
EP 0 214 622 B1 Description This invention relates to the use of
poly-phosphite ligands in transition metal complex catalyzed carbonylation
processes, especially hydroformylation, as well as to transition
metal-poly-phosphite ligand 5  complex compositions. It is well known in
the art that carbonylation reactions are enhanced by the use of a modified
Group VIII metal catalysts e.g., catalysts comprising a Group Vil
transition metal-phosphorus ligand complex. Carbonylation processes
directed to production of oxygenated products in the presence of a catalyst
in general involve the reaction of an organic compound with carbon monoxide
and preferably another reactant, 10 especially hydrogen, and are well known
in the art, e.g., see J. Falbe, "New Synthesis With Carbon Monoxide"
Springer Verlag, New York 1980. Such processes may include the
carbonylation of organic compounds such as olefins, acetylenes, alcohols
and activated chlorides with carbon monoxide along or with carbon monoxide
and either hydrogen, alcohol, amine or water, as well as ring closure
reactions of functionally unsaturated compounds e.g. unsaturated amides
with CO. One of the major types of known 15  carbonylation reactions is the
hydroformylation of an olefinic compound with carbon monoxide and hydrogen
to produce oxygenated products such as aldehydes using a Group VIII
transition metal- phosphorus ligand complex, followed by a subsequent
aldolization reaction if desired. However, the search for a more effective
phosphorus ligand or all purpose type metal-phosphorus ligand complex
catalyst is a constant one in the art and heretofore, unlike the present
invention, has been 20 centered for the most part on the use of
triorganophosphine, triorganophosphite and diorganophosphite ligands, such
as disclosed e.g. in US-A-3 527 809 and WO 85/03702. It has now been
discovered that poly-phosphite ligands of this invention may be employed as
the phosphorus ligand in Group VIII transition metal complex catalyzed
carbonylation processes to provide good active and stable Group VIII
transition metal-phosphorus ligand complex catalysts. 25     For instance,
the poly-phosphite ligands employable herein may be useful in providing
unique chelated metal complexes having good catalytic activity and
stability in carbonylation processes and particularly hydroformylation.
Further, the use of the poly-phosphite ligands employable herein may
provide an excellent means for controlling product selectivity in
hydroformylation reactions to achieve oxygenated products, e.g. aldehydes,
having a wide range of low to high normal to iso (branched) product ratios
as 30 desired. Indeed, the poly-phosphite ligands employable herein are
especially useful in the hydroformylation of all types of olefinic
unsaturated compounds, including both alpha and internal olefins. Thus it
is an object of this invention to provide a carbonylation process and
especially a hydrofor- mylation process, wherein said process is carried
out in the presence of a Group Vil transition metal-poly- phosphite ligand
complex catalyst. It is also an object of this invention to provide a novel
class of Group VIII 35 transition metal-poly-phosphite ligand complex
precursor solutions suitable for use in such carbonylation and
hydroformylation processes. Other objects and advantages of this invention
will become readily apparent from the following written description and
appended claims. Accordingly, a generic aspect of this invention can be
described as a process for carbonylation comprising reacting an organic
compound capable of being carbonylated with carbon monoxide in the 



40 presence of a Group VIII transition metal-phosphorus ligand complex
catalyst wherein the phosphorus ligand of said complex catalyst is a
poly-phosphite ligand having the general formula: [err] [err] 50
[err] [err] wherein each Ar group represents an identical or different,
substituted or unsubstituted aryl radical; wherein W represents a m-valent
radical selected from the group consisting of alkylene,
alkylene-oxy-alkylene, arylene and arylene--([err])y-(Q)n-([err])y-arylene,
wherein each arylene radical is the same as Ar defined 2    EP 0 214 622 B1
above; wherein each y individually has a value of 0 or 1; wherein each Q
individually represents a divalent bridging group selected from the class
consisting of [err]-, -O-, -S-, [err]-, -[err]- and -CO-, wherein each
[err] and[err] radical individually represents a radical selected from the
group consisting of hydrogen, alkyl of 1 to 12 carbon atoms, phenyl, tolyl
and anisyl, wherein each [err], and [err] radical individually 5
represents -H or [err]; wherein each n individually has a value of 0 or 1;
and wherein m has a value of 2 to 6. Preferably each [err] and [err]
individually represents -H or[err]. Another generic aspect of this
invention comprises novel Group Vil transition metal-poly-phosphite ligand
complex catalyst precursor solutions as described more fully herein below.
As seen by the above formula the poly-phosphite ligands employable herein
represent a different class io  of compounds than triorganophosphite
ligands and diorganophosphite ligands of the type in said WO 85/03702. For
example, if hydrolyzed the poly-phosphite ligands employable herein would
yield the equivalent of three diol compounds as compared to the equivalent
of three mono-ol compounds for triorganophosphite or the equivalent of two
diol compounds and one mono-ol compound for the dior- ganophosphites of
said WO 85/03702. is     The subject invention encompasses the carrying out
of any known carbonylation process in which the catalyst thereof is
replaced by a Group Vil transition metal-poly-phosphite complex catalyst as
disclosed herein. As noted above such carbonylation reactions may involve
the reaction of organic compounds with carbon monoxide, or carbon monoxide
and a third reactant e.g. hydrogen in the presence of a catalytic amount of
a Group Vil transition metal-poly-phosphite ligand complex catalyst, said
ligand being of the 20 general Formula (I) above. More preferably the
subject invention involves the use of such a Group Vil transition
metal-poly- phosphite ligand complex catalyst and free poly-phosphite
ligand in the production of aldehydes wherein an olefinic compound is
reacted with carbon monoxide and hydrogen. The aldehydes produced
correspond to the compounds obtained by the addition of a carbonyl group to
an olefinically unsaturated carbon atom in 25 the starting material with
simultaneous saturation of the olefinic bond. Such preferred processes are
known 



in industry under varying names such as the oxo process or reaction,
oxonation, the Roelen reaction and more commonly hydroformylation.
Accordingly, the processing techniques of this invention may correspond to
any of the known processing techniques heretofore employed in conventional
carbonylation and especially hydroformylation reactions. 30     For
instance, the preferred hydroformylation process can be conducted in
continuous, semi-continuous, or batch fashion and involve a liquid recycle
and/or gas recycle operation as desired. Likewise, the manner or order of
addition of the reaction ingredients, catalyst and solvent are also not
critical and may be accomplished in any conventional fashion. In general,
the preferred hydroformylation reaction is preferably carried out in a
liquid reaction medium 35 that contains a solvent for the catalyst,
preferably one in which both the olefinically unsaturated compound and
catalyst are substantially soluble. In addition, as is the case with prior
art hydroformylation processes that employ a rhodium-phosphorus complex
catalyst and free phosphorus ligand, it is highly preferred that the
hydroformylation process of this invention be effected in the presence of
free poly-phosphite ligand as well as in the presence of the complex
catalyst. By "free ligand" is meant poly-phosphite ligand that is not 40
complexed with the Group Vil transition metal atom in the active complex
catalyst. The Group VIII transition metals which make up the
metal-poly-phosphite complexes of this invention include those selected
from the group consisting of rhodium (Rh), cobalt (Co), iridium (Ir),
ruthenium (Ru), iron (Fe), nickel (Ni), palladium (Pd), platinum (Pt), 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 Vil transition metal in complex
combination with the carbon so 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 55  one available or unshared
pair of electrons 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 VIII transition metal. The ultimate
composition of the active complex 3    EP 0 214 622 B1 catalyst may also
contain an additional ligand e.g. hydrogen or an anion satisfying the
coordination sites or 



nuclear charge of the Group Vil transition metal as in the case of
heretofore conventional Group VIII transition metal-triorganophosphine or
phosphite catalysts. Illustrative additional ligands include e.g., halo-
gen (Cl, Br, I), alkyl, aryl, substituted aryl, [err] and RP(O)(OH) 0
(wherein each R is alkyl 5  or aryl), acetate, acetylacetonate, [err]
=[err], [err], [err], NO, [err], pyridine, [err], mono-olefins, diolefins
and triolefins, tetrahydrofuran, and the like. It is of course to be
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 10  compounds can poison the catalyst.
Accordingly it is preferred that in the rhodium catalyzed hydrofor-
mylation reactions of this invention that the active catalysts also be free
of halogen and sulfur directly bonded to the rhodium, although such may not
be absolutely necessary. The number of available coordination sites on such
Group Vil transition metals is well known in the art and may range in
number from 4 to 6. Thus the active species may comprise a complex catalyst
mixture, is  in their monomeric, dimeric or higher nuclearity forms, which
are characterized by at least one poly- phosphite molecule complexed per
one molecule of rhodium. As noted above carbon monoxide is also considered
to be present and complexed with the rhodium in the active species.
Moreover, as in the case of conventional rhodium-triorganophosphine or
phosphite ligand complexed catalyzed hydroformylation reactions, the active
catalyst species of which is generally considered to also contain hydrogen
directly 20  bonded to the rhodium, it is likewise considered that the
active species of the preferred rhodium catalyst employed in this invention
during hydroformylation may also be complexed with hydrogen in addition to
the poly-phosphite and carbon monoxide ligands in view of the hydrogen gas
employed by the process. Moreover, regardless of whether one preforms the
active complex catalyst prior to introduction into the carbonylation
reaction zone or whether the active species is prepared in situ during the
carbonylation 25  reaction, it is preferred that the carbdnylation, and
especially the hydroformylation reaction be effected in the presence of
free poly-phosphite ligand, although such may not be absolutely necessary.
The poly-phosphite ligands employable in this invention as noted above are
those having the general formula 30 (Ar)          O 35 40 [err] wherein
each Ar group represents an identical or different substituted or
unsubstituted aryl radical; wherein 45  W represents a m-valent radical
selected from the group consisting of alkylene, alkylene-oxy-alkylene,
arylene and arylene-([err])y-([err]),-[err]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 each Q individually represents a divalent bridging
group selected from the class consisting of [err] -0-, -S-, -[err]-, and
-CO-, wherein each [err] and R2 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 [err], and [err] radical
individually represents -H or 



[err]; wherein each 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 [err] bridging group as defined above and more preferably
methylene (-[err]-) or alkylidene (-[err]-), wherein [err] is an alkyl
radical of 1 to 12 carbon atoms, (e.g. methyl, ethyl, propyl, isopropyl,
butyl, 55  isodecyl, dodecyl, etc., especially methyl). Illustrative
m-valent radicals represented by W in the above poly-phosphite formula
include substituted and unsubstituted radicals selected from the group
consisting of alkylene, alkylene-oxy-alkylene, phenylene, naphthylene,
phenylene -([err]), [err]-[err],-phenylene and naphthylene- [err]
naphthylene- 4    EP 0 214 622 B1 radicals, Q, n and y are the same as
defined above. More specific illustrative m-valent radicals represented by
W include e.g. straight or branched chain alkylene radicals such as -[err]
wherein x has a value of 2 to 18 (preferably 2 to 12),
pentaerythritol,1,2,6-hexylene, and the like; [err], 1,4-phenylene, 2,3-
phenylene, 1,3,5-phenylene, 1,3-phenylene, 1,4-naphthylene,
1,5-naphthylene, 1,8-naphthylene, 2,3-naph- 5 thylene, 1,1
'biphenyl-2,2'-diyl, 2,2'biphenyl-1,1 '-diyl, 1,1 '-biphenyl-4,4'-diyl, 1,1
'binaphthyl-2,2'-diyl, 2,2'- binaphthyl-1,1'-diyl,
phenylene-[err]-phenylene, phenylene-S-phenylene, [err]-phenylene-[err],
phenylene - CH([err])-phenylene radicals and the like. Thus w is a m-valent
radical which may contain from 2 to 30 carbon atoms, wherein the alkylene
and alkylene-oxy-alkylene radicals preferably contain from 2 to 18 and more
preferably from 2 to 12 carbon 10 atoms, while the arylene type radicals
may contain from 6 to 18 carbon atoms. Preferably W is ethylene or an
arylene type radical and more preferably a naphthylene or
phenylene-(Q)n-phenylene radical. Illustrative aryl radicals represented by
the Ar groups and the arylene radicals of W in the above poly- phosphite
formula include both substituted and unsubstituted aryl radicals. Such aryl
radicals may contain from 6 to 18 carbon atoms such as phenylene ([err]),
naphthylene ([err]), anthracylene ([err]), and the 15  like. Illustrative
substituent groups that may be present on the alkylene or arylene radicals
of W and the aryl groups represented by Ar in the above poly-phosphite
formula include monovalent hydrocarbon radicals such as substituted or
unsubstituted alkyl, aryl, alkaryl, aralkyl and alicyclic radicals as well
as silyl radicals such as -[err] and -[err], amino radicals such as -[err],
acyl radicals such as -C(O)R6, carbonyloxy 20  radicals such as -[err],
oxycarbonyl radicals such as -[err], amido radicals such as -[err] and
-[err] sulfonyl radicals such as -[err], sulfinyl radicals such as -S(O)R6,
ether (e.g. alkoxy) radicals such as -OR6, thionyl ether radicals such as
-[err], phosphonyl radicals such as -P(O)(R6)2, and halogen, nitro, cyano,
trifluoromethyl and hydroxy radicals, and the like, wherein each R6
individually represents the same or different, substituted or unsubstituted
monovalent hydrocarbon radical having the 25  same meaning as defined
herein with the proviso that in amino substituents such as -[err], each R6
taken together can also represent a divalent bridging group that forms a
heterocyclic radical with the nitrogen 



atom and in amino and amido substituents such as -N(R6)2, -C(O)N(R6)2 and
-N(R6)C(O)R6 each -R6 bonded to N can also be hydrogen, while in phosphonyl
substituents such as -P(O)(R6)2, one R6 radical can also be hydrogen.
Preferably the monovalent hydrocarbon substituent radicals, including those
represented 3o  by R6, are unsubstituted alkyl or aryl radicals, although
If desired they in turn may be substituted with any substituent which does
not unduly adversely effect the process of this invention, such as e.g.
those hydrocarbon and non-hydrocarbon substituent radicals already herein
outlined above. Among the more specific unsubstituted monovalent
hydrocarbon substitute radicals, including those represented by R6, that
may be bonded to the alkylene and/or the arylene radicals of W and/or the
Ar 3s  groups of the above diorganophosphite formulae that may be mentioned
are alkyl radicals including primary, secondary and tertiary alkyl radicals
such as methyl, ethyl, n-propyl, isopropyl, butyl, sec-butyl, t- butyl,
neo-pentyl, n-hexyl, amyl, sec-amyl, t-amyl, iso-octyl, decyl, and the
like; aryl radicals such as phenyl, naphthyl and the like; aralkyl radicals
such as benzyl, phenylethyl, triphenylmethyl, and the like; alkaryl
radicals such as tolyl, xylyl, and the like; and alicyclic radicals such as
cyclopentyl, cyclohexyl, 1- 40  methylcyclohexyl, cyclooctyl,
cyclohexylethyl, and the like. More specific illustrative non-hydrocarbon
substituents that may be present on the alkylene and/or the arylene
radicals of W and/or the Ar groups of the above diorganophosphite formula
include e.g. halogen, preferably chlorine ori fluorine, -NO2, -CN, -CF3. K>
-OH, -Si(CHa)s, -Si(OCH3)s, -Si(C3 H7)a, -C(O)CH9, -C(O)C2Hs, -OC(O)C6 Hs,
-C(O)OCH3, -N(CH3)2, -NH2, -NHCH3, -NH(C2Hs). -CONH2, -CON(CH3)2,
-S(0)2C2Hs. -OCHs, -OC2Hs, -OC6H5, -C(O)Cr Hs, -0(t-C41Hs), 45 -SC2 H5,
-OCH2 CH20CH3,-(OCH2CH2)20CH3, -(OCH2CH2)3OCH3, -SCH3, -S(O)CH3, -SC6 Hs,
-P(O)(Cs Hs)2, -P(O)(CHa)2, -P(O)(C2 Hs)2, -P(O)(C3 H7 )2. -P(O)(C4 H9 2.
-P(O)(C6 H13)2, -P(O)CH3(C6 Hs), -P(0)(H)(Cs H5), -NHC(O)CH3, cm
,cC2C C12    ,CN2CH2 ,                         )-1C 2 I~~~~~~~IeC 55
"C2CH2                  C        2              2        2
2 .o2    EP 0 214 622 B1 and the like. In general, the substituent radicals
present on the alkylene and/or arylene radicals of W and/or the Ar groups
of the above diorganophosphite formula may also contain from 1 to 18 carbon
atoms and may be bonded to the alkylene and/or arylene radicals of W and/or
Ar groups in any suitable position as may be the bridging group
-(CH2)y,-(Q)n-(CH2)y- connecting the two Ar groups or the two arylene
groups of 5  W in the above formula. Moreover, each Ar radical and/or
alkylene and/or arylene radical of W may contain one or more such
substituent groups which substituent groups may also be the same or
different in any given diorganophosphite. Preferred substituent radicals
include alkyl and alkoxy radicals containing from 1 to 18 carbon atoms and
more preferably from 1 to 10 carbon atoms, especially t-butyl and methoxy.
Among the more preferred poly-phosphite ligands are those wherein the two
Ar groups linked by the io  bridging group represented by -(CH2)y-(Q),
-(CH2),,- in the above poly-phosphite formula are bonded 



through their ortho positions in relation to the oxygen atoms that connect
the Ar groups to the phosphorus atom. It is also preferred that any
substituent radical, when present on such Ai groups be bonded in the para
and/or ortho position of the aryl in relation to the oxygen atom that bonds
the given substituted Ar group to its phosphorus atom. 15     Accordingly,
a preferred class of poly-phosphite ligands employable in this invention
are those of the formulas 20                                            . 0
25                             (0)                  W           (II) 30 35
40                                     0 .      (0)n   jP-a  W
1) 45_ m 50 wherein in said Formulas (II) and (Ill), 0 is -CR'R2 wherein
each RI and R2 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 Y1, y2, Z2, and Z3 group
individually represents a radical selected fromnthe group consisting of
hydrogen, an alkyl radical having from 1 to 18 carbon atoms, substituted or
unsubstituted aryl, alkaryl, aralkyl and 5s 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    EP 0 214 622 B1 wherein W is a m-valent
radical as generically and preferably herein defined above. Preferably both
Y1 and y2 are radicals having a steric hindrance of isopropyl, or more
preferably t-butyl, or greater. Preferably Q represents a methylene (-CH2-)
bridging group or an alkylidene (-CHR2-) bridging group wherein R2 is an
alkyl radical of 1 to 12 carbon atoms as defined above, especially methyl
(e.g. -CHCHa -). The more 5 preferred ligands are those of Formula (IQ)
above, wherein, both Y' and Y2 are branched chain alkyl radicals having
three to five carbon atoms, especially t-butyl, and Z2 and Z3 are hydrogen,
an alkyl radical, especially t-butyl, a hydroxy radical or an alkoxy
radical, especially methoxy. Further more preferred poly-phosphite ligands
include those wherein W in the above poly-phosphite formulas is a divalent
radical selected from the group consisting of alkylene, especially
ethylene, alkylene- 10 oxy-alkylene, especially CH2CH20CH2CH2, and
substituted or unsubstituted phenylene, naphthylene, naphthylene-(Q)n-
naphthylene and phenylene -(Q),-phenylene radicals wherein Q and n are the
same as 



both generically and preferably defined above. Among the more preferred
bis-phosphite type ligands when m is 2 are those wherein W is a divalent
radical selected from the group consisting of 1,2-ethylene, naphthylene,
substituted phenylene and substituted phenylene-(Q).-phenylene radicals,
especially 1,4- 15  naphthylene and 1,5-naphthylene. Moreover the preferred
substituents on such phenylene and/or phenylene-(Q),-phenylene radicals are
preferably radicals selected from the group consisting of alkyl and alkoxy
radicals, which most preferably correspond to the substituent radicals of
Y1, y2, Z2 and Z3 defined herein. K>         Accordingly, another preferred
class of bis-phosphite ligands employable herein are those of the 20
formulas Y1                                          y1 25   z
00    z2 (Q)n   P-O-W-- P                              )n() 30     * and 35
0 40~~~~~~~~ (Q~~~n  zP O     -     -P(                          (V) 45
wherein in said Formulas (IV) and (V/), each y1, y2, Q. W. Z2, Z3, and n
are the same as generically and preferably defined in Formulas (II) and
(Ill) above and most preferably n is zero. Of course it is to be 50
understood that each Y', y2, Q. Z2, Z3 and n can be the same or differenit
in arny given phosphite. More preferably each y1, V2, Z2 and Z3 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, 55 amino, acyl, phosphonyl,
oxycarbonyl, amido, sulfinyl, sulfonyl, silyl, alkoxy, and thionyl radicals
as defined and exemplified herein above. 7    EP0214622B1 Preferably both
Y' and Y2 are radicals having a steric hindrance of isopropyl, or more
preferably t-butyl, or greater. The more preferred ligands are those of
above, wherein both Y' and Y2 are branched chain alkyl radicals having
three to five carbon atoms, especially t-butyl, and Z2 and V are hydrogen,
an alkyl radical especially t-butyl, a hydroxy radical or an alkoxy
radical, especially methoxy. 10 15 



20 25 30 35 40 45 50 55 8    EP 0 214 22 B1 Additional illustrative
examples of the poly-phosphite ligands of this invention include e.g. 5
IT 333 CH313    d P43Ic..cHQ  /O-CH 2-c C P4H313 20                    1CIC
313 S  CH3+ UP  O-CH2 26  C*43                         CH~~~~~~~~O2  POC
-0/           ~ ~I                           3C 45 50~~~~~~~~~ *
O~~H2 30                    pH .313                 CH 2P33 CH3   Q
CH2 3~~~~~~~~~~~~~~~~~~ C83            P-O-CH2 55 CH3   O/ .[CH 313 40 45
50 56 9  



EP 0 214 622 B1 5  c313                      NH0 33 5               CH3
+<8  P/O  OCH3 3543'tg                    \HCH3 10                       HC
15 PH3]3 20H33 -3 CH3O                       0~~~~~~~CHx3 20
OCHe3~~1C3J PI131 30 jCH3I3 FH313' 50 35 OCH3 ICH313          $'
0    cm3 40 03Q0 50~~~~~~\1 55 10    EP 0 214 622 61 CH3
CH3 5 RICH 313 C t~                                          C-CHY 3) lCH
313                 t0                        0      CiCH313 10
CH3                                    cm* 15 CH3O j   H3HC*32-
OCH3 CH3C42(CH3)2 C-                                        3 O-P CH30o
C3CHH 25 



K-) ~     ~       ~        P *HC2C-32
OCH CH3 CH3OXz                                 . .o -<CH0)2 C6 H 5 40
ma     p0 _ --CH2CH2CH2CHjO--P              S K>               C30
0-- 4-  CH2C6Hff5 45 50 55 CH3~~~~~~~1    EP 0 214 622 B1 CH3 CH3O
P-O-CH 2CH 2-  Po          on0 CH3   C CH3 10 15          1CH313          0
0 20                                                    /CH 20
~~~~~~~CH3CH    p-as_ p    CH 2 ICH313   a      sO/- 25   3aCH3 3 0
Am Io/\  C Haa 3 C 40
OH C ICH3J3 45 50 55 12    EP 0 214 622 B1 



CH3                                   ICH l313 00 H                Q0  /
\O  OCH3 .                                              Q   OCH3 10 0
C CH3                                   ICH313 15 CH3CH2(CH3)2C
C(CH3)2CH2CH3 20        [CH3J3 Ce'                       CH3             /O
CI833 ,_-t   oPO    O-P PCH 313          0                              NO
CICH 3 3 25        CH3CH2(CH3)2C
C(CM3)2C02H43 30 %1K313    1CM313 35                        ~~~~~~C    C 35
40  IC~~~~~s~~aC~~~414-0                 IC FN313 XLC~ C              31 3
45         [CM3 ]3)                                                CICH3I3
IC 313                               (CH 313 50 55 65~ ~~~~~~~~~~~1    EP 0
214 622 B1 P olcm)24OICH )2 op MOBOoo  QSCH 10                     C2 CH2
C6 H5                        C6H 5 15 ICH333 [CH333 [CH 313 C   4CtCH3   3
20                      1!H313         6H313 CM300 |~ IPOOXCHa 25
CH3O0                    N:  0CM3 C~~~~~~~~~~~~~1 ICH oIJ
1H33 



35                          CO 3 CX3 H2CHH 50 40                     CH 2H
H 453 CM3 50 55 14    -  t EP 0 214 622 61 Cl      Cl 5
XL CH2-4H 0 c4l 10                     CHC 2K 15 CH    CH 13v~~ 20
CH3               OCH3 CH3                         C *H0   LH L-
OH S 35 253    CHC 45     CH309    o    |          |          w~~o,-  CH 50
3 CH313 15    EP0214622B1 5 10              CH3          0
C -H3 



Cot/                                      CHC 15 20 :32        .S 32 25 i_)
,CHo    O  CH3 30 CH                              CX- X'312
PH3~~~~~~~~1)412 38 40 K) ~~)- 45 5000 55 16    EP 0 214 622 B1 10~ ~
~~~~~~~~~C  0                       O3 cH3o P1310 5 CH3            0 2~~~~I
~PP 10          O~~~CH3    0       VO 15313 20 25 35H31C          313
1313 30      ~      H1C~~~
tHl Ic~a~aC    0   0'                    0  0         CICH 313 35
~~~~~~~~~~~~~~~~~~~~~~~~C, 36                 ICH ~~P313
ICH313 and the like. Such types of poly-phosphite ligands of the generic
class employable in this invention and/or methods 40 for their preparation
are known. For instance, the poly-phosphite ligands employable in this
invention can be readily and easily prepared via a series of conventional
phosphorus halide-alcohol condensation reactions. 



Such types of condensation reactions and the manner in which they may be
conducted are well known in i>      the art. For instance a simple method
for preparing such ligands may comprise (a) reacting a corresponding
organic diphenolic compound with phosphorus trichloride to form the
corresponding organic phosphoroch- 45 loridite intermediate, (b) reacting
said intermediate with a diol (corresponding to W in the above formulas) to
form the corresponding hydroxy substituted diorganophosphite intermediate,
(c) reacting said dior- ganophosphite intermediate with phosphorus
trichloride to form the corresponding phosphorodichloridite intermediate
and (d) reacting said dichloridite with a corresponding diol to arrive at
the corresponding desired poly-phosphite ligand. Said condensation
reactions are preferably carried out in the presence of a so solvent, e.g.
toluene, and an HCI acceptor, e.g. an amine, and may be carried out in a
single-pot synthesis, if desired. For instance, desired symmetrical
phosphite type ligands, such as encompassed e.g. by Formula IV above, can
be directly produced by reacting two mole equivalents of the
phosphorochloridite intermedi- ate of Step (a) above with one mole
equivalent of the diol corresponding to W. Moreover, the poly- phosphite
ligands 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. 17    EP 0 214 622 B1 The poly-phosphite ligands
of this invention are uniquely adaptable and suitable for processes that
promote hydroformylation, especially rhodium catalyzed hydroformylation.
For instance, the poly-phosphite ligands have been found to provide very
good rhodium complex stability in addition to providing good catalytic
activity for the hydroformylation of all types of olefins. Further their
unique chemical structure 6  should provide the ligand with very good
stability against side reactions such as being hydrolyzed during
hydroformylation, as well as upon storage. Further, the poly-phosphite
ligands of this invention possess high molecular weight and low volatility
properties and have been found to be especially useful ligands in the
homogeneous catalyzed hydrofor- mylation of olefinically unsaturated
compounds. Such is indeed surprising since due to their high molecular io
weight one might expect such ligands to have low solubility in the reaction
media of such hydroformylation processes. Further, the use of the
poly-phosphite ligands can provide an excellent means for controlling
product selectivity in hydroformylation reactions. For instance, the
poly-phosphites have been found to be very effective ligands for
controlling aldehyde product selectivity over a wide range of low to high
normal to iso (branched) product ratios and are especial useful in
hydroformylating alpha and internal olefins, 16 including isobutylene.
Without wishing to be bound to any exact theory or mechanistic discourse,
it appears that it is the structural features of the poly-phosphite ligands
which make them unique hydroformylation catalysts promoters capable of
providing either low or high normal to iso (branched) aldehyde product
ratios. These v>     features appear to include the steric size of the
phosphorus groups of the poly-phosphite as well as the 



20 steric size of the bridging group W and the relationship of the
phosphorus groups to each other. It is believed that certain of such
poly-phosphites may have the ability of forming chelate complexes with
transition metals e.g. rhodium. Such a unique phenomenon is believed to be
the primary reason responsible for the very high normal:iso aldehyde
product selectivities obtainable with the use of some of the poly-
phosphites in hydroformylation process of this invention. 26    It is
believed that the high normal to iso product selectives obtained with such
chelateable type ligands is a reflection of the cis chelation ability of
the ligand which appears to create a steric environment around the rhodium
favoring the formation of linear hydroformylation products. Moreover, the
overall size of the ligand itself as well as the size of the other
substituent groups in the poly-phosphite molecule are considered important
factors with regard to the chelateability of the poly-phosphite ligands.
Too much steric 3o hindrance may affect the ability of the poly-phosphite
to chelate while not enough steric hindrance may cause the poly-phosphite
to chelate too strongly. It is, of course, to be understood that the
possible inability of other poly-phosphites to form chelate metal complexes
in no way should be considered to detract from the usefulness of such
poly-phosphites as ligand promoters in e.g. hydroformylation, but only that
they are not on a par with regard to achieving the 35 very high normal to
iso aldehyde product ratios that may be possible with the poly-phosphites
which do have such chelateability properties. As noted above the
poly-phosphite ligands defined above are employed in this invention as both
the phosphorus ligand of the Group Vill transition metal complex catalyst,
as well as, the free phosphorus ligand that is preferably present in the
reaction medium of the process of this invention. In addition, it is to 40
be understood that while the phosphorus ligand of the Group Vil transition
metal-poly-phosphite complex catalyst and excess free phosphorus ligand
preferably present in a given process of this invention are normally the
same type of poly-phosphite ligand, different types of poly-phosphite
ligands, as well as, a->    mixtures of two or more different
poly-phosphite ligands may be employed for each purpose in any given
process, if desired. 45     As in the case of prior art Group Vil
transition metal-phosphorus complex catalysts, the Group Vil transition
metal-poly-phosphite complex catalysts of this invention may be formed by
methods known in the art. For instance, preformed Group Vill transition
metal hydrido-carbonyl (poly-phosphite) catalysts may possibly be prepared
and introduced into the reaction medium of a hydroformylation process. More
preferably, the Group Vill transition metal-poly-phosphite complex
catalysts of this invention can be derived so 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, Rh2Oa,Rh4(CO)12, Rhs (CO)is,
Rh(NOe)3 and the like may be introduced into the reaction medium along with
the poly-phosphite ligand for the in situ formation of the active catalyst.
In a preferred embodiment rhodium dicarbonyl acetylacetonate is employed as
a rhodium precursor and reacted in the presence of a 5s 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 



18    EP 0 214 622 B1 Vil transition metal, e.g. rhodium and that an active
Group Vill transition metal-poly-phosphite catalyst is present in the
reaction medium under the conditions of the carbonylation and more
preferably hydrofor- mylation process. Accordingly, the Group Vil
transition metal-poly-phosphite complex catalysts of this invention may be
5  defined as consisting essentially of a Group Vill transition metal
complexed with carbon monoxide and a poly-phosphite ligand, said ligand
being bonded (complexed) to the metal, e.g. rhodium in a chelated and/or
non-chelated fashion. Moreover, it is to be understood that the catalyst
terminology "consisting essentially of" is not meant to exclude, but rather
can include hydrogen complexed with the metal particularly in the case of
rhodium catalyzed hydroformylation, in addition to carbon monoxide and the
poly-phosphite ligand. 1o  Further, 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 metal. However, 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, although such may not be absolutely necessary. As
noted, the hydrogen is  and/or carbonyl ligands of an active
rhodium-poly-phosphite 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 gases employed in a
hydroformylation process. Moreover, like prior art Group Vil transition
metal phosphorus ligand complex catalysts it is clear that K>       the
amount of complex catalyst present in the reaction medium of a given
process of this invention need 20  only be that minimum amount necessary to
provide the given Group Vill transition metal concentration desired to be
employed and which will furnish the basis for at least that catalytic
amount of Group Vill transition metal necessary to catalyze the particular
carbonylation process desired. In general, Group Vill transition metal
concentrations in the range of from about 10 ppm to about 1000 ppm,
calculated as free metal, should be sufficient for most carbonylation
processes. Moreover, in the rhodium catalyzed hydrofor- 25  mylation
processes of this invention, it is generally preferred to employ from about
10 to 500 ppm of rhodium and more preferably from 25 to 350 ppm of rhodium,
calculated as free metal. The olefinic starting material reactants
encompassed by the processes of this invention can be terminally or
internally unsaturated and be of straight chain, branched-chain or cyclic
structure. Such olefins can contain from 2 to 20 carbon atoms and may
contain one or more ethylenic unsaturated groups. 30  Moreover, such
olefins may contain groups or substituents which do not essentially
adversely interfere with the hydroformylation process such as carbonyl,
carbonyloxy, oxy, hydroxy, oxycarbonyl, halogen, alkoxy, aryl, haloalkyl,
and the like. Illustrative olefinic unsaturated compounds include alpha
olefins, internal olefins, alkyl alkenoates, alkenyl alkanoates, alkenyl
alkyl ethers, alkenols, and the like, e.g. ethylene, propylene, 1- butene,
1-pentene, 1-hexene, 1-octene, 1-decene, 1-dodecene, 1-octadecene,
2-butene, 2-methyl propene 



35  (isobutylene), isoamylene, 2-pentene, 2-hexene, 3-hexene, 2-heptene,
cyclohexene, propylene dimers, propylene trimers, propylene tetramers,
2-ethyl-hexene, styrene, 3-phenyl-1-propene, 1,4-hexadiene, 1,7 octadiene,
3-cyclohexyl-1-butene, allyl alcohol, hex- 1-en-4-ol, oct-1-en-4-ol, vinyl
acetate, allyl acetate, 3- butenyl acetate, vinyl propionate, allyl
propionate, allyl butyrate, methyl methacrylate, 3-butenyl acetate, vinyl
ethyl ether, vinyl methyl ether, allyl ethyl ether, n-propyl-7-octenoate,
3-butenenitrile, 5-hexenamide, 40  and the like. Of course, it is
understood that mixtures of different olefinic starting materials can be
employed, if desired, by the hydroformylation process of the subject
invention. More preferably the subject invention is especially useful for
the production of aldehydes, by hydroformylating alpha olefins containing
K)      from 2 to 20 carbon atoms, including isobutylene, and internal
olefins containing from 4 to 20 carbon atoms as well as starting material
mixtures of such alpha olefins and internal olefins. 46     The
carbonylation and preferably hydroformylation process of this invention is
also preferably con- ducted in the presence of an organic solvent for the
Group Vill transition metal-poly-phosphite complex catalyst. Any suitable
solvent which does not unduly adversely interfere with the intended
carbonylation process can be employed and such solvents may include those
heretofore commonly employed in known Group Vill transition metal catalyzed
processes. By way of illustration suitable solvents for rhodium so
catalyzed hydroformylation processes include those disclosed e.g. in U.S.
Pat. Nos. 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 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 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 19
EP 0 214 622 B1 processes. Such aldehyde condensation by-products can also
be preformed if desired and used accord- ingly. Moreover, such higher
boiling aldehyde condensation by-products and methods for their preparation
are more fully described in U.S. Pat. Nos. 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 5
provide the reaction medium with the particular Group Vill transition metal
concentration desired for a given process. 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. It is further generally preferred to carry out the carbonylation
and especially the hydroformylation process of this invention in a
continuous manner. Such types of continuous processes are well known in the
io 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 Group
Vill transition metal-poly- phosphite catalyst, and free poly-phosphite
ligand; supplying make-up quantities of the olefinic starting material,
carbon monoxide and hydrogen to the reaction medium; maintaining reaction
temperature and pressure conditions favorable to the hydroformylation of
the olefinic starting material; and recovering the i5 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 product is removed from the liquid reaction medium from
whence the aldehyde product is recovered and make-up olefinic starting
material, carbon monoxide and K.)    hydrogen are supplied to the liquid
reaction medium for the next single pass through without recycling the 20
unreacted olefinic starting material, it is generally desirable to employ a
continuous process that involves either a liquid and/or gas recycle
procedure. Such types of recycle procedures are well known in the art and
may involve the liquid recycling of the Group Vil transition
metal-poly-phosphite complex catalyst solution separated from the desired
aldehyde reaction product, such as disclosed e.g. in U.S.P. 4,148,830 or a
gas recycle procedure such as disclosed e.g. in U.S.P. 4,247,486, as well
as a combination of both a 25 liquid and gas recycle procedure if desired.
The disclosures of said U. S. Patents 4,148,830 and 4,247,486 are
incorporated herein by reference thereto. The most preferred
hydroformylation process of this invention comprises a continuous liquid
catalyst recycle process. The desired aldehyde product may be recovered in
any conventional manner such as described, e.g. in (..hj    U.S. Patents
4,148,830 and 4,247,486. For instance, in a continuous liquid catalyst
recycle process the 30 portion of the liquid reaction solution (containing
aldehyde product, catalyst, etc.) removed from the reactor can be passed to
a vaporizer/separator wherein the desired aldehyde product can be separated
via distillation, in one or more stages, under normal, reduced or elevated
pressure, from the liquid reaction solution, condensed and collected in a
product receiver, and further purified if desired. The remaining non-
volatilized catalyst containing liquid reaction solution may then be
recycled back to the reactor as may if 35 desired any other volatile
materials, e.g. unreacted olefin, together with any hydrogen and carbon
monoxide dissolved in the liquid reaction solution after separation thereof
from the condensed aldehyde product, e.g. by distillation in any
conventional manner. In general, it is preferred to separate the desired
aldehyde product from the rhodium catalyst containing product solution
under reduced pressure and at low temperatures such as below 150 * C and
more preferably below 130 *C. 40     As noted above, the carbonylation
process and especially the hydroformylation process of this invention is
preferably carried out in the presence of free poly-phosphite ligand, i.e.
ligand that is not complexed with the Group Vill transition metal of the
metal complex catalyst employed. Thus the free poly-phosphite ligand may
correspond to any of the above defined poly-phosphite ligands discussed
above. However, while it is preferred to employ a free poly-phosphite
ligand that is the same as the poly-phosphite ligand of the Group 45 Vill
transition metal-poly-phosphite complex catalyst such ligands need not be
the same in a given process, but can be different if desired. While the
carbonylation and preferably hydroformylation process of this invention may
be carried out in any excess amount of free poly-phosphite ligand desired,
e.g. at least one mole of free poly-phosphite ligand per mole of Group Vill
transition metal present in the reaction medium, the employment of free
poly-phosphite ligand may not be absolutely necessary. Accordingly, in
general 



5o amounts of poly-phosphite ligand of from about 2 to about 100, or higher
if desired, and preferably from about 4 to about 50, moles per mole of
Group Vill transition metal (e.g. rhodium) present in the reaction medium
should be suitable for most purposes, particularly with regard to rhodium
catalyzed hydrofor- mylation; said amounts of poly-phosphite ligand
employed being the sum of both the amount of poly- phosphite that is bound
(complexed) to the Group Vill transition metal present and the amount of
free (non- 55 complexed) poly-phosphite ligand present. Of course, if
desired, make-up poly-phosphite ligand can be supplied to the reaction
medium of the hydroformylation process, at any time and in any suitable
manner, to maintain a predetermined level of free ligand in the reaction
medium. 20    EP 0 214 622 B1 The ability to carry out the process of this
invention in the presence of free poly-phosphite 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 5  commercial operations are involved, thus helping to provide
the operator with greater processing latitude. The reaction conditions for
effecting a carbonylation and more preferably 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 68.95 MPa (1 to 10,000 psia), While the
preferred carbonylation process is the hydroformylation of olefinically
unsaturated com- io  pounds and more preferably olefinic hydrocarbons, with
carbon monoxide and hydrogen to produce aldehydes, it is to be understood
that the Group Vil transition metal-poly-phosphite complexes of this
invention may be employed as catalysts in any other type of prior art
carbonylation process to obtain good results. Moreover, while such other
prior carbonylation art processes may be performed under their usual
conditions, in general it is believed that they may be performed at lower
temperatures than normally is  preferred due to the Group Vill transition
metal-poly-phosphite complex catalysts of this invention. As noted the more
preferred process of this invention involves the production of aldehydes
via hydroformylation of an olefinic unsaturated compound with carbon
monoxide and hydrogen in the presence of a Group Vill transition
metal-poly-phosphite complex catalyst and free poly-phosphite ligand,
especially a rhodium-poly-phosphite complex catalyst. 20     The
poly-phosphite ligands employable herein provide an excellent means for
controlling product selectivity and obtaining a wide range of low to high
linear (normal) to branched (isomer) aldehyde product ratios in
hydroformylation reactions. Moreover the ability to hydroformylate both
alpha and internal olefins with ease allows one to hydroformylate both
types of olefins (e.g. mixtures of butene-1 and butene-2) concurrently with
comparable facility from the same starting material mixture. Such is highly
beneficial to 25  the art since such mixed alpha olefin and internal olefin
starting materials are readily available and are the most economical olefin
feedstocks. Moreover, the versatility of the poly-phosphite ligands
employable 



herein lend themselves readily to the continuous hydroformylation of both
alpha-olefins and internal olefins wherein different reactors in series may
be employed. Such ability not only provides one with the processing
latitude of further hydroformylating in the second reactor any unreacted
olefin passed to it from 30  the first reactor 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 hydroformylation 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 achieve the best
results and efficiency desired are dependent upon one's experience in the
utilization of the 35  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. For instance, the total gas
pressure of hydrogen, carbon monoxide and olefinic unsaturated starting 40
compound of the hydroformylation process of this invention may range from
about 6.9 kPa to 68.95 MPa (1 to 10,000 psia), 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 K-)     unsaturated starting compound of less than
about 10.34 MPa (1500 psia) and more preferably less than about 3.45 MPa
(500 psia). The minimum total pressure of the reactants is not particularly
critical and is 45  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 827.4 kPa (1 to 120 psia) and
more preferably from about 20.7 to 620.6 kPa (3 to 90 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 H2:00 molar ratio of 5o  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 I 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 while even less reactive
olefins than conventional linear alpha-olefins such as isobutylene and
internal olefins as well as 21    EP 0 214 622 B1 mixtures of alpha-olefins
and internal olefins are effectively and preferably hydroformylated at a
temperature of from about 70'C to about 120-C. Indeed in the
rhodium-catalyzed hydroformylation process of this 



invention no substantial benefit is seen in operating at reaction
temperatures much above 120*C. and such is considered to be less desirable.
6     As outlined herein the carbonylation and more preferably
hydroformylation process of this invention can be carried out in either the
liquid or gaseous state and involve a continuous liquid or gas recycle
system or combination of such systems. Preferably the rhodium catalyzed
hydroformylation of this invention involves a continuous homogeneous
catalysis process wherein the hydroformylation is carried out in the
presence of both free poly-phosphite ligand and any suitable conventional
solvent as further outlined herein. 10     Thus in general the use of the
poly-phosphite ligands of this invention are unique in that they provide
very good catalytically active and stable rhodium catalysts. Moreover the
low volatility possessed by such high molecular weight poly-phosphite
ligands renders them especially suitable for use in hydroformylating higher
olefins, e.g. olefins of four or more carbon atoms. For example volatility
is related to molecular weight and is inversely proportional to molecular
weight within a homologus series. Accordingly it is i5 generally desirable
to employ a phosphorus ligand whose molecular weight exceeds that of the
higher boiling aldehyde by-product trimer corresponding to the aldehyde
being produced in the hydroformylation process in order to avoid or at
least minimize possible ligand loss during removal via distillation of the
aldehyde product and/or higher boiling aldehyde condensation by products,
when desired, from the reaction K>     system. Thus for instance, since the
molecular weight of valeraldehyde trimer is about 250 (C1s H3003) and 20
all the poly-phosphites of this invention well exceed 250 in molecular
weight, there should not be any unduly detrimental loss of the
poly-phosphite ligand during such higher product aldehyde and/or such
higher boiling aldehyde by-product removal from the reaction system.
Moreover, in a continuous liquid rhodium-triorganophosphite catalyzed
recycle process an undesirable hydroxy alkyl phosphine acid by-product may
result due to reaction of the triorganophosphite ligand and 25 aldehyde
product over the course of such a continuous process causing a loss of
ligand concentration. Such an acid is often insoluble in the general liquid
hydroformylation reaction medium and can lead to precipitation of an
undesirable gellaftnous by-product and may also promote the autocatalytic
formation of itself. The poly-phosphite ligands of this invention should
have very good stability against the formation of >)    such acid. However
if such a problem does occur with the use of the poly-phosphite ligands of
this 30 invention it is considered that it may be effectively 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 as a bed of amine-AmberlystO resin, e.g.
AmberlystO A-21. and the like, to remove some or all of the undesirable
hydroxy alkyl phosphonic acid by-product that might be present in the
liquid catalyst containing stream 35 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 be easily removed and/ or replaced as required or desired.
Alternatively if desired, any part or all of the hydroxy alkyl phosphonic
acid contaminated catalyst recycle stream may be periodically removed from
the continuous recycle operation and the contaminated liquid so removed
treated in the same fashion as outlined above, to 40 eliminate or reduce
the amount of hydroxy alkyl phosphonic acid contained therein prior to
reusing the catalyst containing liquid in the hydroformylation process.
Likewise, any other suitable method for removing 



such hydroxy alkyl phosphonic acid by-product from the hydroformylation
process of this invention may be employed herein if desired such as by
extraction of the acid with a weak base, e.g. sodium bicarbonate. A further
aspect of this invention can be described as a catalyst precursor
composition consisting 4s essentially of a solubilized Group Vill
transition metal-poly-phosphite complex precursor catalyst, an organic
solvent and free poly-phosphite ligand. Such precursor compositions may be
prepared by forming a solution of a Group Vill transition metal 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 poly-phosphite
ligand, an organic solvent and a free poly-phosphite ligand as defined
herein. Any suitable Group Vill transition metal starting so  material may
be employed e.g. rhodium dicarbonyl acetylacetonate, Rh203, Rh4 (CO)12, Rhr
(CO)1., Rh- (NO3)a, poly-phosphite rhodium carbonyl hydrides, iridium
carbonyl, poly-phosphite iridium carbonyl hydrides, osmium halide,
chlorosmic acid, osmium carbonyls, palladium hydride, palladous halides,
platinic acid, platinous halides, ruthenium carbonyls, as well as other
salts of other Group Vill transition metals and carboxylates of C2-Cis
acids such as cobalt chloride, cobalt nitrate, cobalt acetate, cobalt
octoate, ferric 55  acetate, ferric nitrate, nickel fluoride, nickel
sulfate, palladium acetate, osmium octoate, iridium sulfate, ruthenium
nitrate, and the like. Of course any suitable solvent may be employed such
as e.g. those employable in the carbonylation process desired to be carried
out. The desired carbonylation process may of course also dictate the
various amounts of metal, solvent and ligand present in the precursor
solution. 22    EP 0 214 622 B1 Carbonyl and poly-phosphite ligands if not
already complexed with the initial Group Vill transition metal may be
complexed to the metal either prior to or in situ during the carbonylation
process. By way of illustration, since the preferred Group Vil transition
metal iFsrhodium and since the preferred carbonylation process is
hydroformylation, the preferred catalyst precursor composition of this
invention consists essentially of a 5  solubilized rhodium carbonyl
poly-phosphite complex precursor catalyst, an organic solvent and free
poly- phosphite ligand prepared by forming a solution of rhodium dicarbonyl
acetylacetonate, an organic solvent and a poly-phosphite ligand as defined
herein. The poly-phosphite readily replaces one of the dicarbonyl ligands
of the rhodium-acetylacetonate complex precursor at room temperature as
witnessed by the evolution of carbon monoxide gas. This substitution
reaction may be facilitated by heating the solution if to  desired. Any
suitable organic solvent in which both the rhodium dicarbonyl
acetylacetonate complex precursor and rhodium poly-phosphite complex
precursor are soluble can be employed. Accordingly, the amounts of rhodiumi
complex catalyst precursor, organic solvent and poly-phosphite, as well as
their preferred embodiments present in such catalyst precursor compositions
may obviously correspond to those amounts employable in the
hydroformylation process of this invention and which have already been 75
discussed herein. Experience has shown that the acetylacetonate ligand of
the precursor catalyst Is replaced after the hydroformylation process has
begun with a different ligand, e.g. hydrogen, carbon monoxide or
poly-phosphite ligand, to form the active rhodium complex catalyst as
explained above. The 



acetylacetone which is freed from the precursor catalyst under
hydroformylation conditions is removed from the reaction medium with the
product aldehyde and thus is in no way detrimental to the hydroformylation
20 process. The use of such preferred rhodium complex catalytic precursor
compositions thus provides a simple economical and efficient method for
handling the rhodium precursor metal and hydroformylation start-up.
Finally, the aldehyde products of the hydroformylation process of this
invention have a wide range of utility that is well known and documented in
the prior art e.g. they are especially useful as starting materials 25 for
the production of alcohols and acids. 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. In the formulas of this specification a
tertiary butyl radical is represented by -C[CHs]3, or t-Bu, while a nonyl
or [-CgHls] radical represents branched 30 mixed nonyl radicals. Ukewise
-OMe represents a methoxy radical; -C6 Hs represents a phenyl radical and
sometimes -H is used to indicate the absence of any substituent other than
hydrogen in that particular position of the formula. EXAMPLE 1 35 A rhodium
complex catalyst precursor solution consisting essentially of the
solubilized reaction product of rhodium dicarbonyl acetylacetonate and a
poly-phosphite ligand was prepared and employed to hydroformylate butene-1
into C5 aldehydes in the following manner. Rhodium dicarbonyl
acetylacetonate was mixed at ambient temperature with a poly-phosphite
ligand 40 having the formula: CH30      OCH3 45
IT313 pi3)3 0                  IC313 C H3+0C\p/a    0p
50                        3      0         .> C~ ICH313 55 and
valeraldehyde trimer as solvent to produce a rhodium catalytic precursor
solution containing the amounts of rhodium and ligand shown in Table 1
below. 23    EP0214622B1 The rhodium catalytic precursor solution so
prepared was then employed to hydroformylate butene-1 in a magnetically
stirred, 100 ml capacity, stainless steel autoclave which was attached to a
gas manifold for introducing gases to the desired partial pressures. The
autoclave was also equipped with a pressure 



calibrator for determining reaction pressure to t 6.9 Pa (0.01 psia) and a
platinum resistance thermometer 5  for determining reactor solution
temperature to t 0.1 I 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 external band
heaters. About 15 milliliters (about 14 grams) of the rhodium catalytic
precursor solution so prepared was io 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 135.8 kPa (5 psig) and
2.5 ml (about 1.5 grams) of butene-1 introduced into the reactor. Then
carbon monoxide and hydrogen (partial pressures given in Table 1) were
introduced into the reactor via the gas manifold and the butene-1 so
hydroformylated. The hydroformylation reaction rate in gram moles per liter
per hour of Cs aldehydes produced was i7 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-valeraldehyde)
to branched (2-methylbutyral- dehyde) product was measured by gas
chromatography and the results are given in Table 1 below, said results
being determined after about a 5 to 20 percent conversion of the butene-I
starting material. 20                                          Table 1
Ligand/Rhodium   Reaction Rate Gram    Linear/Branched Cs Mole Ratio
Moles/Liter/Hour   Aldehyde Mole Ratio 25                       4.1
6.0                  50.5 Precursor Solution and Reaction Conditions: 250
ppm rhodium; 2 weight percent bis-phosphite ligand; 70' C.; 689.5 kPa (100
psia) CO:H2 (1:2 mole ratio); 35 psia butene-1 (2.5 m butene-1)
(Ligand/Rhodium mole ratio of about 8.6). EXAMPLE 2 36     The same
procedure and conditions employed in Example 1 of preparing a rhodium
catalytic precursor solution using rhodium dicarbonyl acetylacetonate,
valeraldehyde trimer as solvent and the same poly- phosphite ligand used in
Example 1 and hydroformylating butene-1 were repeated, save for hydrofor-
mylating propylene instead of butene-1 and using a premixed gas composition
of carbon monoxide, hydrogen and propylene after having adjusted the
reaction pressure to 137.9 kPa (20 psia) with nitrogen 40  and varying the
rhodium complex catalyst precursor solution and hydroformylation reaction
conditions as shown in Table 2 below. The hydroformylation reaction rate in
terms of gram moles per liter per hour of butyraldehyde produced as well as
the mole ratio of linear (n-butyraldehyde) to branched (isobutyraldehyde)
product were determined and the results are given in Table 2 below. 45
Table 2 Reaction Rate Gram    Linear/Branched Butyraldehyde
MolestLiter/Hour          Mole Ratio 50                              1.31
11.0 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:112 Propylene (1:1:1 mole ratio) 24    EP 0 214 622 B1 EXAMPLE
3 The same procedure and conditions employed in Example 1 of preparing a
rhodium catalytic precursor solution using rhodium dicarbonyl
acetylacetonate, valeraldehyde trimer as solvent and a poly-phosphite s
ligand and hydroformylating butene-1 were repeated using the various
poly-phosphite ligands having the formula: M1            t-Bu
t-B          WMe 10 15 t             t-Bu               t-Bu
OMe 20 wherein W is a divalent bridging group as shown in Table 3 below,
rhodium complex catalyst precursor solutions and hydroformylation reaction
conditions as shown in said Table 3. The hydroformylation reaction rate in
terms of gram moles per liter per hour of C5 aldehydes (pentenals) produced
as well as the mole ratio of linear (n-valeraldehyde) to branched
(2-methylbutyraldehyde) product were determined in the same 25 30 35 40 45
50 55 25    EP 0 214 622 B1 manner as in Example 1 and the results are
given in Table 3 below. Table 3 5        ..
Lirnear/ Ligand/  Reaction Rate   Branched Run    Ligand   Rh mole  Gram
Moles/                           C5 Aldehyde No.        (W -  )    Ratio
Liter/Hour               Mole  Ratio 



10                                  4.3            3.7
3.2 15 2            X             4.0             2.3
7.3 20 Wte         OtWe 25      3
040  0.4                 6.30 t-B               t-Bu 30 Precursor Solution
and Reaction Conditions: 250 ppm rhodium: 2 weight percent bis-phosphite
ligand; 700C.;  689.5  kPa  (100  psia)  CO:H2  (1:2  mole  ratio);  2.5
me, butene-l  , 241.3  kPa  (35  psia)  butene-1). 36 EXAMPLE 4 40     The
same procedure and conditions employed in Example 2 of preparing a rhodium
catalytic precursor solution using rhodium dicarbonyl acetylacetonate,
valeraldehyde trimer as solvent and a phosphite ligand and hydroformylating
propylene were repeated using the various bis-phosphite ligands having the
formula: M    W   t-Bu                        t -Bt 60
/      0 II    t-Bu~~-B 56 26    EP0214822B1 wherein W is a divalent
bridging group as shown in Table 4 below, rhodium complex catalyst
precursor solutions and hydroformylation reaction conditions as shown in
Table 4 below. The hydroformylation reaction rate in terms of gram moles
per liter per hour of butyraldehyde produced as well as the mole ratio of
linear (n-butyraldehyde) to branched (isobutyraldehyde) product were
determined and the results are s given in Table 4 below. Table 4 10
Linear/ Reaction Rate Branched Run   Ligand                       Gram
Moles/    Butyraldehyde No..    (W  -  )                   Liter/fHour
Mole Ratio 15         1                                       0.7
1.2 20         2               X                       0.4
3.1 25                   We 



3              Xo0.05                                          2.1 t-Bu
t-Bu 30 35      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:H2:propylene (1:1:1 mole ratio). 40
EXAMPLE 5 Continuous hydroformylation of butene-1 using a poly-phosphite
Ilgand 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-mi
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 55 27    EP 0 214 622 B1 contained about 250 ppm
rhodium introduced as rhodium dicarbonyl acetylacetonate, about 2 weight
percent of a bis-phosphite ligand of the formula 5
3o        OCR 3CCICH33 C (cH3J 10 CH3        00
X     O 15                       Pt313 (about 8.5 mole equivalents per mole
equivalent of rhodium) and TexanolS (2,2,4-trimethyl-1,3-pentanediol
monolsobutyrate) as the solvent. After closing the reactor, the system was
again purged with nitrogen and 20 the oil bath was heated to furnish the
desired hydroformylation reaction temperature. The hydroformylation
reaction was conducted at a total gas 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 Table 5 below. The unreacted portion
of the feed gases was stripped out the product Cs aldehydes 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-valeraldehyde) to branched (2-methylbutyraldehyde) product ratio
are given in Table 5 below. 30 Table 5 Test Results - Daily Averages 35
Llnoar/ Partial Pressures   Reaction Rate  Branched C5 Days   Tend. Rhodyum
Ligand CD    I2 Buten_-  gram mroles/    Aldehyde 'IC.~   J2!t   wt.%
&NI.[psia)         Liter/Hlotr     Mole Ratio Opern.  TI       ot    +S
Apm**Ll  or                       FI      h 40 0.9      71    250       2.
20 1J29) Wi(611   (a)         0.12            52.7 3.9      71     191
15A7l(3O)4 6&  -.7(3. 0)         1.43           35.2 3.0      71    203
1.6221(32)4" 361) ~j.rfp.o)      1.46            C 4.0..   71      207
3.724(3l)441(64 2i~T(3.0)        1.37            * 4.9      72     216
11.722i} 2?)464) 11.1(2.o)        1.26 5.4      76    228       I.8,I(32)i
t(M) /3(0o            1.34            34.2 50 * Strom not sampled for
isamer ratio 55    C* hanging values reflect change in daily liquid reactor
solution levels. ta) Too small to detect. 28    EP 0 214 622 B1
POLY-PHOSPHITE LIGANDS The following poly-phosphite ligands were prepared
and employed in the following Examples 6 to 9, 11 and 12 as described
below. 5 ICK3H3 1333 10 * =3        t 0 'V.
~~~~~~~~~3 P~~~~ 15               CH3               0
H3 P1313                                         P3133 



20 LIGAND A 25 30 ck3                                                  O 0
Cc3 35  CH3Q~~~~~~~~~~~~C QC3 55 c UG(A:ND B1331 40 45 850 56 29
EP0214622B1 C3 H313           AC tNH313 1                  C03
0    O CN3 C13      9                                        CHC3 o   .   *
tCH~~~~~~~~~~~~~~~h               tC>~~~C-  133 UGAND C 15 20 C H3    CH
H 25                             [CH 313 C ~      t 8 l 30 tCH313
0                 H3 CH3            0                                 ( cK
%CH3 CH3 9)          /                   \   CC3 40
~~~~~~~~~~~~~C LIGAND D                                        [CH3X3 45 50
55 30  



EP 0214622 Bi iCH313                        ICH313 8                CII
u            -% CH3  0~~~~~ OCH3 10
c IC[313 18          LIGAND E 20 25 P313 30                      P13J3
HJ tOOC_0/9H CH3 313 40          LIGAND F U 45 50 55 31    EP 0 214 622 B1
PH 313 to                    CH3           o
aCHa \i31                 \0        31 C-3 70 15  LCH3J3 UGAND G 20 1e"313
0113   c3   00                        Q    OCH3 oc     H            Q
ocH3 30
OH LIGAND H      !CCH3 35 



40 45 50 65 32    EP 0 214 622 B1 P1313 LCH313 CH3    0.0 FH1313    C3
CD  C3 10                       r-4 313 LIGAND I 15 20
ICH313                            P4313 P4313 C-0         0
fHJ 25 LCH 3I3C   0 -      /0{         J0P\           0 CICH~3J C i)
LJGAND J          IPH313                            PH313 30 35 40 U 45 50
55 33    EP 0 214 622 Bi 1CH313                                fH313 C 5
[CHJ3c3                    CH     CH313 L1GAND K
IcH    CI3C3 15 



K-i 20 ICH a       II13                                    3 13 25IC31
CH33$0                                                         3133 \-
t~~CH3J3C C0      o/  >}             + :        g C pe 3j3
LCH3Ia LIGAND e   - n=2                 LIGAND L6  .  n=6 LIGAND i?-   =
LIGAND i7  -   = L1GAND L4      n-4               LIGAND L8  -n= 40
LIGAND I3 -                                                 3 20 55 34
EP 0 214 622 B1 CH 313 C 5          1PH313C C_ P-O-CH 2-- C t0
[CH313 C         02 P313                      4 1s    UGAND M 20 ICH313
*                           313 25 p313c
$ -PcbH313 J            .>       \>>~~~~~~~~~212-0Ci2121        _ 30
P3I13                                  b 0 0H313 *P14313  .   >333 LIGAND N
35 Ic4313                        FH313 40         CH3 0
0   00H3 CH3      O)3                         I LIGAND 0
CH313 50 



55 35    EP 0 214 622 B1 FcH313 5           C~H             0P-4313 6
~CHO $  0_O_ I                      C P-O-CH2                         Pi
Ct43    P:8313                   I             / 0 P4313
CH2 16 I 0-             _                                      0CH2 p-0
-OH2 ION 313 25         LIGAND P 30                          ,43]3
pH313 P4315C  0 4                                             CjCHt[ 83 3I
lP43130  0   t                                     0 903) CH  0~~~~~~~~~
P48313                              Pcs313 40 GIGAND P 45 EXAMPLE 6 A
series of various rhodium complex catalyst precursor compositions
consisting essentially of solubiliz- ed reaction product of rhodium
dicarbonyl acetylacetonate and a poly-phosphite ligand were prepared and so
employed to hydrotormylate butene-1 into C5 aldehydes in the following
manner. Rhodium dicarbonyl acetylacetonate was mixed with a sufficient
amount of poly-phosphite ligand and diluted with sufficient solvent,
TexanolS, to produce a rhodium catalytic precursor solution containing
about 350 ppm of rhodium calculated as free metal and about 1 wt. % of
ligand, the ligand being varied as given Table 6 below. About 5 wt. %
toluene was included in catalyst precursor as a gas chromatographic
internal 55 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 ml (about 1.2 9.) 36 



EP0214622B1 of butene-1 was introduced into the reactor followed by 689.5
kPa (100 psia) CO:H2 (1:1 mole ratio) and the butene-1 so hydroformylated.
After each 34.5 kPa (5 psia) drop in reactor pressure, makeup CO:H2 was
supplied to the reactor to adjust the reactor back to its initial pressure.
Atter 10 consecutive 5 psia pressure drops 344.8 kPa (50 psia total)
corresponding to an approximately 30% conversion of the butene-1, the 5
reaction was terminated and the total reaction time noted (i.e. the period
spanning the time from when the initial 689.5 kPa (100 psia) of CO:H2 was
introduced to when the reaction was terminated). After discharging from the
reactor, the reaction mixture was analyzed for total C5 aldehyde produced
by gas chromatography employing the toluene internal standard. The
hydroformylation reaction rate in gram moles per liter per hour of Cs
aldehydes was determined io from the measured total amount of Cs aldehyde
produced over the total reaction time per volume of catalyst solution
employed. The mole ratio of linear (n-valeraldehyde) to branched
(2-methylbutyraldehyde) was also measured by gas chromatography. The
results are given in Table 6 below. Table 6 15 Ligand   Reaction Rate
g-mol/L/Hr    Linear/Branched Aldehyde Mole Ratio J>
A               3.27                  2.54 20                      B
12.80                  1.97 C               2.67                 2.06 D
1.55                 2.16 E              8.29                  1.87 F
6.50                  1.85 25                      G               7.82
2.13 H              6.77                  2.32 1              14.03
1.63 J              6.39                  1.87 K              8.00
1.61 30                      L2              5.67                  2.27 L3
4.63                  3.76 L4             3.76                  2.24 L5
5.54                  2.20 LG-            4.64                  2.20 35
L7              5.51                  2.42 Ls             6.48
2.41 M              5.77                  9.94 



N              3.51                  1.94 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 precursor solutions. The hydroformylation reaction rates
in gram moles per liter per hour of Cs aldehyde and mole ratios of linear
(n- valeraldehyde) to branched (2-methylbutyraldehyde) are given in Table
7. 50 55 37    EP 0 214 622 B1 Table 7 Ugand   Reaction Rate g-mol/L/Hr
Linear/Branched 6                                     .______
._____________________  Aldehyde  Mole  Ratio A              0.10
0.53 B              3.98                   0.51 C              0.18
0.44 D              0.12                   0.41 10                      E
3.76                  0.56 F              3.39                   0.53 G
3.34                   0.54 H              1.74                   0.31 1
7.08                  0.56 15                      J               1.10
0.45 K              5.63                   0.57 L2             1.52
0.33 L3             0.32                   0.64 1.63                  0.27
20                       LS             1.32                   0.25 L16
1.04                   0.22 .   L7         1.29                   0.25 LI'
1.79                   0.25 M              0.23                   2.83 25
N              0.98                   0.19 0              1.22
0.27 P              0.96                   0.29 



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. 40 45 50 55 38    EP 0 214 622 B1 Table 8
Ligand   Reaction Rate g-mol/L/Hr 5                                  B
2.20 E               2.87 F               1.84 G               1.51 H
1.30 to                                 l               3.04 J
0.41 K               2.11 L2              1.00 L3             0.51 16
L 41.08 LS             0.94 L6             0.69 L70.95 i>
L8              1.16 20                                 N
0.55 0               0.85 P              0.58 25  EXAMPLE 9 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 3  place of butene-1, about 262 kPa (38 psia)
propylene was added to the reactor at 90  C followed by 689.5 30 kPa (100
psi) CO:H2 (1:1 mole ratio). The hydroformylation reaction rates of C4
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. 35 40 45 50 55 39    EP0214622B1 Table 9 Ugand
Reaction Rate g-mol/UHr    Unear/Branched Aldehyde Mole Ratio A
1.84                  1.32 B              9.05                  1.05 C
1.35                  1.12 D              1.00                  1.59 To
E               6.93                  0.98 F              6.31
0.97 G              6.98                  1.11 J              3.90
1.04 L2             4.54                  1.32 15                      L3
2.92                  2.39 L4             2.83                  1.29 LS
3.60                  1.30 L6             3.37                  1.30 K...-'
L7              4.22                  1.37 20                      La
6.74                  1.38 M              2.71                  4.78 N
2.33                  1.18 0              2.49                  1.31 P
2.97                  1.35 25 EXAMPLE 10 A symmetrical unsubstituted
poly-phosphite ligand of the formula 350- did not promote propylene or
butene-1 hydroformylation when used in excess relative to the rhodium. This
ligand, however, 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:H2:Propylene (1:1:1 mole
ratio) at 70 ' C. so EXAMPLE 11 Continuous hydroformylation of butene-2
(about a 1:1 mole mixture of cis and trans butene-2) was conducted in the
same manner as described in Example 5, using as the poly-phosphite ligand,
Ligand E 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
40    EP 0 214 622 BI terms of gram moles per liter per hour of product C5
aldehydes as well as the linear n-valeraldehyde to branched
2-methylbutyraldehyde product ratio are also given in Table 11. Table 11
Test Results - Dailv Averages Linear/ 10
Partial Pressures    Reaction Rate  Branched C Days   Temp. Rhodlum  Ligand
CO   H2 Butene-2  gram moles/    Aldehyde Obern.  IC                   . p4
wpt4i%              LiterfHour     Mote Ratio 0.6     90    26d       0.7
&j1(4q1 J  I 2II91           1.44            0.70 1.6     90    241
0.7.%fl3J*X(43) 41.4(6)        1.47             0.88 3.0     90    295
0.82 (43)J2f(k'3) 4i 4           1.55            0.84 4.5     90     320
0-921S5)2% (4) AN.4              1.65            0.86 20 UChanging values
reflect change in daily ligand reactor solution levels. 25 EXAMPLE 12 The
rhodium complex stability of various rhodium-poly-phosphite complexes using
the poly-phosphite 30  ligands J, L2, L4, L8 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 mixture
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:H2 (1:1 mole
ratio) and placed under 414 kPa (60 psia) CO:H2 (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
1200C. The solution was cooled and a 2 to 3 ml aliquot was filtered through
a 5 micron Milliporee 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 kJ      found
rhodium concentration value by the initial rhodium concentration employed
The results are given in Table 12. 45 TABLE 12 Ligand    Rhodium so
Retention (%) LI'         59 Ls          64 Q           88 J           94
56                                      L2         100 41    EP
c 214 622 B* Ifl1 Claims 1. A process for carbonylation comprising reacting
an organic compound capable of being carbonylated with carbon monoxide in
the presence of a Group Vill transition metal-poly-phosphite complex
catalyst 5      consisting essentially of a Group Vil transition metal
complexed with carbon monoxide and a poly- phosphite ligand having the
formula: 10                             (Ar)   -          0 (cH2) y (Ar)
0-o/ 20 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-alkylene, arylene and
arylene-(CH2)y-(Q)n-(CH22)y-arylene, wherein each arylene radical is the
same as Ar defined above; 25     wherein each y individually has a value of
0 or 1; wherein each Q individually represents a divalent bridging group
selected from -CR'R2-, -0-. -S-, -NR3-, -SiR4R5- and -CO-, wherein each RI
and R2 radical individually represents a radical selected from hydrogen,
alkyl of 1 to 12 carbon atoms, phenyl, tolyl and anisyl, wherein each R3,
R4, and R5 radical individually represents -H or -CH3; wherein each n has a
value of O or 1; and wherein m has a value of 2 to 6. 30 2. A
hydroformylation process for producing aldehydes as defined in claim 1,
which comprises reacting 



an olefinically unsaturated organic compound with carbon monoxide and
hydrogen in the presence of a complex catalyst as defined in claim 1. 35
3. A hydroformylation process for producing aldehydes as defined in claim 1
or 2, wherein the process is carried out in the presence of a free
poly-phosphite ligand having the formula: 40
(Ar)         o (Ar) -0 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-alkylene, arylene and arylene--(CH2)y-(Q)n(CH2)y-arylene.
wherein each arylene radical is the same as Ar defined above; 55
wherein each y individually has a value of 0 or 1; wherein each Q
individually represents a divalent bridging group selected from -CRIR2-,
-0-, -S-, -NR3-, -SiR4R5- and -CO-, wherein each R1 and R2 radical
Individually represents a radical selected from hydrogen, alkyl of 1 to 12
carbon atoms, phenyl, 42    EP 0 214 622 13!I C   L II                   SI
liii tolyl and anisyl, wherein each R3, R4, and R5 radical individually
represents -H or -CH3; wherein each n individually has a value of 0 or 1;
and wherein m has a value of 2 to 6 and wherein the Group VIII transition
metal is rhodium. 5  4. A hydroformylation process as defined in any one of
claims 1-3, 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. 5. A process as defined in any one of claims 1-4, wherein
the hydroformylation reaction conditions o      comprise, a reaction
temperature in the range of from about 50-C to 1201C, a total gas pressure
of hydrogen, carbon monoxide and olefinically unsaturated organic compound
of from about 6.9 kPa to 10.34 MPa (1 to 1500 psia), a hydrogen partial
pressure of from about 103.4 to 1103.2 kPa (15 to 160 psia), a carbon
monoxide partial pressure of from about 6.9 to 827.4 kPa (1 to 120 psia),
and wherein the reaction medium contains from about 4 to about 100 moles of
said poly-phosphite ligand per mole is     of rhodium in said medium. 6. A
process as defined in any one of claims 3-5, wherein the poly-phosphite
figand complexed with the rhodium and the free poly-phosphite ligand also
present are each individually identical or different K>          ligands
selected from the formulas 20 Y1 25                           z zt~~nr 



30 35 40 45                         I()                 P-o         w
(111) m 50 55 43    5  EP 0 214 622 B1     .ill
II.  IIIt 11111l 111111 70 ~        ZO             /
\         nz 15 20 30     wherein Q is -CR1R2 wherein each R1 and 2
radical individually represents a radical selected from hydrogen, alkyl of
1 to 12 carbon atoms, phenyl, tolyl and anisyl; wherein each y1, y2, Z2,
and Z3 group individually represents an identical or different radical
selected from hydrogen, an aIkyl radicai having from 1 to 18 carbon atoms,
substituted or unsubstituted aryl, alkaryl, aralkyl and alicyclic radicals,
as well as cyano, halogen, nitro, trifluoromethyl, hydroxy, carbonyloxy,
amino, acyl, phosphonyl, oxycar- 35bonyl, amido, sulfinyl, sulfonyl, silyl,
alkoxy, and thionyl radicals, wherein m has a value of 2 to 4 and wherein W
and n are the same as defined above. 7. A process as defined in claim 6,
wherein V1 and y2 are branched alkyl radicals having from 3 to 5 carbon
atoms, preferably t-butyl radicals, wherein 2n and Z3 are methoxy radicals,
wherein W is 1,4- 40      naphthylene, 1 ,5-naphthylene, ethylene, or a
substituted phenylene-(Q)n-phenylene radical containing substituents
selected from alkyl and alkoxy radicals and wherein Q is -CH2- or -CHCI-1-;
wherein m is 2 and n is the same as defined above. a A process as defined
in claim 6 or 7, wherein the Iland 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 olef in 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 VIII transition metal
complex hydroformylation catalytic precursor composition consisting
essentially of a solubilized group Vill 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 55 44   



EP O 214 622 B1                   II!IIIiJ111111 II!a 11 ill! (Ar) -0 5
(CHQ)\ II (Ql),              P0'  ~W             (I) 10
(Ar) -0 m wherein each Ar group represents an identical or different,
substituted or unsubstituted aryl radical; i5     wherein W represents a
m-valent radical selected from alkylene, alkylene-oxy-alkylene, arylene and
arylene-(CH2)y-(Q)n-(CH2)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 each Q individually represents a divalent bridging group
selected from -CR1R2-, -0-, -S-, -NR3-, -SiR4R5- and -CO-, wherein each RI
and R2 radical individually represents a radical selected from hydrogen,
alkyl 1 to 12 carbon atoms, phenyl, 20    tolyl and anisyl, wherein each
R3, R4, and R5 radical individually represents -H or -CH3; wherein each n
individually has a value of 0 or 1; and wherein m has a value of 2 to 6.
11. A composition as defined in claim 10, wherein the Group Vill transition
metal is rhodium. 25  12. A composition as defined in claim 11, wherein the
rhodium-poly-phosphite complex is the reaction product complex of a
poly-phosphite ligand and rhodium dicarbonyl acetylacetonate.
Revendicatlons 30  1. Proc6di de carbonylation, consistant a faire reagir
un compos6 organique capable d'etre carbonyl6 avec de l'oxyde de carbone en
pr6sence d'un catalyseur du type complexe metal de transition du Groupe
VIII-polyphosphite, consistant essentiellement en un mdtal de transition du
Groupe VIII complexe avec de l'oxyde de carbone et un ligand polyphosphite
de formule: 35 (Ar)         o (CH2)y 40 ( I~n         P-O  0 (CH2) y 45
(Ar)          o         11w dans laquelle les groupes Ar repr~sentent des
radicaux aryle identiques ou diffdrents, substitues ou non 50
substitu6s ; W repr6sente un radical de valence m, choisi entre des
radicaux alkylene, alkylene-oxy- alkylene, aryline et
arylbne-(CH2)y-(Q)n-(CH2)y-aiylene, chaque radical arylbne etant identique
au radical Ar d6fini ci-dessus ; chaque indice y possbde individuellement
la valeur 0 ou 1; chaque radical Q repr6sente individuellement un groupe
divalent de pontage choisi entre -CR'R2-, -0-, -S-, -NR3-, -SiR4lR5- et
-CO-, chacun des radicaux RI et R2 repr6sentant individuellement un radical
choisi entre 55     P'hydrogbne, des radicaux alkyle ayant 1 a 12 atomes de
carbone, ph6nyle, tolyle et anisyle, chacun des radicaux R3, R4 et Rs
repr6sentant individuellement un radical -H ou -CHa3; chaque indice n a la 



valeur 0 ou 1; et m a une valeur de 2 a 6. 45    1  ;                     .
I ~~~~~~~~~111111111111111111111111111 EP 0214 622B191
* c   L  M   S* 2. Proc6de d'hydroformylation pour la production
d'alddhydes suivant la revendication 1, qui consiste A faire r6agir un
compos6 organique h insaturation ol6finique avec de l'oxyde de carbone et
de l'hydrogene en pr6sence d'un catalyseur complexe suivant la
revendication 1. 5  3. Proc6de d'hydroformylation pour la production
d'ald6hydes suivant la revendication 1 ou 2, qui est mis en oeuvre en
presence d'un ligand polyphosphite libre de formule: 10
(Ar)      -O (CI-142 15                           (QRn                P-0
W           () (P92) y/ (Ar) -0 m 20 dans laquelle les groupes Ar
representent des radicaux aryle identiques ou differents, substitues ou non
substitu6s ; W representeiEun radical de valence m choisi entre des
radicaux alkylene, alkylbne-oxy- alkylbne, ary]1ne et
arylbne-(CH2)y-(Q)n-(CH2)y-arYl1ne, chaque radical arylone etant identique
au 25     radical Ar defini ci-dessus ; chaque indice y possbde
individuellement la valeur 0 ou 1; chaque radical Q repr6sente
individuellement un groupe divalent de pontage choisi entre -CR'R2-, -0-,
-S-, -NR3-, -SiR4R5- et -C0-, chacun des radicaux RI et R2 repr~sentant
individuellement un radical choisi entre P'hydrogbne, des radicaux alkyle
ayant 1 a 12 atomes de carbone, phdnyle, tolyle et anisyle, chacun des
radicaux R3, R4 et R5 repr~sentant individuellement un groupe -H ou -CH3 ;
chaque indice n 30     possbde individuellement la valeur 0 ou 1 ; et m a
une valeur de 2 a 6 ; le m6tal de transition diu Groupe Vill etant le
rhodium. 4. Proc6d4 d'hydroformylation suivant l'une quelconque des
revendications 1 A 3, dans lequel le compos4 & insaturation olfinique est
choisi entre des alpha-oldfines contenant 2 a 20 atomes de carbone, des 35
olefines internes contenant 4 & 20 atomes de carbone, et des m6langes de
ces alpha-ol6fines et ol6fines internes. 5. Procdd6 suivant l'une
quelconque des revendications 1 a 4, dans lequel les conditions de la
reaction d'hydroformylation comprennent une temperature reactionnelle
d'environ 50  C & 120, C, une pression 40     totale du gaz constitu6
d'hydrogbne, d'oxyde de carbone et du compose organique a, -insaturation
olefinique d'environ 6,9 kPa a 10,34 MPa (1 a 1500 lb/in2 en valeur
absolue), une pression partielle d'hydrogene de 103,4 & 1103,2 kPa (15 a
160 lb/in2 en valeur absolue), une pression partielle d'oxyde de carbone
d'environ 6,9 a 827,4 kPa (1 A 120 NbWi2 en valeur absolue), et dans lequel
le milieu 



r6actionnel contient environ 4 a environ 100 moles du ligand polyphosphite
par mole de rhodium dans 46    ledit milieu. 6. Procede suivant l'une
quelconque des revendications 3 A 5, dans lequel le ligand polyphosphite
complexe au rhodium et le ligand polyphosphite libre 6galement pr~sent sont
des ligands identiques ou differents choisis entre des ligands de formules
50 65 46    EP                                           1 214 622 B1  111
11111L  11111 1111 II '!' 15                              zQC      m 40 25m
45~~~~ y 2 30         ~z            0                                  0 \
K)~~~~~~~~~~~~~~~~~~~) 45 45~ ~~~~~~~~Y 0                           ~~0
Qz so                   (a)             P- --W- o-P
(V 55 dlans lesquelles Q repr~sente un groupe -CR'R2 dans lequel chacun des
radicaux RI et R2 repr~sente individuellement un radical choisi entre
l'hydrogbne, des radicaux alkyle ayant 1 ~12 atomes de 47    carbone,
ph6nyle, tolyle et anisyle ; chacun des groupes y1, Y2, Z2 et Z3 represente
individuellement un radical identique ou diff6rent choisi entre
l'hydrogrne, un radical alkyle ayant 1 a 18 atomes de carbone, des radicaux
aryle, alkaryle, aralkyle et alicyclique substitues ou non substitues,
ainsi que des radicaux cyano, halog6no, nitro, trfluoromethyle, hydroxy,
carbonyloxy, amino, acyle, phosphonyle, 5     oxycarbonyle, amido,
sulfinyle, sulfonyle, silyle, alkoxy et thionyle, m a une valeur de 2 a 4
et W et n r6pondent aux d6finitions mentionn6es pr6c6demment. 7. Procede
suivant la revendication 6, dans lequel Y1 et Y2 sont des radicaux alkyle
ramifi6s ayant 3 a 5 atomes de carbone, de pref6rence des radicaux
tertiobutyle, Z2 et Z3 sont des radicaux methoxy, W 



10     represente un radical 1,4-naphtylbne, 1,5-naphtylbne, 6thylbne ou un
radical ph~nylbne-(Q)n-phenylene substitue contenant des substituants
choisis entre des radicaux alkyle et alkoxy, et Q represente un radical
-CH2- ou -CHCH3- ; m est 6gal a 2 et n repond a la definition mentionnee
pr6ce'domment. 8. Procede suivant la revendication 6 ou 7, dans loquel le
ligand est un ligand de formule IV et W 15     represente un radical
1,4-naphtylbne ou 1,5-naphtylbne. 9. Proced6 suivant l'une quelconque des
revendications 2 a 8, dans lequel la matiere ol6finique de d6part est
choisie entro le butene-1, le butene-2, l'isobutyibne et un melange
d'olefines consistent essentielle- j2         ment en butbne-1 et butbne-2.
20 10. Composition de precurseur de catalyseur d'hydroformylation forme
d'un complexe de m6tal de transition du Groupe Vil, consistant
essentiellement en un complexe solubilise m~tal de transition du Groupe
Vill-polyphosphite, un solvant organique et un ligand polyphosphite libre,
dans lequel le ligand polyphosphite dudit complexe et le ligand
polyphosphite libre sont des ligands identiques ou differents 25
repondant l la formule g6nerale (Ar) -O 30
\ PC>) Y           \ (i)n               P-O   W             (0) 35
y(CK)/ (Ar)   -- m 40 dans laquelle les groupes Ar representent des
radicaux aryle identiques ou differents, substitues ou non substitues ; W
repr6sente un radical de valence m choisi entre des radicaux alkylbne,
alkylbne-oxy- alkylene, aryline et arylne-(CH2)y-(Q)n-(CH2)y-erylene,
chaque radical arylbne etant identique au radical Ar d6fini pr6c6demment ;
chaque indice y possede individuellement la valeur 0 ou 1; chaque 45
radical Q represente individuellement un groupe divalent de pontage choisi
entre -CR'R2-, -0-, -S-, -NR3-, -SiR+Rs-et -CO-, chacun des radicaux RI et
R2 repr6sentant individuellement un radical choisi entre l'hydrogene, des
radicaux alkyle ayant 1 a 12 atomes de carbone, phenyle, tolyle et anisyle,
chacun des radicaux R3, R4 et Rs repr6sentant individuellement un radical
-H ou -CHs ; chaque indice n possede individuellement la valeur 0 ou 1 ; et
m a une valeur de 2 a 6. 50 11. Composition suivant la revendication 10,
dans laquelle le metal de transition du Groupe Vill est le rhodium. 12.
Composition suivant la revendication 11, dans laquelle le complexe
rhodium-polyphosphite est le 55     complexe consistant en le produit de
r6action d'un ligand polyphosphite et de rhodium-dicarbonyl-
acetylacetonate. 48  



EP 0 214 622B1 1111111111111111111111 1! Patentansprilche 1. Verfahren zur
Carbonylierurig, umfassend die Umsetzung einer organischen Verbindung, die
imstande ist carbonyliert zu werden, mit Kohlenmonoxid in Gegenwart eines
Gruppe VIII-Obergangsmetall- 5      Polyphosphit-Komplexkatalysators, der
im wesentlichen besteht aus einem Gruppe VIII-Obergangsme- tall, das mit
Kohlenmonoxid und elnem Polyphosphit-Liganden der folgenden Formel
komplexiert ist: 10                            (Ar)           o (C) y\ (Q)n
P-O    W            (I) 75I (CH)O           / (Ar) - m 20 worin jede
Ar-Gruppe einen identischen oder verschiedenen, substituierten oder
unsubstituierten Arylrest darstellt; worin W einen m-wertigen Rest
reprgsentiert, der aus Alkylen, Alkylenoxyalkylen, Arylen und
Arylen-(CH2)y-(Q)n-(CfH)y-arylen ausgewghit ist, worin jeder Arylenrest so
wie Ar oben 25     definiert ist; worm jedes y flr sich einen Wert von 0
oder 1 aufweist; worin jedes Q fUr sich eine zweiwertige BrUckengruppe
reprasentiert, die aus -CR1R2-, -0-, -S-, -NR3-, -SiR4R5- und -CO- ausge-
wdhlt ist, worin jeder R'- und R2-Rest fUr sich einen Rest darstellt, der
aus Wasserstoff, Alkyl mit 1 bis 12 Kohlenstoffatomen, Phenyl, Tolyl und
Anisyl ausgewghft ist, worin jeder R3-, R4- und P.5-Rest fUr K>
sich -H oder -CH3 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,
welches umfalit, daB eine olefinisch unges~ttigte organische Verbindung mit
Kohlenmonoxid und Wasserstoff in Gegenwart eines nach Anspruch 1
definierten Komplexkatalysators umgesetzt wird. 35 3.
Hydroformylierungsverfahren zur Herstellung von Aldehyden nach Anspruch 1
oder 2, worin das Verfahren in Gegenwart elnes freien Polyphosphit-Uganden
der folgenden Formel ausgefUhrt wird: 40 (Ar) 45
(Q)n                 P-        W         (1) (AT)  n--0 so
m worin jede Ar-Gruppe elnen identischen oder verschiedenen, substituierten
oder unsubstituierten Arylrest darstelit; worin W einen m-wertigen Rest
reprasentiert, der aus Alkylen, Alkylenoxyalkylen, 55     Arylen und
Arylen-(CH2)y-(Q)n-(CH2)y-arylen ausgewghIt let, worin jeder Arylenrest so
wie Ar oben 



definiert ist; worin jedes y fOr sich einen Wert von 0 oder 1 aufweist;
worin jedes Q fUr sich eine zweiwertige BrUckengruppe reprasentiert, die
aus -CR'RZ-, -0-, -S-, -NR3-, -SiR4R5- und -CO- ausge- wAhlt ist, worin
jeder R1- und R2-Rest fUr sich elnen Rest darstellt, der aus Wasserstoff,
Alkyl mit 1 bis 49    EP 0 214 622 SI                   l       111111 1111
liii 11111 * C   L   M   S * 12 Kohlenstoffatomen, Phenyl, Tolyl und Anisyl
ausgewdhlt ist, worin jeder R3-, Rl- und R5-Rest far sich -H oder -CH3
darstellt; worin jedes n fUr sich einen Wert von 0 oder 1 aufweist; und
worin m elnen Wert von 2 bis 6 besitzt, und worin das Gruppe
Vill-Obergangsmetall Rhodium ist. s  4. Hydroformylierungsverfahren nach
irgendeinem der AnsprUche 1 bis 3, worin die olefinisch ungesittig- to
Verbindung aus a-Olefinen mit 2 bis 20 Kohlenstoffatomen, inneren Olefinen
mit 4 bis 20 Kohlen- stoffatomen und Mischungen solcher a- und innerer
Olefine ausgewdhlt ist. 5. Verfahren nach irgendeinem der AnsprUche 1 bis
4, worin die Bedingungen flr die Hydroformylierungs- 10     reaktion eine
Reaktionstemperatur im Bereich von etwa 50 ' C bis 120 C, einen
Gesamtgasdruck von Wasserstoff, Kohlenmonoxid und olefinisch ungesattigter
organischer Verbindung von etwa 6,9 kPa bis 10,34 MPa (1 bis 1500 psia),
einen Wasserstoff-Partialdruck von etwa 103,4 bis 1103,2 kPa (15 bis 160
psia) und einen Kohlenmonoxid-Partialdruck von etwa 6,9 bis 827,4 kPa (1
bis 120 psia) umfassen, und worin das Reaktionsmedium etwa 4 bis etwa 100
Mol des Polyphosphit-Liganden pro Mol Rhodium im 16     Medium enthalt. 6.
Verfahren nach irgendeinem der AnsprUche 3 bis 5, worin der mit dem
Rhodium komplexierte Polyphosphit-Ligand und der ebenfalls anwesende freie
Polyphosphit-Ligand jeweils flr sich identische oder verschiedene Liganden
sind, die aus den folgenden Formeln ausgewghIt sind 20 1] 25 30 35 40 45 50
55 50    EP 0 214 622 B1                       1       111111 11111 11111
111111 



*   C   L   M   S   * m 15 t5   ~ZQ$o\
/0    z 10~~~~~~~~ (Q)              -        -      -             (0)
IV 20
(IV)\sz Y1~ ~ ~ ~ ~~Y f                         ,      ~~~~~yj 22 z  ~~~0
0   z2 (0)    P-0-W-0---p 36 worin Q -0R1R2 ist, worin jeder R'- und
R2-Rest f~r sich einen Rest darstellt, der aus Wasserstoff, Alkyl mit 1 bis
12 Kohlenstoffatomen, Phenyl, Tolyl und Anisyl ausgewahlt ist; worin jede
Y1-, y'2 Z2- und Z3- Gruppe ftir sich einen identischen oder verschiedenen
Rest reprasentiert, der aus Wasserstoff, einem Alkylrest 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 ausgewahlt 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 N" und N'2 verzweigte Alkylreste
mit 3 bis 5 Kohlenstoffatomen, 4s vorzugsweise t-Butylreste, sind, worin z2
und Z3 Methoxyreste sind, worin W 1 ,4Naphthylen, 1,5- Naphthylen, Ethylen
oder ein substituierter Phenylen-(Q)n-Phenylenrest ist, der aus Alkyl und
Alkoxyre- sten ausgewahlte Substituenten enthalt, und worin Q -CH2- odor
-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 fi-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, 55ausgew~hlt ist. 51    T . '  EP O 214 622 B1
l IIIIII IIIIII(  HE111  liiI  liII * C   L   M   S * 10. Gruppe
Vil-Obergangsmetalikomplex-Zusammensetzung eines katalytischen Vorlaufers
fOr die Hydro- formylierung, welche im wesentlichen aus einem
solubilisierten Gruppe Vil[ Obergangsmetall- Polyphosphit-Komplex, einem
organischen L6sungsmittel und freiem Polyphosphit-Liganden besteht, 



worin der Polyphosphit-Ligand des Komplexes und der freie
Polyphosphit-Ligand jeweils fOr sich 5      identische oder verschiedene
Liganden der allgemeinen Formel (Ar)         O 10 (C)nP-
W(1 (CH) y (Ar) -o 20     sind, worin jede Ar-Gruppe einen identischen oder
verschiedenen, substituierten oder unsubstituierten Arylrest reprasenitert;
worin W einen m-wertigen Rest darstellt, der aus Alkylen,
Alkylenoxyalkylen, Arylen und AryIen-(CH2)y-(Q~n-(CH2)y-irylen ausgewAhIt
ist, worin jeder Arylenrest so wie Ar oben definiert ist; worin jedes y fUr
sich elnen Wert von 0 oder 1 hat; worin jedes Q fOr sich eine zweiwertige
BrUckengruppe reprasentiert, die aus -CR1R2-, -0-, -S-, -NR3-, -SiR4R5- und
-CO- ausgewghlt ist, worin 25     jeder R'- und RZ-Rest fOr sich einen Rest
darstellt, der aus Wasserstoff, Alkyl mit 1 bis 12 Kohlenstoff- atomen,
Phenyl, Tolyl und Anisyl ausgewahlt lst, worin jeder R3-, R'- und R5-Rest
fUr sich -H oder -CH3 darstellt; worin jedes n fOr sich einen Wert von 0
oder I hat; und worin m einen Wert von 2 bis 6 besitzt. 30  11.
Zusammensetzung nach Anspruch 1 0, worin das Gruppe VilI-Obergangsmetall
Rhodium ist. 12. Zusammensetzung nach Anspruch 11, worin der
Rhodium-Polyphosphit-Komplex der Reaktionsprodukt- Komplex eines
Polyphosphit-Liganden und Rhodiumdicarbonylacetylacetonat ist. 35 40 45 50
55 52    




