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wherein each Ar group represents an identical or different, substituted or unsubstituted aryl radical; wherein -
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Knowns complexed with the Group Vil transition metal atom in the active complex catalyst.

The Group VI transition metals which make up the metal-poly-phosphite complexes of this invention

;o include those selected from the group consisting of rhodium (Rh), cobalt (Co), iridium (Ir), ruthenium (Ru),
./ iron (Fe), nickel (Ni), palladium (Pd), platinum (Pf), and osmium (Os), and mixtures thereof, with the
preferred metals being Rh, Co, Ir and Ru, more preferably Rh and Co, especially Rh. It is to be noted that
45 the successful practice of this invention does not depend and is not predicated on the exact structure of the
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 active catalytic species may in its
simplest form consist essentially of the Group Viil transition metal in complex combination with the carbon

50 monoxide and a poly-phosphite 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
poly-phosphite ligands employable herein which possess at least two phosphorus donor atoms, each having

§5 - one available or unshared pair of elecirons which are each capable of forming a coordinate covalent bond
independently or possibly in concert (e.g. via chelation) with the Group VIl transition metal. 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 Group VIl transition metal. The ultimate composition of the active complex
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Sv/esent and conplexed with the Goup VIII transition netal. The ultinmate
conposyheraineash At greuryeprpspats @p ifgntisal 08d'ffefe'EPlt@t'tglidlomglbﬂutmfﬂIrml wegpeim| so
contai W rapresatsi & moralant rdieah gelecedyfrom, ther asepercopyisting ohalkwane.saltylead-guy r@%y'ﬁﬂ?e
coor di HYeneAnd arvjener(Ghiely-(Q-Ja-(CHe)y-arylene-, "wherein each arylene radical is- the same as Ar defined
above; wherein each y individually has a value of 0 or 1; wherein sach Q mdlwdually represents a divalent

bridging group selected from the class consisting of -CR'R2-, -0-, -8-, -NR3-, and -CO-, wherein each R!
and R? radical individually represents a radical selected from the group consisting of hydrogen, alkyl of 1 to
50 12 carbon atoms, phenyl, tolyl and anisyl, wherein each R3, R*, and R® radical individually represents -H or
-CHz; wherein sach n individually has a value 'of 0 or 1; and wherein m has a value of 2 to 6, preferably 2 to
4. Preferably each y and each n has a value of 0. Moreover, when either n is 1, its corresponding Q is
preferably a -CR'R2 bridging group as defined above and more preferably methylene (-CHz-) or alkylidene
(-CHR2-), wherein R? is an alkyl radical of 1 to 12 carbon atoms, (e.g. methyl, ethyl, propyl, isopropyl, butyl,

55 isodecyl, dodecyl, etc., especially methyl).
lilustrative m-valent radicals represented by W in the above poly-phosphite formula include substituted
and unsubstituted radicals selected from the group consisting of alkylens, alkylene-oxy-alkylens, phenylene,
naphthylene, phenylene -(CHz), (Q)\-(CHz)y-phenylene and naphthylene- (CHz)y(Q)m(CHz)y- naphthylene-
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r adig almethgicydobexgia mgciastylrcyclarbiyiety!, nd \ties, likeh dloei speeifie liflustrativednonihgdradalbpn has a

val ue gtibstiuents that mai e @resent art the @kylerdi api/on thd #ryleneerprll@!sequ”sawlocltheel\t enetpstyf i dgi ng

‘group ¥elabevediprdanaphesphite formulg dncludmed. sﬂﬂb Uﬁfe lorme)or fluorige, -NOp.efN,|-CFs. and
CO vipte r-8i(Gits e arSHO 'éeﬁar Slﬁn'dr)ach(P&ﬂ'pc- CKQ) %sew Ha) Nl cal

sel ect d¥GHs o Gﬁﬁs n ﬁBﬂ@‘PE N % Hytﬂ%e Hey csf PG )tc‘l'__’FZ) car bon
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zerr]sz wherein each n individually has a value '"of 0 or 1; and wherein m
has a value of 2 to 6, preferabl &2{]4% 1Preferab|y each y and each n has
a value of 0. Moreover, when eithe B_L its corresponding Qis
preferably a [err] bridging group as defined above and nore preferably

et hyl epRy the KB 1H banbral the 3bibkeiub i RidRal pre&int dn~the alMidRE Sidfdr b§ibRd radiulstd wahdax}

radi cal wgfar hrobss Ane ol BorgardPRosphftd® foemuld Rk Miko coitaliitom P kP ¢arboh SIIRE ARY |
butyl, b BEHAEL Il the 6IRAEAG Yhd/or Glylene rRABAE 61 Wl dnom R diatbs in dn} kuisbls positis® as

m val entnay B6lthe dlidgingeesup SERLPE)HPHNY cdhnédiity RO GroeArBRduls GRS alyRnd Groupsion

i ncl wdewsin st dbbustiarthulandoretnsr daah Al radictl arndae bilyddns afdidr @qleadraliicad bl Wineay gomaip
consi st bmegorofiora buch |setrstituerd igioypsewhichosulystitsbit \graapsemay dlemniyd e eamenaxiflelopd ie rasy
pheny| egieen-difrganoghpsphitee Preferrpa subbiitueptvedigalsoneiuda iyl raag bikdxy Iraslivels cérdaininlg from 1
napht hylogiegarbdn atomszipd Mro@iptef@atly fRn T tedi carben atams, eppenially {ybut endimathoxine as
defined atoweg themase prelered: paly-ihpsphite ligands\aee thesp therain thexip daowupscipkasdeyribed by
W i nd? ubridgiag groupt reepegnted & iHalntMe dClitlai'm thel fpve pely-phospiite fgmyla arp Bandeqd er r |
wher ei nihoughy elé_oq}'lamegtloaf mzelgt@n 1c8th y@fr@t%mq atgoqn@cti Ar groups {o the phosphorus

pent aer 'Hr'i‘ soﬁ's°1p’°Ze’E§d ek 'PVeWBs‘" da‘{"}"i‘ wheny :seg E AUBR 8?139?'15’% inthe 3_
phenyl e %a a"i H‘?H ginie aryl i3 relgfion, in thp @xvoen 4 ’Hd DB dhgegiven ‘substituted Af

, 5-nap 8h°s gh ylene
0 phentéhl%s Sl ks A b 51 s Risl L
' bi naph 2, 2' d|yI 2,2 - blnaphthyl 1,1 -diyl,

phenyl ene-[er r] phenyl ene, phenyl ene-S- phenyl ene, [err]-phenyl ene- [ err],
phenyl ene - CH([err]zr!—mwenyl ene radica and the like. Thus wis a mval ent

radi gal which may corftain frehn 2 to 30 chrbon atons, wherein the al kyl ene

and al kyl ene- oxy- al kyl ene 4&di cals prefefably contain from2 to 18 and nore
preferably from2 tojlg at ons,
may contain from6 tqg 18 on af\Qns.

while the arylene type radicals
eferably Wis ethylene or an
aryl ene type radical fand moyQy _pref eP
phenys ene- (Q n- phenylfeng yad Bal . Allust
the Ar groups and .thg &I ~1-&¥li cal s-
formul a i nclude bot hisubstrtfyt ed and un
radicals may containffrom6Yo 18 carbo ﬁqons such as phenylene ([err]),
napkt hyl ene ([err]), anthracylene ([er and the 15 like. Illustrative
subst®®tuent groups that may be present on the alkylene or arylene radicals
of Wand the aryl groups represented by Ar in the above pol y-phosphite
formul a i ncl ude nonoval ent hydrocarbon radicals such as substituted or
unsubstituted al kyl, aryl, alkaryl, aralkyl and alicyclic radicals as well
as silyl radicals such as -[err] and -[err], am no radicals such as -[err],
acyl radicals such as - (O R6, carbonyl.oxy 20 radi cal s such as -[err],
oxycar bonyl radical s{such as -[err] a radi cal s such as -[err] and
-[err] sulfonyl radi ul finyl radicals such as -S(O R6,
ether (e.g. al koxy) t hi onyl ether radicals such as
-[erny, phosphonyl r R6) 2, and hal ogen, nitro, cyano,
trifluoromethyl and the like erein each R6
i ndi vidually represe Wt, su f{l} uted or unsubstituted
val ent hydrocarb sanme neani ng as defi ned
herein with the prov tituents such as -[err], each R6
t akeMs t oget her can a nt bridging group that forns a
het er ocycl i c radi cal m

g;c[ e or _

ative ar fadicals represented by
Win the above poly- phosphite
bstituted aryl radicals. Such aryl

uch as -
-P(O)

=t h the nitrogen

s0 wherein in said Formulas (1) and (lil), Q is -CR'R2 wherein each R! and R? radical individually represents a
radical selected from the group consisting of hydrogen, alkyl of 1 to 12 carbon atoms (e.g. methyl, propyl,
isopropyl, butyl, isodecyl, dodecyl, etc.) phenyl, tolyl and anisyl, and n has a value of 0 to 1; wherein each
Y', ¥2, 22, and Z® group individually represents a radical selected from the group consisting of hydrogen, an
alkyl radical having from 1 to 18 carbon atoms, substituted or unsubstituted aryi, alkaryl, aralkyl and

85 alicyclic radicals as defined and exemplified herein above (e.g. phenyl, benzyl, cyclohexyl, 1-methyl-
cyclohexyl, and the like), cyano, halogen, nitro, trifluoromethyl, hydroxy, as well as the carbonyloxy, amino,
acyl, phosphonyl, oxycarbonyl, amido, sulfinyl, sulfonyl, silyl, alkoxy, and thionyl as defined and exemplified
herein above, and wherein m has a value of 2 to 6, more preferably 2 to 4 and most preferably 2, and

6



satomand in am no and am do substituents such as -N(R6)2, -C(O N(R6)2 and
-N(R6) C(O) R6 each -R6 bonded toEy d:mF@h be hydrogen, while in phosphonyl
substituents such as -P(O) (R6) 2, one radi cal can al so be hydrogen.
Preferably the nonoval ent hydrocarbon substituent radicals, including those
repr esewieRth Was a Mwvalht radidaPas eheHaally iahd bréraBty Ktbin Qéfinéd dtove. RdfefaBly bothad kO UGh
| f desi vedl tddieyls hdving Wr soridtidiie Sl B5prbpyl) b Morél preferabiiy -ty 9 brbai&NPrefélablgld does
not undisprgsentd\aenhamliene ¢CHLL bridging gpn® 6rehSallqlidehd) (-SHR2H) \bedirigiioup Sthelin 8 icary .
t hose haikit ecizalbsin Nt cucoon ot as alstied aboves bspbdialin tmethyd (e@a FGHCHs r-p Atly moer ei n
out | isneptefaipashigandgiaerigpse bidFommulae(iisgbexei Wiersing betty WsandtYd e dranched eldincaiity! radicals
hydr ocahavieg thyego ot fiveutaebon attimsa lespeciiliy dtbutll, aad Zh@sd ZP aper byskngers cenbglkyRéadicalhat
may be ¢soeripdyt-hubl.aiydraxvicgdicahe ap algxy radichlesspeojdlhemethexydi cal s of Wand/or the

Ar 3s gr Guher pprotRigioriel Pok-phesphilg digdsam instyda thaser wersin Wen t*'??aﬂb°‘f?a$f"¥d@°$?é¥ﬂ i oned
are al kigimufes i§ ¢ divalent F'FE'F*HG?' diffom e 9’0“95@6%'5%119 halikylqep. pepeeially ofhyign z'kvn"auu cal s
" such °as°’ﬁ¥i€lkﬂglle' oghe ﬁ Hz'| Qo ted gy bst'tytse F!S‘G'E e, '['aP rgFe
neo- penT pithyl e-ﬁ% and? |-( ),.fph pe raf:hg s e the
i ke; a? th Ie from Ite IAL%? Ie%e{'dl cal s
SUCh as— ? ﬁ:tstétlﬂy{ %nen I nel rle- Cp‘lgn:]o als (:) peCIY h
o' d/ﬁr“c as

r adi no. &

cycl ope ﬁ radn [s a e 8 yfom tﬁ ting of ajky! and
CyC| ohey M ls mgﬁ n¥o§ Sor férklﬁ?y p%noanm db&.tdeh il 'YV evz ”?rénwdaé?ﬁébf bon
su Stltﬁb@éﬂs that may be present on the al kyl ene and/or 'the aryiene

\radi cal s atcoMirghdaminet PRMEd B8l BSbiSHhositite ABMUE oRbIBYHRNBRIOEB Nhdse df AheTul a

i ncl udefornuas hal ogen, preferably chlorine ori fluorine, -NO2, -CN, -CF3. K>
-OH, -Si(CHa)s, -SIi(OCH3)s, -Si(C3 H)a, -C(OCH9, -C(OC2Hs, -0OC(O C6 Hs,
-C(O OCH3, -N( N2, -NH2, -NHCH3, -NH(C2Hs). - H2, - CON(CH3) 2,
-S(0)2C2Hs. - , -OC2Hs, -0C6H5, -C(O)Cr Hs, YO(t-C4lHs), 45 -SC2 H5,

_OCH2 CHR0 p 2)200143 -(002G) 3008 LogCris, - S(0) 0B, - S06 b,
- P( O Cs “P(O (C2 H)2 2% )2 -P(O(C4 HO 2.
-P(O) (CB H13) 2" PL0) (HY{ Cs (O

PO Oﬁo—\«v aw’ Cfl?fiw‘)ec s

" C20H2 53
‘2 02 EF O 62 Bl and t he Ilke. In e substltuent radi cal s
pres&t on the. yl ene and/or aryl ene radicals W and/ or the Ar groups
of the above di organophosphite fornula nay al sd¥tontain from1 to 18 carbon
atons and nay be bonded to the al kyl ene and/or arylene radicals of Wand/or
Ar groups in any suitable position as may be the bridging group
-(CHY Y, -(Qn-(CH2)y- connecting the two Ar groups or the two aryl ene
groups of 5 Win the above formula. Mreover, ea Ar radical and/or
al kyl ene a | ene radical of Wmay cont ai nYohe or nore such
substi t uent ch substituent groups may -0 bg the sanme or
di fferent in~anyyQqiv di or ganophosphite. PKefes dbstituent radicals
I ncl wde al kyl a al ko}* adlcg__ﬁ,gcogéal nifig from4 to 18 cgrRon atons and
nore preferably {fom 1 espec( Ah |y t-bquJSand nmet hoxy.
(Anong t he d pol y-phosphite Ilﬁa ds t hose erein the two
groups | the io bridging group repr by -(CH)y-(Q,
(CHES) ,, - in-the¥above pol y-phosphite fornula ar onded

" wherein in said Formulas (IV) and (V), each Y!, Y2, Q, W, Z2, Z3, and n are the same as generically and

preferably defined in Formulas (Il) and (lll) above and most preferably n is zero. Of course it is to be

s0 understood that each Y', Y2, Q, Z2, Z8 and n can be the same or different in any given phosphite. More

preferably each Y?, Y2, Z2 and Z2 group individually represents a radical selected from the group consisting

of hydrogen, an alkyl radical having from 1 to 8 carbon atoms, substituted or unsubstituted aryl, alkaryl,

aralkyl and alicyclic radicals as defined and exemplified herein above (e.g. phenyl, benzyl, cyclohexyl, 1-

methylcyclohexyl, and the like), cyano, halogen, nitro, trifluoromethyl, hydroxy, as well as the carbonyloxy,

65 amino, acyl, phosphonyl, oxycarbonyl, amido, sulfinyl, sulfonyl, silyl, alkoxy, and thionyl radicals as defined
and exemplified herein above.



st hrough their ortho positions in relation to the oxygen atons that connect
the Ar groups to the phosphor USEP""BQW& # i s also preferred that any
substituent radical, when present 0on S c% Ai groups be bonded in the para
and/or ortho position of the aryl in relation to the oxygen atomthat bonds
the gi verprisrasy bithveshdA® a@lrihtBis hvinglaSsteRd AiRdYEHRS biSsoploPyT) or Mere preferdhCibuiil, Nl Y,
a pref oF grodlerCThaShordprodPddylightas a8 Mios& ofl b@@lfereM ROy AR ¥ drdlbrkrithéy dhaiN QIR ON

ar e t heskealehavingahré®torivb agibcdCatoms, especially t-butyl, and Z2 and Z2 are hydrogen, an alkyl radical . 0
25 especially t-butyl, a hydroxy radical or an &[0}y radical, especially methoxy. W (rr) 30 35
40 s 0. (O)n  jP-a W

1) 45 m50 wherein in said Formulas (I1) and (Il1), 0 is -CR R2 wherein
each RI and R2 radical individually represents a radical selected fromthe
group consi sting of hydrogen, alkyl of 1 to 12 carbon atons (e.g. mnethyl,
propyl, isopropyl, butyl, isodecyl, dodecyl, etc.) phenyl, tolyl and
ani.s¥l, and n has a value of 0 to 1; wherein each Y1, y2, Z2, and Z3 group
individually represents a radical selected fromthe group consisting of
hydrogen, an al kyl radical having from1 to 18 carbon atonms, substituted or
unsubstituted aryl, alkaryl, aralkyl and 5s alicyclic radicals as defined
and exenplified herein above (e.g. phenyl, benzyl, cyclohexyl, 1-nethyl-
cycl ohexyl, and the like), cyano, halogen, nitro, trifluoronethyl, hydroxy,
as well as the carbonyl oxy, am no, acyl, phosphonyl, oxycarbonyl, am do,
sul finyl, sulfonyl, silyl, alkoxy, and thionyl as defined and exenplified
ei n above, and wherein mhas a value of 2 to 6, nore preferably 2 to 4
and sost preferably 2, and  EP 0 214 622 Bl wherein Wis a mval ent
radi cal as generically and preferably herein defined above. Preferably both
Y1l and y2 are radicals having a steric hindrance of isopropyl, or nore
preferably t-butyl, or greater. Preferably Q represents a nethylene (-CH2-)
bridging group or an al kylidene (-CHR2-) bridging group wherein R2 is an
al ky¥ radical of 1 to 12 carbon atons as defined above, especially nethyl
(e.g. -CHCHa -). The nore 5 preferred |ligands are those of Fornula (1Q
above, wherein, both Y and Y2 are branched chain al kyl radicals having
three to five carbon atons, especially t-butyl, and Z2 and Z3 are hydrogen,
éﬂ/alkyl radi cal, especially t-butyl, a hydroxy radical or an al koxy
radi®al , especially nmethoxy. Further nore preferred poly-phosphite |igands
i ncl ude those wherein Win the above pol y-phosphite fornulas is a dival ent
radi cal selected fromthe group consisting of alkylene, especially
et hyl ene, al kyl ene- 10 oxy-al kyl ene, especially CH2CH20CH2CH2, and
subsfituted or unsubstituted phenyl ene, naphthyl ene, naphthyl ene-(Q n-
napht hyl ene and phenyl ene -(Q, -phenyl ene radi cals wherein Q and n are the
sane as :

50
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7 both generically and preferably defined above. Anmong the nore preferred
bi s-phosphite type |igands whenggniogs gogf t hose wherein Wis a dival ent
radi cal selected fromthe group consisting of 1,2-ethylene, naphthylene,
substituted phenyl ene and substituted phenyl ene-(Q.-phenyl ene radicals,
especi al | Auditiondt illdsbrativen eambley biatcpolyptiosphite-ligaa bittyis veationiuaewgr t he preferred
substituents on such phenyl ene and/ or phenyl ene-(Q, -phenyl ene radicals are
preferably radicals selected fromthe group consisting of al kyl and al koxy
radi cal s, whi ch nost f er abl Mp_kr espond to the bstituent radicals of
Y1, 2, 2 and Z3 def§ ned herei Accord) ngly, another preferred

class of bi s-phosphitg |igan enpl oyabl e herein arf those of the 20

formul as Y1 ICH3la yl 25 2z

00 z2 (Qn P-O-¥- P, yn() 30 * and 35
0 40~~~~~="m (Q—~-n kPO —O0—CH,—~-C (V) 45

wher@in in said For
are the sane as gener

) W each y1, y Q W Z2, Z3, and n
2 preferably defined yn Fornulas (I1) and
(Ir1) above -and nost referabl 5"‘% is zero.-..Of course it is to be 50
understood that each .. y2, Q 1873 and n can tge same or differenit
in agny given phosphite. Mre preferably each yl1, V2, Z2 and Z3 group
individually represents a radical selected fromthe group consisting of
hydrogen, an. al kyl radical having from1l to 8 carbon atons, substituted or
unsubstituted aryl, =4 aryl, aralkyl and alicyclic radicals as defined and
\,exerrpllfl ed herei nafove (e.g. phenyl, benzyl, cyclohexyl, 1-
met hyl cycl oheyl C) ha | i ke), cyano, hal ogen, ni mxa trifluoromethyl,
hydr oxy, as wel e caNponyl oxy, 55 ami no, acyl hosphonyl ,
oxycar bonyl, am do,_gul finy P-s-ul@o'r@Hzm lyl, Al ko nd t hi onyI radi cal s
as defined ang,,l " erein abbve 7 021 PPy ef er abl y both
Y' and Y2 are r%ldl cl/s having a ster@§ bimieapce of | sopropyl, or nore
pref#rably t-butyl, @r greater. The yore prefenced | nds are those of
above, wherein both MMzland Y2 are br? hed chai ¥a &%Hgal s having

three to five carbon atons,  especi al 2-butyl, and and V are hydrogen,
can al kyl radical especially t-butyl, a hydroxy radi qolgaier an al koxy
\+adigal , especiall yiigjioxy. 10 15

| ke _-O\ ?Hz
s P—0O—CH»
T el
C
[CH3l3
U
%
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> 20 25 30 35 40 45 50 55 8 EP 0 214 22 Bl Additional illustrative
exanpl es of the pol y-phosphitegd gapfgm@f this invention include e.g. 5

| T 333 CH313 d P43lc..cHQ 7O CH 2-¢ C P4H313 20 1Cl C
313 S CH3+ UP O CH2 26 C*43 CH~~~~~mmm @ POC
-0/ 3C 45 50~~~~~~~~~ *
O-~H2 30 . o CH2P33 CH3 Q
CH2 3~~~ 3 p-oc B8 o .[cH 313 40 45
50 56 9 : - @
5 OCH
£ =
No—(Opoor
10 o]
[CH3ls
15
20
25
Y
30
35
40
o
45
50
55
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= EP O 214 622 B1 5 ¢313 NHO 33 5

+<8 P/O OCH3 3543'tg EP021462231\ HCH3 10

15 PH3] 3 20H33 -3 CH3O O~~~~~~~ CHx3 20
OCHe3~~1C3J Pl 131 30 j CH3I 3 FH313' 50 35 OCH3 | CH313 $'
0 cnB 40 03QD 50~~~~~~ \1 55 10 EP 0 214 622 61 CH3

CH3 5 RICH 313 C ten, cH

313 %0 0 3 CiCH313 10
CH3 KCH3] @ o et 154CH _qd:WBZ-

003 fCH3CA2(CHR)\
C3CHH 25
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CK-) T~ ~ ~ P *HC2C 32

OCH CH3 CH3OXz . .0 -<CH0)2 C6 H 5 40
ma 00 _ -- CH2CH2CHRCH O-- B 021462281 o\ 0 C30
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P-O- CH 2CH 2- Po ond0 CH3 C CH3 10 15 . 1CH313

0 20 / CH 20
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s CH3* | CH | 313 00 H Q |/
\O OCH3 . OCH3 10 0
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C( CH3) 2CH2CH3 20 [ CH3J3 Ce' | CH3 /0
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45 & 00 ocH Cl CH3I 3
| C 313 OC\H \ 313 55 B85~~~ 1 EP O
214 622 Bl P ol cnj 240 CRPZ op MOBOoo: PQSCH 10 - C2 CH2
6 H5 o O6H 5 15 18333 [CH 313 C 4CtCH3 3
20 1! H313 6H313 B~ | POOXCHa 25
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15
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»-35 CO 3 CX3 H2CHH 50 40 CH 2H

H 453 Cv3 50 55 14 -t EP %23 1d a 5

XL CH2-4H 0 c4l 10 B ¢ifa C‘EIC 2K 15 CH CH 13v~~ 20
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‘ CHC 15 20 : 32 .S 3225 )

, CHo O CH3 30 CH : 214 622 B1 CX- X 312
PH3~~~~~~~~ 1)412 38 40 K) ~~)- 45 5000 55 16 EP 0 214 622 Bl 10~ ~
~~~~~~~~~ C O ' 33 cH30 P1310 5 CH3 0 2~~~~
~PP 10 O~~~CH3 0 VO 15313 20 25 35H31C 313
1313 30 ~ H1C~~~ ci cl

tH Ic~a~aC o 0 0 O Cl CH 313 35

g C, 36 | CH ~~P313

| CH313 and the |ike. Such typ Hphite |igands of the generic
cl ass enpl oyabl e in thisyi nventi and/ ok net hods, 40 for their preparation
are known. For insteg ol yf phosphyte Ilgan»- enpl oyable in this

i nvention can be readi and ea éy prepar -_.. es of conventi onal

phospfor us hal i de- alcohobﬂcon? tionr
<5

15 |

20

25

30

35

40

50

55

15



- Such types of condensation reactions and the manner in which they may be
conducted are well known in i>pg214ddgfrt. For instance a sinple method
for preparing such |igands may conprise (a) reacting a corresponding
organi ¢ di phenolic conpound with phosphorus trichloride to formthe
correspondi ng organi c phosphoroch- 45 loridite internediate, (b) reacting

sespfhding to Win the above formulas) to

(c) reacting said dior- ga
trithloride to formthe co
and (d) reacting said hl or1
t he correspondi ng des
reactions are prefer

t ol uene, and an
Si n’él e-pot synt h:g S,
phosphite type ligan

be directly prodes
phosphorochl oridite

di ate with phosphorus
rodichloridite internedi ate
onding diol to arrive at
Sai d condensati on
carried Jout ig nce of a so solvent, e.g.
Am ¥bbe carried out in a
e ed symmetrica
suchpﬁg,éﬁconp by Formula IV above, can
ng two nol “of the
rmedi - ate of Step (a) ovedwith one nole
equyisval ent of the dio rresponding to W ver, the poly- phosphite
| i gands enpl oyabl e he can be readily ide ed and characterized by
conventional analytical 55 techniques, such as¥e.g. Phosphorus-31 nucl ear
magneti c resonance spectroscopy and Fast Atom Bom bardnent Mass
\_Spectroscopy if desired. 17 EP 0 214 622 Bl The pol y-phosphite |igands
of 22his invention.are uni quely adaptable and suitable for processes that
pronot e hydrofornylation, especially rhodi um catal yzed hydrof ornyl ati on.
For instance, the poly-phosphite |igands have been found to provide very
good rhodi um conplex @tability in addition to pr, v;ding good catal ytic
activity for the hydrefofnyl ation all types ogp@ efins. Further their
uni®ue cheni cal tgand with very good
stability agai nst Hgzed during
hydr of or myl at i on, t he pol y-phosphite
(I igands of this jave ight and low volatility
gperties and have\k und to be especi B ligands in the
honbgeneous cat al yzeo drofor- nylation of ol ef cally unsaturated
conpounds. Such is ingged surprising since due t@ﬂ}heir hi gh nol ecular io
wei ght one m ght expect¥#uch |igands to have low R ubility in the reaction
medi a of such hydrofornylation processes. Further, the use of the -
polsy- phosphite |igands can provide an excel |l ent neans for controlling
product selectivity in hydrofornylation reactions. For instance, the
pol y- phosphi tes have been found to be very effective |igands for
controlling al dehyde product selectivity over a wide range of Iow to high
normal to iso (branched) product ratios and are especial useful in
hyd? of ormyl ating al pha and internal olefins, 16 including isobutylene.
Wt hout wishing to be bou exact theory or nechani stic discourse,
(it appears that it is the C | features of the poly-phosphite |igands
i ch make them uni que hy tion catalysts pronoters capabl e of
providing either |ow or hi no to iso (branched) al dehyde product
rat1ios. These v> feat ur agpear to include the steric size of the

phosphorus group :he polY- pRbsphi t | as the
O\P
¥ copdlh
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- 20 steric size of the bridging group Wand the relationship of the
phosphorus groups to each otherg t21h%?@?l|| eved that certain of such
pol y- phosphites may have the abl 0 orm ng chelate conpl exes with
transition netals e.g. rhodium- Such a uni que phenonenon is believed to be
the primary reason responsible.for _the very high normal:iso al dehyde
product selectivities obtainable t he QY

¢ of sonme of the poly-
phosphites in hydroforn%ai?aon pro
bel i eved that the high feHi R o

is invention. 26 It is

ﬁ?ﬁ ctlves obt ai ned with such
chel &t eabl e type liga is areflection & s chel ation ability of
the |igand which ©reate Mster envir
favoring the formatio | i neRr dr of or ny i )
overal | size of the ligdnd itsglf as well as t he ot her
substituent groups i dered i nportant
fact8rs with regarﬂ t e chelateability of the poly- sphite |igands.
Too much steric 30 hi.-nd€ance nay affect the ability of the poly-phosphite
to chelate while not enBt8ja steric hindrance may cause the poly-phosphite
to chelate too strongly. It is, of course, to be understood that the
possijsbl e inability of other poly-phosphites to formchel ate netal conpl exes
in no way should be considered to detract fromthe useful ness of such.
pol y- phosphites as ligand pronoters in e.g. hydrofornylation, but only that
they are not on a par  with regard to achieving the 35 very high normal to

(Usso al dehyde product ratios that may be possible with the pol y-phosphites

whi ¢ do have such chel ateability properties. As noted above the
pol y- phosphite.ligands defined above are enployed in this invention as both
t he phosphorus ligand of the Goup Vill transition netal conplex catalyst,
as well as, the free phosphorus ligand that is preferably present in the
reaction nedium of the process of this invention. In addition, it is to 40
be ufiderstood that while the phosphorus |igand of the G oup Vi | transition
et al - pol y- phosphi te cpapjsex catal yst and excest $ree phosphorus |igand

ound the rhodi um
Mor eover, the

preferably present in & given procgss of -this inpgeqtion are normally the
;same type of poly-phgsm ffereo ¢fcHgly y- phosphite
\Hgagds as wdtdalaS; <; R 3 wé . di fferent

pol y-phosphite |igand OT\ each e pose in any given

e case “¢f ¥ oup Vil

onpl ex catal ysts, Goup Vil transition

ofpl ex catalysts of this iavention may be fornmed by
met hgds known in the arg 3lFor i nstance, prefornd®@oup Vill transition
nmet al hydri do-carbonyl (poly-phosphite) catal ysts nmay possi bly be prepared
and introduced into the reaction medi umof a hydroformnyl ati on process. Mre
pr ef er bl the likhe Group Vill transition netal-poly-phosphite conpl ex
cat al yst sSush hipe$ ef polywbosphitsriigaras obihe gampiioass swplbyablmirethimintveritionc gtdér methods
pr ec4r derthejtpraparating predmowm Ferdnstapesdthe pelpphobrhite kgaedsieowrlopabisi iny thisfirypntiom cagibey _
f or mat ireadiboancaadily Prappro vie atsamiep $f conprstionahahagpherus halideoriaohal cendansption reactionsir sor s

- such asSurhipesughcendensaion rﬁ?ﬂ“‘%& é’t‘&ﬁl‘%&'é'!’@h'ﬁt"@"’h fiep M3y ke gerdegferbare gelsknowinj o

( NCe)the %@’fﬂ?@"%%&"‘ ?‘ thed forfrepgng Such "P?ﬂdi)'“ﬁh‘?"?*’é%?c(?)i 'Bﬁ’ft"rﬁo@ﬁﬁpa‘rdﬁﬁ Wit h

t he ol '!,’ ‘Fﬁ°'f° C (it ghosphopss "Ff"‘g' 6??”81"'“9 H@a TP ‘\?%Tm[? ‘Eal yst .
Ppr'%f’ corr s ﬁ% ?f;u f 'ﬂ 5'??) °r' s@ | %m’ sa‘ §t§yed as
a rhodi gﬁ fé §§r? E& wut i ﬁirus tri g‘ﬁﬁ ? rr s c‘Moﬁdﬂet he
l lfé JJ BI dm

precur So‘aénre 519'3 ds '&abjn naeﬂ a‘ﬂo Ev%aa ErBfe m%‘ec;?rés%n §
pol YgPhes Y1 bddGptérTo.g 'ah tim %narna sb neI:I .@Qs.ha@p& @&r&ﬂew In
any eVQﬂHesurthFo\' ﬁst&\éta deSite8 Q§mr§\&ﬁcaf» spﬂftgtpﬁbﬁ@arﬁ H & chddHBEdsbPelg. b9 FotRRIRT st and
that cav Bive, N8 B ity PR Yeabish 140 ntbrewagsamstoemarpﬁosa:hdmchnbm horrhdupt are
capabl ete0bf $téu ) 2BOBPIRXAE Hdld BauivaRntG@ Gk diol corresponding to W. Moreover, the poly-

phosphite figands employable herein can be readily identified and characterized by conventional analytical

55 techniques, such as e.g. Phosphorus-31 nuclear magnetic resonance spectroscopy and Fast Atom Bom-
bardment Mass Spectroscopy if desired.

process, if desired.
transition netgelalplo
nmet al - pol y- phosphite
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proceSTR e U063t A &5 R ResonRd
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10 toy .BRHPe in 5.5 0phrdidH ormait% W otat Sk on Jn% itth Q é hodi um
calgulgy ﬁn h Asm lrt'é“?so"ﬁ’ée RVde piddEct Qe f bl fhayS bR pdsting w&@wdo@ ph&sﬁl%& @vﬂnkﬁ do
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I Nt er naldsYnoldd 28ve il ) -FhBshhiRLlgaids dofirdll GBdve GRAdmiploy&d ANN4 Adentidhidsbo theycl i ¢
St I UC phishoruSUigahd Qi @d BBuE M 6o ibtdl Icompick Eatalyd) a€ Akl as) e PEBphasollRy
cont aligandthet i prefetably pedsény Incthé Radlitrs Mbdilintbictble PYOEPLPEE. thi Dvenlidnl RGiddition, i 1$Gh
ol @b i hs undaistood tiiiawhtie thoquhpphans Kgaigtéfithieu@ms Viltrashiond metaldolyebephitel @mbigx
adver satdlyst amt excossriwevphbdpherbeeligagd] profembisndrestnt dm agivet @psess 1ot thisaigveotionbasey | |

car bonyingliyythe game tyng @f polyphospbite sigand rejiferent trbesgef rpolyphiaphite, ligamds] as well asal kyI

Ka/nd t Mixturgs|oé two) qr mees qliffareny polysphesithitg igapdsgegy e ampleyesoingReoh By quﬂéﬂ W evar pha
ol ef i Brgcesy. fftdesised| ol efins, al k al kenoat es, al kenyl al kanoates, al kenyl
al K51 etadp the casq pfprios art Syayp twqét'ﬁ"ﬁ'@ m%a'qmséff I"Qﬁé'e" I @'ﬁ '°”B Vibhut ene,
1- pe ni‘%ﬁ ion '!l°‘?lé79'é H@SPT‘* E‘P'E%Wa*a Sty of 5 osp I3 & the

2- but g 2:;9 O?Pe transition metthydndo -car ony po’ly— catalysts may
possibly prep nd Rtroduced into the reaction medium of a hydroformylation process. More
preferably, the Group VIl transition metal-poly-phosphite complex catalysts of this invention can be derived

s0 from a metal catalyst precursor which may be introduced into the reaction medium for in situ formation of
the active catalyst. For example, rhodium catalyst precursors such as rhodium dicarbonyl acetylacetonate,
Rh203,Rhs (CO)12, Rhs (COle, Rh(NO3s)s and the like may be introduced into. the reaction medium along

with the poly-phosphits ligand for the in situ formation of the active catalyst. In a preferred embodiment
rhodium dicarbonyl acstylacetonate is employed as a rhodium precursor and reacted in the presence of a

- 55 solvent with the poly-phosphite to form a catalytic rhodium -poly-phosphite complex precursor which is
introduced into the reactor along with excess free poly-phosphite ligand for the in situ formation of the
active catalyst. In any event, it is sufficient for the purpose of this invention to understand that carbon
monoxide, hydrogen and poly-phosphite are all ligands that are capable of being complexed with the Group
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5 *(isobutylene), isoanylene, 2-pentene, 2-hexene, 3-hexene, 2-heptene,
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4,148,830. Of course, mixtures of one more different solvents may be employed if desired. In general, in
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55 produced in situ during the hydroformylation process. Indeed, while one may employ, if desired, any
suitable solvent at the start up of a continuous process (aldehyde compounds corresponding to the dssired
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
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psia), while the hydrogen partial pressure is preferably about 103.4 to 1103.2 kPa (15 to 160 psia) and
more preferably from about 206.8 to 689.5 kPa (30 to 100 psia). In general the Hz:CO molar ratio of
50 gaseous hydrogen to carbon monoxide 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.

Further as noted above the hydroformylation process of this invention may be conducted at a reaction
temperature from about 45°C to about 200°C. The preferred reaction temperature employed in a given
process will of course be dependent upon'.the particular olefinic starting material and metal catalyst

s5 employed as well as the efficiency desired. In’general, hydroformylations at reaction temperatures of about
50°C to about 120° C are preferred for all types of olefinic starting materials. More preferably, alpha-olefins
can be effectively hydroformylated at a temperature of from about 60° C to about 110° C whiie even less
reactive olefins than conventional linear alpha-clefins such as isobutylene and internal olefins as well as
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treated in the sare- *n‘ ion as outlined above, m nate or reduce
t he anobunt of hydroxy a@kyl phosphonic acid contained therein prior to
reusi ng the catal yst cdrtsia ni ng liquid in the hydrofornyl ation process.
Li ket se, any ot her suitable nethod for renoving
and valeraldehyde trimer as solvent to produce a rhodium catalytic precursor solution containing the
amounts of rhodium and ligand shown in Table 1 below.




< such hydroxy al kyl phosphonic acid by-product fromthe hydrofornylation
process of this invention may Eﬁo%‘ﬂgbﬂ’ﬁ‘l’ herein if desired such as by
extraction of the acid with a weak base sodi um bi carbonate. A further
aspect of this invention can be descri bed as a catal yst precursor

conposi t Thenhodinmatalytidysrechisocshiitont so dldpgred vascthenGdmployéd 18 @ gdréforonyiate Yulehe-1 in

t r ansiatragnetically afirrd o109 nthap iy, iseinbenfiéet autqdlaed whishowas Glidchéd, o ta, gasimanifolg dori C

sol verirtroduslg fgesee tpdhey desivers pérfial eressugmndine Buackvep wee Blss equirped B iat pressarenay be
pr eparcelijratpy for deteriminingareastitnuaresgwre &f + 6.9 G (AQY psia) andt & Rlatiourp resistanastthdrmaredert i ng
mat &r ifef|determining reactay selwiom fempaipkdie to hPAT ©.dds reseipryms patasiexiseally 'H > 309 wektt r at e,
whi ch hﬂ*ﬁ’pg banderedye rrgetonseiufion t@b??fﬂ“é@(‘"%?cﬁ?btﬂﬁ%ﬁ RyomPIgtinyrn regisigog epracted

i gand° a&ﬁ*’ﬁ'ﬂ‘@}a‘?{?@“‘gﬂﬁ' JmReraliRy coptreliep for sentipliing, Bie fpmpegatyre 9h %‘?’ ’BbP?"Hed
here| 9‘7-(?1 tranS|t|on metal startin so rraterlal may

cLar mm 15.9@% j\ﬁw e el p 12, R
ﬁ%‘?@oq 12 i% m?ﬁio e “m,:"“ 2{?5 T ‘eagz:f@i i

o rt@lso%,g

Fﬂ e d Wdrof 'des

pl ati A CTh%‘fLS nérf‘n% %EVI Fé‘éfi 3 ald?ﬁdéé’ednld ‘patsher

sal &s q4gkr (@QUdRia k B§d) He@&r%&& i the acter?dp il iomin@opbréting’ S

aci ds prddGike AS 16 QBiblch, WHlb el ae r&ti0d | ihedd | (A-UardidenyP &) brafi&d Blrfstnyibalyal-t

0Ct Oatdehydé)rédubt vae measuRddAbyegas fcrombtBgriphy bt fle rddliskdd gildnUR ITaISkE 1 bBILW, kel

sul f atrésultsiRInk astbrehiied aftr Abodt a H BT PBICEE Eerddreion df HeWuteis-Bsthriirgtaterilit heni um
trate, and the like. O course any suitable solvent may be enpl oyed such

as ®.g. those enployable in the caredeyl ati on process desired to be carried

out. The desired carbonyl ati on process may of course also dictate the

vari ous amount s| e precursor

sol ution. 22 .,1 e ligands if not

al ready conpl exed St et al may be

corddl exed to th met &1 ei thdr prio®%o or iln S|tu5‘?:1§1r|ng the carbonyl ati on

process. By way| @heclrsdr$shificrtah@Reactinomitiche preferred Goup| Vil transition

netal iFsrhodi U“z@@ nSihBdidin; 2WRigRY RBfcet bRPhssBRiB AgRrli:3k N Process is

[nydrof ormyl ati oh g4, ﬂ’aRdefp&E)r(ﬁigimxzmolé%tgféﬁﬁdﬂme- @@psifion of this
vention consi bsteRsSHAifahdRiodiuimo® ratio o &lot@e).i zed ‘1 hodi unp car bonyl

pon phosphite ¢ nt and free

poly- phosphite ligand prepared by form ng a solution of rhodi um di carbonyl

acetyIEg)(R QGhate, an organi ¢ solvént and a pol y-phosphite ligand as defined
her ei ﬁ——%re—pol y- phosphite readily repl aces one of the dicarbonyl |igands

of &he rRQALHIBRERY AE ENARAE Smbi E&aRE»GQEeErQﬁanﬁB a [rBGh & férp?éc%«ﬁ as

Wt Neg§&dn tl%m%@ﬁ%dﬁr\ﬁo&:é&doﬁm a tyl&:% ARUAIN A TS 1P as ddhefit aHid

r eact ipRddphiBYight £36 iih ickaipRd1 R briQlatin Ebuﬁ) -UWe%nrebJateﬁosavﬁlQ@Hy@tdfor— ny

Sui t aliyRtiny Bropyidhe SAE4E Ndr blu’léném |a v B prémixdalgadi dambebitiemiob @al¥dn monoxide,

acet ylhpseden Rnd profydsnplafter HAVIRL HjUBRE tidadtibiDptbdstre RO hY~AIOKFRSER bdid) Wae MBbeN

pr es urafd tanfifigeths etoditih compliex etahyl3tprbaiysdfl solBiore adchytgioymyldtibre readtionl BérBitiads ashodi um

conpl showadb Ihkyes 2 bpivwe.CThe hgdrofoidtydoni reaction ralerd teemslofgrdny mplao prhiter per tmer ofel | as

qﬂ’gei r bptyrelehyre dpreduisedtli asemell gy abe nmole nratiaucdi  nwlra | (y-butyrpldehgde) stor brapptpdsi ti ons
y olfisabuimeidghydeoradugh warg determined snd therreguits arecaiveh oyiablp @ belew.t he

hydrofornylatlon process of this invention and which have al ready been 75

di S8ussed herein. Experience has sA8¥h2that the acetyl acetonate |igand of

the precursor catalyst Is replaced after the hydrofornylation process has

begun with a differpntrebdtigmRale GRmJ. | LhsaiBPgeRbd Bafraldeiydgonoxi de or

pol y- phosphite |igahd, maesfladgrmoirhe jact i ve mdworktoim conpll ex cat al yst as

exphai ned above. Thf 131 1.0

Precursor Solution and Reaction Conditions:
250 ppm rhodium; 4 moles equivalents of bis-phosphite
ligand per mole equivalent of rhodium; 70° C; 620.5 kPa
55 {90 psia) CO:Hz Propylene (1:1:1 mole ratio)
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s acet'yl acetone which is freed fromthe pr ecursor catal yst under
hydrof ornmyl ation conditions is prpyRthEIM the reaction nedi um w t h the
product al dehyde and thus is in no way detrinental to the hydrofornylation
20 process. The use of such preferred rhodi um conpl ex catal ytic precursor
conposi EXAMREBhus provi des a sinple econom cal and efficient nethod for
handl i ng  the rhodi um precursor netal and hydrofornylation start-up.
Final |y, {Thesagledudegdize dedudiioss eniplayprbinisratmris befrryeparing @rihqaiupcatalytioprecursios
i nvent i epvtiomysingarhodivan dicatbapel asptylpgetonite.\valelalgehyide trimer bs Relvginand redpatiorbaspbitt ed i n
t he prilgendhpnd hydiglompyiaigs Bytenedsyaie: FS&PW \sing fthel vaaerswahpbqsn@te rigands haying s £ or
the pro®@®4% on of al cohols and acids. The following exanples are
|IIustrat|ve of the present invention and are not to be regarded as
limtative. tQ be undgr tood that all of the parts, percentages and
propoortrons refer e BT8%and in the &y QMes are by wei ght
unl ess ot herw se i ndifgat\e In the fornul as of specification a
tertiary butyl radicé resented by - r t-Bu, while a nonyl
or [-CgH s] radical branched 30Q ponyl radicals. Ukew se
-OVve represents a rrethxy radi ce=—- gp~HPp r epresepts a phenyl radical and
sonetd nes -H is used ndrcgé e the.absen ¥y, substituent other than
hydrogen in that par ar sition of the ¥Yorfyty EXAIVPLE 1 35 A rhodi um
conpl ex catal yst pre RSE
sol ubi |l i zed reactMe( 6ddei-pf rhodi umdi ' M818| acet onate and a
\pfol y- phosphite Irgand was prepared and enp oyed t0 hydrofornyl ate butene-1
i nto2«C5 al dehydes in the follow ng manner. Rhodi um di car bonyl
acet yl acheremW ie aygiwlent briddingi oroaprs ehawvn incTablerdabelawe rhaglitrh camplel gatahisorrpdursoe
| i gand sm:trm\mtﬂ]quqf@mylgpmawon ciRlitions as shawm{B salfsTable 3. The hydroformylation reaction
| T313 pqag)rg tegms of gram moles per liter pen hogri of Qs Jgdeghyges @praenals) @'?puced as well as the mole
50 ratio of linear (n-valeraldehyde) tg branched (g-methylbutyraldehydg). produgtiwery dgigrminag in the same
val effl dehyde trinmer as solvent to produce a rhodi um catal ytic precursor
sol ution containing the anounts of rhodiumand |igand shown in Table 1
bel ow. 23 EP0214622B1 The rhodi um catal ytic precursor solution so
prepared was then enployed to hydrofornylate butene-1 in a magnetically
St/r rged, 100 m capacity, stainless steel autoclave which was attached to a
gas Fani fol d for introduci ng gases to the desired partial pressures. The
autocl ave was al so equi pped with a pressure

45

55
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i+ cal Fbrator for determning reaction pressure tot 6.9 Pa (0.01 psia) and a
pl ati num resi stance ther nonet gép §214 g2 gt €r m ni ng reactor sol ution
tenperature tot 0.1 1 C The reactor was heated externally by two 300 watt
heati ng bands. The reactor solution tenperature was controlled by a
pl at i mamer assin Exapplel dhe eossuitstamngichddTdol 3awloaxt er nal proporti onal
tenperature controller for controlling the tenperature of the external band
heaters. About 15 mlliliters (alyayleld grans) of the rhodiumcatalytic
precursor solution so prepared was 10 charged to the autocl ave .reactor
under nitrogen and heated to the reaction tenperat gineasiyl oyed (as given in
Table 1 below). The reactiigand/t hReagehondRdden t BrkdehedkPa (5 psig) and
2.5 n (Romut 1I3garads) RH toleneGtamnModdsded i nCg Wldehydet or. Then
carbon niQxi de (@hde hydr ®Revid¢ par tLateprHeagr es gi Yenel Ratdlel e 1) were
introduced into the reactor via the gas manifold and the butene-1 so

hydf of or ay! at T dr ofér3ryl ati on3c@action rate i 3.@ amnoles per liter
per hour of (5@5‘;@ es produced was i 7 determ ned from sequential 34.5
kPa (5 psia) pressufe-drops in the reactor spanning the nom nal operating
pressure in the reactor, while the nole ratio of linear (n-valeral dehyde)

to ,pranched (2-nethyl butyral - dehyde) product was neasured by gas
chromat ography. and the results are given in Table 1 below, said results

bei ng determ about a 5 to 20 percent conversion of the butene-|

starting2mat er 4.0 2.3 7.3 Table 1
\wi gand/ Rhodi u _ ion Rate G am Li near/Branched Cs Ml e Ratio

Molzes/ Li t er / Hour Al dehyde Mdle Ratio 25 4.1

6.0 50.5 Precursor Solution and Reaction Conditions: 250

ppm r hodi um

wei ghgdi)ercent bi s- phosphite ligand; 70" C.; 689.5 kPa (100

=2 nol eéatio); 35 psia butene-1 (2.5 m butene-1)

atio of about 8.6). EXAMPLE 2 36 _. The sane

ns enfpt@yed in Ex&rrpl e 1 of predadithg a rhodium

catal ytic pre or | ution using rhodi um di carbonyl acetyl acet onat e,

val eral defiy®a t ri net Bl vent and the sanme pol y-  phosphite |igand used in

-Exanpl e 1 and hydrofornyl ating butene-1 were repeated, save for hydrofor-
gting propylene instead of butene-1 and using a prem xed gas conposition

b “ﬁféﬁ&%wﬁdﬁfﬁgé‘ééﬁgﬁéﬁ“ i val g

psia) CO H2
(Li gand/ Rhodi
pr dEedur 8 and

rhodi uyg 6@ C dr of or reaction
condi tt‘?ge f‘fﬁ&aﬁ ﬁ@ ?g gqmbut %rﬁﬁ%’t‘?%? ac“f on rate in
tersgs Of Qr am n’DI es er Hout tal dehyde produced as well as

the nole ratio of Ilnear (n butyral dehyde) to branched (i sobutyral dehyde)
product were determined and the results are given in Table 2 bel ow. 45
Tabl e ERANRIECL | on Rate G am Li near/ Branched Butyral dehyde

Mol est Li t er/ Hour Mol e Ratio 50 1.31

11.40 Pr dbesayes preqsdyre prscopdiipniempiovied in Eemplé € omeparingSOrhedinm eatehdtic arepurspr ol es
equi v §Pgtign using rhegium gﬁqggcwm acelylacetonate, valeraldehyde frimer as solvent and a phosphite ligand

and hydroformylating propylene were repeated using the various bis-phosphite ligands having the formula:

45 t-Bu t-B OMe
o\p;- W— o7
0 ( \ O
t-Bu -Bu OMe

55
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» |'igand per nol e equivalent of rhodium 70 C 620.5 kPa 55
(90 psia) CO 112 Propyl ene (1: 1'Eg,onﬂl4%2?§t|i 0) 24 EP 0 214 622 Bl EXAMPLE
3 The sane procedure and conditions enployed in Exanple 1 of preparing a
rhodi um catal ytic precursor solution using rhodi um di carbonyl
acet yl agrteWtie a di@let libgleyroe ds ShBW inaTabis &l BeRW] rhadign dorfidxycafalyStSipdvuiser S
| i gand sanitbon et Giyabionyationn epadiioh eneitibns\es ehowe e dlablel 4uBdiowg Thé chyaraivimgytation
pol y- pheapdn e it tegesnd gravervelesgpet fter peoliaoudt dutydeliehyde produced as well Bl the mole ratio
t-B of linear (NAyrddphyids) to branched (isobutyraldehiBig) product were determined-dBd the results are
OVe 20 gienjrcTaplebelowa di val ent bridging group as shown in Table 3 bel ow,
rhodi um conpl ex catal yst precursor solutions and hydrofornylation reaction
conditions as shown in said Table 33 glig I&ydrofornyl ation reaction rate in
terms of gramnoles per liter per h al dehydes (.pentenals) produced
as well as the nole ratio of linear (n-valeral dehy né&})ranched
(2- m# hyl but yr al dehyde) product \Ner;@eg@gféﬁriﬁ@?jei g 25 30 35 40 45
50 55 25 Rot 0 2h44mP Bl manner gysam Méredp € Ig F Hf‘d?é”ts are

given in TaWog 3 ey aw) Table 3 5 Liter/Hour Mole Ratio
Li rnear/ Ligand/ “Reaction Rate Branched Run Ci gand Rh nole G am

Mol eg/ 1 C5 Alglishyde No. 1.2(W- ) Rati o
Li t er/ Hour _ Ie Rati o

_
%0 2 (3 8 0.4 3.1

25 e Ote

3 0.05 2.1

L/' t~-3u t-Bu
' 30

36 Precursor solution and reaction conditions: 250 ppm
rhodium; 4 mole equivalents of bis-phosphite ligand
per mole equivalent of rhodium; 70°C; 620.5 kPa (90
psia) CO:H,:propylene (1:1:1 mole ratio).

40
EXAMPLE 5

Continuous hydroformylation of butene-1 using a poly-phosphite ligand was conducted in the following
45 manner.

The hydroformylation was conducted in a glass reactor operating in a continuous single pass butene-1
hydroformylation mode. The reactor consisted of a 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

50

56
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.10 - 4.3 3.7

3.2 15 2 X 2.3

7.3 20 We ave 25 593244%2231

040 0.4 6.30 t-B t-Bu 30 Precursor Sol ution

and RegindaNabo@Nzbot ppa hodidd QntfdBited 49 thddiim dicasding) Ndcstpedeoninté, dbodt- P hveigihi t e

| i ganhercé 0 bis-pHaSthit®ligakdPer the(fddia psia) COH2 (1:2 nmole ratio); 2.5
me, butene-l , 241.3 kPa (35 psia) butene-1). 36 EXAMPLE 4 40 The
same procedure and conditions engheyed iéh anple 2 of preparing a rhodi um
catal ytic precursor. solution usinglyhodi di carbonyl acetyl acet onat e,

val er al dehyde tri ner &wsh)vent phite Iigand and hydrofornylating
propyl ene were repeat ef us‘ﬁb th@osphlte | i gands having the

formula: M Viéy -Bt 60
/ 0 Il t Bu\ (@0214
bri¥gi ng group as sho I n T ?,I bel ow,

precursor sol utd, ons hydp@f ornyl ation rea
Tabl e 4 bel ow. TRE

per liter per hour ut yral dehyde produced as wel | the nole ratio of
lingar (n- butyraldehw&qﬁ to branched (isobutyral dehyde) -product were
determ ned and the results are s given in Table 4 below. Table 4 10

Li near/ Reaction Rate Branched Run Li gand G am

- Mol es/(about dBindi6 3huilRIBNE BerlVRole equivalbdVof rhodium) and Texanol® (2,2,4-trimethyl-4,Blp6rtdnbaiaIUT
| @ MadnbiSobdirate) as the solvknt. After closing the reactor, the system was again purged with nitkbgeh and
1. 2202(@he oil bath was Beated to furnish the desired hydroformylation reaction temperature.Orhé hydroformylation
3. 1 25eaction was conducted at a total\§as pressure of about 1204.5 kPa (160 psig), the partial pressures of
hydrogen, carbon monoxide, and butene-1 being given in Table 5 below, the remainder being nitrogen and
aldehyde product. The flows of the feed gases (carbon monoxide, hydrogen, butene-1 and nitrogen) were
controlled individually with mass flow meters and the feed gases dispersed into the precursor solution via
25 fritted spargers. The reaction temperatures are given in Tabie 5 below. The unreacted portion of the feed
gases was stripped out the product Cs aldshydes and the outlet gas analyzed over about 5 days of
continuous operation. The approximate daily average reaction rate in terms of gram moles per liter per hour
) of product Cs aldehydes, as well as the linear (n-valeraidehyde) to branched (2-methylbutyraidehyde)

\_/ product ratio are given in Table 5 below.
30

s a dival ent

X cat al yst
Ltions as shown in
ms of gram nol es

Table 5§
Test Results ~ Daily Averages

35
‘ Linear/
Partial Pressures _ Resction Rate Branched Cy
Days Temp. Rhodium Ligand €O Hp SButene~i gram moles/ "Aldehyde
Opern, °C _ _ppmee wt.3 _ ARPq (psSia)  Liter/Hour Mole Ratio

“ o " 2% 2.020(9) 261} (@ 0.12 32.7
O e n s 1.5.207(30)ie7(62) 25,7 (3.9} 1.43 35.2
3.0 7 203 1.6 224(32)k4(63) 20.7 3.0} 146 *
® 0. B 2w L1200y 27.0) 1.3 .
4.9 2. 26 1.7.2) 52) % (4) K.§ (2.0) 1.26 .
5.4 76 28 1.8 20(32)fn (64) 43, g (2-0) 1.34 34.2
50
* Stream not sampled for isomer ratio
55

¢ Changing vaiues reflect change in daily Jiquid reactor solution levels.

(a) Too small to datect.
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13 X00. 05 2.1 t-Bu
t-Bu 30 35 Precursor  sol utgpqy 4 eaction conditions: 250 ppm
rhodi um 4 nole equival ents of bis- plhosphl te ligand per nole equival ent of
rhodium 70 C, 620.5 kPa (90 psia) CO H2:propylene (1:1:1 nole ratio). 40
EXAMPL EPSLYCRHUSPAITEWSGAMDET of or myl at i on of butene-1 using a pol y- phosphite
Il gand was conducted 1n the followi ng 45 manner. The hydrof ornyl ati on was
conduct ed Thefoliowiyigsly-phasplitedigandpwera piepayed and @mployediimthe infloving Exemplpaé ® it ene- 1
hydr of oandyiR a¢ desoribeddeow. The react or consisted of a three-ounce pressure
bottlse submersed in an oil bath with a glass front for view ng. About 20-m
of a freshly prepared rhodiumcatalytic precursor solution was charged to
the reactor with a syringe, after systemw th nitrogen. The
precursor solution 50 5%HaY, EP 1 contained about 250 ppm
rhodi um i ntroduced as rhpdi um di carb®nyl a etyI acet onatfg3labout 2 wei ght
percéht of a bis- e Ilgand ofOthe f@nula 5

30 OCR 3CCT \1014243 \)o
313 (about™g nol e
pent anedi ol

X O 15
dT oIS(224tr|n"e\h}/0-1
v . After closing theQ-es gcRe system was

equi val ent of rhodiu
monol,sobut yr at e) g
again purged with nit en and 20 the oil bath was heat to fOrnish the
desired hydrof ornyl ati ofg,r action tenperature. The hydrc)f ornyl ation
reaction was conducted a 34 total gas pressure of aboufCRsl04.5 kPa (160

\pSi g), the partial pressures of hydrogen, carbon nmonoxide, and butene-1
bei ng gi ven in Table 5 bel ow, the renmai nder being nitrogen and al dehyde
product. ThRIGANBAof the feed gases (carbon nonoxide, hydrogen, butene-1
and nitrogen) were controlled individually with mass flow neters and the
feed gasesdi spersed into the precursor solution via 25 fritted spargers.
The reaction tenperatures are given in Table 5 bel ow. The unreacted portion
of tAe feed gases was stripped out the product Cs al dehydes and the outl et
gas anal yzed over about 5 days of '

[CH3l3 . ' CHals

r—OCGH
i val 8nts per nole

o o
% CH,O o) '
.3 @ e @ o F/O @ OCH,
. o 4 No—O)oc,
IH3la Kgﬂals
LIGAND B
40
45
50

55
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» cont’i nuous operation. The approxi mate daily average reaction rate in terns
of gram noles per liter per hoé#‘o 4 gict Cs al dehydes, as well as the
| i near (n-val eral dehyde) to branc 9% nmet hyl but yr al dehyde) product ratio
are given in Table 5 below. 30 TabI e 5 Test Results - Daily Averages 35
LI noar/ Partial Pressures Reaction Rate Branched C5 Days Tend. Rhodyum

Li gand CD | 2 Buten_- [cﬂgrsam nrol e Al dehyde;chg,]g: ~ J2!'t wt . %

&Nl . [ psi a) LiterfH otr Rati o Opefn. ot +S
Apnt*LI  or CH _____ F h 250 2.
20 4J29) W (611 . (%) OWO o\j@5 _ 71 191
15A71 (304 6& -.7(3. 0 1.43 . 71 203
1.6221(32)4" 361)¢q -JT 4o 9)_0/ 1.46 71 207
3.724(31)441(64 2i ~T( 1. 37 72 216
11.722i} 2?)464) 11.1(2€0) 1.26 5.4 .8,1(32)i

t (M /3(00 1ickats 34.2 50 * SeMg4n not sanpl ed f or

i samer ratio BIGAND G+ hangi ng val ues reflect change in daily liquid reactor
solution levels. ta) Too.small.to detect. 28 EP 0 214 622 B1

PCLY- PHOSPHI TE LI GANDS The' fol |l ow ng pol y-phosphite |igands were prepared
and,zenpl oyed in the follow ng Exanples 6 to 9, 11 and 12 as descri bed

below. 5 1 CK3H3 1333 10 * =3 t 0'V.

~~~~~~~~~ 3 P~~~~ 15 CH3 0
H3 P1313 _ P3133
%

20

25

W,
30
[CHals
35 (O)-oon,
No—(Ooen
0 c
[CH3l3
Y
45

50

55
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OO0

20 LI GAND A 25 30 ck3
Cc3 35 CH3OQ~~mmmmmmmmm C Q3 55 Epugqmglssl 40 45 850 56 29
AC t NH313 03
*

CHC3 o

tC~~~C 133 UGAND C 15 20 C H3 CH
[CH3ls - [04313 C ~. t iyl 30 tCHB13
( cK
40
\ ocH,  [CH3X3 45 50
!CH313
5 LIGANDE
O
20
25
-' . TcH3l3
V 3
KH3j3

30

“+O)—o, ©O)° o |
% oo _-O/\Lo @ [ OCHy

ICH3l3
LIGAND F

45
50

85
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EP 0214622 Bi i CH313 | CH313 8 al

u % CH3 O~~~ OCHgpl
c 1313 18 LI GAND E 20 25 P3?§B3;IO P13J3
HJ tOOC 0/9H CH3 313 40 LIGAND F U 45 50 55 31 EP 0 214 622 Bl
PH 313 to ) CH3 (o}
aCHa \i 31 \0 31 CG3 70 15 [ti(}]?:J3 UGAND G 20 1e" 313
0113 c3 00 Q OCH3 oc H Q
ocH3,430 - - @ o
OH LI GAND H - /0 : CH,
©) (O)oc,
: >
ICH3]5

15
U

20

25

30

ICH3)3
LIGAND H

35

40
Ua

50
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40 45 50 65 32 EP 0 214 622 Bl P1313 LCH313 CH3 0.0 FH1313 G

Ch 3 10 GAND | 15 20
| CH313 EP %ﬁ%@z5£313 GO0 0
fH) 25 LCHB|3C 0 - /0{ . JOP\ 0 CICH3J Ci)
LIJGAND J | PH313 : PH313 30 35 40 U 45 50
55 33 EP 0 214 622 deH313 fH313 C 5
[ CHI3c3 CH CH313 L1GAND K EH3l3
| cH X Cl3C3 15 e, O . | CH, CH3ls
. o-
cH .
3 (o]
O ' EHaly  Ha
10 ICHSIS
LIGAND .
15
k/.
20 : iCHala I%Hsls
SHTER(®) O.\_ _f @ CicHyl 4
Gy e
# iHalse~<{(O)—0/ o —
c
ICH
U LIGAND J 3la Hala
30
35
40
L

50
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3 13 251 C31

K-i 20 ICH a 1113 ' 3133 \-
CH33$0 EP 0214 622 B1 g Cpe 3j3 . _
t~~CH3J3C OO of Z} | LIGAND L6 . n=6 LIGAND |43- =
la LIGAND e - n= LI GAND L8 -n=
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kPa (100 psia) COH2 (1:1 m)I? Eﬁ ézzagp the butene-1 so hydrof ornyl at ed.
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EXAMPLE 6

A series of various rhodium complex catalyst precursor compositions consisting essentially of solubiliz-
ed reaction product of rhodium dicarbonyl acetylacstonate and a poly-phosphite ligand were prepared and
s0 employed to hydroformylate butene-1 into Cs aldehydes in the following manner. .
Rhodium dicarbonyl acetylacetonate was mixed with a sufficient amount of poly-phosphite llgand and
diluted with sufficient solvent, Texanol®, to produce a rhodium catalytic precursor solution containing about
350 ppm of rhedium calculated as free metal and about 1 wt. % of ligand, the ligand being varied as given
Table 6 helow. About 5 wt. % toluene was included in catalyst precursor as a gas chromatographic internal
s5 standard.
In each hydroformylation reaction, about 15 milliliters of the rhodium catalytic precursor solution so
prepared was charged to the autoclave reactor under nitrogen, evacuated to about 4 psia under house
vacuum, then heated to the hydroformylation reaction temperature of 90° C. Thereupon 2 mi (about 1.2 g.)
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"N 3.51 : 1.94 40 EXAVPLE 7 Butene-2 (about
50:50 mole m xture of cis and trEg,rbsQHt%Q%@) was hydrofornylated in the
same nmanner described in Exanple 6 enploying the sanme series of rhodi um
conpl ex catal yst precursor solutions. The hydrofornyl ation reaction rates
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7. 50 5&ipRigd to théfeafordd ddjGRBe Bibcidictatieto Tts lotjalptbssurdrAtiartiD oonséative SpsiaplesiuleHr
Li near / B8rpn3d48ckP8 (50 psia total) corresponding to an approximately 30% conversion of the butene-1, the

5 reaction was terminated and e dad# yeaetion \itnk evotedRfi-p. the period spanning the time on @hen the

0. 53 B initial 689.5 kPa (100 psiapef CO:H> was introduced to when tige rgactign was terminated). After dischegging
0. 44 D from the reactor, the rggctipn mixture was analyzed for total Cg)aldehydepproduced by gas chromatography E
3.76 employing the toluene intesnakgandard. 3. 39 0.53 G
3 The hydroformyiation r@.c@g rale in gram moles per litef perjhour of Cs aldehydes was determgyjined) 1
7 10 from the measured total mﬁ fgcs aldehyde produced over the totaj reaction time per volum
O. 45 K catalyst solution emplq\ge Jhe mole ratio of linear (n-valeral(t?h\f)d?) ?ranched (2-methylbutyialqggyde)
0' 33 I_?)was also measured by @'ass romatography. The results are gibe'nén4T¥ e B elow. ' 0.27
20 LS : . 32 0. 25 L16
1.04 0.25 . L7 T 1. 29 0.25 LI"
1.79 ~—O—25—M— 023 2.83 25
N 0. 98| Ligand | Reaction Rate g-m@lL/fly | 9 Linear/Branched 1. 22
0.27 P 0.96 2igagpyde Mole Ratio
N\ A 3.27 2.54
20 B 12.80 1.97
] 267 2.06
D 155 2.16
E 8.29 : 1.87
F 6.50 1.85
25 G 7.82 213
H 6.77 2.32
I 14.03 1.63
, J 6.39 1.87
U/ K 8.00 1.61
" 80 L2 5.67 2.27
L2 463 3.76
L* 3.76 2.24
L5 5.54 220
LS 4,64 2.20
35 L7 5.51 242
L8 6.48 2.41
M 5.77 0.94
N 3.51 194
40
. EXAMPLE 7
%

Butene-2 (about 50:50 mole mixture of cis and transbutene-2) was hydroformylated in the same manner
described in Example 6 employing the same series of rhodium complex catalyst pracursor solutions. The
hydroformylation reaction rates in gram moles per liter per hour of Cs aldehyde and mole ratios of linear (n-
valeraldehyds) to branched (2-methylbutyraldehyde) are given in Table 7.
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30 EXAMPLE 8 Iso-Butyl ene was hydrofornylated in the sane manner descri bed

in Exanple 6 enpl oying the Sa”FP%eﬁh%‘éz%fl r hodi um conpl ex cat al yst

precursor solutions. The hydrofornylation reaction rates in gram nol es per

liter per hour of Cs al dehyde are given in Table 8. One product

3- et hyl - but yral dehyde is forned. 4fwé5 50 55 38 EP 0 214 622 Bl Table 8

Li gand Reaction Rate g-mol/L/H 5 B

2.20 E Liﬁn Reaction Rate g-mol/L/Hr I‘ﬁ#;agfbranched 1.51 H
e AN ' | Adehyde Mole Ratio (304 J

L 41.08 LS A 0los4 Le 010 ' 0. 6906%0. 95 i|>

L8 1. P‘G B0 3.98 0.51 N

0.55 0 | %.85& P 0.18 P.58 284 EXAVMPIIE 9 The same series
of rhodi um conpl ex c%}al yst pr ec3' sor sol pti onsgé Exampl e 6 were enpl oyed

to F?ydroforrryl ate pr yl ¢ne. Thea' ane pro;edureol5 Exandl e 6 was enpl oyed
with the exceptionjthat iin 3 plage of buiene-1 5 bout 262 kPa (38 psia)
propyl ene was addefl t,0 tln}e reactgy, at 90 | C fol Egyved by [689.5 30 kPa (100
psi) COH2 (1:1 no|e ratijo). The,daydroforfryl ati ggzreactijon rates of C4

al dghydes in gram ol ges qper l'i tefqgper houf and grée ratijo of
K 5.63 0.57
L2 152 0.33
. L® 0.32 0.64
N Lt . 183 0.27
20 (s 1.32 0.25
Le 1.04 : 0.22
v 1.28 0.25
L® 1.79 0.25
M 0.23 2.83
25 N . 098 0.19
0 1.22 0.27
P 0.96 0.29
o/
30
EXAMPLE 8

Iso-Butylene was hydroformylated in the same manner described in Example 6 employing the same
series of rhodium complex catalyst precursor solutions. The hydroformylation reaction rates in gram moles
per liter per hour of Cs aldehyde are given in Table 8. One product 3-methyl-butyraldehyde is formed.
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i straight chain (n-butyral dehyde) to branched (iso-butyral dehyde) product
1 EP0214622B1 Tabl e 9 Ugand
n Rate g-nol/UHr Unear/ Branched Al dehyde Mole Ratio A

are given in Table 9. 35 40 45 §@ a2
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EXAMPLE 9

1.05 C
1.59 To
6.31
3.90
L3
1.29 LS
1.30 K ..-"'
La

4.78 N

1.31 P
i cal unsubstituted
pronot e propyl ene or
tive to the rhodium This
propyl ene when it was

The same series of rhodium complex catalyst precursor solutions of Example 6 were employed to
hydroformylate propylene. The same procedure in Example 6 was employed with the exception that in
place of butene-1, about 262 kPa (38 psia) propylene was added to the reactor at 90° C followed by 689.5

kPa (100 psi) CO:H2 (1:1 mole ratio).

The hydroformylation reaction rates of C: aldehydes in gram moles per liter per hour and mole ratio of
straight chain (n-butyraldehyde) to branched (iso-butyraldehyde) product are given in Table 9.
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did not promote propylene or butene-1 hydroformylation when used in excess relative to the rhodium. This
ligand, howsver, promoted the hydroformylation of propylene when it was used in a 2:1 ligand to rhodium

stoichiometry. For instance, a linear butyraldehyde to branched isomer ratio of 2.0 to 1 and a reaction rate
of 1.16 gram-mole per liter per hour of aldehyde product was obtained using 500 ppm rhodium, 0.3 weight
percent bis-phosphite ligand and 620.6 kPa (90 psia) CO:Ha:Propylene (1:1:1 mole ratio) at 70° C.

5  EXAMPLE 11

Continuous hydroformylation of butene-2 (about a 1:1 mole mixture of cis and frans butene-2) was
. conducted in the same manner as described in Example 5, using as the poly-phosphite ligand, Ligand E

56

40

depicted above, and the rhodium precursor complex solution (about 3.2 mole equivalents of ligand per mole
equivalent of rhodium) and the reaction conditions given in Table 11 below. The average reaction rates in



‘vented and the bottle flushed three tinmes with hydrogen. The sol ution was

t hen pl aced under 69 kPa (10 40 gpgifg ed2gfind stirred for 20 hours at
1200C. The solution was cooled and a 2 to 3 ml aliquot was filtered through
a5 mcron MIliporee filter and the rhodium concentration of the filtrate
det er ni teends biygrérh avies abokeroper e phproduat Spadahydes @epyl) asThe ligser ceateraldshydette

r hodi umbraathad Arethylhutyatiehydeomodnetgatidatesaiseigivenin Igblelivvi di ng t he kJ f ound
rhodi um concentration value by the initial rhodium concentration enpl oyed
The results are given in Tabl e 12. 7481 d ABLE 12 Li gand Rhodi um so
Retention (% LI' 59 b4 88 J 94
56 . Test’Results - D._Mgs_s_oo 41  EP

c 214 622 B* Ifl1l Cainms 1. A process for carbonylation conprising reacting
an organi ¢ conpound capabl e of being carbonylated w th carbon rmnoxi de in

the presence of a Goup Vi II tra'ps tian net al - pol y- phosphi iseasd

catalyst & congﬁs |n g fois 1ol R‘c*?an%"P'!M taI
conpl exed \Xllst h E:ﬁ’r’b Ef'n ‘pw 2ph6§"{3’H?°ﬂ§/l i g&l’ﬁf"h’aw ng the
formul a: ————L%Z-)— —-—°——’"—°"—"——!&_i-8.&t;¥y(Ar)
0-o/ 20 rei nggach,4ar gr n ident or different,
subst,gtu}twe or aﬁsubsstal t ut gﬂ# féﬁgﬁgﬁﬂ’? \/\herelllr1§€vrepreser9r§° a mval ent
radi cal sbBect e frotflal kyPalsh S)GMQ {epxy- al kyl.ene, aryl emessand

aryl ene- (£42)y n 22) Lei n eac ylene radical is the
sanme as Afb{deflélée% a%?\;‘e “ﬁ"nj‘"’?‘%“e’ Wﬁkgach y ih'g{w dual | 'y t¥s a val ue of
\Q/or 1; vhérei n%ach’® i ndpﬁzﬁlﬁ)l‘&'l‘i}éfwﬂsent s a ldéval ent briocssi ng group
seleawed from-CR R2-, -0-. -S-, -NR3-, -SiR4AR5- and -CO, wherein each Rl
and R2 radical -indivi dual | y represents a radical selected from hydrogen,
alkyl of 1 to 12 carbon atons, phenyl, tolyl and anisyl, wherein each R3,
R4, and R&hangthgoalues rdfnéctdehahdayinr 8401 5i3bHdSreadto bolufibis 1ewgfiEr €1 N each n has a
value of O or 1; and wherein mhas a value of 2 to 6. 30 2. A

hydr dfor myl ati on process for produci ng al dehydes as defined in claimi1,

whi ch cm&@&& reacting

b The rhodium complex stability of various rhodium-poly-phosphite compiexes using the poly-phosphite
s0 ligands J, L2, L*, L® and Q formulas shown above, was determined according to the following test
procedure.

10 ml of Texanol* was degassed in a small septum-stoppered glass bottle by evacuation and refilling
with nitrogen. Ten mole equivalents of the appropriate ligand (per mole equivalent of rhodium) were added
under nitrogen and the mbdure stirred until homogeneous. Tetrarhodium dodecacarbonyl! {0.018 grams) was

35 added to give a complex solution containing 1000 ppm rhodium. This solution was charged to a nitrogen-
flushed 100 ml pressure bottle equipped with a magnetic stirrer, which was then attached to a nitrogen
flushed gas manifold. The bottle was flushed three times with 60 psia CO:Hz (1:1 mole ratio) and placed
under 414 kPa (60 psia) CO:Hz (1:1 mole ratio) and stirred for one hour at 120° C. The pressure was then
vented and the bottle flushed three times with hydrogen. The solution was then placed under 69 kPa (10

40 psia) H2 and stirred for 20 hours at 120° C. The solution was cooled and a 2 to 3 ml aliquot was filtered
through a 5 micron Millipore® filter and the rhodium concentration of the filtrate determined by flame atomic
absorption spectroscopy. The percent of the rhodium retained in solution was determined by dividing the

\_/ found rhodium concentration value by the initial rhodium concentration employed The results are given in

Table 12.

TABLE 12

Ligand Rhodium

Retention (%)
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L4 59
L® 64
Q 88
J 94
55 L2 100

41



van ol efinically unsaturated organic conpound wth c'm
hydrogen in the presence of a gpgRhggeraial yst as de mww,m

3. A hydrofornylation process for producing al dehydes’s m”m”ll aim1l
or 2, wherein the process is carried out in the presence of arée x

pol y- gh@imphi te |igand having the fornula: 40

(Ar) o0 (Ar) -0 mb50 wherein each Ar group represents an identical
or di fif ef@racessderipstopnviptiendconprisingsedsting anuargatic spmpounc eipekie of hefng ceroenylaied

r epr esentd Qi“qﬁ‘ﬂ anQxide in thel pregsncese [acRreupdVIl frastion) 'R%F?"é‘?lb?’msph'te complex catalyst

al k§| enecgigting|eRsppiiaie of 3 ”%N@' ﬂ""&r’?‘?‘%ﬁ@np'?’@’iw@/%’@"rmmwarﬁr%m@he
wherei n &%, 't%ﬂ‘%?f‘%'f‘f’é'"gﬁ‘ﬁ ¥l s the sane as Ar defined above;

wherein each y individually has a value of 0 or 1; wherein each Q

i ndi vidually represent s a divalent bridgin roup selected from-CR R2-,
-0-, -S, -NR3-, -SiR4B5-, ,and -CO-, wherein kach Rl and R2 radical

I ndtlovi dual Iy represent: zfpr' | ected fyom hydrogen, alkyl of 1 to 12
carbon atons, phenyl, 42 EP 0 214\622 13!} C L II S
liii tolyl and anisyl, N each R4, pand R5 radical individually

represents -H or - CHB; V\:h )EI n each n |pd.|.®|
and,sv\/nerel n mhas a vallueoﬁ% 2 to 6 ang-wher

nmetal is rhodium 5 4 iofornyl ion p

clainms 1-3, wherein th p i hical l y/unsaturgted conpound is selected from
al pha-ol efi ns cont ai ni ag (i“& nm2—to 20 carbonf atons, internal olefins
\cont ai ni ng from4 to 2 rbon atons, and tores of such al pha and

i nt@rnal olefins. 5 A process as def i ned in any one of clainms 1-4, wherein
t he hydrofornylation reaction conditions o conprise, a reaction

t enper at MieEein pach [t oroup GRPresenty pideniise (o different substituiegh @, ungubstisted anglzredigphessur e
of hydr oYerein WarspigserischBpla radical salestep fomaalylpne i ﬁﬂ‘al?@roar-elwlw H?f@ #dnmpound

|y héﬂ)a val ue of 0 or 1;
|nthe up VI11 transition

ocess as defined in any one of

sai d pol y f 6. A
&51’) ess as |ne |n any o"EehS caFLal rrast°365 wherein the poly-phosphite

fi gancé CR WX S8R G1at¥n flock 8o RRRENThARTES RE dbinE® inRBinY 1 PRASR b Rsel #&flmg al so
present 2 Sorfiddl uhdafbtatbd Skahit Yonh tvhiﬁ RhrbS méhokidePdn8 Ridrdi@n in the presence df dands
sel ect edc&ﬁpmbmgﬁt EPdombadboiai 1Y1 _ z zt~~nr

of from %M?ﬂ?f( '62)‘9 QUG He Ngaryignes yrhpyein eagh Frgenpoiafic éﬁ i sa'ae BRoVE: i | aI

or SBsur SIS POkl d? 4,5 210y S et s easse aéaﬁl

nonoxi de rFﬁ' ?gi%?dpai P i on ‘g e N %5 SI a),
and Wner ?&gﬁ lf!lw)‘laeg §ﬁcﬁﬁ(§gfﬁ§ﬂ fa ndlwc?ualy re;hesa its - ¢ E g é. cFrﬁnn %Fch les of

35 3. A hydroformylation process for producing aldehydes as defined in claim 1 or 2, wherein the process is
carrisd out in the presence of a free poly-phosphite ligand having the formula:

o —('Alr) ]
L (CHa)y |
; (0>,, P~0 --w (1)
(Cle)y - /
(Ar) —— 07

- m

50

wherein each Ar group represents an identical or different, substituted or unsubstituted aryl radical;
wherein W represents a m-valent radical selected from alkylene, alkylene-oxy-alkylens, arylens and
arylene--(CHz)y-(Q)n(CHz)y-arylene, wherein each arylene radical is the same as Ar defined above;
55 whersin each y individually has a vaiue of 0 or 1; wherein sach Q individually represents a divalent
bridging group selected from -CR'R2-, -O-, -S-, -NR®-, -SiR*R°- and -CO-, wherein each R' and R?
radical individually represents & radical selected from hydrogen, alkyl of 1 fo 12 carbon atoms, phenyl,
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substi t ut ﬁea)

sel egf ed fdm,gal a,da,;g radi ca s and CI -1-;
wherein mis nis the sane as defined above. a A process as defl ned

in claig G ascezs aél\élﬁﬁéal iR aty e lot @8fls B8, WhekdirIRE HorRbnoEshits igaRa bmpRRsh Wi the 1, 4-

45 Nagdalufy riNBe ®be poly-PrioBEhAd ligkvidl RRE predent AraPsRE RRIvidady URhicaest diferedny one
\of cl ai N5 ligands sedeRBEbA tieiemakef in starting material is selected from

but emae- 1, butene-2, isobutylene, and an ol efin m xture consisting

essentially of butene-1 and butene-2. 50 10. A-Goup-VtII transition netal

conpl ex hydrof ornyl ati cﬁ"?:at alyfic precurspr conposition consisting

essentially of a solubifized group Vill trgnsition netal-poly-phosphite
conpl ex, an organi c soljey ee pol y} phosphite |Iigand, wherein the
pol y#phosphite |igand of orrp and free poly-phosphite ligand are
each individually and igdenti .‘ fe i gand ing the. general
formula 55 44 n /ﬁ & W (ﬁ) '
30
e \ ot [T
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substituted or unsubstltut ed aryl radical; i5 wher ei‘n Wrépr%sen

m val ent radi cal 4 ected from al kyl ene, aI kyl ene- oxy-al kyl ene,” aryl ene and

aryl ene- (CH2) y- (Q¥- (CH2) y- aryl ene, wherein each\,éryl ene radical is the

same as Ar def} above; wherein each y individgakly has a value of 0 or

1; wherein e +#Q dual |y represents aQl @ 2 'dgi ng group

sel ected from - M-, -5, -NR3-, - S/RARS- n each R

and R2 radical i ncm)# i dual Py—CQepr We-n-t@-a- Padi cal{Qjgl ected fm\z}drogen

al kyl 1 to 12 at(yhs phenyl, 20 . “olyl ani;syl, wherein each

R3, R4, and i ndividually represen ZCH3; wherein each n

|nd|V|duaIIy has alue of 0 or 1; and wherein as a value of 2 to 6.

11.7°A conposi ti on &s defined-in claim10, wherei @Zt he Goup Vill transition

metal is rhodium 25 12. A ctonposition as defined in claim11l, wherein the

r hodi um pol y- phosphite conplex is the reaction product conplex of a

pol y- phosphite l.igand and rhodi um di carbonyl acetyl acetonate.

Revgndi catlons 30 1. Prodc6di de carbonyl ation, consistant a faire reagir

un conpos6 organi que capable d' étre carbonyl 6 avec de |' oxyde de carbone en

pr6sence d' un catal yseur du type conplexe netal de transition du G oupe

VI I | - pol yphosphi te, consistant essentiellenent en un ndtal de transition du
\Qroupe VI corplexe avec de |'oxyde de carbone etyd#n |igand pol yphosphite

de or mul e: O‘ o (CH2)y 40 ( I~n P-O 0 (CH2) y 45
(Ar) 0 11w dans | aquell e | esQ & %repr~sentent des
radi caux aryle | - thue ou diffdrents, sulbtitu u non 5

sente FEITr'r@dT'dM—d@-valRance m{Qkhoi si enzM) des
ne-oxy- al kyl ene, & ylin

ar y¥bne- (CH2 2)y- ai yl ene, chaque rad Zlgne etant identique
au radical Ar -dessus ; chaque indice y p bde i ndi vi duel | enent

| a valeur 0 ou 1; chaque radi cal - Q repr6sente indigd duel | enent un groupe
di val ent de pont age choisi entre -CR R2-, -0-, -S-, -NR3-, -Si R4l R5- et

! h an b SO lca ele radi cal
e, ch i,'ﬁ?g kw&fﬁs& i Bt Rl TR0 Ol ,vtm;;m% radi cal
> indl Ira vin

t |
car bone, Qo % Gt ﬁ&?'aﬁgﬁ Sobef %5
repr 6seni@ng «d preﬁ:ql& sgélﬁcﬁiuté&rbr I béﬁﬁﬁ f%axpggé? ah Qﬂzyﬁic raﬁ'ﬂ:hlg &G ala

well as cyano, halogen, nitro, trifluoromethyl, hydroxy, carbonyloxy, amino, acyl, phosphonyl, oxycar-
35 bonyl, amido, sulfinyl, sulfonyl, silyl, alkoxy, and thionyl radicals, wherein m has a value of 2 to 4 and
wherein ﬂ and n are the same as defined above. ' o

substitu6s ;-
radi caux al k

7. A process as defined in claim 6, wherein Y! and Y2 are branched alkyl radicals having from 3 t0 5
carbon atoms, preferably t-butyl radicals, wherein 22 and Z® are methoxy radicals, wherein W is 1,4-
40 naphthylene, 1,5-naphthylene, ethylene, or a substituted phenylene-(Q),-phenylene radical containing
substituents selected from alkyl and alkoxy radicals and wherein Q is ~CHz- or ~CHCH;-; wherein m is2

and n is the same as defined above.

8. A process as defined in claim 6 or 7, wherein the ligand is a ligand of Formula IV and W is 1,4-
45 naphthylene or 1,5-naphthylene. -

9. A process as defined in any one of claims 2-8, 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.

50 10. A Group VIIl transition metal complex hydroformylation catalytic precursor composition consisting
essentially of a solubilized group VIl transition metal-poly-phosphite complex, an organic solvent, and
free poly-phosphite ligand, wherein the poly-phosphite ligand of said complex and free poly-phosphite
ligand are each individually and identical or different ligand having the. general formula
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ol ef i2hed2 i herrRogitioncindedipagnip claing, 1hovhgreinnibe MadivgpelyBhrsphita icomplex ﬁﬁl’%lf?@@@" de
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quel con ye ﬁes revendi cations 1 a 4, dans |equel les conditions de |la

&J9ct|o Vﬂﬁd?ornylatlon conprennent une tenperature reactionnelle
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dans laquelle les groupes Ar représentent des radicaux aryle identiques ou différents, substitués ou non
50 substitus ; W représente un radical de valence m, choisi entre des radicaux alkyléne, alkyléne-oxy-
alkyldne, aryléne et aryléne-(CHz)y-(Q)n-(CHz)y-aryléne, chaque radical aryldne étant identique au
radical Ar défini ci-dessus ; chaque indice y posséde individuellement la valeur 0 ou 1 ; chaque radical
Q représente individuellement un groupe divalent de pontage choisi entre -CR'R2-, -O-, -S-, -NR3-,
-SiR*RS- et -CO-, chacun des radicaux R' et R? représentant individueilement un radical choisi entre
&5 I'hydrogéne, des radicaux alkyle ayant 1 & 12 atomes de carbone, phényle, tolyle et anisyle, chacun
des radicaux R3, R* et R® représentant individueliement un radical -H ou -CHs ; chaque indice n a la
valeur 0 ou 1 ; et m a une valsur de 2 2 6. B
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50 65 40 faire rBdir un composé organique 2 insaturation oléfinique avec de l'oxyde de 2arlor®2& &1 111
11111L Inyymérgpjp]g Préispnce d'un g¢afalyssur complexe suivarit la revendication 1. z(C m 40 25m

45~~~~ ~Z 0 0\
K) ~5~~3.y Pmoédé.d.hydmfozrny)!ati%pqqg5la production d’aldéhgdes suivant la revendication 1 ou 2, qui est mis——(

Q so en ceuvre en présence d'uw ggand polyphosphite libre ge formule: 5. p

(V 55 dlans | esquelles Qrepr~sente un groupe -CR R2 dans |equel chacun des
radi caux R et R2 repr~sente individuell enent un radical choisi entre
drogbne, des radi day 3Iky|e zzant 1 ~1p atomes de 47 car bone,
ph6¥ tolyle et anus des groblpes yl, Y2, Z2 et Z3 represente
|nd|V|dueIIenent un r gdi i dentigNe ou diff6rent choisi entre
| hydrogrne, un radicgl (§ yre ayant a 18} atones de carbone, des radi caux
aryle, alkaryle, aral Ryl gaet aI|cycI|qpe.@unsvytuengy non substitues,
ai ngg que des radi cauX cy@ﬁo hal og6ng, nit fl onet hyl e, hydr oxy,
car bonyl oxy, am no, aqgy pposphony , 5 oxycar bonyl e, am do,
sul finyle, sulfonyle, .22#6 al koxy et thipnyle, ma une valeur de 2 a 4
et Wet n r6pondent ayx )lnr%roﬁ% ment i onhp6es pr6c6dement. 7. Procede
\suivant |a revendi cati‘en 6, dans | equel Y+—etmY2 sont des radicaux al kyle
raned i 6s ayant 3 a 5 atones de carbone, de pref6rence des radi caux
tertiobutyle, Z2 et Z3 sont des radi caux nethoxy, W
dans laquelle les groupes Ar représentent des radicaux aryle identiques ou différents, substitués ou non
substitués ; W représente un radical de valence m choisi entre des radicaux alkyiéne, alkyléne-oxy-
alkyléne, aryléne et aryléne-(CHz)y-(Q)n-(CHz)y-aryléne, chaque radical aryléne étant identique au
25 radical Ar défini ci-dessus ; chaque indice y posséde individuellement la valeur 0 ou 1 ; chaque radical
Q représente individusllement un groupe divalent de pontage choisi entre -CR'R%, -O-, -8-, -NR3-,
-SiR*R5- et -CO-, chacun des radicaux R' et R2 représentant individusllement un radical choisi entre
I'hydrogéne, des radicaux alkyle ayant 1 3 12 atomes de carbone, phényle, tolyle et anisyle, chacun
U des radicaux R3, R* et R® représentant individuelloment un groupe -H ou -CH; ; chaque indice n
30 posséde individuelloment la valeur 0 ou 1 ; et m a une valeur de 2 3 6 ; le métal de transition du
Groupe Vil étant le rhodium. -

4. Procédé d'hydroformylation suivant I'une quelconque des revendications 1 & 3, dans lequel le composé

2 insaturation oléfinique est choisi entre des alpha-oléfines contenant 2 & 20 atomes de carbone, des

35 oléfines internes contenant 4 4 20 atomes de carbone, et des mélanges de ces alpha~oléﬁnes et
' oléfines internes.

5. Procédé suivant 'une quelconque des revendications 1 & 4, dans lequel les conditions de la réaction
d'hydroformylation comprennent une température réactionnelle d'environ 50° C 4 120° C, une pression
40 totale du gaz constitué d’hydrogene, d'oxyde de carbone et du composé organique A.-insaturation
oléfinique d'environ 6,9 kPa a 10,34 MPa (1 & 1500 Ib/in2 en valeur absolus), une pression partielle
. d'hydrogéne de 103,4 4 1103,2 kPa (15 & 160 ib/in? en valeur absolue), une pression patrtielle d'oxyde
./ de carbone d'environ 6,9 & 8274 kPa (1 & 120 Ib/in? en valeur absolue), st dans lequel le milieu
réactionnel contient environ 4 & environ 100 moles du ligand polyphosphite par mole de rhodium dans

45 ledit milieu.

6. Procédé suivant l'une quelconque des revendications 3 a4 5, dans léquel le ligand polyphosphite
complexé au rhodium et le ligand polyphosphite libre également présent sont des ligands identiques ou
différents choisis entre des ligands de formules

50
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dans lesquelles Q représente un groupe -CR'R? dans lequel chacun des radicaux R' et R? représente
individusllement un radical choisi entre I'hydrogéne, des radicaux alkyle ayant 1 & 12 atomes de

47
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mworin jede Ar-Guppe elnen identischen oder verschi edenen, substituierten
oder unsubstituierten Arylrest darstelit; worin Weinen mwertigen Rest
reprasentiert, der aus JAl *en, Al kyl enoxyal Kyl en, 55 Aryl en und
MLoen (CH2) y- (Q n- (CHZ ybg en ausgewghlt lfet, worin jeder Arylenrest so
w e Ar oben

(Cﬁz)y i

Q, P—otw (1)

J
35 (CIHZ) b4 /
1 (An) o

dans laquelle les groupes Ar représentent des radicaux aryle identiques ou différents, substitués ou non
: substitués ; W représente un radical de valence m choisi entre des radicaux alkyléne, alkyl&ne-oxy-
Lj alkyléne, aryléne et arylene-(CHa)y-(Q)n-(CH.)y-aryléne, chaque radical aryléne étant identique au
radical Ar défini précédemment ; chaque indice y posséde individuellement 1a valeur 0 ou 1 ; chaque
45 radical Q représente individuellement un groupe divalent de pontage choisi entre -CR'R2-, -O-, -S-,
-NR3-, -SiR*R®-¢t -CO-, chacun des radicaux Ry et R? représentant individuellement un radical choisi
entre I'hydrogéne, des radicaux alkyle ayant 1 & 12 atomes de carbone, phényle, tolyle et anisyle,
chacun des radicaux R?, R* et R® représentant individusllement un radical -H ou -CHs ; chaque indice

n posséde individusllement la valeur 8 ou 1 ; et maune valeur de 2 3 6.

- m

50 _
11. Composition suivant la revendication 10, dans laquelle le métal de transition du Groupe VIl est le
rhodium.

12. Composition suivant la revendication 11, dans laquelle le complexe rhodium-polyphosphite est le

§5 complexe consistant en le produit de réaction d'un ligand polyphosphite et de rhodium-dicarbonyl-
acétylacétonate.
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sdefiniert ist; worin jedes y fO sich einen Wert von O ode;Hmn“

worin jedes Q fUr sich eine zvei ppiidigeedRickengr uppe repr ma!ﬂﬁﬂm”m .
aus -CR RZ-, -0-, -S-, -NR3-, -SIR4R5- und -CO ausge- WwAhlt=1st, v Mg =
jeder Rl- und R2-Rest fUr sich elnen Rest darstellt, der aus Wasserstoff,
Al kyl mPatebtabspict@e EP 0 214 622 Sl I 111111 1111
liii 11111 * C L M S * 12 Kohl enst of fat onen, Phenyl, Tolyl und Ani syl
ausgewdHi t Vértabren g Garbopytierung, RBiassond die LimgetiBg Flaertordanischert ¥érbindung (tlier imstands

dar st el | t ; istugarbanyledt drus werdgnymits Kettienesproeid inGegenmer e Rswope \AilPhgegasgsmetahrd

wor i nsm el Relypheqphit-Kepppipxisatalysaiors, depis) wosentiicherybagishi avs @igem @'ﬁ?ﬁﬁé‘“"ﬂbe'_ga“,gsme‘

Vi | | - Ober g®hgéndit Sehlenmueyidynd piaam Palyphosphit:-ligandan Serigloenden Faas) prpriexied istnac h

i rgendei nem der AnsprUche 1 bis 3, worin die olefinisch ungesittig- to

Ver bi ndung aus a-O efinen mt 2 bis 20 Kohl enstof fatonen, inneren O efinen
m t 41 bi s 20 Kohl en- st men und. M schungén sol cher a- und innerer

a efife ausgewdhl t ist. |5. rfatre®nach i rg¢ndei nem der AnsprUche 1 bis
4, worin die Bedingunger fln# die Hydrdfornyliérungs- 10 reaktion ei ne
Reakt i onst enperatur im er&Hehyvon et}v’\g\SO ' bis 120 C, einen

Gesant gasdruck von Wass r st Nma Kohl ennmompaxic gﬁ ol ef(lrl)i sch ungesattigter
or ganjsscher Ver bi ndung Mon ‘g 6,9 kPa bis 1@, MPa bis 1500 psia),

ei nen Wasserstoff-Partigl dy von et 103, 4}{bis 1103,2 kPa (15 bis 160
psi a) und ei nen Kohl enngnoxip “Bartial ffuck vorl etwa 6,9 bis 827,4 kPa (1

bis 120 psia) unfassen, n@d\ﬁbH—ﬁ—da@ Reakti orjsnmedi um etwa 4 bis etwa 100
Ml des Pol yphosphit - Li en pro Ml Rhodi im 16 Medi um ent hal t. 6.
Ver f adar en nach irgendei nem der AnsprUche 3 bis 5 worin der mt dem

Rhodi um konpl exi erte Pol yphosphi t-Ligand und der ebenfalls anwesende freie
Pol yphosphverin LP% A¥tGueneeielnen fidentisghen hode eerschisdénen. oetibstitujaster; H¢rednsvistittipgpanden
sind, die Awkestigafstell| ﬂdléﬁi"%m‘ﬁﬂiﬂe'a&ﬂéwfﬁeﬁﬁe@i Y apg) Alkylerp \lkgignozyalirien.45 50
55 50 Eivyigh 3d; Aryien-(Gie)y-(Q)n-(CHz)y-arylen ausgewdhit ist, worin jeder ArylenArest o wje fq obepq 11

11111% definiert ist; worin jedes y fur sich eine_n Wert von 0 oder 1 aufweist; worin jedes _(_) flir sich eine
zweiwertige Brlickengruppe reprisentiert, die aus -CR'R2-, -O-, -S-, -NR3-, -SiR*R®- und -CO- ausge-
wihlt ist, worin jeder R'- und R2-Rest flr sich einen Rest darstellt, der aus Wasserstoff, Alkyl mit 1 bis
12 Kohlenstoffatomen, Phenyl, Tolyl und Anisyl ausgew&hit ist, worin jeder R3-, R*- und R®-Rest fiir

\/ sich -H oder -CH; darstellt; worin jedes n einen Wert von 0 oder 1 aufweist; und worin m einen Wert

30 von 2 bis 6 besitzt.

2. Hydroformylierungsverfahren zur Herstellung von Aldehyden nach Anspruch 1, weiches umfapt, daB
eine olefinisch ungesittigte organische Verbindung mit Kohlenmonoxid und Wasserstoff in Gegenwart
eines nach Anspruch 1 definierton Komplexkatalysators umgesetzt wird.

35 ]

3. Hydroformylierungsverfahren zur Herstellung von Aldshyden nach Anspruch 1 oder 2, worin das

Verfahren in Gegenwart eines freien Polyphosphit-Liganden der folgenden Forme! ausgeflihrt wird:

—-EA'J) 0

), (Ca)y \

” @, P-OTW . (l)

|
(CHp) )
(Ar) — o/

50

worin jede Ar-Gruppe einen identischen oder verschiedenen, substituierten oder unsubstituierten
Arylrest darstellt; worin W einen m-wertigen Rest reprisentiert, der aus Alkylen, Alkylenoxyalkylen,
55 Arylen und Arylen-(CH: )y~(Q)n-(CHz)y-arylen ausgewihit ist, worin jeder Arylenrest so wie Ar oben
definiert ist; worin jedes y flir sich einen Wert von 0 oder 1 aufweist; worin jedes Q flr sich eine
zweiwertige Briickengruppe reprisentiert, die aus -CR'R%-, -O-, -S-, -NR3-, -SiR*R®- und -CO- ausge-
wihit ist, worin jeder R'- und R®-Rest fUr sich einen Rest darstellt, der aus Wasserstoff, Alkyl mit 1 bis
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<wofin der Pol yphosphit-Ligand des Konplexes und der frei
Pol yphosphi t - Li gand jeweil's fOf ?65145622 B1 | dent | sche ogmmH"mmHmrM"l
Li ganden der all genei nen Formel (Ar) 01

W1 (CH y (Ar) -0 20 sind, worin jede Ar-Gruppe el nen |dent|schen oder
ver schi edenen, substi tui en oder unsubstituierten Arylrest reprasenitert;
worin Weinen mwertigeg Rest darstellt, derj aus Al kyl en,

Al kyl enoxyal kyl en, Aryl ¢n | en- (CH2) y- Q~n-(CHZ)y-i ryl en ausgewAhl t
ist, worin jeder Arylenife @' oben finiert ist; worin jedes y fUr
sich &l nen Wert von 0 oder hdt; woNn j ed QfO sich eine zweiwertige
Br Uckengr uppe reprasentifert, ((Cg aus - 0-, qsl“ NR3-, -Si R4R5- und
-CO ausgewghlt ist, wofin 25 1% jed R - uw RZ- Re fOr sich einen Rest
darstellt, der aus VASSerg A mt 1ibis 12 Kohl enstoff- atonen,
Phenyl, Tolyl und Anisyl 3 | st, worfin jeder R3-, R - und R5-Rest
fU Sfch -H oder CH3drsteIIt worin jedeg n fOr sich einen Wrt von O
oder | hat; und worin m einen Véert von 2 ® besitzt. 30 11.
Zusanmmenset zung nach,Anspruch 1 0, worin das G uppe Vill-Cbergangsnetall
Rhodi umist. 12. Zu‘éérrrrensetzung nach Anspruch ll,y%ri n der

-Rhodissm Pol yphogpptt - Konpl ex der Reakti onsprodukt -LKonpl ex ei nes
Pol yphosphi t - L9 ,:.- Rhodi undi car bonyl ac@® tzﬁ ist. 35 40 45 50
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35
worin Q -CR'R? ist, worin jeder R'- und R2-Rest flir sich einen Rest darstellt, der aus Wasserstoff, Alkyl
mit 1 bis 12 Kohlenstoffatomen, Phenyl, Tolyl und Anisyl ausgewZhlt ist; worin jede Y'-, Y2 Z2- und Z2-
Gruppe flr sich einen identischen oder verschiedenen Rest reprdsentiert, der aus Wasserstoff, einem
Alkyirest mit 1 bis 18 Kohlenstoffatomen, substituierten oder unsubstituierten Aryl-, Alkaryl-, Aralkyl-

40 und alicyclischen Resten sowie aus Cyano, Halogen, Nitro, Trifluormethyl, Hydroxy, Carbonyloxy,
Amino, Acyl, Phosphonyl, Oxycarbonyl, Amido, Sulfinyl, Sulfonyl, Silyl, Alkoxy und Thionylresten
ausgewdhlt ist, worin m einen Wert von 2 bis 4 besitzt und worin W und n wie oben definiert sind.

7. Verfahren nach Anspruch 6, worin Y' und Y2 verzweigte Alkylreste mit 3 bis 5 Kohlenstoffatomen,
45 vorzugsweise t-Butylreste, sind, worin 22 und 23 Methoxyreste sind, worin W 1,4-Naphthylen, 1,5-
Naphthylen, Ethylen oder ein substituierter Phenylen-(Q),-Phenylenrest ist, der aus Alkyl und Alkoxyre-
sten ausgewdhlte Substituenten enthlt, und worin Q -CHz- oder -CHCHs- ist; worin m 2 ist und n wie '
oben definiert ist.

50 8. Verfahren nach Anspruch 6 oder 7, worin der Ligand ein Ligand der Formel IV ist und W 1,4-
Naphthylen oder 1,5-Naphthylen ist. -

9. Verfahren nach irgendeinem der Anspriiche 2 bis 8, worin das olefinische Ausgangsmaterial aus Buten-

1, Buten-2, Isobutylen und einer Olefinmischung, die im wesentlichen aus Buten-1 und Buten-2 besteht,
55 ausgewihit ist.
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10.

1.

12.

o e Ly

Gruppe Vlil-Ubergangsmetallkomplex-Zusammensetzung eines katalytischen Vorlfufers flir die Hydro-
formylierung, welche im wesentlichen aus einem solubilisierten Gruppe VIl Ubergangsmetall-
Polyphosphit-Komplex, einem organischen L&sungsmittel und freiem Polyphosphit-Liganden besteht,
worin der Polyphosphit-Ligand des Komplexes und der freie Polyphosphit-Ligand jeweils flir sich
identische oder verschiedene Liganden der aligemeinen Formel

'”‘(ﬁ;,) o
(CHa) y \
|
(c;)) 0 P-0+W (l)
(Cha)y / |
(An) o
e - m

sind, worin jede Ar-Gruppe einen identischen oder verschiedenen, substituierten oder unsubstituierten
Arylrest représentiert; worin W einen m-wertigen Rest darstellt, der aus Alkylen, Alkylenoxyalkylen,
Arylen und Arylen-(CHz2)y-(Q)n-(CHz)y-arylen ausgewihit ist, worin jeder Arylenrest so wie Ar oben
definiert ist; worin jedes y flir sich einen Wert von 0 oder 1 hat; worin jedes Q flr sich eine zweiwertige
Brlickengruppe représentiert, die aus -CR'R2-, -O-, -S-, -NR?-, -SiR* RS- und -CO- ausgew#hit ist, worin
jeder R'- und R2-Rest flir sich einen Rest darstellt, der aus Wasserstoff, Alkyl mit 1 bis 12 Kohlenstoff-
atomen, Phenyl, Tolyl und Anisy! ausgewihit ist, worin jeder R3-, R*- und R°-Rest flir sich -H oder
-CHs darstellt; worin jedes n flir sich sinen Wert von 0 oder 1 hat; und worin m einen Wert von 2 bis 8
besitzt.

Zusammensstzung nach Anspruch 10, worin das Gruppe VIll-Ubergangsmetall Rhodium ist.

Zusammensetzung nach Anspruch 11, warin der Rhodium-Polyphosphit-Komplex der Reaktionsprodukt-
Komplex eines Polyphosphit-Liganden und Rhodiumdicarbonylacetylacetonat ist.
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