Substituenten -N(R8)z, -C(O)N(Rf)> und -N(R®)C(O)R® jedes an N gebundene
. R® auch Wasserstoff sein kann, wihrend in Substituenten -P(O)(R%)2 ein R® ebenfalls Wasserstoff sein
50 kann; wobei die Ar-Gruppen in Beziehung zu den Sauerstoffatomen, die die Ar-Gruppen mit dem
Phosphoratom verbinden, {iber die ortho-Stellungen gebunden sind; und wobei irgendein Substituent,
wenn er an derartigen Ar-Gruppen oder einer Arylgruppe W vorhanden ist, in Beziehung zu dem
Sauerstoffatom, das die gegebene substituisrte Arylgruppe an das Phosphoratom bindet, in der para-
und/oder ortho-Stellung der Arylgruppe gebunden ist,
55 mit der MafBgabe, daB falls W eine Aryigruppe ist, wenigstens eine der Arylgruppen Ar und W
substituiert ist und nicht alle der akkumulativen Gesamizahl der ortho-Stellungen an Ar und W mit
einem Rest substituiert sind, der eine sterische Hinderung von Isopropyl oder gréBer aufweist.
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bei-de der X1- und X2- G uppen oder vvenl gstens beide der Y - und

7an ei nem gegebenen Di or ganophospi osfEArmein (111) und (1V)

-sind, die eine sterische Hi nder ung von Psopr opyl oder gr6lier auf wei sen,
-un_d mt der MaBgabe, daB in Fornel (I11) nicht mehr als drei der X1-, X2-,
- undz. YZrefahtsn wedin @hsgamA N definiert, wordl diél plefthiseh @rigasiittigloelerirtitigy ddsgedremuagaus/on

: sopr opyI apAeOleien| diy 2 Bis BovEbseEtoffaloine evfitifea iitemenidiefinem ditrvstps 2 KohleDstoffato-
“def’i ni.ert meventhaiten,Yibd Mschurigenvderartigen alphicaint intpene/\Dlefidlegr uppen nit 3 bis 5

Kohl enstoffatomen sind. 1o 12. Verfahren wie in Anspruch 10 definiert,
“wori m d®r VBifahregavieojphfmepsrnt defjeiert! veatns desvRipfintAupgspgsmatgrial ausgendhlt ist aus Buten-1,

::und: Ar gegebenen Bedeut ungen aufweisen, mt der Ml gable, daR weni gst ens
RFHIER l| |II

9 n) Buten-2,/Isobutylen undpiner Olefinmischung, cﬂglm weser@ﬂpentaus @q,q@ und?gteg-z fgsteht.
T CAH9+ 0 20 ci CH I 49~~~~~ AQ~~~~mmmmme

.30~[ 4 Verfahren wie in wgend: g% der AnsprUch;q 1 b|s 3 defur;grtbwo;m die Hydroformyh ngs ons-

; 5., t _eine Bg;1~ nst pe@&r im eé%c ig 'f‘?‘[‘e ga Ch e 1
bl\s ® def Wﬁs?r'stt 'g lefiRis %ﬁ ﬁﬁ ‘fggt d % 508
Bl*c te Dlpé? r|1| asser o al uc von 0 b| enmono;

Dl ug qEO eﬁ uﬁ@% ium 4 blS 50 Mol
or ganOpleéB 1!‘]0})!% I|daﬁ3¥ﬁ pro érg%alu ﬁ\hm er or el

15 B. Verfahren wie in irgendeinem der Ansprliche 1 bis 4 definiert, worin der mit dem Rhodium komplexierte
Diorganophosphitligand und der ebenfalls vorhandene freie Diorganophosphitligand jeweils einzeln
Liganden mit der Formel :

“*\

(Q) . P-O-w (11)

sind,
~worin Q -CHz- oder -CHCHa- darstellt; n 0 oder 1 ist; Y', Y2, Z2 und Z® Wasserstoff oder gleich den
Substituenten an Ar und W, die in Anspruch 1 definiert sind, sind, mit der MaBgabe, daB sowohl Y' als
- auch Y2 Gruppen mit einer sterischen Hinderung von Isopropyl oder gr&Ber sind; und W eine

unsubstituierte C,-Cis-Alkylgruppe darstellt.

6. Verfahren wie in Anspruch 5§ definiert, worin Y' und Y2 verzweigte Alkylgruppen mit 3 bis 5 Kohlenstoff-
atomen sind und worin W eine unsubstituierte C1-Cio-Alkylgruppe darstellt.

7. Verfahren wie in Anspruch 6 definiert, worin Y' und Y2 {-Butylgruppen sind, Q -CHz- darstellt und W
eine unsubstituierte Cy-Cg Alkylgruppe bedeutet.

8. Verfahren wie in irgendeinem der Anspriiche 1 bis 4 definiert, worin W eine Phosphonyl-substituierte
Alkylgruppe der Formel

~ ~[CR7)2],P(O)(R®).
darstellt, worin jedes R® gleich oder verschieden ist und einzeln aus C;-Cig-Alkyl, Phenyl und
Cyclohexyl ausgewihit ist; jedes R? gleich oder verschieden ist und sinzeln aus Wasserstoff und Cs-

- Ca-Alkyl ausgewdhlt ist; p eine ganze Zahl von 1 bis 10 ist; mit der MaBgabe, daB ein R¢ auch
Wasserstoff sein kann.

-9, Vérfahren wie in Anspruch 8 definiert, worin W eine -CHz CHz P{(O)(Cs Hs )2-Gruppe darstellt.

7. 10. Verfahren wie in irgendeinem der Anspriiche 1 bis 4 definiert, worin der mit dem Rhodium komplexierte
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.z~~~ 0 (V) 15 20 y z 2 |/ \ O SI
und Z3 jeweils einzeln eine Guppe dlarstellen, die ausgewghl @!lm\ml&ﬂl ﬁlll || |II|
‘Hydroxy und -OR-; vy, n, R3, O urgi:ﬂ\ﬁgﬁg;@énwe in Anspruch 1

~sind und Y1. Y Wasserstoff oder irgendeine der .25 G uppen, die in
‘Anspruch 1 als Substituenten an Ar und Wangegeben Sind, darstellen. 14.
‘Ver f ahr en viieganophdsphitigereih urki3 detedbientalie rorhandene ffreip eRi@gangphesnhitligandéieweils oainz@in hat ;
Q far - CH2-Ligaoken mit@GH@HB:s- steht; R, eine G -Cl o-Al Kyigruppe darstelit;
Y1 und Y2 jeweils einzeln ausgewii hit sind aus Vasser stoff,

“verzwei gt ketti gen C3-Cl12-Al kyl gruppen. Phenyl, Benzyl, Q/cl ohexyl und

.1- Met Iyl cycl ohexyl ; und so0 ausgewt i hit i st aus CI - C a- Al kyl gruppen,
“al pha Napht hyl, beta- Naphthyl und einer Arylgruppe der Fornel 35) 40~ ~~ .-
-40\ worin X, X2 un Z sserstoff oder irgendl exlne der in Anspruch 1 als
Subst i tuenten arg?k_r__ egenen G uppen darstellen, mt der Ma~gabe,
‘dal 3 weni gstens beid X1 und Xk: G uppen oder {weni gstens béITE) der VI -
“ume Yéo(;‘ruppen an ei nemm{gegebenen b\%ganophos Igan en Guppen mt 45
“ei ner sterischen H nderqu@y_von |sopropyP edé& d, und mt der
~Mat ~gabe, daf nicht nmehryat's drei der X1-, )(2-, - und Y2- G uppen

G uppen mt einer sterisghen Hi ndgr/w{(von | sopr E oder gr-2er sind. *
~~15. ;¥erfahren yBe i ruch definiert, wogfn Z2 und Z3 jeweils far
- OR6 stehen, wob®&i -Cl o-Alkyl 50 darstellt; Y1 und Y2 beide
-verzwei gtkettigte C3- kyl gruppen sind; und Weine G -do-A Kyl gruppe
darstellt. 16. Verfahre ein Anspruch 15 definiert, wormm Z2 und Z3
“jeweils far Methoxy stehen; Y1 und '12 jeweils f(r tertigres But yl stehen;
-und Wabket hyl darste(lt. '65 17. Verfahren wie in Anspruch 15 definierlL,
worm n 0 iwd. 18. Verfahren wie in Anspruch 13 defeiiert, wor das mt
{_-dem1 Rhodi um konpl exi erte Di organophosphit und

o~ xt (IV)
28
. e S0 @@ ‘0 .

B ausgewihlten Formel sind, worin n einen Wert von 0 oder 1 aufweist; Q -CHz- oder -CHCHs- bedeutet;

- Y, Y2 X', X2, Z', Z2 und Z® Wasserstoff darstellen oder die in Anspruch 1 fiir die Substituenten an W

und Ar gegebenen Bedeutungen aufweisen, mit der MaBgabe, da wenigstens beide der X'- und x3-

_ Gruppen oder wenigstens beide der Y'- und Y2-Gruppen an einem gegebenen Diorganophosphit der

RN Formeln (lil) und (IV) Gruppen sind, die eine sterische Hindsrung von Isopropyl oder grofer aufweisen,

40 und mit der Mafgabe, daB in Formel (llf) nicht mehr als drei der X'-, X2, Y- und Y2-Gruppen Gruppen
sind, die eine sterische Hinderung von Isopropyl oder gréBer aufweisen.

11. Verfahren wie in Anspruch 10 definiert, worin Y' und Y? verzweigtkettige Alkylgruppen mit 3 bis 5
Kohlenstoffatomen sind.
45
12. Verfahren wie in Anspruch 10 definiert, worin der Diorganophosphitligand ausgewahlt ist aus

60
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fiié_ - der ebenfalls anwesende freie Di organophosphltllgand t
gug_BZ(? ist. 19. Verfahren wpg 158 gopgandei nemcder Anspr~cug‘uiwii£ﬁi "Il””“,

‘definiert, weiches die Mnimierung der Zerset- - ~~~zung des frelen
'Di organophosphi tliganden durch (a) Enffernung eines Tells des fl Ussigen
Hydr of ornyl i erungsr eakti onsnedi uns aus der Fwdroforny 25
“l'i erungsr eakti onszone, ~~~(b) Behandl ung tdes }Ef enffernten
;fI~SS|gen Medi unms mt -!gs sch h basi schen Ani ogenalist au scher har z, und
o ~~~~(c) ZuNJUKMUHAr ung behandel t en Rgak onsnediurns zur
;}Wdr@fornyllerungsreak orgzone unfa . 30 20. Vg en we in

ol | i dwgfornyllerung

al ysat or

;lrgendelnen1 der Anspr Uchg
‘ein ;kontinuierliches Vertj
“ent hal t enden Fl t ssi gkej/
“definiert, welches did. AgOei nes Tel |'s des {1 Ussigen. Hydroforny- 35
;]ierﬂhgsreaktionsnediu i ’ Fwdrofornyllerung§r g onszone und das
sburchel eten des Medi uns,” ent weder vor und/oder nach Abtrennung von
:Ardehydpr odukt dar aus, dur ch eggﬂfchmach basi sches
xAnlonenaustauscherharzbett ubf 9 22. Verfahren we in irgendei nem der
“AnspgOche 19 bis 21 definierty, worin das schwach basi sche ._40

‘Ani onenaust auscherharz ei vdrnektes tertiares

A n- Pol yst yr ol - Ani onenays cherharz vom Cel -
. ©Cufy @ \
B P - 0 .

20

25

“und

t 'CLHQ

G , \r - 0 —-<O — cn3
R Qn /
“ - @@ o t-CyHg

13. Verfahren wie in irgendeinem der Anspriiche 1 bis 4 definiert, worin das mit dem Rhodium komplexier-
te Diorganophosphit und der ebenfalls anwesende freie Diorganophosphitligand jewsils einzein Ligan-
den mit der Formel

© .50

e
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oder makroreti kul aren Typ unfaft. 23. Verfahren zur Her stel I
-D| or ganophosphi t i ganden mit der al i genei nen Fornel 45 50 55 mui[lmi"" ",ll " IIII
' E?’305155 50&331111 1111111 11111

P 0155 508 Bl o c L ¥ 79~c~
0 (cH2) y (fpn P-- W10
(CH) l1Z 3 @) 0 20 worin Z2 und

Z3 jeweils einzeln eine Guppe darstellen, die ausgewghlt ist aus Hydroxy

und -OR6; y, n, R6, Qumne ng eich wie in Anspruch 1 definiert sind und Y1,

¥2 -Wasser st of f ogér [

und W &ngegebenen G Mal gabe, daB falls Weine

substituierte Aryl gruppe der (di eN\Substituent(en) in Beziehung zum

Sauerstoffatom das die Aghgr uppe an dasNRhosphor at om bi ndet, an di e para-
oS

r

und/ oder ortho-Stellung A’yl gruppe gebu 25 den i st (5| nd), und
auch mt der Mall gabe, weni gstens eines voh ¥'Q y2W 72 und &3 und der
Subst i tPuent en an ei ner AI((}H? ppe W falls yethanden, von WAsser st of f
verschi eden i st und ni cht a Ig der gesant verngbar en ortho-Stellungen an
den vor handenen Aryl gr en eine steri e Hi nderung von |sopropyl oder
gr 6oer auf wei senz3we erfahrero alt die Unsetzung einer

Di phenol - Ver bi ndung mt Phosphortrichlorid, um
hloridit-2Zw - *! ' 30 schenprodukt zu

£nt sprgchenden or ganixxhe?

-€i-n--or gani sches Phosp v

bi.l den, das wi ederumin Abhwesenheit eines HCl - Akzeptors mt einer
entsprechenden - . Monohydr oxyver bi ndung ungesetzt wird, um den
‘gevvi nscht en Di or ganophosphitliganden zu erzeugen. ;: 24. Verfahren we
in Ansgr uch si@ wadri Zhind 28 jewpiisreingeliyeies Grgppe\Niarstellanodie Busgevéhlt § dugiHydr@hiind eRREr
-~ CHCH3- st ebit™. AREQ ench¥ aitich(Yie inAhnigprbeir Ligrficiot sind und]Y' yyfdVagserjtefedet kgeadieineelen
au sgevvghl t §rqqgenag,g inAnsryughslt 3t Jubstifueptomar ﬁtund w angegeben sind, darstellen.

14, Verfahren wie in Anspruch 13 definiert, worin jedes y einen Wert von 0 hat; Q flir -CHz- oder ~CHCHj;-
25 steht; R® eine Cy-Cio-Alkylgruppe darstellt; Y' und Y2 jeweils einzeln ausgewihit sind aus Wasserstoff,
verzweigtkettigen Ca-Cq2-Alkyigruppen, Phenyl, Benzyl, Cyclohexyl und 1-Methylcyciohexyl; und W
ausgewdhit ist aus Ci-Cig-Alkylgruppen, alpha-Naphthyl, beta-Naphthyl und siner Aryigruppe der

Formel

i gp -

X

worin X', X2 un Z* Wasserstoff oder irgendeine der in Anspruch 1 als Substituenten an Ar und W
- 40 angegebenen Gruppen darstellen, mit der MaBgabe, da wenigstens beide der X' und X2-Gruppen oder
wenigstens beide der Y'- und Y2-Gruppen an sinem gegebenen Diorganophosphitliganden Gruppen mit
einer sterischen Hinderung von Isopropyl oder gréBer sind, und mit der MaBgabe, daB nicht mehr als
drei der X'-, X2-, Y'- und Y2-Gruppen Gruppen mit einer sterischen Hinderung von Isopropyl oder
gréBer sind.
.45
16. Verfahren wie in Anspruch 14 definiert, worin Z2 und Z2 jeweils fUr -OR® stehen, wobei R® C1-Cyo-Alkyl
darstellt; Y' und Y2 beide verzweigtkettigte Ca-Cs-Alkylgruppen sind; und W eine Ci-Cio-Alkylgruppe
darstelit.

s0 16. Verfahren wie in Anspruch 15 definiert, worin Z2 und Z2 jeweils flir Methoxy stehen; Y! und Y2 jeweils
flr tertiéires Butyl stehen; und W Methyl darstellt.

17. Verfahren wie in Anspruch 15 definiert, worin n 0 ist.

65 18. Verfahren wie in Anspruch 13 definiert, worin das mit dem Rhodium komplexierte Diorganophosphit und
' der ebenfalls anwesende freie Diorganophosphitligand
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- 35 kettigen C3-C 2-Al kyl gruppen, Phenyl, Benzyl, Cycl ohexyl und
-1~ Met hyl cycl ohexyl; und W ausgewAhlt ist aus Cl-C18-Al kyl grupﬂ“[lmmm“uum““‘
»-alpha- Napht hyl , bet a- Napht hyl upgsloqk586g A4 Y! 9r uppe der Fornel
~worin X, X2 und Z4 \Wsserstoff oder i1rgendei ne der G uppen, dit ih Ansp ruch
.1 als Substituenten an Ar und W angegeben sind, sind, mt der Ml gabe, daO
_weni gstens beide der XlI- und ¥XZ2pGuppen oder vveni gstens bei de der Y' -und
Y2- Gruppen an ei nem gegebenen Dior ganophosphi tliganden G uppen mt -60
_einer ‘sterischen H nderung von | sopropyl oder groBer sind, und mit der
~Mafi gabe, daB nicht nehr rei der Xl-, X2-, Y1- und Y2- G uppen G uppen
- mt ®iner steri scegn ol o_| sopropyl odertegBéol er sind. 25.
-Verfahren wie in Andpruc efiniext, worin 2 ung_Z3 jeweils ftr -ORS
-stehen, wobei R6 C;-C o- A KyT}65 rstellt;
“ver zwei gt ketti ge C3-Cs- Al kyl gf uppen si n®—und” \A-e Ha- Al kyl gruppe
_'.i-st.1 26. Verfahren wie in Anspruch efiniert, Z2 und Z3 jeweils
SFUr Ret hoxy stehen; Y1 un eV\eMUr tertiares Butyl stehen; und W
‘Met hyl darstellt.CH160 8 Bl L
-§ 27. Verfahren wi e in An 26 definiert, worin n O ist. 28. Verfahren
W €.in Anspruch 23 definiert,{worin ein Ligand mt der Fornel: t-Bu O
.-Bu O°15 di Bu (9~ CH\ 0 t-Bu 20 hergestellt wrd.
- 29.. Rhodi unkonpl ex- Hydr-of or nyli er ungskat al ysat or, unfassend Rhodi urn,

- konpl exiert mt einern Diorgan-

b

20 19. Verfahren wie in irgendeinem der Anspriiche 1 bis 18 definiert, welches die Minimierung der Zerset-
zung des freien Diorganophosphitliganden durch
(a) Entfernung eines Teils des fillssigen Hydroformylierungsreaktionsmediums aus der Hydroformy-
lierungsreaktionszone,
(b) Behandiung des so entfernten filissigen Mediums mit einem schwach basischen Anionenaustau-
25 scherharz,und
{c) ZurUckflihrung des behandelten Reaktionsmediums zur Hydroformylierungsreaktionszone
umfapt.

_'20. Verfahren wie in irgendeinem der Ansprliche 1 bis 19 definiert, worin die Hydroformylierung ein
kontinuierliches Verfahren fiir die Recyclisierung der Katalysator enthaltenden FlUssigkeit umfast.

- 21. Verfahren wie in Anspruch 20 definiert, welches die Entfernung eines Teils des flissigen Hydroformy-
lierungsreaktionsmediums aus der Hydroformylierungsreaktionszons und das Durchleiten des Mediums,

. entweder vor und/oder nach Abtrennung von Aldehydprodukt daraus, durch ein schwach basisches
Anionenaustauscherharzbett umfaft.

- 22, Verfahren wie in irgendeinem der Anspriiche 19 bis 21 definiert, worin das schwach basische
Anionenaustauscherharz ein vernetztes tertidres Amin-Polystyrol-Anionenaustauscherharz vom Gel-
oder makroretikuldren Typ umfaft.

23. Diorganophosphitligand mit der aligemeinen Formel

45

50
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25 " ophosphi tliganden wi e in irgendei nem der Anspr Uche 23
d

bi s 28 |
'Rﬁgljlrlllj(rarLf)npﬁgx Hydr of or nyl i er unggeaj fdsyepatear - Vor | auf er zusam're“!ll“clmllullll ullsl “ I!I|

wwesent|ichen beste- hend aus |6slich gemachtem

.. Rhodi um Di or ganophosphi t - Konpl ex, ei nem organi schen Losungsmttel und ei nem
=frei en D organophosphitliganden, dadurch gakennzei chnet, dal der

- Dizor ganophosphi t|i gand 30 ldes Konpl exes und der freie

=Di or ganophosphitligand ein Li§and wie in Anspruch | definiert ist. 31.

' Zusamenset zung wi e i B, Angprad 30 definiert, worin der

iRhodi @m- Di or ganopho@phi+ -a— O

“"Rhaodi unctar bonyi di or ganoph
i~ Revendi cat | ons Revendi catfong zﬁr |l es Etats ntractants suivants: BE, DE,
“FR, @B, IT, NL, SE 1. Proced ?go wdr of ornyl ati o our |la production

d'al dohydes, qui consiste a f(@mre reagir un conposbporgani-que a

~AQn- saturation ol 6fi ni que av ')oxyde de carboneset |'hydrogene en

. presence d'un 40 cat al yselr % Yase d' un coppflexe de rhodi um
.essentiellenment constitu6 de_gfhodi um conpl e avec de |'oxyde de carbone et
“un ligand di or ganophosghi et en prés€nce d' une addigion d' un |igand
" di-or ganophosphi ti que ETb rs6-en ce que le |i gan(}

".di.or ganophosphi ti que conpl |l e rhodiumet |le Iigand

= diror ganophosphi tique |ibre soldf tous deux, individuellenment, des |igands
~.reépondant a la formule 45 (A o * ~~
et I\ (CH2)\ (Qn P-O0 wt

Tl2) = . L (1) 55 (AN

=0 dans | aqifein & ue%ésqaéelgs,eaﬁzq'MﬂwwraQPé|, Pratelian; die ausgerahlist qys Hydraxy pag -OR®; o,
*155 508 Bi R®, Q und W gleich wie in Apspruch i definiert sind und Y', Y2 Wasserstoff oder irgendeine der in

Q

acetyl acet t-Konplex ist. : . : 35

Anspruch 1 als Substituenten an Ar und W angegebenen Gruppen sind, mit der MaBgabe, daB falls W
R eine substituierte Arylgruppe ist, der (die) Substituent(en) in Beziehung zum Sauerstoffatom, das die
25 . - Arylgruppe an das Phosphoratom bindet, an die para- und/oder ortho-Stellung der Arylgruppe gebun-
’ den ist (sind), und auch mit der MaBgabe, daB wenigstens eines von Y, Y2 72 und Z3 und der
Substituenten an siner Arylgruppe W, falis vorhanden, von Wasserstoff verschieden ist und nicht alle
der gesamten verfiigbaren ortho-Stellungen an den vorhandenen Arylgruppen eine sterische Hinderung
von Isopropyl oder gréBer aufweisen.
.80 .
24, Diorganophosphitligand wie in Anspruch 23 dsfiniert, worin jedes Y einen Wert von 0 hat; Q fiir -CHa-
. oder -CHCHjs- steht; R® eine Ci-Cio-Alkylgruppe ist; Y' und Y2 jewsils einzein ausgewdhit sind aus
Wasserstoff, verzweigtkettigen Ca-C12-Alkylgruppen, Phenyl, Benzyl, Cyclohexyl und 1-Methylcyclohex-
yl; und W ausgewihit ist aus C1-Cqs-Alkylgruppen, alpha-Naphthyl, beta-Naphthyl und einer Arylgruppe
.86 - der Formel

: "‘fo .

X

45
worin X', X2 und Z* Wasserstoff oder irgendeine der Gruppen, die in Anspruch 1 als Substituenten an
Ar und W angegeben sind, sind, mit der MaBgabe, daB wenigstens beide der X'- und X2-Gruppen oder
wenigstens beide der Y'-und Y2-Gruppen an einem gegebenen Diorganophosphitliganden Gruppen mit
einer sterischen Hinderung von isopropyl oder gréBer sind, und mit der Mafgabe, daB nicht mehr als
50 drei der X'-, X2-, Y'- und Y2-Gruppen Gruppen mit einer sterischen Hinderung von Isopropy! oder
gréBer sind.

25. Ligand wie in Anspruch 24 definiert, worin 22 und Z2 jeweils fiir -ORS stehen, wobei R® C:-Cig-Alkyl
darstellt; Y' nd Y2 beide verzweigtkettige C3-Cs-Alkylgruppen sind; und W eine C1-Cro-Alkylgruppe ist.
56 _ o .
26. Ligand wie in Anspruch 25 definiert, worin Z2 und Z3 jewseils fiir Methoxy stehen; Y* und Y2 jeweils fiir
. tertidres Butyl stehen; und W Methyl darstellt.
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'-"n a la valeur 0 ou 1; Q est un groupe divalent de pont age ch
F-'CH2-, -CH(CH3)- et -S— West un groupe alkyle en C, a Ce noﬂlﬂmﬁmum"mmm
"',f'_'substr tu6 ou un groupe aryle engf} 185 Eh$pion substitue ou substit
~chaque Ar repr6sente des groupes ary?e non substitu6s ou substrtues
stdentiques ou differents choisis entre |es groupes ph6nyl ne, naphtylene et
‘ant hr aey. bgad wk in Anspruble2endsihi@s weanasd ist uant s port 6s par Wet Ar 6tant
~choisis entre des groupes alkyle en CL a C's, phébnyle, naphtyle, benzyle,
" phény| @8.hygeaad wieth Jhsprucix 34 deffidert, otcbopemy| e, cycl ohexyl e,
~1-nmet hyl cycl ohexyl e, cyclooc- tyle, cyclohexyl 6thyle, hal ogéno, nitro,
.eyan®, ‘trifluoronethyle, hydroxxtl -Si(R6)3, -SIi(OR6)3, -N(R6)2, -C(O RS,
~-0(O)OR6, -OC(O) R, - C(0) N(R6f22%- N(R6) C(O) R6, - S(0) 2R6, -S(O)R6, - CRS,
L+ SR6, -P(O (R6)2 ob-R6 repré6sente individuel |l ement des groupes hydrocarbyle
.identiques ou différents is entre des 10. groupes alkyle en G a
'C1B et des groupesy argy| al karyl e et al¢cygliques contenant 6 a
18- afomes de car bonB SO rve e dans des substituants -N(R6)2, les
. groupes R6 pris conjointe pui ssen\_aussi repr~4 Qrun groupe di val ent
"de pontage qui forme un groupg h6t 6r ocy@iqued ave O pr@CH,azote et que,
~dans les substituants -N(R6)2{ -C(ON(R6)2 et -N @ R6, ?es groupes R6
" l'i6s,ga |'azote puissent aus epreseghter de |' hydrogene tandi s que, dans
les substrtuants cRBCO)( @J groupe R6 pui sse aussi repr6senter
“[*"hydr ogbne ; |es groupes ant |i6s dans |es positions ortho par
srapport aux atones d' oxygene qui lient |les groupes Ar a |'atone de
-phosphore; et tout substituan I 6sent sur de tels groupes Ar ou sur un
.groupe aryle W 6tant |i6 dans [y position para eVou dans |la position ortho
-du groupe aryle par rapport Al"atonme d' oxygene qui lie |le groupe aryI e
“'substitu6 en question a |'atonme de phosphore, SQUS rBserve 9
| or s queRassiumissmRipHygietorryipranaskatalysater, upfasserd g‘H’f‘t@mﬁPﬁﬂb@g o3Py DP9 et W
'soi t subsPF?hPEPS'“ES?“d&" wie|inJirgepdeiiem dP’d‘f"é‘Pr“‘E?ﬁﬁﬁP'étz?f’e"ﬂ'é posr tions ortho sur Ar

1.

':et V¥ne s at ?Ir 6 s é jec un radic 910 Sdant

(o sat rzusammen tzu i n

“enconbrd “ﬂ"'“ dﬁ' acmem rt-Kgrr b G S?%D waﬁ&éﬁa
_revendi ca fre Tu 2L st
choi si enﬁgs Ko exes un p ﬁ%a L%QMle%Iﬁs §natdeiRst ste car bone,
~des B' 6fines 1 er nes contenant at ones car bone et des w6l anges de

ces7al phazAhbResuft widSn Qﬁs?mﬂ"n @B'd&ﬁ”fﬁerﬂ o B&SRho&umeo%ﬁdiﬁos‘éhﬂ-N&meﬂeﬁn
irevendi CakhRiiméarbsiidRrga ﬁﬁh&bhrtkce@)la@&bd&ﬁKd@léﬂﬁ’d@art est choisie entre le
~put bne-1, le butene-2, |"isobutylbne et un n6l ange d' ol 6fi nes '
.:@ssent Iﬁidnﬁﬁ&ﬁﬂ:cmmsfddeuﬁend\eerbauseﬁ& Atet de butbne-2. 10 4. Proced6 suivant
ng quel conque des revendications 1 a 3, dans |lequel |les conditions de |a
“FEACt i o Hydwfomylapmpyibrnien rzuc Bepstelmacnt Alskyders mpishes: umiebtdtie UpseizungPindans | a
"'fpl age de Bi6finisc Dapegittigtancorganischen Verbindung mit Kohlenmonoxid und Wasserstoff in Anwesenheit
sines Rhodiumkomplexkatalysators, der im wesentlichen aus mit Kohlenmonoxid und einem Diorgan-
—_ . ophosphitiiganden komplexiertem Rhodium besteht, und in der zusitzlichen Gegenwart eines freien
40 Diorganophosphitliganden, dadurch gekennzeichnet, daB der mit dem Rhodium komplexierte Diorgan-
ophosphitligand und der freie Diorganophosphitligand jeweils einzeln Liganden mit der Formel

(J;&r) —0
. 45 .
<c[:112)y
D (Q)n P-0-W
LA l
' (CH.)) (I)
. g0 ( 2’y :
S (Ar)_ —0
sind,
55 wotin jedes y einzeln einen Wert von 0 oder 1 aufwaeist;
n einen Wert von 0 oder 1 hat; Q eine zwseiwertige Brilkkengruppe, ausgewihit aus -CHz-, -CH(CHs)-
und -S-, ist;

W eine unsubstituierte oder substituierte C1-Cig-Alkyl- oder eine unsubstituierte oder substituierte Cg-
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. pression absolue totale du gaz fornb d' hydrogene, d' oxyde de
. conpose organique b non-saturation ol 6finique de 6,9 a 10 34Hmﬂgml.|ﬂm”lmmll
“1I'b/in2), une pression absol ue pargg ¢hés£soe st 35 d' hydrogbne de 400- *11

kPa (15 a 160 | b/in2), une pression absolue partielle d oxyde de carbone de
6,9 a 828 kPa (1 a 120 Ib/in2), et le mlieu r6actionnel contient 4 a 50

“mol es dudi tCii-AgbGtpmi reprgnipphadites Ageiss identisar loger ditersthiadliahmutiaibssituiete oder
mlieu. 5. shpstwed®Atyigtuppp.eusd@fdhihausFhenyleh, Nankthyipnaind dnityaeylanedarstelyendi cat i ons

1. a 4, dansvobeicfigeldie) Substityentidn)4® W und &t aysgaribih Isb SipHi aus 1&%:6'!%&!‘@?6” dewt| e
.r-hodi um et Naghthyl.cfianey!. d?'”@m(j?étwbﬁﬁbbﬁfh'bf’t Pxﬁf@emtv'b%' gtk d %htcvgemfwtous

) _deux indi wQYG'é‘I'GIx\Q?FE% Hajpgen g 'P » Hygrogy, T‘@F’)ﬁgﬁ H(OR®
' C(QJQFF, -OC(O)R, -C(O)N €Yo, -N(H‘)C O)FS, -S(O)zFlG (Q) “ORF, -SFE, ’p( R*’*)g~ fn RG

| iy 2L 559"13% '°f"l§t$§é’ e S&h;%d"ﬂ‘% e %Sefseg% pF’8 ‘Eﬁé ey m}}‘ﬁ S 0
Eg é ]gé Sﬁég‘grva It. mlt a%e, in Séisnt -] IE(Ad f ; riﬂ\i %1\ Il
- 1‘<N aine. zwe j:r g % Scfl)enl:rllt %ICQH&%W neS lﬂ&&%&}c
-l'Ar -et dGEggme en uL@n @f’?‘ L RS, -C(OﬁqH‘sz [rfeS-R{Re éf)ﬁe jG uﬁ@én@nt
;Z_:;".t ous deux S WHQ@@to@XQﬁ‘LanH Waﬂﬂﬁ@mugﬁﬁ@ hterS PR IFE) @in 5'9‘5@@5"9% Rrstft sein
Ssuperi eur raft whbdi e RSEMLRN URN BBLENRE 2@ laky sBusRibiistoméh, GeSdid ARGRIBRAE it dém 5
6. Proc6d6 ﬁUép\ﬁ&&'bm'v@rbl’n@éhe 06kr GiRt driRB-SBHungeNgeblren! Sihd; Yind @bbel #gehsii Salstiuent,
“groupas al kyshe ef alideiafiferafBGiuppan d&r éiied MRBSgrabde ORIVDaa@ereist, W @stietuny gu depe
~al kyl e en Gaudstéifatom, dandis gépbenk sbbstitdiertdPAgighigok arudas @hbsphaatore iareti io albi wane-6,
.dans | equelundfodee brihpSteliomt ded Arsiggpmeugeesndbreist | obut yl e, Q est un groupe - CH2- et
“West un grougde bbiggbee deh fdls V¥ <m Arploruspsbist iwepi@stent(eine der Arylgruppen Ar und W
: substituiert ist und nicht alle der akkumulativen Gesamizah! der ortho-Stellungen an Ar und W mit

20 einem Rest substituiert sind, der eine sterische Hinderung von Isopropyl oder gré8er aufweist.

2. Varfahren wie in Anspruch 1 definiert, worin die olefinisch ungeséttigte Verbindung ausgewihit ist aus
alpha-Olsfinen, die 2 bis 20 Kohlenstoffatome enthalten, internen Oletinen, die 4 bis 20 Kohlenstoffato-
me enthalten, und Mischungen derartiger alpha- und interner Olefine.

25

3. Verfahren wie in Anspruch 2 definiert, worin das Olefin-Ausgangsmaterial ausgew&hit ist aus Buten-1,
Buten-2, Isobutylen und einer Olefinmischung, die im wesentlichen aus Buten-1 und Buten-2 besteht.

4. Verfahren wie in irgendeinem der Ansprliche 1 bis 3 definiert, worin die Hydroformylierungsreaktions-
bedingungen sine Reaktionstemperatur im Bereich von 50 bis 120°C, einen Gesamtgasdruck von
Wasserstoff, Kohlenmonoxid und olefinisch ungeséttigter Verbindung von 6,9 bis 10340 kPa (1 bis 1500
psia), einen Wasserstoffpartialdruck von 100 bis 1100 kPa (15 bis 160 psia), einen Kohlenmonoxidparti-
aldruck von 6,9 bis 828 kPa (1 bis 120 psia) umfassen und worin das Reaktionsmedium 4 bis 50 Mol
des Diorganophosphitliganden pro Mol Rhodium in dem Medium enthilt.

5. Verfahren wie in irgendeinem der Anspriiche 1 bis 4 definiert, worin der mit dem Rhodium komplexierte
Diorganophosphitligand und der ebenfalls vorhandene freie Diorganophosphitligand jeweils einzeln
Liganden mit der Formel

40

45

Q) P-0-W (11)

50

55
sind,
worin Q -CHz- oder -CHCHs- darstellt; n 0 oder 1 isl; Y', Y2, Z2 und Z3 Wasserstoff oder gleich den
Substituenten an Ar und W, die in Anspruch 1 dsfiniert sind, sind, mit der Maligabe, daB sowohl Y' als
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ﬁSMLPfoc6dé sui vant |'une quel conque des revendications 1 a 4
est un groupe al kyle a substituant phosphonyle de fornule -[ jm ||| Il
';.] PP(O (Rs )2 15 dans | aquel le | gp o0fs84pg®E1RE6 sont identiques ou re

ntss =

~et- sont choi sis individuell ement entre des groupes alkyle en G & C18,

0 Vé/rfartren Qne in ir Qluemem der Anspr(che 1 bis 4 definiert, worin W eine Phosphonyl-substituierte
g.(mS L 9 Prgh gsphony

jph6ny|e et cyclohexyle ; les groupes R7 sont identiques ou differents et
“‘chacun estucthGi Giuppen dink i ethae Islodstbent Haodrirg Vonhiyaprapglesur esaeke Sindyrdid P@'Seiad Kyl e
“eén G a Onsubstigiette OrCradiipigepeadarsaiit de 1 a 10 ; sous r6eserve que |'un des -
~groupes R6 puisse aussi repr6esenter |'hydrogbne. 20 9. Procede suivant |a
1 evendifealVerahres wiednAsspiugly® definigit.eerin finung Y0 vgsenelalHBIIIAPPOE) ICS big p XohldrGtoft-
“Proc8d6 téth?ﬂR-i"dd’BF WRfin ‘Héh‘g upsubsiivioge &1- Unﬂi!@fuﬂ%%daf%ﬁybndl cations 1 a 4, dans

EY I and dl or h| ti e1 conp | ex6 avec |e rhodiumet |le |igand
i or gadopkgelAr v gq %Q Ef«@ Vi 2 +Bilguine S0 -o/indasielhind W
.¥| ndi vi dueﬂ' ‘f‘Pé'ﬁqs't ROUP®YHe fornul e choisie entre 30

~~~~~~ X 240 et 4500

E"-“fxl -[CR7 )2 JyP(O)(REYz ~~~~~ =~~~ (1V) 50~~~~~~~ 00
.2~~~ b5 dans laquelle n a la valeur 0 ou 1; Q est un groupe -CH2- ou

.- CHGBI3-  Vdarstoli®), wokh, jedéd, REZ glpici ddért vedsdhisdantist 1 einzelPaud (458 s-AR{A, Bhenyl und

53'(_:- .. L MCyclohexyl ausgewihit ist; jedes R’ gleich oder verschieden ist und einzeln aus Wasserstoff und C;-

Cs-Alkyl ausgewdhlt ist; p eine ganze Zahl von 1 bis 10 ist; mit der MaBgabe, daB ein R® auch
Wasserstoff sein kann.

20 9. Verfahren wie in Anspruch 8 definiert, worin W seine -CH, CH» P(0)(Ce Hs )2-Gruppe darstelit.
10. Verfahren wie in irgendeinem der Ansprliche 1 bis 4 definiert, worin der mit dem Rhodium komplexierte

Diorganophosphitligand und der ebenfalls vorhandene freie Diorganophosphitligand jeweils einzeln
Liganden mit einer aus

26

(III)

und

45

o | 1
. X (IV)
o o\
o @, P -0 .z

' 85

ausgewihlten Formsl sind, worin n sinen Wert von 0 oder 1 aufweist; Q -CHz- oder -CHCH3- bedeutet;
Y, Y2 X', X2, Z', Z2 und Z3 Wasserstoff darstellen oder die in Anspruch 1 fiir die Substituenten an W
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~de | hydrogene ou ont |es d6finitions donnees dans |a revendication 1
.les substituants portes par Wet Ar, sous réserve qu' au noi nj\lmﬂ\mmﬁﬁ“m“‘“‘
-groupes Xl et X2 ou qu'au noins | gsoqgs¥e@Bpupes Y et y2 sun IaMBIHIEEREEEEES TS
-di or ganophosphi te donn6 r6pondant aux fornules (I11) et (I1V) soient des
.graupes presentant un enconbrenent sterique d'isopropyle ou sup6rieur, et
-S0US- I 6Ser wad (i geghhersn i Badéutunganl @ifwelsér, mit dea daggabes dBB wenigsteakebdideodes Xttewd X3
“groupes Xl , Gifghen Bdleretenig@enseoeide sie6 ¥'e mide Y Grdepen gn engre gegppenen Diangaserbophit derent
“steri que d' Fosogr OIp whe (G Greapp sind: die eing Steriohgtindreng eonegmonm'@rdprrarﬁ!&a%wqisam
_revendi cat i e miQder Mabasbd, defie|Forpel @ nigipt maphals dreidletyX'o dfreX'- sk rGunper: Reppra
ram fi%e aysins digeige gerischorhiirderyag voRr'§vpiqey! odey orpfer aphvgigld6 tel que d6fini dans
l'a revendi cation 10, dans Ie%uel le |igand dior anp&hospmt]i cbue est ch%i Si
ettige ylgru

-;"'e_nt re 15 11. Verfahren wie in Anspruch 10 definiert, worii” Y' und Y? verzweig pen mit 3 bis

= CAHg9 t ~~Keblenstofiatomen sind. cH. CF.3 20

% |2.i ev% 12. Verfahren wie in Anspruch 10 definietrt,- v%?!n%?r D?féganophosphitligand ausgewﬁh(lt;istt _al(x:s H a4 -18 ;E B
45 r-C H9 50 LI OX~3

B (Q €-C Hg ' 3 55
1-C CH 120 o _
L — \
:' o - P-0 CH
o Q. / - 3
20 0]
: T-C Hg

T- Cl‘Hg
A d 0\
| s

| | . /

und

: | | Q) TT~—r -0
50 Q. / /
- 0

| @@ . T C4Hg

13. Verfahren wie in irgendsinem der Anspriiche 1 bis 4 definiert, worin das mit dem Rhodium komplexier-
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‘EP.O0 155 508 Bi 13. Proc6de tel que defini dans |une quel conq
reévendi cations 1 a 4, dans |equel | e diorganophos- phite corrp”mﬂmﬂmnm#m,”m
rhodiumet le |igand di organophogpii{ksgpegyi bre egal enent present ¢sont #0 *
:deux individuel |l ement des |ligands ré6pondant a la fornule 5~~~~ z2Q 10 (pn
(CH2y (V) 15
....Z30Q 00)te Diorganophosphit und der eBer?dlls yiawedknids frbia divedah@h@Phitifand Jowoitspsiezsia igamt
‘Chacun i nddenintiidel Femeint un groupe choisi entre | e groupe hydroxy 25 et
un groupe -OR6 ; y, n, R6, Qet Wont la nene définition que dans |a
revendication 1, et Y gt y2 sont de |'hydrogene ou d6signent |'un
‘ftiel cdnque des groupes iyndi qués dans | a revendi cati on comme susbstituants
de-Ar- et -W 14. Progc Ui vant | a revendi cation 13, dans |equel chaque y a
1% ‘val eur zdro 2° Q€4 OCH2- ou 30 -CHCH3-; R36 est un groupe
‘alkyle en G a C o ;\YW £ i sis tous deux individuellenment entre
;E[hy@rogbne, des groupest_ alkyle en C3 Cl2 a chaine ramfiee, |es groupes.
3ph§pyfe, benzyl e, cyclo '.}ﬁ et 1-n6t hyltycl ohexyle ; et West chois
entre des groupes al kyl@xm CO C18, des gr gpe_s %Iph@- naphtyl e,
.b~t a- naphtyle et un gro ?ryle de formule 04 V)
T Z4 x2 dans |aquéleyXl, X2 et Z4_s&0nt de |'hydrogene ou 'un

5 revendi cation 1 come

‘quel cenque des groupes

Bubstituants de Ar sous réserve qu au nmoins | es deux groupes X1 et X2

Bl qu' au noi ns E&s et Y2 sur un ligand di organophosphitique
ayant un enconbrenent st6rique d'isopropyle ou

idonn6 soi ent des gro
ssup6rieur, et sous r6éserjve que pas plus de
20

2 Y

sind, worin Z2 und Z° jewesils sinzeln eine Gruppe darstellen, die ausgewihlit ist aus Hydroxy und -ORS;
y: n, B¢, Q und W gleich wie in Anspruch 1 definiert sind und Y', Y2 Wasserstoff oder irgendeine der
Gruppen, die in Anspruch 1 als Substituenten an Ar und W angegeben sind, darstellen.

Verfahren wie in Anspruch 13 definiert, worin jedes y einen Wert von 0 hat; Q fUr -CHz- oder -CHCHs-
steht; R® eine C1-Cio-Alkylgruppe darstelit; Y' und Y? jeweils einzeln ausgewihit sind aus Wasserstoff,
verzweigtkettigen C3-Cqz-Alkylgruppen, Phenyl, Benzyl, Cyclohexyl und 1-Methylcyclohexyl; und W

ausgewihlt ist aus Cq1-Cig-Alkylgruppen, alpha-Naphthyl, beta-Naphthyl und einer Arylgruppe der
Formel

X

worin X!, X2 un Z* Wasserstoff oder irgendeine der in Anspruch 1 als Substituenten an Ar und W
angegebenen Gruppen darstellen, mit der MaBgabse, daf wenigstens beide der X' und X2-Gruppen oder
wenigstens beide der Y'- und Y2-Gruppen an einem gegebenen Diorganophosphitliganden Gruppen mit
einer sterischen Hinderung von Isopropy! oder gr&Ber sind, und mit der Mafgabe, daB nicht mehr als
drei der X'-, X3-, Y'- und Y2-Gruppen Gruppen mit einer sterischen Hinderung von Isopropyl oder
gréBer sind.

15. Verfahren wie in Anspruch 14 definiert, worin Z2 und Z3 jewsils flir -OR® stehen, wobei R® C;-Cjo-Alkyl
darstellt; Y' und Y2 beide verzweigtksttigte Cs-Cs-Alkylgruppen sind; und W eine C1-Go-Alkyigruppe
darstelit.

" 16. - Verfahren wie in Anspruch 15 definiert, worin Z2 und Z3 jewsils flir Methoxy stehen; Y' und Y2 jeweils
fUr tertiires Butyl stehen; und W Methyl| darstelit.

- 17 | Verfahren wie in Anspruch 15 definiert, worin n 0 ist.

18. Verfahren wie in Anspruch 13 definiert, worin das mit dem Rhodium komplexierte Diorganophosphit und
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“trois des groupes X, X2, Y et Y2 soient des groupes ayant un_encombr
.st6rique d'isopropyle ou sup6rieur. 50 15. Proc6d6 suivant Ia|ﬂﬁ!ﬁ““"ﬂﬁﬁﬁ "““
14, dans |equel Z2 et Z3 repr6GsergeglsEE@cay Un groupe - ORL6, RIS o R o o
~“representant un groupe alkyle en G a CGo YWet Y2 sont tous deux des

‘groupes alkyle en C3 a Cs a chathe ramfi6e ; et West un groupe al kyle en

"G a G o. dgsebenfgls aPresemiddreis Wiovgandphbsphitiganendi cat i on 15, dans | equel z2 et

~Z3 reproésentent chacun un groupe nb6t hoxy; YWet Y2 repr6sentent chacun un
“groupe butyltertiaire; et Wrepg6gente un groupe mbthyle. 17. Proc6d6

~gui'vant |a revendication 15, dans Pequel n est egal a zero. 121 EP 0 155
+508 Bf c L M S 18. Proc6d6 suivant

“}-a revendication 13, dans | e di or ganophosphite conpl ex6 avec |e
“rhodiumet le | i gakdl Po higique libre Gga“?qﬁyt pr6sent r6pondent

dla formulet -Bu 0 ' 0 t-Bu 10
“P- 04, OCH3 11 CH3 . . O
t-Bu 20 19. Proc6d6 tel que qeiini dans Tpune guel ¢o defcéevendlcatlons

er | a deconposition .

a) enlévenent d'une I'on du mlieu

. réactionnel |iquid g*hy. O\ iadn de la zone de r6action 25

" d' hydreof ornyl ation, (b) trAifefent du milieu |liquide ainsi enlevé avec une
‘r6si ne d' 6change ani-oni que faijpl enent basi que et (c) recyclage du mlieu
“reactionnel traite -dans |a zong.gg ro6action d' hydrofornylation.

~'17a 18, qui consiste‘a m ni
} drorganophosphitiqgﬁ | i bre

20 ist.

19. Verfahren wie in irgendeinem der Ansprliche 1 bis 18 definiert, welches die Minimierung der Zerset-
zung des freien Diorganophosphitliganden durch
(a) Entfernung eines Teils des fllissigen Hydroformylierungsreaktionsmediums aus der Hydroformy-
- 25 lierungsreaktionszone,
' (b) Behandiung des so entfernten fllissigen Mediums mit einem schwach basischen Anionenaustau-
scherharz,und
{c) Zurlickilihrung des behandelten Reaktionsmediums zur Hydroformylierungsreaktionszone
_ - umfaBt. :
30
' 20. Verfahren wie in irgendsinem der Anspriiche 1 bis 19 definiert, worin die Hydroformylierung sin
kontinuierliches Verfahren flr die Recyclisierung der Katalysator enthaltenden Flussigksit umfaft.

.- 21. Verfahren wie in Anspruch 20 definiert, weiches die Entfernung eines Teils des flussigen Hydroformy-

" 36 lierungsreaktionsmediums aus der Hydroformylierungsreaktionszone und das Durchleiten des Mediums,
entweder vor und/oder nach Abtrennung von Aldehydprodukt daraus, durch ein schwach basisches
Anionenaustauscherharzbett umfagt.

- 22, Verfahren wie in irgendeinem der Anspriiche 19 bhis 21 definiert, worin das schwach basische
Tl 40 Anionenaustauscherharz ein vernelztes tertiires Amin-Polystyrol-Anionenaustauscherharz vom Gel-
oder makroretikuldren Typ umfaBt.

23. Verfahren zur Herstellung eines Diorganophosphitliganden mit der aligemeinen Formel

45

50

65
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0 20. Proc6d6 tel que d6fini dans |'une quel conque des reve
19, dans lequel |'hydrofornylation conprend une op6ration co mﬂmuwn I]i",",
tecycl age de liquide contenant |gpeaalsysayr- 21. Proced6 tel sque

dans | a revendication 20, qui consiste a enlever une portion du mlieu
reactionnel reactionnel |iquide d hydrofornylation de |a zone de r6action
d"hydrofornylation et a fairgl35 passer ledit mlieu, avant etlou apres
que | e produit al déhydique en a 6t6 s6pare, a travers un it de resine
d6change ani oni que ﬁflbl : basi que. 22. Proced6 tel que defini dans

1.'.une quel conque deg C 0Qa_21, dans lequel ladite resine

d* 6chéinge ani oni que fai bl rend une r6sine r6ticul 6e

d' 6change ani oni que am ne 40 tertiaire-p styrene du type d un gel ou

de .type nacror6ticul aire. nd di or ganop hitique r6pondant | Ia
fornule gen6ral e 45 50 55 1 yn EP 0 155 508 B1 w *
G M i 11t (F2(yo (7 P - OWI10 -

10

~~~~~ ¥y y z3Q 0]
(V)Y y 20 dans Iaquelle Z4 et V repr6sent et chacun |nd|V|dueIIenent un
grotipe choisi entre S hydroxy et groupe - n, R6, Qet W
ont la nmene definitian o eRdi cation 1, et Y' y2 r epr 6sent ent
I'" hydgsogene ou | ' un quel des groupes i ndi ques dans la revendication 1
comme substituants de Ar et W sous r6serve qu'au cas o0 West un groupe
aryle substitu6, le ou les sgbstituants soient |i6s en position para etlou

ortho du groupe aryle par rapport a |'atonme d' oxygene

20 worin Z2 und Z2 jewsils sinzeln eine Gruppe darstellen, die ausgewihit ist aus Hydroxy und -ORE; y, n,

i . RS, Q und W gleich wie in Anspruch 1 definiert sind und Y!, Y2 Wasserstoff oder irgendeine der in
' e Anspruch 1 als Substituenten an Ar und W angegebenen Gruppen sind, mit der Mafigabe, daB falls W
' eine substituierte Arylgruppe ist, der (die) Substituent(en) in Beziehung zum Sauerstoifatom, das die
Arylgruppe an das Phosphoratom bindet, an die para- und/oder ortho-Stellung der Arylgruppe gebun-

= 26" °  den ist (sind), und auch mit der MaBgabe, da8 wenigstens eines von Y', Y2 22 und 23 und der
C Substituenten an einer Aryigruppe W, falls vorhanden, von Wasserstoff verschieden ist und nicht alle
der gesamten verfligbaren ortho-Stellungen an den vorhandenen Aryligruppen eine sterische Hinderung
von Isopropyl oder gréBer aufweisen, welches Verfahren umfaBt die Umsstzung einer entsprechenden
organischen Diphenol-Verbindung mit Phosphortrichlorid, um ein organisches Phosphorochioridit-Zwi-
schenprodukt zu bilden, das wiederum in Anwesenheit eines HCl-Akzeptors mit siner entsprechenden
- Monohydroxyverbindung umgessetzt wird, um den gewiinschten Diorganophosphitliganden zu erzeugen.

'24. Verfahren wie in Anspruch 23 definiert, worin Y einen Wert von 0 hat; Q fUr -CHz- oder -CHCH3s- steht;
o RS eine C1-Cio-Alkylgruppe ist; Y' und Y2 jeweils einzeln ausgewihit sind aus Wasserstoff, verzweigt-
kettigen Ca-Ci2-Alkylgruppen, Phenyl, Benzyl, Cyclohexyl und 1-Methylcyclohexyl; und W ausgewé#hit

ist aus Cy-C1g-Alkylgruppen, alpha-Naphthyl, beta-Naphthyl und einer Arylgruppe der Formel

Xl

x2

worin X', X2 und Z* Wasserstoff oder irgendeine der Gruppen, die in Anspruch 1 als Substituenten an
Ar und W angegeben sind, sind, mit der MafBgabe, da8 wenigstens beide der X'- und X?-Gruppen oder
_ wenigstens beide der Y'-und Y2-Gruppen an einem gegebenen Diorganophosphitliganden Gruppen mit
.-60 einer sterischen Hinderung von Isopropyl oder gr6Ber sind, und mit der Mafigabe, daB nicht mehr als
drei der X'-, X2-, Y'- und Y2-Gruppen Gruppen mit siner sterischen Hinderung von Isopropyl oder

gréBer sind.

26. Verfahren wie in Anspruch 24 definiert, worin Z2 und Z2 jewsils {lir -OR® stehen, wobei R® C:-C1o-Alkyl
65 " darstellt; Y! nd Y2 beide verzweigtkettige Cs-Cs-Alkylgruppen sind; und W sine C1-Cio-Alkylgruppe ist.

26. Verfahren wie in Anspruch 25 definiert, worin Z2 und Z3 jeweils 1lir Methoxy siehen; Y! und Y2 jewsils
fur tertidres Butyl stehen; und W Methyl darstelit.

116



" réserve qu'au noins tes d

25 qui lie ce groupe aryle a |'atone de phosphore et aﬂ i erve
~-gu'au noins |'un des groupes Y, y2, Z2, Z3 et des substit m"ﬁmwﬂ@iﬂﬂml
aryle W le cas 6ch6ant, ne reprgsgrksssg Bfs de | ' hydrogene ‘et cque s
“positions ortho disponibles sur |es groupes aryle présents ne conportent

. pas toutes un enconbrenent st6rique d'isopropyle ou superieur. 30 24.

~Li gand @t-oYeyameplie syinsirudpeé defiertowmein d®fistni dans | a revendi cation 23, dans
~Iequel chaque y a |la valeur zero; Q est un -CH2- ou -CHCH3-; R6 est un

- .groupe &BKkYariahremwigin Ansrruch 23 definiegt wayip eig digend roitider fertnR!: choi si s

- individuell enent entre Mydrogene, des groupes alkyle en C3 a Cl12 a chaine
“ram ff6e, |es groupes phenyle,bgnzyl e, cycl ohexyle et 1-nbthylcyclohexyle
. ; et West choisi entre des groupes alkyle en G a Cl18, |es groupes

al pha-naphtyl e, b~ta-naphtylejet un groupe aryle de fornule 35 400 x| 45

" dans laquelle XI, X2 et Z 6sentent |'hydrogene ou |'un quel conque des
.groupgs indiqués dans d at Don 1 comme subsEirPHants de Ar et Wsous
oupes et X2 ou qu'js Di NS | es deux
.groupes Y' et Y2 port6s par un{ ligand 'organoBhoso ! nn6 soi ent des
“-groupes pr6ésentant un enconbr eprent steri&hﬁ"d'lsop‘ e/ou Spbrieur, et

©:S0US r6serve que pas plus oi s dg;/éroupes X, et Y2 ne soient
rene st6rique 50 d' i sopropyl e ou

. des gsoupes pr6sentant un

. superieur. 25. LigaAq @ i@ dans | a revendication 24, dans |eque
..Z2 et Z3 repr6sentent chac groupe -OR6, R6 repr6sentant un radical
~alkyle en G a O a; Y' et Y2 $ont tous deux des groupes alkyle en C3 a Cs
. a chatne ram fi6e ; et West un--®Bwupe alkyle en G a C0o. 55 26. Ligand
i'tel dle defini dans |a revendication 25, dans |oquel Y et Z3 repr6sentent
~: chacun un roupe nmet hoxy; Y1 et Y2 repr6sentent chacun un groupe

butyl tertiBPEMEY W r epresente e groupe nbthyle. 123 L oilll(li
;1;111111£%%%%%11En1 1L&¢5P 0.155 508

umkomplex- ormylierungskatalysa%lr, umfassend Rhodium, komplexiert mit einern Diorgan-
25 ophosphitliganden wie in irgendeinem der Ansprliche 23 bis 28 definiert.

M

30. Rhodiumkomplex-Hydroformylierungskatalysator-Vorlduferzusammensetzung, im wesentlichen beste-
hend aus [dslich gemachtem Rhodium-Diorganophosphit-Komplex, einem organischen L3sungsmittel
und sinem frelen Diorganophosphitliganden, dadurch gekennzeichnet, daB der Diorganophosphitligand
des Komplexes und der freie Diorganophosphitligand ein Ligand wie in Anspruch 1 definiert ist.

~31. Zusammensetzung wie in Anspruch 30 definiert, worin der Rhodium-Diorganophosphit-Komplex ein
Rhodiumcarbonyldiorganophosphitacetylacetonat-Komplex ist.

" Revendications .
Revendications pour les Etats contractants suivants : BE, DE, FR, GB, IT, NL, SE

1. Procédé d'hydroformylation pour la production d'aldéhydes, qui consiste 4 faire réagir un composé
organique a non-saturation oléfinique avec l'oxyde de carbone et I'hydrogéne en présence d'un
40 catalyseur 3 base d'un complexe de rhodium essentisllement constitué de rhodium complexé avec de
' 'oxyde de carbone et un ligand diorganophosphitique, et en présence d'une addition d'un ligand
diorganophosphitique libre, caraciérisé en ce que le ligand diorganophosphitique complexé avec le
rhodium et le ligand diorganophosphitique libre sont tous deux, individusliement, des ligands répondant

a la formule

- 45
C?r) —0
CH
50 (‘ 2)}' _
(QVn ' P-0-W

! )
(CH,) : : (1)
1 2’y ///////

85 (Ar) —0

dans lagquslle chaque y a individuellement la valeur Oou 1 ;
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27, L| gand tel que d6fini dans |la revendication 26, d gal
..-ga z6ro. 28. Li gand tel quo d6fini dans |a revendi catlﬂmmrimamﬂuﬂm ";
formule t-Bu 10

TR A o poq EROmssmB CH30Q
‘¢l t -Bu 20 29. Catal yseur d' hydrofornylation a base d' un conpl exe de
“rhodi um £ amERIENGU LA 638 06l jrdipeQXvaEAt @% Borfage Chditiertrie gatRd -CHi(ORgaRephosphi ti que
~“tel que deféshin gratme dikylsree Gjuet:c ang sdstl@sour savsitud oo &t igonse 2Be an 282 Qb nG0.
-2Conposi t i cubstth@ pur Gabstitede et clmbied Hit repubeentt Hesdgrodpes myleatdnosubsiitués o sdbstiés
conpl exe Wentnirsci dififreets chwisisisatre les growpas phgoyiei napgond' stienttuasighesx e

ik hodBum dlemug%erﬁymwg'phpqr@s 5| Wilsi Avjédapt chdisig enterodes araupesrafivinien Ge s hémilel | gand
““di or ganophePSIRi enzyise PHSNKGtaylo. tolioa i: Pxsivpeniyie. exclafierlel ‘Em?tl‘ 'ﬁhe"yle cyclooc-

di or ganopm?s Yﬁ"’!‘?’@{ @V'G 'éﬂ"’tge'lf’ f“ﬁ° "E;'}é’ ‘f"élr°"F‘f§‘V° p‘é’fﬂﬁy' ,pHﬁ‘Iune
:libre sont% Hiﬂs)cﬁaﬁ - 9
.Conposi ti 8‘th E?P @J%" '°m° dﬂ&ﬂ’é’”‘f"é ggﬁﬁ'?é f'thﬂ?f ' E?Qtﬁ ‘; scﬁ‘f'%f F?B le
-:-corrp1°exe P’ﬂ‘b"c?f"éi‘ %s ?)r 8){;“ ue?) gon ena

.__:iIaCG tyl aCGE lﬁ& teau ?re QFZQ g:fel:jese g«} e%t stltuants%a ns §3n¢0| ter:(éant pour
Etat con Jt e%WzGé bst?’( C@ G)D % lgfoUpdd @ ig
“productiof g, el @ssi Bb“ese‘ﬁ@ﬂﬁé ?ﬁy@roee Ahrldf u@a&hi leb' Qu&m@’(ﬁ(@)@nﬁrﬂue a

“non- gat ur g&)mmsqdu@éé RsEl WbreRYRS I'hydPos¥e 164QrdupésINBRinEss biand YR IHBGRAS or@id par
‘preésence ghppbit R talhips QkygBnddqus Rontl led IYraupesAr@XRitdie dohhdéptors € 96 R0t subdthuante nt
+CONSt i t Ubp@sent SuPdé tee groupps aX& AV e grdee Rhyiwiéart @ aae IROseeiti@t patinethi G th
--di or ganopbasipi bithiogdiegrowpe g par Gappre @ Tdtoma el'oayléing quoiie tB groudei agyden sLibstilué en
“di‘or ganophesyphiatiieigme dé pimsphorecar act 6ri sd en ce que le |igand

.di_or ganopkmws péseive que losgupWeost uagecprd @yle.hiydiaumois desslitt pared aryle Ar ot W soit
“di or ganopkubstisi eti apacle Inpivbre tetelneumulglifsdedieasiiionsi andie \sirdérest] Wnengolt e on [totgfinds
',.,— epondant sqbatltqecﬁvpmqlrga@gq} gossédant un encombrement eteggge d'isopropyle ou supérieur. 1\ (CH2)\

_ 2. Procédé suivant la revendication 1, dans lequel le composé a non-saturation oléfinique est choisi entre
C .25 des alpha-oléfines contenant 2 4 20 atomes de carbone, des oléfines internes contenant 4 a 20 atomes
S de carbone et des mélanges de ces alpha-oléfines et de ces oléfines internes.

3. Procédé suivant la revendication 2, dans lequel ['oléfine de départ est choisie entre le buténe-1, le
buténe-2, I'isobutyl&éne et un mélange d'oléfines essentielement constitué de buténe-1 et de buténe-2.

. .~ 4. Procédé suivant I'une quelconque des revendications 1 & 3, dans lequel les conditions de la réaction
' d'hydroformylation comprennent une température de réaction dans la plage de 50 & 120°C, une
pression absolue totale du gaz formé d'hydrogéne, d'oxyde de carbone et de composé organique &
"_non-saturation -oléfinique de 8,9 & 10 340 kPa (1 & 1500 Ib/in2), une pression absolue partielle
.d'hydrogéne de 100 & 1100 kPa (15 & 160 Ib/in2), une pression absolue partielle d'oxyde de carbone
de 6,9 & 828 kPa (1 & 120 Ib/in?), et le milieu réactionnel contient 4 & 50 moles dudit ligand
diorganophosphitique par mole de rhodium dans ledit milieu.

6. Procédé tel que défini dans I'une quelcongue des revendications 1 & 4, dans leque! le ligand
40 diorganophosphitique complexé avec le rhodium et le ligand diorganophosphitique libre également
présent sont tous deux individusllement des ligands répondant & la formule

45

50 Q) P-O-u (11)

L. . 55.

dans laquelle Q est un groupe -CHz- ou -CHCHs- ; n a la valeur 0 ou 1 ; Y', Y2, Z2 et Z2 sont de
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" (Qn : P- - w50

(1) (Ar) 0 55 dans | aquel | e chaque y H"m m!m#!!ﬂm
~l.a valeur 0 ou 1 n a la valeur OE‘?’UO un groupe diwval ent cdexp

»choi si entre -CH2-, -CH(CH3)- est un groupe alkyle en C, a C s
‘non substitu6 ou substltu6 Qu un groupe aryle en C6 a Cs non substitu6 ou
_subst i tue; reydrogbigolesoft idbialids Rk sebstilemtsOioReNEB ARy Wedélinie daishs rdvbrtiationut,
subst it ubs stddéservelqué [Bi éri V2 lsoidrt folid deuk idpd grduipad dyahtlun dhdombieReft siEtGuesiSopidpyle

"C L M ouSupédant et(\V esprésantediinfgraaipeaikyde e@l®iasts nendubgitées gr oupes phényl ene,
-naphtyl bne et anthracylbne; le ou | es substituants portes par Wet Ar 6tant
- choi siss @ntﬁf@e@ewvgncbmpwdla#ﬂhly5edaemle®el 4 €€ Y8 sopHenyoupes lnishrenifiés aveetiiz/b e,
.phenyl 6t hylatomes g¢ garione MV ptein QEW,GI pyleren i @ Cro 9en] subiites:| e,

~1--net hyl cycl ohexyl e, cyclooc- c clohexyl6th | e, hal ogeng, nitro,

" cyano, tFi fﬂ"t%ﬁ’éo?ﬁ‘B’F’ﬁ ’8"9" ?'b‘?c a“s '%1”?'%;8\'2 sorgjde WB‘)PSS tortigp ?es‘s“" groupe
-9ORs, - AgTE Yo SEP T g POV R6) (O R6, - S(O) 2R6, - S(O) RS,
- -CRr, repr65ente i ndi, i dugel | des arou R
hydr ocar By % gn w egge, R £ oo SR 5 B B e e
“d & G 1 et des sy aryl'e, aral kyle, alkaryle et alicycliques contenant
.6 a 18 atorrllég‘6 h Qne sous reserve que dans des substituants -N(R6) 2,
l.es grpupes rls conj oi ntement pui ssent aussi repr6senter un groupe

.dival ent  deaROBdUBELIeS Ylouded YoM TdeBliREPEy BR&TiD6Yoht HGIQs MYRiBushéent entle’ 3 ONE
'd' azote et gepupes Al@RSenl @S2 614Dpreh sl atdyBlonehidOb grouget & brirtjertiqads ouNjrdeanfs(sd) RO,
| es gr oupeshdeon lestGhoifl ihdividielletheftLings HidrogereSdt de€ Probms rilkgle etleC:| 3 Iy drpogsb ne
tandi s quo,nomibrasntieede a1 sousigspdre qub (D) deBRGlolpes B pgisse upsi B épuieshgdrogiss i
«représenter |'hydrogbne ; les groupes Ar 6tant |i6s dans |es positions
‘ortho pa¥ Psgepdsrauivent ja reneodieationB, dang dpapad West un greupe -CbEHeHONBEs2.Ar a | ' at ome
_de phosphore ; et tout substituant, present sur de tels groupes Ar ou sur
“un groupt®- &repEd (8} age SAfini dpes tHﬂPisun'aO s e eerigptione Vo 4dala%s legue] dp ligand
.-posi tion ordt°fR§"Q!PU° ity é:°'&’P'9’feea:\§‘ér‘e Fhagjjﬂb '%"qa"%FB%"%“%R'ygﬂﬁébfaLﬁga'P’P%“I e
~gr oup& ar y PESE EUYE fops,Eeus frdiyitieede ndt

elS‘hdeé f DR WO OPHELPREP " sous r6serve que
..l.orsque West un groupe aryle, |'un au noins desdits groupes aryle Ar et W
solt 1
. - 2 X
G -
Fn. ~ (III)
s Q) P-0 z!
23 o/ x2
- 40 2
Y

_ et
45

' | X (IV)
TR 0 -
| * \ o) z!
. . ) . . - —
: ( )n /P
- 55 .
dans laquelle n a la valeur 0 ou 1 ; Q est un groupe -CHz- ou -CHCHas- ; Y?, Y2, X', X2, Z!, Z2 et Z° sont
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“substitue et quo | e nonbre.total cunulatif de p05|t|ons ort ur Ar et W
~ne soit pas en totalit6 substitu6 avec un radi cal poss6dant JE!'E ’wﬁmﬂ "’
_stérique d'isopropyle ou supbrigply 155%9sd1 Procedé suivant

.1, dans lequel |e conpose a non-saturation ol efinique est ChOISI entre des
al pha-ol efines contenant 2 a 20 atones de carbone, des ol efines internes
cont enante dhyarogéheatuanelss déinitiens kiomegesedansl Bsevwbdiatigespaielos egstitligplsapondstfar nes et
- de ces oM6étiAnssusi ritepre me'sy mAiBs le8deuPgo®dd &' stif vant'au recirsdescied wedpeoW' € Y2 dans
-1 oquel | se|uwfdiaganerbogpbifpagonnéargpondind P fermales K1 ot @Vikagtehirries groupes pragentanburp,

. 1" i sobut ghagmereaent seriays disgpeoryie OF GPREHRS ab Sas tsewp Iaugdane lecigrrede; QI @ag glus

* but ne- 1 defroigslepgrounee X0 XE4Y' Y3 A mPTEseNRPhAS JrouppaglicinBPRftREe MRt stérique
“revendi c&ﬁ°6’ﬁ%y'°l°“ﬁ”€.é"°?j’ans | equel les conditions de |la r6action

<503 1o Moty o oo SERCRLY e el £ 0F it DRyl ne. o

d oxoyde aaéﬁ'f'egraba corrpose organi que a non- saturation ol efini que de

g ﬁyﬁr‘égg%g’da i“ﬁé“’efﬁ"l‘%%g%w"% R ) B P, in T Bl it Spo,

.partlelle d' oxyde de carbone de 6,9 a 828 kPa (1 a 120 Ib/in2), et le
d(f&? or ganophosphi ti que

“mlieu réactionnel conyre 4 a 50 moles dudit lig
‘par g0l e de rhodi um dnm t mlieu. 35 5. Proc6db 9 quo d6fini dans
I "une quel conque des Ne ycatio a 4, dans lequel le |igand

_ 1
.. di-or ganophosphi ti que cOrpl€x6 avec\rhodi um et | £ T1yand
gal ement prreseng t jeux
gnrepond}x ala forrm2 ER_MS (Qn

di or ganophosphi tique |ibrg
~individuel |l ement des |igan

. (218 50 _ dans | aquell e Q est
~un groupe -CH2- ou -C C@ a®a valeur 0 ou 1 1Yl, y2, Z2 et Z3 sont de
I* hydr ogene ou sont idgnti’gdies aux substituants pokt r Ar et Wd6finis

~-dans | a revendi cation 1, sous r6serve quo Y' er Y2 soiernt tous deux des

. groypes ayant un enconbrenqu_aéﬁrique d' i sopropyl e ou superieur; et W
:jrepresente un groupe al kyl e en“&'9a C18 non substitu6. 125

o . et~ O)— o

@, /1’ -0
--\,a t-C&H9
L _ ot
" t-C[‘}lg
'——— o
w0 T——VP -0 O — cny
" 85 T CL.H9
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:-:.:'IEbrPogetlilgSSﬁiOSaEtl |l a revendication 5, dans I’;auel Y et Y2 son“ﬂm mmﬂum”“m

alkyle ram fi6s ayant 3 a 5 atongsgdss gg@pne et West un gr olpe’ alkylte en «
+Cl a Cto non substitu6. 7. Proc6d6 suivant |a revendication 6, dans |oquel

-~ Y et Y2 sont des groupes tertiobutyle, Q est un groupe 5 -CH2-et W

- est un o8 Fugéddtek yeedédin d@ps lun€queivomus dbstevdndiatios. 1 #rodaes Bawsll lewdiangandphosie
~ quel conquephifesompdexé puicdattioding el leligind deromioproephitipue/ibességalamen moisprdt seritkyuse a
subst i t uardeuwpindiygstianenided digands rfeandant @la formule[ C(R7 )2 1 pP(O) (R6 )2 dans
~laquelle les groupes R6 sont identiques ou diff6rents et sont choisis

: groupes alkyle en G a C 8, phébnyle et

R7 sont identiques ou diff6rents et chacun est
tre 1" hydrogene et des groupes alkyle en C, a C4
|. )‘ s © 1 a 10; sous r6serve que |'un des
sl_Yepr6senter hydr ogene. 9. Proc6d6 suivant |a
revendi cati on 8, dans Ig-.ei W est un oupe - CH2CH2P(O) (C6H5) 2. 10.
Proced6 tel que d6fi ni ¥' une quel conyye des revendications 1 a 4, dans
< I'equel le ligand 20 ( )@rganophosphitiqu &,nplexeéﬁvec |l e rhodiumet le
-.I'igand di or ganophosphi-t{ yl ibre 6gal enent eserlt t tous dqeyx
i ndi v duel | enent des |iga SYayant une fo | e choisie entre 25 2 e 30

~cycl ohexyle ; |les groupes
< choi si individu%hle :

©; p est uni5
- grouggs R6 puisse au

/. et o~~~~~ o ~~~~~ x| (1v) 45
.0 0 dans gael R | a valeur ou 1; O est un groupe -CH2- ou
" -CHCH3- y', Y2, / 073 sont 55 de |' hydrogene ou ont |es

21 la revendication 1 pour !es substituants port6s
., par Wet Ar, sous ré6ser gu' au moins | es deux groupes X et X2 ou qu' au
. nmoins | es deux groupes et y2 sur un diorganophosphite donne repondant
~aux formul es (III) et (1V) soient des groupes pr65entant un enconbrenent

. Stérique d, ' < ladie ) & 2 YoprddBfink SLun b Siemt &R Grolse Ju& S8R gréupl By ©
: (I 1) pa
L 25 n groupe R¢ ; vy, n, R, Q et W ont la méme définition que dans la revendication 1, et Y' et Y2

sont de I'hydrogéne ou désignent I'un quelconque des groupes indiqués dans la revendication comme
susbstituants de Ar et W.

deflnltlons donn6es

.~ 14, Procédé suivant la revendication 13, dans lequel chaque vy a la valeur zéro ; Q est un groups -CHx- ou

30 -CHCHa- ; B® est un groupe alkyle en C1 & Cio ; Y' et Y2 sont choisis tous deux individuellement entre

I'hydrogéne, des groupes alkyle en Cs3 & Ci2 & chaine ramifiée, les groupes phényle, benzyle,

: cyclohexyle et 1-méthylcyclohexyle ; et W est choisi entre des groupes alkyle en C; & Cis, des
- groupes alpha-naphtyle, béta-naphtyle et un groupe aryle de formule

., .
QN

35 1

40

dans laguelle X', X2 et Z* sont de I'hydrogéne ou f'un quelconque des groupes indiqués dans la
45 revendication 1 comme substituants de Ar et W, sous réserve qu'au moins les deux groupes X' et X2
ou qu'au moins les deux groupes Y' et Y2 sur un ligand diorganophosphitique donné soient des
groupes ayant un encombrement stérique d'isopropyle ou supérieur, et sous réserve que pas plus de
trois des groupes X', X2, Y' et Y2 soient des groupes ayant un encombrement stérique d'isopropyle ou
supérieur.
50
15. Procédé suivant la revendication 14, dans lequel Z2 et Z3 représentent chacun un groupe -ORS, RE
représentant un groupe alkyle en Cy & Cio ; Y! et Y2 sont tous deux des groupes alkyle en C; & Cs &
chafne ramifiée ; et W est un groupe alkyle en Cy & Cyo.

55 16. Procédé suivant la revendication 15, dans lequel Z2 st Z3 représentent chacun un groupe méthoxy ; Y!
et Y2 représentent chacun un groupe butyltertiaire ; et W représente un groupe méthyle.

17. Procédé suivant la revendication 15, dans lequel n est égal & zéro.
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5I§rpoglpé§5xisf)8xg,l YV et Y2 ne repr6sentent descgr01|]|0€SMayaﬁt dﬁﬂ%ﬁ’iﬂﬁ!ﬂm’ﬂmm
* L M S *

st6rique d'isopropyle ou superigpip.154ps Bjocede tel qua defini
revendi cation 10, dans |equel YV et Y2 sont des groupes al kyle A chaTne 5

ram fi6e ayant 3 a 5 atones de carbone. 12. Proc6d6 tel que d6fini dans la
r evendil@alrpegdé $@vandaneyerdiegtion|13] dand lequahid didiganaphsspiile @SppIeS| s6iétSe @BtiuG OIS
entre 10 ligandCHeHgpnpphg$rhitiquUe4iB® également présent répondent 3 la formdle 49 ~~~~~~ 25 tCG O
a4 9 40 et t-C 0 50 t-C H 49 55 13. Procede tel que defini dans |"une
~quel conque des revendications 1 a 4, dans |equel |e diorganophos- phite
. compt exe avec | e rhodium at IéWq%ﬁHm di organophusphitique |ibre egal enent
-~ present sont tous deux indivifuell enent des |igands repondant a la fornule

127
' : 0\ t-Bu
P— O
/ @OCH3

15 CH3 0 O . o

t-Bu

. 10

20

19. Procédé tel que défini dans I'une quelconque des revendications 1 & 18, qui consiste & minimiser la
décomposition du ligand diorganophosphitique libre par
(a) enlévement d'une portion du milieu réactionnel liquide d'hydroformylation de la zone de réaction
25 d'hydroformylation,
(b) traitement du milieu liquide ainsi enlevé avec une résine d'échange anionique faiblement basique
et
(c) recyclage du milieu réactionnel traité dans la zone de réaction d'hydroformylation.

0 20. Procédé tel que défini dans I'une quelconque des revendications 1 & 19, dans lequel I'hydroformylation
comprend une opération continue de recyclage de liquide contenant le catalyseur.
. 21. Procédé tel que défini dans la revendication 20, qui consiste & enlever une portion du milieu
. réactionnel réactionnel liquide d'hydroformylation de la zone de réaction d’hydroformylation et & faire
passer ledit milieu, avant et/ou aprés que le produit aldéhydique en a été séparé, & travers un lit de
résine d'échange anionique faiblement basiqus.

22. Procédé tel que défini dans I'une quelconque des revendications 19 4 21, dans lequel ladite résine
d'échange anionique faiblement basique comprend une résine réticulée d'échange anionique amine
40 tertiaire-polystyréne du type d'un gel ou de type macroréticulaire.

23. Ligand diorganophosphitique répondant 2 la formule générale
45
50

-85
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A p— w o o (RN

S (CH ) 20 clans | aquelle Z2E|;e5 18356681 esent ent chacun *
Sindlividluell ement un groupe choisi entre | e groupe hydroxy et un groupe
" -0Rs-; vy, n, R,, Qet Wont |la m-ne definition que clans |a revendlication
« 1, et Y et y2 sont de |'hydrggbne ou designent |'n quelconque des groupes
- indliques clans la revendlicdion come susbstituants de Ar et W 25 14.
- Procede suivant |a revendl ion 13, clans |eqluel chaque y a | a val eur
. Zero ; Q est un groug@ -CHCH3qg ; Rs est un groupe alkyle en C, a
G 0%yl et y2 sont chois s deux indlividluellenent entre |I'hydrogbne,
- des groupes alkyie en C3 a a chai ~ne raxjfiee, |es groupes phenyle,
. benzyl e, : ~~~cycl ohex zb 1- met hyl cythohexyle ; et West choisi
. entre des groupes al kyle en a C's, des groupes\al pha- naphtyle
b~ta;paphty|e et un groupe a ?e de fornule 303 P -0
Z" 20 dans laquelle X, x2(€d, sont de auhy g dne ou |'un quel conque

~.des groupes indihquds ans | d revendlication comme substituants de Ar et
"W sous rdserve qu' au _noip XI et x2 ou qu'au noins |es
neux groupes Ye et y%3su gand di @ anophosphlthue(‘dbnne soi ent des
~.groupes ayant un enconbr egs sterlque d' i sopropyl e ou superieur, et sous
_.reserve que pas plus de trong des groupes X, X, Y e ent yun des groupes
““ayant un enconbrenent sterigue d' isopropyle ou 45 superieur. 15.

- Proc6de suivant |a revendication 14, dans |equel Z2 et Z3 r prasentent

’chacun un groupe -OR6, Ru representant un groupe alkyle en C a do ; Y et

Y2 sént t olaes laguelZiRs Z RPEPapRast effapup| individyeligment ain Gepupe @igicantse focgeupe Bydroxgt W
“est un gr GLpe 9wrRe 108 oy @RGaQG!IdV oBa Téme PEfiaR quas dAng dnrevengicatian, dradivbaf i on
.15, s ans "¢RS @F"tZQ%CtQZ’? ?Lé cBelRenarR dRshgeupes ndia 'an'PY?B%EP“O'YI‘ ce'vm9

" :represent éﬁ?gfﬁ Aﬁrf featrf AR £35i %ﬂew ey %?uepﬂ@?

thyle, 1 “ﬁ"&% %l%meé‘ “\7 '5°" 8‘i'8 proee a‘eﬂ?aﬂftg aP%° |a“1'i" th?@

5 i lie ce groupe aryle a Iatome de p os 0re © uss: sous réserve qu'au mon 'un des group
[-Z€ero. , 22, Z® ot des substituants d'un groupe aryle W, le cas échéant, ne représentent pas de 'hydrogéne
et que les positions ortho disponibles sur les groupes aryle présents ne comportent pas toutes un
encombrement stérique d'isopropyle ou supérieur.

- 30 24. Ligand diorganophosphitique tel que défini dans la revendication 23, dans lequel chaque y a la valeur

. 26ro ; Q est un -CHz- ou -CHCHs;- ; R® est un groupe alkyle en Cy & Cip ; Y' et Y? sont tous deux
choisis individuellement entre 'nydrogéne, des groupes alkyle en C; & Ci2 & chaine ramifiée, les
groupes phényle, benzyle, cyclohexyle et 1-méthylcyclohexyle ; et W est choisi entre des groupes
alkyle en Cy & Cis, les groupes alpha-naphtyle, béta-naphtyle et un groupe aryle de formule

© .35 :

xl
- 40 ZA
XZ
45 dans laquslle X', X2 et Z* représentent I'nydrogéne ou I'un quelconque des groupes indiqués dans la

revendication 1 comme substituants de Ar et W sous réserve qu'au moins les deux groupes X' et X2 ou

qu'au moins les deux groupes Y' et Y2 portés par un ligand diorganophosphitique donné soient des

groupes présentant un encombrement stérique d'isopropyle ou supérieur, st sous réserve que pas plus

de trois des groupes X', X2, Y' et Y2 ne soient des groupes présentant un encombrement stérique
50 d'isopropyle ou supérieur.

25. Ligand tel que défini dans la revendication 24, dans lequel Z2 et Z3 représentent chacun un groupe
-ORS, RS représentant un radical alkyle en C; & Cyo ; Y! et Y2 sont tous deux des groupes alkyle en Cs
a Cs & chaine ramifiée ; et W est un groupe alkyle en C; & Cio.
55
26. Ligand tel que défini dans la revendication 25, dans lequel Z2 et Z3 représentent chacun un groupe
méthoxy ; Y' et Y2 représentent chacun un groupe butyltertiaire ; et W représente le groupe méthyle.

123



':18; Proc6de suivant |a revendication 13, dans |oquel le dj ite
conpl exh avec le rhodiumet |e |igand di organophosphiti QJMHHE @E@ Wm
preset raprnsente un g |la formgpg 115%8508311 1111111 111111 11%¥1 s X

111111 EP0155508B1 C L M S *t-Bu 5
CH3 Q 0 t-Bu 10 CH3O~~~~~~~~~~ DF
'00OC CH73 Ligand tel que défini dans la rever@icktidn 26, dans lequel n est égal & zéro. t-Bu 19.

“Proc~dd tel que defini dans |'une quel conque des revendications 1 a 18, qu

- .consi s38e Ligandi telique defini daps el eavendisation £3.aépontlent 4 lgéamauieli or ganophosphi tique libre

- par 20 (a) enl bvenment d'une portion du mlieu reactionnel |iquide

d' hydrofornyl ation de |a zonedg; r6acti on d' hydrofornyl ation, (b)

~traitenment du mlieu |liquide, ainsi enleve avec une resine d' 6change

~ani oni que faibl enent basiquelet (c) recyclage du mlieu reactionnel traité6
dans Ia zone de reaction drofornylation. 25 20. Proc~d6 tel que d6fini
~dang |'une quelc & de 6 matlons 1 a 19, dass | equel

Ihyd?ofornylatlon conpre oper on continue de recycl age de |iquide

contenant |e catal yseur. 21. {Procede gue dé6fi Ai-dans | a revendication

20, qui consiste a enlever ufe portionfﬁu—nipi- | O6&gt i onne

~.reactionnel 1iquide d hyd ar ny| at de | a zone\de bacti on

“d" hydrof ornyl ati on et a passqypredit mlieu, avant et/ou aprbs que le
produi t al déhydi ey @n~ = Jepar®, a travers un |it de resine d' 6change

~ani oni que fai bl ement basi 22. Proc6de tel que d6fini dans |'une

.. quel conque des revendicationg 19 a 21, dans lequel ladite r6sine 35

. d" 6change ani oni que fai bl eneng-Baasi que conprend une r6sine r6ticul 6e

- d' e®fhange ani onique amne tertiaire-polystyrene du type d un gel ou de type

- macror6ticulaire.

29. Catalyseur d'hydroformylation & base d'un complexe de rhodium, comprenant du rhodium complexé
avec un ligand diorganophosphitique tel que défini dans I'une quslconque des revendications 23 & 28.
25
30. Composition de précurseur catalytique d’hydroformylation & base d'un complexe de rhodium, essentiel-
lement constituée d'un complexe rhodium-diorganophosphite solubilisé, d'un solvant organique et d’un
ligand diorganophosphitique libre, caractérisée en ce que le ligand diorganophosphitique dudit com-
plexe et le ligand diorganophosphitique libre sont des ligands tels que définis dans la revendication 1.
30 .
31. Composition telle que définie dans la revendication 30, dans laquelle le complexe rhodium-diorgano-
phosphite est un complexe du type acétylacétonate de rhodium-carbonyle-diorganophosphite.

. Revendications pour I'Etat contractant suivant : AT
s

1. Procédé d'hydroformylation pour la production d'aldéhydes, qui consiste & faire réagir un composé
organiqgue & non-saturation oléfinique avec I'oxyde de carbone et I'hydrog&ne en présence d'un
catalyseur 2 base d'un complexe de rhodium essentiellement constitué de rhodium complexé avec de
l'oxyde de carbone et un ligand diorganophosphitique, et en présence d'une addition d'un ligand
0 diorganophosphitique libre, caractérisé en ce que le ligand diorganophosphitique complexé avec le
- rhodium et le ligand diorganophosphitique libre sont tous deux, individuellement, des ligands répondant

A la formule

&r)y ———0
45 l

<<[:H2>y |
(Q)n ' P-0-W

50 (CH,) (1)
1 2 v . /

(AT) 0

65 dans laquelle chaque y a individuellement la valeur 0 ou 1 ;
' n a la valeur 0 ou 1 ; Q est un groupe divalent de pontage choisi entre -CHz-~, -CH(CHz)- et -S- ;
W sest un groupe alkyle en Ci & Cis non substitué ou substitué ou un groupe aryle en C; & Cig non
substitué ou substitué ; et chaque Ar représente des groupes aryle non substitués ou substitués
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53 ot gprgtion 8 un g d'_8r?£”?%?f’sph'“q”ellllTllfl I

P -0 W50 EP 0 155 508 B1  (
0 / (V) 855 129 ~ EP 0 155 508 Bi

L dans laquelle Z2 et Z3 repr6sentent chacun individuell erent un groupe
‘choi si . ent ridenfiguegyouaiifféents\chisisicgntre tes grougps PhggereORPhtyEng/et anthiB&/jane Q et W sont
“tels que Mg i les shipsituanty portdspadVosh A @ant thoisist enlrd desy@oupeniikyibeon G, iy Chs Ohbriyes, OU
T epr 6sent er?EPhbifm bepare. ebdytyiedayle muvip esclonautilgofgordaies 14msthylexcibhekyle atyciose- 1
.Cco B ty'e CVC'WW&% halensp. itigecyapo, diflugipméinles hydBewr HHRYU'-SIORE RS -NIBXW est

un gr éu pe & (g\ t tﬂg(og;? %%%;‘(F‘ek 'é“(ﬂsé?(o)ﬂ% %ﬁ(é)c)zgg g{éﬁ&}eﬁsﬁwﬁi ?Eﬁ%‘fg?s en

’ e Uue é)u YO rl 0l |
oS eyt "%g ey Ve ahl. LBRoSHEs ctnaad § $Rer ve

~~~d' oxygb %13 alkyio
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6gal ement % ﬁ { se éi i waént I}é Hcg '6?'{‘%
t¥mé&d' ote

. “et
et i inr
rtée Ies U gtuant P 8?“ S

lt‘Uants
que toutes éf Qotd? Pidsbrit QUi %r of lag PR }ségi
' gr;upeiﬂggf@éﬁltsgr} p?&@n%ér”"ﬂyo? 3 ern{ ﬁ@g% Iés p%g{lon rtho fé%

SUDGI’ | eur, rdpporil&lix atomes d'oxye RS 8 Gerll Ws g‘?&lBé%‘ §r éal' rlePdd ﬂwog tde
~di ph6nol i qp@sent g e QI ro6HeE A BOEH 8N bro@dsaryld F, Etbrkt G8 uss W Sos éh ,PJPQ&B QL& ipour
f or mers une pptios phiar A.Cfroqel AHylé ParGiPam i20EBMe r&dii}g@ﬁéi @16 9o Gd6bel arfl® shiBlithe &Pagi r
A son tour qesstm:a llatme @apasphorynohydr oxyl i que correspondant en présence d' un
_accept eur @ HSlervp Gue lqpaoel W et uh grdubey aniel, 1tin Gt aoins e st lgiolpeq LBy 161 AS6tIVG soit S
. 24. Proc6déubsiéié gueueleineinbrdatnts! ¢umulatifvdenplistiarsi @iho 28, Adetn® neSspitedas Ghacims Y a
| a val sur 2¥sEue avey wrsradicalpgssédany un SMOMBrement REriqs W'isoprogylecayzepdibley | s en G &
Clo ;%1 et V2 sont tous deux choisis individuellsnment entre |'hydrogbne,
des gr oufpegmﬁ?qﬁ pigang [3 reysndication ‘Adé‘ﬁé?%%i I epiPP§SGenoniselration oléfiiaue highgisientre
benzyl e, §a Sé?"‘efa"f °€ye P® Frshape.clos glffingy igtgtneg epglegant éht29 alonjess
_groupes aI yfaébog?l °s Neﬁ'geé eésa'

25 3. Procédé suivant la revendication 2, dans lequel I'oléfine de départ est choisie entre le buténe-1, le
buténe-2, I'isobutyléne et un mélange d'oléfines essentiellement constitué de buténe-1 et de buténe-2.

oléfines et de ces oléfines internes.

4. Procédé suivant I'une quelconque des revendications 1 & 3, dans lequel les conditions de la réaction
d'hydroformylation comprennent une température de réaction dans la plage de 50 & 120°C, une
30 pression absolue totale du gaz formé d'hydrogéne, d'oxyde de carbone et de compos€é organique 2
’ non-saturation oléfinique de 6,9 & 10 340 kPa (1 & 1500 Ib/in?), une pression absolue partisile
'd'hydrogéne de 100 & 1100 kPa (15 & 160 Ib/in2), une pression absolue partielle d'oxyde de carbone
de 6,9 2 828 kPa (1 & 120 Ib/in?), et le milieu réactionnel contient 4 3 50 moles dudit ligand

- diorganophosphitique par mole de rhodium dans ledit milieu.

35
5. Procédé tel que défini dans I'une quelconque des revendications 1 2 4, dans lequel le ligand
diorganophosphitique complexé avec le rhodium el le ligand diorganophosphitique libre également

présent sont tous deux individuellement des ligands répondant 3 la formule

40

45
(?)n P -0-w (11)
55 dans laquelle Q est un groupe -CHz- ou -CHCHs- ; n a la valeur 0 ou 1 : Y', Y2, Z2 et Z3 sont de

I'hydrogéne ou sont identiques aux substituants portés par Ar et W définis dans la revendication 1,
sous réserve que Y' er Y2 soient tous deux des groupes ayant un encombrement stérique d'isopropyle
ou supérieur ; et W représente un groupe alkyle en C; & Cig non substitué.
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‘groupes al pha-naphtyl e et bdta-naphtyle et un groupe aryle

4 25 x2 30 dans laqusile X1, X-2 et Z4 sont de I'hydro ﬁ“l “ml ”ﬁﬂ ml
- représentent |'un quel conqus degpgqg%g&§3indlqu63 dans | a reven I catu

.comma substituants de Ar et Wsous réserve qu' au noins | es deux groupes XI
et X2 ou qu'au noins |es deux groupes Y1 et Y2 sur un ligand

_ di or gapopiespd bdivaiUS rederiiRGtion G| G4tk 10d6S YOBIOUREE dps Groet akyle wmifién et 2Eent

1St 6ri que fAbmes@p arpyhe @t WibsSunadupe blkyle @t CiSOUs norb®bstig. quo pas plus de trois
des groupes X, X2, Y et Y2 ne repr6sentent des groupes ayant un
“enconbren®odédé suﬁ«ahtqu evéndication § ofanolpguelY' et Yssept-des @@ppes 2itiobftyle (bepbun erburque

tM-i g dan$Hi-at W estandiooes dlkyle ep £ admmen subgfitusl 72 et Z3 repr6sentent chacun un
‘groupe -OR6-, R-6 tant un groups alkyle en G~ a; Y et Y2 sont tous
‘deux dés Rypesdpeyvanl kupp Quelepng® deseye Q?Pfé'iﬂn*é"r%?ﬁffeﬂuf’éw egtium\gree ale dr oupe
-al kyl e ensubgtitugnthosghongle dg forpleyc 646 t el que d6fini dans | a revendication 25,

. dans lequ 3 repr6ésentent chacun un groupe ntthoxy ; Y1 et V2
- repr’Bsent” g‘#{?%’ﬁﬁg(bﬁﬁ 2un groups butyltertlal re ; et Wrepr6sente |Is groupe

_n6t hyl e. Prs e fiEbllos 03 0elale oPURDHRR UM mo AN, besguC! 1
est 6gal g‘; R ky,ﬁgn g’%ﬁ CE‘Q R 2 téﬁi.ona@le Qgsgﬁupzaﬂssoﬁadernﬁao@@ 0 GfdrbrRIor23
“dans 1leq cufd rbs{:){:lﬂml‘ﬁrnav1H'lféIlén’\efi'lf'iQgi'erl‘ﬁpcﬁ’cs’b‘élﬁé‘I bt dds g?oupes alkyle en Ci 3 fqr; nﬁ%ﬁ un

tSUiBV@nt S norfBreuntierab 1 a 10% souBWsE™e que I'un des groupes RE puisse aussi représenter I'hydrogéne.
-T-bu

' 9. Procédé suivant la revendication 8, dans lequel W est un groupe -CHz CH2P(O){Cs Hs )2.

10. Procédé tel que défini dans l'une quelconque des revendications 1 & 4, dans lequel le ligand

.20 diorganophosphitique complexé avec le rhodium et le ligand diorganophosphitique libre également
' présent sont tous deux individusliement des ligands ayant une formule choisie entre

1
25
| 0 3
* (Q) P -0 z1
8
9 ot
45 0\ 1
| Q P-0 —1z
' 2

- 60

dans laquelle n a la valeur 0 ou 1 ; Q est un groupe -CHz- ou -CHCHs- ; Y1, Y2, X!, X2, Z1, 22 ot Z3 sont
55 de I'hydrogéne ou ont les définitions données dans la revendication 1 pour ies substituants portés par
W et Ar, sous réserve qu'au moins les deux groupes X' et X2 ou qu'au moins les deux groupes Y' et Y2
sur un diorganophosphite donné répondant aux formules (Ili) et (IV) soient des groupes présentant un
encombrement stérique d'isopropyle ou supérieur, et sous réserve que dans la formule (Hi), pas plus
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13. Procédé tel que défini dans I'une quelconque des revendicalions 1 & 4, dans lequel Ie diorganophos-
phite complexé avec le rhodium et le ligand diorganophosphitique libre également présent sont tous

deux individuellement des ligands répondant & la formule
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D 4
20 dans laquelle Z2 et Z3 représentent chacun individuellement un groupe choisi entre le groupe hydroxy

. -et un groupe -OR® ; vy, n, R, Q et W ont la méme définition que dans la revendication 1, et Y' et Y2
0 sont de I'hydrogéne ou désignent I'un quelconque des groupes indiqués dans la revendication comme
susbstituants de Ar et W. '

25 14. Procédé suivant la revendication 13, dans lequel chaque y a la valeur zéro ; Q est un groupe -CHz- ou

: -CHCHs- ; R® est un groupe alkyle en Ci & Cio ; Y! et Y2 sont choisis tous deux individusllement entre

I'hydrogéne, des groupes alkyle en Cz & Ci» & chaihe ramifiée, les groupes phényle, benzyle,

cyclohexyle et 1-méthylcyclohexyle ; et W est choisi entre des groupes alkyle en C; & Cig, des
groupes alpha-naphtyle, béta-naphtyle et un groupe aryle de formule

30
1
X
4
o Z
2
X
] dans laquelle X', X2 et Z* sont de I'hydrogé&ne ou I'un quelconque des groupes indiqués dans la
- revendication 1 comme substituants de Ar et W, sous réserve qu'au moins les deux groupes X' et X2
ou qu'au moins les deux groupes Y' et Y2 sur un ligand diorganophosphitique donné soient des
groupes ayant un encombrement stérique d'isopropyle ou supérieur, et sous réserve que pas plus de
trois des groupes X', X2, Y' et Y2 soient des groupes ayant un encombrement stérique d'isopropyle ou
45 supérieur.

15. Procédé suivant la revendication 14, dans lequel Z2 et Z3 représentent chacun un groupe -OR®, R®
représentant un groupe alkyle en C; 4 Cio ; Y' et Y2 sont tous deux des groupes alkyle en Cz 4 Cs &
chafe ramifiée ; et W est un groupe alkyle en Ci & Gyo.

50

16. Procédé suivant la revendication 15, dans lequsl Z2 et Z3 représentent chacun un groupe méthoxy ; Y!
et Y2 représentent chacun un groupe butyltertiaire ; et W représente un groupe méthyle.

 17. Procédé suivant la revendication 15, dans lequel n est égal & zéro.
" 65

18. Procédé suivant la revendication 13, dans lequel le diorganophosphite complexé avec le rhodium et le
' ligand diorganophosphitique libre également présent répondent & la formule
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19.

20.

21.

22,

N R 0

EP 0 155 508 B1

t-Bu

CHB 0 O 0 t-Bu

CH

t-Bu

Procédé tel que défini dans 'une quelconque des revendications 1 & 18, qui consiste & minimiser la
décomposition du ligand diorganophosphitique libre par
(a) enlévement d'une portion du milieu réactionnel liquide d'hydroformylation de la zone de réaction
d'hydroformylation,
(b) traitement du milieu liquide ainsi enlevé avec une résine d'échange anionique faiblement basique
et
(c) recyclage du milieu réactionnel traité dans la zone de réaction d'hydroformylation.

Procédé tel que défini dans I'une quelconque des revendications 1 2 19, dans lequel I'hydroformylation
comprend une opération continue de recyclage de liquide contenant le catalyseur.

Procédé tel que défini dans la revendication 20, qui consiste & enlever une portion du milieu
réactionnel réactionnel liquide d’hydroformylation de la zone de réaction d'hydroformylation et & faire
passer ledit milisu, avant et/ou aprés que le produit aldéhydique en a été séparé, a travers un lit de
résine d'échange anionique faiblement basique.

Procédé te! que défini dans I'une quelconque des revendications 19 & 21, dans lequel ladite résine
d'échange anionique faiblement basique comprend une résine réticulée d'échange anionique amine
tertiaire-polystyréne du type d'un gel ou de type macroréticulaire.

. Pracédé de préparation d'un ligand diorganophasphitique répondant a la formule générale

G

(CH,)

(?)n - W
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24.

26.

27.

28.

A,

EP 0 155 508 B1

dans laquelle Z2 et Z3 représentent chacun individuellement un groupe choisi entre le groupe hydroxy
et un groupe -OR® ; y, n R, Q et W sont tels que définis dans la revendication 1, et Y', Y2 sont de
I'hydrogéne ou représentent I'un quelconque des groupes indiqués dans la revendication 1 comme
substituants de Ar et W, sous réserve qu'au cas oll W est un groupe aryle substitué, le ou les
substituants soient attachés en position para et/ou ortho du groupe aryle par rapport & I'atome
d'oxygéne qui lie le groupe aryle & I'atome de phosphare et sous réserve également qu'au moins I'un
de Y', Y2, 72, 73 et des substituants portés par un groupe aryle W, le cas échéant, ne représentent pas
de I'hydrogéne et que toutes les positions ortho disponibles sur les groupes aryle présents ne
comportent pas un encombrement stérique d'isopropyle ou supérieur,

procédé qui consiste & faire réagir un composé diphénolique organique correspondant avec le
trichlorure de phosphore pour former une phosphorochloridite organique intermédiaire que I'on fait
réagir & son tour avec un composé monohydroxylique correspondant en présence d'un accepteur de
HCI pour produire le ligand diorganophosphitique désiré.

Procédé tel que défini dans la revendication 23, dans lequel chaque vy a la valeur zéro ; Q est -CHz- ou
-CHCHs- ; R6 est un groupe alkyle en C; & Cio ; Y' et Y2 sont tous deux choisis individusllement entre
I'nydrogéne, des groupes alkyle en Cs & Ci2 & chaihe ramifie, les groupes phényle, benzyle,
cyclohexyle et 1-méthyicyclohexyle ; et W est choisi enire des groupes alkyle en C; & Cys, les
groupes alpha-naphtyle et béta-naphtyle et un groupe aryle de formule

Xl

XZ

dans laquelle X', X2 et Z* sont de I'nydrogéne ou représentent I'un quelconque des groupes indiqués
dans la revendication 1 comme substituants de Ar et W sous réserve qu'au moins les deux groupes X!
et X2 ou qu'au moins les deux groupes Y' et Y2 sur un ligand diorganophosphitique donné soient des
groupes présentant un encombrement stérique d'isopropyle ou supérieur, et sous réserve que pas plus
de trois des groupes X!, X2, Y'! et Y2 ne représentent des groupes ayant un encombrement stérique
d'isopropyle ou supérieur.

Procédé tel que défini dans la revendication 24, dans lequel Z2 et Z3 représentent chacun un groupe
-OR®, R® étant un groupe alkyle en Ci & Cyo ; Y' ot Y2 sont tous deux des groupes alkyle en C; & Cs &
chaine ramifiée ; et W est un groupe alkyle en C1 & Cio.

Procédé tel que défini dans la revendication 25, dans lequel Z2 et Z3 représentent chacun un groupe
méthoxy ; Y' et Y2 représentent chacun un groupe bulyltertiaire ; et W représente le groupe méthyle.

Procédé tel que défini dans la revendication 26, dans leque! n est égal & zéro.

Procédé tel que défini dans la revendication 23, dans lequel on prépare un ligand répondant a la
formule suivante :
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29. Catalyseur d'hydroformylation & base d'un complexe de rhodium, comprenant du rhodium complexé
avec un ligand diorganophosphitique tel que défini dans I'une quelconque des revendications 23 a 28.

30. Composition de précurseur catalytique d'hydroformylation & base d'un complexe de rhodium, essentiel-
lement constituée d'un complexe rhodium-diorganophosphite solubilisé, d'un solvant organique et d'un
ligand diorganophosphitique libre, caractérisée en ce que le ligand diorganophosphitique dudit com-
plexe et le ligand diorganophosphitique libre sont des ligands tels que définis dans la revendication 1.

31. Composition telle que définie dans la revendication 30, dans laquelle le complexe rhodium-diorgano-
phosphite est un complexe du type acétylacétonate de rhodium-carbonyle-diorganophosphite.
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