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preparati@n ye use of homogeneous catalysis by means of organometallic
catalysts on an industrial scale. Thus, millions of metric tomns
of aldehydes and/or alcohols are produced worldwide by means of
- homogeneously catalyzed hydroformylation processes. Catalysts
used for this purpose are mainly cobalt carbonyl and rhodium
carbonyl compounds which may have been modified in respect of
their reactivity and selectivity by means of other ligands, e.g.
triphenylphosphine ligands. For the preparation of C3;—Cs—aldehydes
from linear olefins having a terminal double bond (o—olefins}),
the use of modified rhodium carbonyl compounds has now become the
method of choice, while hydroformylation catalyzed by cobalt
" carbonyl is still used for the preparation of longer-chain
) aldehydes and/or alcohols, although cobalt catalysis has the
disadvantage compared to catalysis using ligand-modified rhodium

compounds that the reaction has to be carried out at higher
pressure.

The reason for this lies in the different catalytic behavior of
these catalyst metals: especially in the preparation of
relatively long-chain aldehydes, industrially available olefin
mixtures in which both terminal and internal olefins are present
frequently serve as starting material. The hydroformylation of
terminal olefins can, depending on the position at which the CO
molecule is added onto the double bond, form linear aldehydes,
also known as n—aldehydes, or'branched aldehydes, also known as
isoaldehydes. In general, the maximum possible proportion of
‘n-aldehydesg in the reaction mixture is desired. While the
rhodium—triphenylphosphine catalyst system leads to high
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amount s of lepabyq? foamy lak don sl redativelly fipnggchadn tHating asto% gresperti es
of a | argeimdoberiaf impndtigtee aidry thepprépatatipodottsl asadpdeenl ddcqilodst i cs
but al so gunEaReLS Ryl PYEpatDRy id2GeeOpPOSI 1di0BE s ) S& iHFraegdesi tions,

eto. An 4yTRAELAgLs Oldds, Ofah J},}@%,}o%%sréf QIR Rese Deuol8La2Bop! asti ol zers,

whi ch |nclu I.C est esters, . tri [litic

I Nt er

estefs, §Fi g’t ei;gé o aslt&c pPEPRTE ﬂ1e«§sf’gr pt&HHS BYRFE Pfavi ng good
use propertli“égs't"t~ LEPgr iRty PrPéPchasﬁﬁﬂﬁciéFlﬁl RIS SWRPE R YR/e from
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esters, trimellitic esters, phosphoric esters, etc. To prepare

ester plasticizers having good use properties, there is a need

for plasticizer alcohols which have from about 6 to 12 carbon

atoms and have only a small degree of branching (known as

25 semilinear alcohols), and appropriate mixtures thereof. They
include, in particular, 2-propylheptanol and alcohol mixtures in
which it is present.

DE-A~100 03 482 describes an integrated process for preparing

30 Cg-alcohols and Cjp-alcohols from C4 hydrocarbon mixtures
comprising butene and butane, in which, inter alia, the

); hydrocarbon mixture is subjected to a hydroformylation and the

resulting Cs-aldehydes are subjected to an aldol condensation and
subseguent catalytic hydrogenation to form C;p-alcohols.

35
As mentioned at the outset, the hydroformylation of olefins
having more than 2 carbon atoms results in the formation of
mixtures of isomeric aldehydes because of the ability of CO to be
added onto each of the two carbon atoms of a double bond. In

40 addition, it is also possible for double bond isomerization, i.e.
a shift of internal double bonds to a terminal position and vice
versa, to occur. Thus, in the preparation of 2-propylheptanol or
of alcohol mixtures having a high 2-propylheptanol content by
hydroformylation of butene and subsequent aldol condensation, the

45 hydroformylation can easily result in formation of not only



which it is present. DE-A-100 03 482 describes an integrated process for
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20 WO 95/30680 and van Leeuwen et al., Organometallics 14, 3081
(1995) describe chelating phosphines having a xanthene backbone
whose use in the rhodium-catalyzed hydroformylation of terminal
olefins leads to high n—selectivities. However, these catalyst
systems are unsuitable for the hydroformylation of intermnal

25 olefins. :

Borner et al., Angew. Chem. 112, 1694 (2000) report the
hydroformylation of internal, linear olefins with the aid of
rhodium catalysts modified with bisphenol monoether

30 monophosphonites. The n—selectivity of 35 — 48% achieved using
this process is low.

po—

Van Leeuwen et al., Organometallics 18, 4765 (1999), reacted
internal olefins over rhodium catalysts which had been modified

35 by means of a xanthene chelate phosphine ligand substituted by
two phenoxaphosphine groups and achieved a maximum olefin
conversion of 67% after 17 hours.

US—A 3816452 relates to the preparation of differently
40 substituted pyrrolyl-monophosphines and their use as flame
retardants.

XK.G. Moloy et al., J. Am. Chem. Soc. 117, 7696 (1995) describe

the preparation, electronic properties and complexation
45 properties of bis(dipyrrolylphosphino)ethane.
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87 of trlspyrrolylphosphlne—modlf1ed rhodium catalysts.

20 WO 00/56451 relates to cyclic oxaphosphorins substituted on the
phosphorus atom by, inter alia, pyrrole derivatives and the use
of these as ligands in hydroformylation catalysts.

In Organometallics 1998, 17, pp. 3000-3005, J. Shen et al.

25 describe calorimetric studies on chelating diphosphine ligands
including, inter alia, hydrazide-bridged diphenylphosphines and
alkylene-bridged dipyrrolylphosphines.

In Chem. Ber. 118, pp. 3380-3395 (1985), H. Brunner and H. Weber
30 describe optically active aminophosphines and their use in
_ enantioselective hydrosilylation. These ligands are prepared by
) condensation of 2-pyrrolecarbaldehyde or 2-acetylpyrrole with
l-phenylethylamine and, if appropriate, further reactions and may
bear groups which are phosphonated on the pyrrole nitrogen.
35 |
WO 01/58589 describes compounds of phosphorus, arsenic and
antimony based on diaryl-fused bicyclo[2.2.2] skeletons and
catalysts in which these are present as ligands. In principle,
hetaryl radicals may also be bound to the atom of main group V.
40
DE-A-100 23 471 describes a hydroformylation process using a
hydroformylation catalyst comprising at least one phosphine
ligand which contains two triarylphosphine groups, with at least
one aryl radical of the two triarylphosphine groups being bound
45 via a single bond to a nonaromatic 5- to 8-membered carbocyclic
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20
Benincori et al. describe the preparation of 3,3’'—dimethyl-—
1,1’—bis(diphenylphosphino)-2,2‘—bisindole and a complex of this
compound with palladium and also various physicochemical
properties of these compounds.

25
Chiral catalyst systems comprising complexes of these compounds
with a transition metal for carrying out stereocontroled
reductions and isomerizations are disclosed in WO 96/01831.

30 Ep—A 754 715 relates to complexes of alkylene-bridged
di(pyrrolylphenylphosphines) with a group VIII metal and the use
); of these complexes as catalysts for preparing polyketones.

Van Leeuwen et al., Organometallics 19, 2504 (2000) describe the
35 synthesis of phosphoric diamide chelating ligands which have a
bisphenol or xanthene backbone and whose diamide unit is formed
by biuret groups, and also the catalytic properties of the
rhodium complexes of these compounds in hydroformylation.

40 WO 98/42716 relates to a method of synthesizing
2,2'-bisphosphino-1,1'—~binaphthyl ligands whose phosphorus atoms
bear pyrrolyl groups.

DE-A 199 13 352 relates to cyclic oxaphosphorins which are
45 substituted on the phosphorus atom by pyrrole derivatives and to
the use of these ligands in hydroformylation catalysts.
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2 7 SEP 2008n improved process for preparing 2-propylheptanol.

20 We have found that this object is achieved by pnicogen chelate
compounds of the formula I

Rl — Pn— (0)y — Q—(0O)p — Pn— R3 I
25 R2 R
where
30 Q is a bridging group of the formula
. R5 R7
) Al
~
R6 (D)c RS
7
A2
35
Y Y
where
40 Al and A? are each, independently of one another, 0, S,

SiRaRP, NRC or CRYRe, where

R2, RP and R®¢ are each, independently of one another,
hydrogen, alkyl, cycloalkyl, heterocycloalkyl,
45 aryl or hetaryl, :
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obj ect is achieped by pni cogemn chisladeet koihgmingdgrobpt sl daredufron f2ong0 Q
is a bridging group of the {eemdcupsRS R7 Al RL - i Pn- (0)a- Q(Ob - i Pn-
R3 R2 Rfyowhere 6 R6-i ) | (Dc R8 \T"- AA35YYwhere 40 Al and A2 are

each, in ependently of one anot her, 0 S, R} 2 NRCRY, Re, where 45
R\ _RI0 R9
CE—CH
-~ ~

15
where

R? and RI10 are each, independently of one another,
20 hydrogen, alkyl, cycloalkyl, aryl, halogen,
- trifluoromethyl, carboxyl, carboxylate or cyano
or are joined to one another to form a
C3~Cy-alkylene bridge,

25 R11, R!2, R13 and R!4 are each, independently of one another,
hydrogen, alkyl, cycloalkyl, aryl, halogen,
trifluoromethyl, COOH, carboxylate, cyano,
alkoxy, SO3H, sulfonate, NEIEZ,
alkylene-NE1EZE3+X-, acyl or nitro,

30

c is 0 or 1,

Y is a chemical bond,

35 R5, Ré, R7 and R® are each, independently of one another,
hydrogen, alkyl, cycloalkyl, heterocycloalkyl,
aryl, hetaryl, COORf, COO-M*, SO3;Rf, SO—3M*,
NE!E2, NE!E2E3+X-, alkylene—NE!E2E3*X~, ORf, SRI,
(CHRICH,0) xRE, (CHoN(E1))4REf, (CH,CH,N(E!))4RE,

40 halogen, trifluoromethyl, nitro, acyl or cyano,

where

Rf, E!, E? and E3 are identical or different radicals selected
45 from among hydrogen, alkyl, cycloalkyl and aryl,



Ra, Rb and Rc are each, independently of one another, hydrogen, alkyl,

cycl oal kyl, heterocycloal kyl, aryl or hetaryl, 2 7 SEP 2005 7 5 10 15 20 Rd
and Re are each, independently of one another, hydrogen, alkyl, cycl dal3EpI2005
het er ocycl oal kyl , aryl or hetaryl or tahe group Rd together with a further
group Rd or the group Re together with®a further group Re form an -
intranol ecular bridging group D, Dis a divalent bridging group sel ected
from among theRyroups 11' - 1S JyArREENRIDELhY} O €EPH where R9 and R10 are
each, independently of one another, hydrogen, alkyl, cycloal kyl, aryl,

hal ogen, trifluoronethyl, gardbmatliongarboxylate or cyano. or are joined to
one another to forma. C3-C4-al kyl ene bridge, 25 R11, R12, R13 and Rl14 are.
each, indgpendeg;l y of one anot hearn,io thﬁj ogen, al kyl, cycloal kyl, aryl,

hal ogen, ~triflloronethyl, booH carBoxy ate, cyano, al koxy, SQO3H,

sul fonate, NE1E2, al kyl ene-NEl E2E3+X-, acyl or nitro, 30 cis O or 1, Yis
a chem cal bondx 35 R5, RG6, iR & amdeRer afomedciio LA@ependent|ly of one

anot her, hydrogen, al kyl, cycloal kyl, heterocycl oal kyl

or
10
R5 and R7 together with two adjacent carbon atoms of the
benzene ring to which they are bound form a
fused ring system having 1, 2 or 3 further
rings,
15
3 a and b are each, independently of one another, 0 or 1,
Pn is a pnicogen atom selected from among the
elements phosphorus, arsenic or antimony,
20

and

R!, R2, R3, R% are each, independently of one another,
hetaryl, hetaryloxy, alkyl, alkoxy, aryl,

25 ' aryloxy, cycloalkyl, cycloalkoxy,
heterocycloalkyl, heterocycloalkoxy or an NEIEZ2
group, with the proviso that R! and R3 are
pyrrole groups bound via the nitrogen atom to
the pnicogen atom Pn, or R! together with R2

30 and/or R3 together with R4 form a divalent group
E of the formula

Py-I-W

35 containing at least one pyrrole group bound via
the pyrrole nitrogen to the pnicogen atom Pn,

where

40 Py is a pyrrole group,
I is a chemical bond or 0, S, SiRaRP, NRC¢ or CRPRY,
W is cycloalkyl, cycloalkoxy, aryl, aryloxy,

45 hetaryl or hetaryloxy,



aryl, hetaryl, COORf, COO M+, SO3Rf, SO 3M+, NE1E2, NEl E2E3+X-,

al kyl_ ene- NELE2E3+X-, ORf, SRf, (CHROCH20 xRf, (CH2N(E1l)) XRf,
(CH2CH2N(E1) ) XRf, 40 hal ogen, trifluoromethyl, nitro, acyl or cyano, WASER 2005
Rf, El, E2 and E3 are identical or diffegerent radicals selected 45 from
ameng hydrogen, . al kyl, cycloal kyl and aryl, 2 7 SEP 2005 8 Rg is hydrogen,
nmet hyl or ethyla M+ is a cation, 5 X- is an anion and x is an integer from
1 to 120, 10 15 8% "R5 and RV together with two adjacent carbon atons of the
benzene ring to which they are bound forma fused ring systemhaving 1, 2

or 3 further rRhgmd &*and brereaddachndeperimrtdencfycnd awshemot her, 0 or 1,

i's a pnicogen atom sel-ect edh{dosgenoagkiybe clicRRy s, phasiiieydIoaBERISNI C OL
antinony, 520 25 30 and Rl, R2yy R}, hlg4ag§,g’ each, independently of one
anot her, - hetaryl, hetaryloxy, alkyl, alkoxy, aryl, aryloxy, cycloalkyl,
cycl oal koxy, heterocycl oal kyl, heterocycl oal koxfy or_an NE1E2 group, with
the proviso thaPrREOHhE RASBYE-OIR orR §f othfs I98WHE2vi a the nitrogen atom
to the pnicogen atomPn, or Rl together with R2 and/or R3 together with R4
forma dival ent group Py-I-Py '

10

bound via the nitrogen atoms to the pnicogen atom Pn.

In a specific embodiment, the present invention provides pnicogen
chelate compounds in which a substituted pyrrole group and/or a

15 pyrrole group integrated into a fused ring system is covalently
bound via its pyrrole nitrogen to the pnicogen atom.

In addition, the present invention provides catalysts comprising
pnicogen chelate complexes with a metal of tramnsition group VIII

20 of the Periodic Table of the Elements comprising at least one
pnicogen chelate compound of the formula I as ligand.

The present invention further provides a process for the
hydroformylation of compounds containing at least one
25 ethylenically unsaturated double bond, and especially a process
for preparing aldehydes and/or alcohols by hydroformylation of
C3—Cyp—0lefins, preferably C;-Cyp-olefins, at superatmospheric
pressure and elevated temperature by means of CO/H; mixtures in
the presence of a metal complex of a metal of transition group
30 VIII of the Periodic Table of the Elements homogeneously
_ dissolved in the reaction medium as catalyst and free ligand,
) wherein the catalyst used is a pnicogen chelate complex and the
free ligand used is a pnicogen chelate compound of the formula I.

3% The invention further provides a process for preparing
2-propylheptanol, which comprises the hydreformylation of butene,
an aldol condensation of the resulting hydroformylation products
and the subsequent hydrogenation of the condensation products,
wherein a complex of a metal of transition group VIII with at

40 least one pnicogen chelate compound of the formula I as ligand is
used as hydroformylation catalyst.

In the explanations of the present invention, the expression
‘alkyl’ encompasses straight-chain and branched alkyl groups.
45 These are preferably straight-chain or branched C;-C20-alkyl
groups, more preferably C,-Cjs;~alkyl groups, particularly
preferably C;-Cg-alkyl groups and very particularly preferably



E of the fornula Py-1-W35 containing at | east one pyrrole group bound via
the pyrrole nitrogen to the pnicogen atom Pn, where 40 Py is a pyrrole
group, | is a chemical bond or 0, S, SiRaRb, NRc or CRhRi, Wis cycl daIFEPI7005
cycl oal koxy, aryl, aryloxy, 45 hetaryl j@ hetaryl oxy, 27SEP2005 9 10 and , Rh
and Rl are each, independently of one another, hydrogen, alkyl, cycloal kyl,

het er ocycl oal kyl y et r r o)
ooy e ey abu%ﬁ 5rBhpd > atp1 o8 of AR B e Shoy

&
speci fic en6&i ﬁl-"ﬁ]é BF8EZht 158K gﬁ’?? I|?)r ‘V’ly&és Eﬁ en“’c %B{nﬁg’e
conpounds H?'W‘iréﬁthlsdb?@m’-ﬂ%edz a>PRYyYEPBEEL gr oup
i nt egr at ed |1n12(-)daméti$1dcbnopmgrs;'sl-eimmathgby:ad:m I )2 2bdwmlthmlzprppslpyr role =
ni trogen tp 1Llaehpmp£&@em ataakyln ﬁdféb{&f&QM-lﬁé&lﬂb@ﬁﬁflI | RALY OPePEAY des

catal ysts cqomp, #ﬁ%, § gnd“ U h‘}tl ur,:_ @%%w ﬁﬁ@ al of transition
Vil 20 P t | t
AU Dottt 0 O %ﬁ%@p’i PRl g SRR ent | vont o

pni cogen ch
further prodirdedinepidadyls ot %i‘?e'trlary‘é?bfb?rrﬁﬂyétrl 8n2 ot~ *’é@rﬁ‘ﬁébﬁ #BrRAtai ni ng
at | east ond-25hglbytyehni eakkyylimsigtiur at-ethylbubirethybpyopyld espeptully a
process for-pegpdl ] rtg-r@pdgmyd.@se@m/p%t@ipohcﬁx%pwbﬂyﬁr ofmoeykali on of
C3- C20- ol ef '2—%th?i§é labI2 %Yq 'Hén Bl fKuperatnospheric pressure and

el evated tenperature by rre ns o} ures |n t he presence of a netal
conplex of a metal of transition group 30 VII1 of the Periodic Table of the

El ement s hofb§eEBIRISAW s8dkyEd 45 ﬁéCP’é%%sﬁed’n SHEEF LR RS @Akl ySEOURTd free
v||gand which may generally bear 1, 2, 3, 4 or 5, preferably 1, 2 or 3

15 and particularly preferably 1, substituent(s) selected from among
the groups cycloalkyl, aryl, hetaryl, halogen, NE1E2, NElEZE3*,
carboxyl, carboxylate, —S03B and sulfonate.

-

For the purposes of the present invention, the expression
20 ,alkylene” refers to straight-chain or branched alkanediyl groups
having from 1 to 4 carbon atoms.

For the purposes of the present invention, the expression
~Cycloalkyl” encompasses both unsubstituted and substituted

25 cycloalkyl groups, preferably Cs—Ci—cycloalkyl groups such as
cyclopentyl, cyclohexyl or cycloheptyl, which, if they are
substituted, may generally bear 1, 2, 3, 4 or 5, preferably 1, 2
or 3 and particularly preferably 1, substituent(s) selected from
among the groups alkyl, alkoxy and halogen.

30
For the purposes of the present invention, the expression
~heterocycloalkyl” encompasses saturated cycloaliphatic groups
generally having from 4 to 7, preferably 5 or 6, ring atoms, in
which 1 or 2 of the ring carbons are replaced by heteroatoms

35 selected from among the elements oxygen, nitrogen and sulfur and
which may be substituted. If they are substituted, these
heterocycloaliphatic groups may bear 1, 2 or 3, preferably 1 or
2, particularly preferably 1, substituent(s) selected from among
alkyl, aryl, COORf, COO-M* and NE!EZ2, preferably alkyl. Examples

40 of such heterocycloaliphatic groups are pyrrolidinyl,
piperidinyl, 2,2,6,6—tetramethylpiperidinyl, imidazolidinyl,
pyrazolidinyl, oxazolidinyl, morpholidinyl, thiazolidinyl,
isothiazolidinyl, isoxazolidinyl, piperazinyl,
tetrahydrothiophenyl, tetrahydrofuranyl, tetrahydropyranyl,

45 dioxanyl.



wherein the catalyst used is a pnicogen chelate conplex and the free |igand
used .is a pnicogen chelate conpound of the fornula I. 35 The invention
further provides a process for preparing 2-propyl heptanol, which comgﬂi Ss1005
t he hydrofornyl ation of butene, an aldgl condensation of the resulting
hydrofornylation product s and t he subsequent hydr ogenati on of the
condensatlo %guct Sy wher a co X, of netal  of transition ¥qroup

VIl with at EO EaBP RHE i c 2P n t 8"¥% d T8f PRRESATR a2

ligand is (HEOTRESEGH Ry MpFabs bl iadap)dt Subst itnsedxprah4nosRs ordt he
present i nvanteifemabiherebgnsessi phenylal kplylencoiypbas sesisyt airgiphtbiidi n and
branched al kmluogeﬁyps arfthrHesgl Arghe=etarabyy &t mapghhacd@jn or branched -

Cl- C20- al kyl,,, 950y ﬂﬁvglefe&st,@tagtle\ﬁ 10913aa1r 1,94AY é %Lo_g;ut@é'
ferabl 81 F 7 SEP 2005
0 ClL Ca- u &%ag% %xher%%l 829 sl Ry o aléypt’ﬁa t.clﬁa et hyl

ethyl, propyd Preépraply 1mnsbatyd amd W?Pcu%@’édb@trﬂfera?]elf tlebut yl ,
n-pentyl, 2- m&ytuenztm)t eelibatgd , £x3dmreimby g bty |lgroups2a tkyiet hgllkaDDYI ,
1, 1-di met hy|d¥r%5kkrl 2c &rsbxyRbiy ) pfﬂmﬂ|u0r5mét1@§'ﬂy Leoopy | sulEdaexy| , NR2saexyl ,

2- et hyl 35 geﬁfu;gzpeggy} t 1, 2-di net hyl butyl,
1, 3- di nefﬁ@yfé&‘iyl n i et hy t‘):%ta% byd F}%}E’}{?et hyl butyl, 2,2-dimethyl butyl,

3, 3-di net hyl but yl 1 1 2- trlnethylpropyl 1, 2, 2- trlnethylpropyl

1- et hyl but yIECT2 *BERGRERASAS, Of- EbRyBTCEeRSt AYSHOIRA,, tRENSFREASS1PD 2- hept yl |

3-heptyl, 2-gtefrpirpefitgrcompassepytpathatitntedtant subztethwmé)qﬂeroaromatlc

2- propyl heptgﬁqupeonyi:efdmhz tHbegyyse pyk Oy 1 aldiin'dl ah gD, eGAdRAgS LS

substi t ut gy @)mezgﬁpypspymllehnﬁﬁy pqe@e&atriy LRARend, sabgr%u o, rrol

preferably I, g.Qu 3 aRa@r ﬁt‘} t%dpré’ﬁeeéa &e%oaéﬁ\)‘:ﬁ’asth %?8 8)

selected fr AMD the ro uI 1 I\lef’Ez

NELEZESH, 93?? ReFh gy PP, 3 %%g Y e W T (T2

t he present Elrrwlé’ﬁt pokyL tt?elké’%ﬁr e2arha¥yie carhgminde refry syléprakgyht - chai n

or branched lleanaﬂlMlegsemz hawifigpdrometiyl cankl dalbganat ons. For the

purposes ®d the present invention, the expression
For the purposes of the present invention, the expression
~pyrrole group” refers to a series of unsubstituted or
substituted hetercaromatic groups which are structurally derived
from the pyrrol skeleton and whose heterocycle contains a

25 pyrrolic nitrogen atom which can be covalently bound to other
atoms, for example a pnicogen atom. The expression ,pyrrole
group” thus encompasses the unsubstituted or substituted groups
pyrrolyl, imidazolyl, pyrazolyl, indolyl, purinyl, indazolyl,
benzotriazolyl, 1,2,3-triazolyl, 1,3,4~triazolyl and carbazolyl,

30 which, if they are substituted, may generally bear 1, 2 or 3,
preferably 1 or 2, particularly preferably 1, substituent(s)
selected from among the groups alkyl, alkoxy, acyl, carboxyl,
carboxylate, —SO3H, sulfonate, NE!EZ, alkylene-NEEZ,
triflucromethyl and halogen.

35
The expression ,bispyrrole group” accordingly encompasses, for
the purposes of the present invention, divalent groups of the
formula

40 Py-I-Py,

which comprise two pyrrole groups joined by a direct chemical
bond or via alkylene, oxa, thio, imino, silyl or alkylimino
groups, for example the bisindolediyl group of the formula

45



,, cycl oal kyl " enconpasses both unsubstituted and substituted 25 cycl oal kyl
groups, preferably C5--C7-cycl oal kyl groups such as cycl opentyl, cycl ohexyl
or cycl oheptyl, which, if they are substituted, nay generally bear 17 7XEP3005
4 or 5, preferably 1, 2 or 3 and parthpgularly preferably 1, substltuentg
selected from anpbng the groups al kyl, al koxy and halogen 30 For the

pur poses of the present invention, the expreSS|on "het erocycl oal kyl "
enconpasses saturated cycl he gr—  ognerally having from4 to 7,
preferably 5 or 6, ring at % of the ring carbons are

repl aced by heteroatons 35 sel ected fron?annng t he el enments oxygen, nitrogen
and sul fur and which:nay be sub%tltuted If they are substituted these =
het er ocyclspal i phatic groups nay bear 1, 2 or 3, preferably 1 or

pa” icul arl pssf ﬁ bt § ‘fg'ifs g%o@pe'wmg c&ﬁ%fgs%@[ﬂgﬁ att%tlyary'

refer
heterocyclo&PPgﬁ tPE Y 8u§§°¥ﬁ§¥ ﬁ?ngF?d??ﬁﬁ in BZfI
2,2, 6, 6-t et PARBYFRAIAGIFEmEEhgRe grengagh| the mArmulayr azol i di nyl ,
oxazolldlnyl mor phol i di nyl, thiazolidinyl I sot hi azol i di nyl,

| soxazol i@ nyI, piperazinyl, t efyr ah drowhiophenyl, tetrahydrofuranyl,

t et rahydropyranyl, 45 dioxany{t QT ETlZOQS 11 For the purposes of the
present invention, the expressi aryl nconpasses bot h unsubstituted and
substituted aryl groups and preferably refers to phenyl, tolyl, xylyl,
mesityl, napht Ayl €XamRlgoPENY | DISAYEAPAE cFRIUP FHRBNEPRRIAACSo WA apFIPACeny| , 5
particuIarlyrpnp$erxnﬂﬁplphen9¢ prredpht hgdnnegtedeyiafa tedhydere S| tuted,
these aryls giedpshdreyyrgener gtdypdiedhelbishbyrdoléd gtoups durebesabby 1, 2 or 3
and part ' CUh%&h%s@:[ﬁft%'aaBHs&bstﬁ%Q%H' Sﬁ’&”ta(ﬁ)thii.?' ££4 G‘éhﬁsﬁ:@.%hég@ngnal e

groups al ky , ca trifluo
sul f onat e, ﬂggﬁﬁﬁ’% bea 4% 5 8}( ﬁﬁ’ 1,88 5 d{%%‘%&d ° ?—ﬁr the
pur poses of 5P EtﬁF§§EHP)|ﬁ9£#ﬁ? rPﬂem% é@é?g ?ﬁxmgf zb 8ﬁ¥ npasses
unsubst i t ut €@*BPXBIARei rEPeH HaLEPBarONDTE B, alkylene“NE

20 trifluoromethyl and halogen per pyrrole unit. In these

indications of the number of possible substituents, the linking
of the pyrrole units by a direct chemical bond or via the
abovementioned groups is not regarded as substitution.

25 For the purposes of the present invention, carboxylate and
sulfonate are preferably a derivative of a carboxylic acid
function or a sulfonic acid function, in particular a metal
carboxylate or sulfonate, a carboxylic ester or sulfonic ester
function or a carboxamide or sulfonamide function. Substituents

30 of this type include, for example, esters with C;—Cs-alkanols,
e.g. methanol, ethanol, n-propanol, isopropancl, n—butanol,

) sec—butancl and tert-butanol.

The above explanations of the expressions ,alkyl”, ,cyclocalkyl”,

35 ,aryl”, ,heterocycloalkyl” and ,hetaryl” apply analogously to the
expressions ,alkoxy”, ,cycloalkoxy”, ,aryloxy”,
~heterocycloalkoxy” and ,hetaryloxy*.

For the purposes of the present invention, the expression “acyl”
40 refers to alkanoyl or aroyl groups generally having from 2 to 11,
preferably from 2 to 8, carbon atoms, for example the acetyl,
propionyl, butyryl, pentanoyl, hexanoyl, heptanoyl,
2-ethylhexanoyl, 2-propylheptanoyl, benzoyl or naphthoyl group.

45 The groups NE1E2 and NE%E® are preferably N,N-dimethylamino,
N,N-diethylamino, N,N-dipropylamino, N,N-diisopropylamino,
N,N-di-n-butylamino, N,N-di-tert-butylaminc, N,N-dicyclohexyl-



groups, preferably the groups pyridyl, quinolinyl, acridinyl, 15

pyridazinyl, pyrimdinyl, pyrazinyl, and the subgroup of "pyrrol §§0§
| f they are substituted, these het er oar omat i ¢ groups may generally EF‘12!][!5

2 or 3 substituents selected fromanong the groups al kyl, al koxy, carboxyl,
carboxyl ate, -S03H, sulfonate, NE1E2,}3lkyl ene-NE1E2, trifluoromet hyl and
hal ogen. 20 For the purposes of the present I nvention, the expression ‘

,, pyrrol e cprou' orefef<dipheaydemnims. of unsubstituted or substituted

het er oaromati ¢ groups which are structurally derived fromthe pyrrol

skel et on a%l%%%elgeﬁﬁ{mm ecﬁPéEfHenS bRoRPnd ¥y Qblitnd) FQF2 a8 PM Whi ch

can be cov entI%l ggfion%e egronzlifnoerrs for exanple a pn| cogen atom The _
expression frrr1 Fe group thug encorpasses the unsubstituted or

substitut®d groups pyrrolyl, imdazolyl, pyrazolyl, indolyl, purinyl,
i ndazol yl , M'bdmzet catbiagl pauitalerd-t m-azoawhqnoka@pnttq:a*aizaﬁ wir ghat qeariazol yl ,
30 whi ch, idf theylarelaibshitivheshidmyeogeBepaidsy thear single @osdtiveref erably

1 or 2, pardjGfear bje péaea‘l%rnamyséwe%uamilg% CBhntepl S ted Eaméiﬂgng the
groups al kyl NEL1EZ2,

l. ko a rboxyl at e, 0
al kyl ene Néié@f% ‘XL¥I %qng % # ‘y enml 3% s’ f'nghé"hexgpéréesgl oh %III gpyrrol e
group" at? ﬁ?@la?ee%%aﬁgsca? ot F’crﬁé‘cbﬁ}?)d%eeé’hﬁ’ﬁef‘h%t ﬁ'fléslent i nventi on,
di val ent grRﬂﬁf@rGﬂcﬁhES therefipae 40w topysingiadkadsnpetale ows pyrrol e
groups | oi nextiyuaadi n@Gt KEhemi*cdbns pos coviumi fomd Kyd.eneammaemsiunt,hi 0, im no,

f5| Iyl | 0r4glnhe7fldarn< D QB (RS diaikﬂ@«mhlguhhetlbiasu 199 @RS im grOUDmﬁf }]he
ormul a a e 0 ic

conpri se | reg iﬁ“&ﬁ gh mdr%%){réaaﬂﬁﬁ%%%(gnsgl lrtégol yl, or the
bi spyrrof%o’ﬁfl TRECKaR % for mul a

Analogous considerations apply to the anion equivalent X- which
merely serves as counterion to positively charged substituent
groups such as ammonium groups and can be chosen at will from
20 among monovalent anions and parts of polyvalent anions
corresponding to single negative charges. In general, preference
is given to halide ions X-, in particular chloride and bromide.

x is an integer from 1 to 240, preferably an integer from 3 to
25 120.

Fused ring systems can comprise aromatic, hydroaromatic and
cyclic compounds joined by fusion. Fused ring systems have two,
three or more than three rings. Depending on the way in which the
30 rings of fused ring systems are joined, a distinction is made
. between orthe-fusion, i.e. each ring shares an edge, viz. two
) atoms, with each neighboring ring, and peri-fusion in which one
carbon atom belongs to more than two rings. Among fused ring
systems, preference is given to ortho-fused ring systems.
35
Y is & chemical bond, i.e. the linkage point of the bridging
group Q to the groups —0— or, in the case of a and/or b being
equal to 0, to the groups PnR!R? or PnR3R4.

40 In the bridging group Q, the groups Al and A? are each,
independently of one another, 0, S, SiR2RP, NRC or CRYRe®, where
the substituents R&, RP and R® may each be, independently of one
another, hydrogen, alkyl, cycloalkyl, heterocycloalkyl, aryl or
hetaryl, while the groups RY and R® are each, independently of one

45 another, hydrogen, alkyl, cycloalkyl, hetercocycloalkyl, aryl or
hetaryl or the group RA together with a further group RY or the
Group R® together with a further group R® may form an



Il I 10 NN 1 as an exanple of a bispyrrole group which conprises two
pyrrole groups, in this case pyrrolyl, connected via a nethylene grgup %ﬁﬂ
Li ke the pyrrole groups, the blspyrrole groups can al so be wunsubsti t Xk 28
substituted and, |f they are substltuigd may generally bear 1, 2 or 3,

preferably 1 or 2, in particular bstituent(s) selected from anong
al kyl , aIkox§ car boxyl carpboxyl ate, -SO03H, sulfonate, NE1E2,
aIkerne NEZ Eam%kﬁqq%aFlBBF@ﬁ&RQﬁﬂrOHHdDhaIogen per pyrrole unit. In these

i ndi cations of the nunber of possible substituents, the Iinking of the
pyrrol e unpt $sby divileaet behdqimplgrbopdwiotchyviia tséeecﬁdnb\fmnhhmeth@r oups is
not regard%gogﬁssubstltutlon 25 For the purposes of the present invention,
carboxyl até-and sul fonate are preferably a derivative of a carboxylic acid

function®or a sulfonic acid functlon lzar aR¥fe R12zcar boxyl ate or
sul fonate, a boxyllclgster }Wonl functi r a carboxam de
or sul fonam de ct Substltu nts 30 o |s typ§1g ude, for exanple,
esters with Cl-C4-al oIs e. g* met hanol / ekhanol , panol ,

i sopropanol, n-butanol, sec-butanol and tert- but anol . above

expl anat;ions of the expressions "al kyl", ,,cycloal kyl",/—35 "aryl"

, heterocycl oal kyl" and , hetaryl" apply anal ogously to expr essi ons
"al koxy", cycloalkoxy ,aryl oxy", ,,heterocycl oal koxy" and , hetaryl oxy".
For the putwpesesR ﬁn@hél%@égeﬁ@chnwmpendemm é»tppessamitha;oyhydrmmef ers
to al kanoylkleylaropdioglayps @eyier dblypgdmyitrg flnonoRetlrlllcapbeter,ably from 2
to 8, carbearpbeyFard @rr eyaﬁwl& tahe Eﬁé/d to ahepmﬁwex Rut ¥b¥h ,a pent anoyl ,
hexanoyl,, 15 '&epé AR9X lep Qﬁﬁll; ﬁﬂ%ﬂ %@3% leac eﬂéoy' or
s

napht ho rou B 1}%} N %—iﬁ?'fso I%r a9 %ﬁjf\"nor T met hyl
& &*arﬁ

naphthoy). SkaeBend %%Ynf; R
N, N- di - n- b&@}Paﬁ?n&rWlN@a?mﬁféml-:b HEOXRLRL R ccgpar@hei%mzyr? 'sgg 7005

13 sulfonate, NE!E2, alkylene-NE!EZE3*X-, aryl or nitro. The groups R?
and R10 are each preferably hydrogen, C,-Cjp-alkyl or carboxylate

20 and the groups R11, R1Z, R13 and R!4 are preferably each hydrogen,
C1~Cip-alkyl, halogen, in particular fluorine, chlorine or
bromine, trifluoromethyl, C;-Cy-alkoxy, carboxylate, sulfonate or
Ci;-Cg-aryl. Preference is given to R®, R10, R11l, R12, R13 and R14
each being hydrogen. For use in an aqueous reaction medium,

25 preference is given to pnicogen chelate compounds in which 1, 2
or 3, preferably 1 or 2, in particular 1, of the groups R1!, RIZ,
R13 and/or R4 are a COO-Met, a S03"M* or a NEIE2E3*X- group, where
M* and X- are as defined above.

30 Particularly preferred bridging groups D are the ethylene group

9
R\ /RID
CH—CH
/ ~

35

and the 1,2-phenylene group

11 12
40

When RY together with a further group R? or R® together with a

45 further group R® forms an intramolecular bridging group D, i.e.
the index ¢ is equal to 1, it follows that both Al and AZ each
have to be a CRYR® group and the bridging group Q has a



am no or N, N-di phenyl am no. Hal ogen is fluorine, chlorine, brom ne or

i odine, preferably fluorine, chlorine or bromine. 5 M is a cation

equi valent, i.e. a nonoval ent cation or that part of a pol yval ent caZt7i§JE1D2095
whi ch corresponds to a single positivel charge. The cation M serves nerely
as counterion for balancing negativel y'5 charged substituent groups, e.g. the
C00- group or, the 10 | fonate group, and can in principle be chosen at

will. Pr ef’é‘?%@epg'iﬁé‘? &% é’nng‘%ﬁe‘E%"usi ng alkali metal ions, in
particular Na+, K+, Li+ ions, or oniumions, e.g. anmoni um

nonoal kyl anmfiermeddbaldydragrronpe O taisal kpkandeniapart febomachded aamdngum
phosphoni ung tettgabkyl phes RReBbHNS K1 diont, et h38¢ YiPRASRROBhEMARAS ¢ is =
Anal 0gousg ¢o §hat LPOSHARA! ¥nhoad E%eagégé'cé‘%d“f‘é%e%o 5 MY gﬁ?ou &l %
serves as counterion’to o%Ltlver charged su sstltgent roups su as
ammoni um grtth SRRt cdh PRETLRBEZN “\/\Piil"lmﬁa romS 26 8B 4F8W ani ons
and parts ofRh&l Rvat dht. aheofimednrlassbrtery 3%0ud (8F & Regat F¥0 «chlkges. In
general , prai-er-gaepylinstigiieme goobipl {Kfe =i Bhis= X—-priopypardndcwhar chl ori de and
brom de. X 4SS ABukpiRgeyfdrenglotp &0~ Reef afahlcy13n patEgenafrom3 to 25
120. Fusgg [J DG, RYSLETE SALCORPEL 26, APTRLLGS GV ORLANRAL G ARG ¢ rEYELd ©
conpounds j0i ned, y.fus'{)iﬁn. used, r.I %ﬁs St ave t\wo, thre(g ar .nore tha
three ringst*Bependthd”oif™ AaSHad iAF RRPER- MY 30 R hgSorP 4B, Mg
systens ar ePjfieFélly a2l @19 E poA™M; Pade el neieisreRdYf@sion, i.e. each
ring shares an edge, viz. two atons, with each neighboring ring, and

peri - f usi onpdrt iwhileR1lPnere Rareanvai &ML l@agpst@ 4y ehtibadnésvarichgiavénong

fused ripg ; SYStRYBendL LI @ACGahEndh& AN KL (I Idi@RE UsLd 0fyi Bfle SYSIENS. 35 Y
is a chemcal bond, i.e. the linkage point of the bridging group Qto the

groups -0- ar, in the case Qf a,and/or b bei ng equal to 0, to the_groups
PNR2R2 or PHIBEAPSABERNNEH &% RogiRig28f oftip 908 Fﬁ%ﬂbre&?ﬁshmrﬁﬁﬁ"@lgﬁ’é'each,
i ndependent$¥cloRlbke, appkaracycdoatky s RIRS, ORRee AT YRR, anth& eaxe

preferably each hydrogen and Rf and RE are preferably each

20 C;~Cy-alkyl, e.g. methyl, ethyl, n-propyl, n-butyl or tert-butyl.

It goes without saying that the positions of the phenyl rings of

the bridging group Q which are not occupied by substituents bear

a hydrogen atom.

n

25 Since the substituents R>, R6, R? and R® generally, apart from
influencing the solubility, make virtually no contribution to the
catalytic activity of the catalysts prepared from the pnicogen
chelate ligands of the present invention, R5, R6, R7 and R® are
preferably each hydrogen.

30

\ If RS and/or R? form a fused-on ring system, the rings are

g preferably benzene or naphthalene rings. Fused-on benzene rings
are preferably unsubstituted or bear 1, 2 or 3, in particular 1
or 2, substituents selected from among alkyl, alkoxy, halogen,

35 SO3H, sulfonate, NEIE?, alkylene-NE!E?, trifluoromethyl, nitro,
COORE, alkoxycarbonyl, acyl and cyano. Fused-on naphthalene rings
are preferably unsubstituted or bear a total of 1, 2 or 3, in
particular 1 or 2, of the substituents mentioned above for the
fused-on benzene rings in the ring which is not fused on and/or

40 in the fused-on ring.

If use of the pnicogen chelate compounds of the present invention
in an aqueous hydroformylation medium is envisaged, at least one
of the radicals R®, R6, R7 and R® is a polar (hydrophilic) group,
45 which then generally results in water-soluble pnicogen chelate-
complexes with a group VIII metal. The polar groups are
preferably selected from among COORI, C0OO-M*, SO3zRf, SOyM*, NEIEZ,



t he substituents Re, Rb and R may each be, independently of one another
hydrogen, al kyl, cycloal kyl, heterocycloal kyl, aryl or hetaryl, ie tE
groups Rd and Re are each, independently of one 45 anot her, hydrogen é §W5
cycl oal kyl, heterocycl oal kyl, aryl or etaryl or the group Rd together with
a-further group Rd or the Goup Re t ther with a further group Re may -

forman 2 7 SEP 2005 11% |nt Lecul ar bri d%} g}%roup Dis a dival ent
bri dgi ng griodyiRREcHE s 'ngevc d{rre%& HE’E§XoupR s 8RR11, R12 RL ,

,R12 9 R10 (ccaascw)wfvm:err@mgﬂamlmeafar wheze R, Bdep@nd&it II}B.oﬂ*onXé‘
anot her, hyghdogeare askddfinedickbavkyl, aryl, hal ogen, trifluoronethyl,
car boxyl car boxyl ate or cyano or are j Oi ned to one another to forma 15-

| kyl d |
(c):? gﬁeaaﬁ%t IC ny UE"% rol%lﬁ F bou %ngpeR %roqﬁé B4 ﬁﬂa?b%nd bhggRepdently

¢t
trifluor omethy }?%’rdoa'xﬂﬁ ‘e’}/ 6 Ya‘PRoW aSOSFVge%lﬂtPB‘the NE1E2,
al kyl ene- NE' E2E3+X- aryl or nitro. The groups RO and.R10 are each

preferably ﬂ‘]ydfsogﬁnat&\ -dBB@nel kyicoderc rbagyselertd@ @nemtdieorgy oups R11, R12,

R13 and Rl%rﬁrseherzeéer&tyérlleashdhmﬁ%@r pﬁllscggrellwhuf@lﬁeeerab
f.l uo chiorine or brom ne, trifluoromethyl”, "d - CA-al'koxy,

parti cul ?,% ol
car boxyla &% rponafe or Cl-C8-aryl. Preference is given to R9, R10, R11,
R12, R13 and R14 each being hydrogen. For use in an aqueous reaction
medi um 25 Preefiedanédual niiigeaen carnc Fgenfchies aindcegapoehriatien which 1, 2
or 3, prefesatpopndsoot 2tha preaeht cidwmtliponobré hmcgr bupsd Riils tRb2, R13
and/ or RL4 @i 18nE€CBMeet tA 1503 s Oft i nNELEREIEXR2 G5:0UP, adBieR® wMerand X-
are as dpfifgd, gﬁ%’&@tué&?@zﬁ“ﬁﬂ' 36! Y@ Rhyedadi 9 DHaSEat L PyapE the
ethylene gr(ngjanot er, hetaryqH hetaryloxy, alkyl, alkoxy, aryl, aryloxy,
cycloalkyl, cycloalkoxy, heterocycloalkyl, heterocycloalkoxy or
an NEIE? group, with the proviso that R! and R3 are pyrrole groups
bound via the pyrrole nitrogen to the pnicogen atom Pn. The
20 substituents R?2 and/or R4 are advantageously also pyrrole groups
bound via the pyrrole nitrogen to the pnicogen atom Pn.
Furthermore, the substituent R! together with the substituent R2
or the substituent R3 together with the substituent R4 or the
substituent R! together with the substituent R2 and the
25 substituent R3 together with the substituent R4 can advantageously
form a bispyrrole group bound via the pyrrole nitrogens to the
pnicogen atom Pn.

The meanings of the individual expressions used in the previous
30 paragraph correspond to the definitions given earlier in the
present text.

In a further advantageous embodiment of the present invention,
the substituent R! together with the substituent R2 or the

35 substituent R3 together with the substituent R4 or the substituent
R! together with the substituent R? and the substituent R3
together with the substituent R4 can form a divalent group of the
formula

40 Py-I-W

containing at least one pyrrole group bound via the pyrrole
nitrogen to the pnicogen atom Pn,

45 where



35 and the 1, 2-phenyl ene group 40 Wien Rd together with a further group Rd
or Re together with a 45 further group Re fornms an intranol ecul ar bridging
group D, i.e. the index c is equal to 1, it follows that both Al andZAgZSﬁﬁmhs
have to be a CRdJRe group and the bridging group Q has a 2 7 SEP 2005 15
triptycene-like carbon skeleton. Prefgmred bridging groups Q also include,
apart fromthose having a triptycene-Tike carbon skel eton, those in which
the index ¢ is 5 0 and the groups Al and A2 are selected from anong the
groups 0, $Y and CRIRE & RY 5?r$ﬁﬁ°élp'from anong 0, S, the nethyl ene group
(Rd = Re = H), the dinethyl nethylene group (Rd = Re = CH3), the

di - n- propylImet-hyl ene i @uphéRicde bond- propyly, &id2Rhe NRdi en-CRIRY) et hyl ene
group (Rd = Re = n-butyl). Particular 10 preference is given to bridging -

o i o which Al i , ¢ i n which i ferably a
groups Q4 iy vhich Al i c?cggﬂ [ sreaBs Bl st G e EP R, YRR SEEN o

CRdRe group and A2 szt?‘%‘ﬁfe era
Particularly preferr ¥d8Thy groups Q are thus ones which have 15 a

triptycene-like or xanthene-like (Al :CRdRe, A2:0) skeleton. The substituents
R5, R6, R7aadd R8 generally each hydrogen, al kyl, cycloal kyl,
het er ocycl oal kyl, aryl or hetaryl. R5 and RV are preferably each hydrogen

and R6 ajyl 88,4k P &f4f 3BLY eaRfbeBabls (-3 ot aﬁogheﬁ}?tfﬁ%!m ﬁﬁ,hy' o

n- propyl, n-butyl or tﬁr?- buf%/ .ol ggeg vmt){)laa]ut j§{a¥| n tl at E e%% sitions
of the phenyl rings df Y he® %ag]i]ﬁé'g BEp- GXHCEA Bt & SE BBt y
substituents bear a hydrogen atom 25 Since the substituents R5, R6, R7 and
R8 gener al whergpahe fawmn employmhdierg the solddfiinetyearnbles Vvimrthal |y no
contri buti grelsentheextcatal ytic activity of the catalysts prepared fromthe
pni cogemg chel ate |igands of the present invention, R5, R6, RV and R8 are

pref erabl y each hydr 948N entOghbuf® Q" sy M @ fused-on ring system
the rings are , group

Py-I-W

20 are, for exampie:

| 1 | i |
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Merely for the purpose of illustrating the pnicogen chelate .
45 compound of the present invention, some advantageous compounds -
are listed below:

2

n

4

Q



preferably benzene or naphthal ene rings. Fused-on benzene rings are
preferably unsubstituted or bear 1, 2 or 3, in particular I or 2,
substituents sel ected fromanong al kyl, al koxy, hal ogen, 35 SO3H, sul7T ka8
NEIE2, al kyl ene-NElI E2, trifluoronmethyl, nitro, COORf, al koxycarbonyl, acyl
and cyano. Fused-on naphthal ene ringsg are preferably unsubstituted or bear
atotal of 1, 2 or 3, in particular 1 or 2, of the substituents nentioned
above for the fused-on benzene rings in the ring which is not fused on
and/or 40 in the fused-on ring. t he pni cogen chel ate conpounds of
the present invention in an 49 offornyl ati on nmedi umis envi saged,
at |l east one of the radicals aAd R8 is a polar (hydrophilic) _
group, 45 which then.generall water- sol ubl e ypni cogen chel ate ™
conpl exes with a group VIII talp The pq&g grloups are preferably sel ected
from anohg COORf, 000-- M, BO. .| S03 M, N , 2 7 SEP 2005 16

al kyl ene- NE' E2, NE' E2E3+X-, kyljgne- NE' E2E3+X-, ORf, SRf, (CHROCH20)"Rf or
(CH2CH2N(E1l) ), cRf, where Rf, Elq , Eﬁg g, M+, X- and-x are as defined
above. _ 5 The bridgi ng group s—boun t he groups PnR1R2 and PnR3R4 via
the chem cal bond Y either directly or via an oxygen atomO Pn is an atom
of the pnicogen group selected fromanong phosphorus, arsenic and anti nony.
Pnis pd®icularly preferably 3 The individual pnicogen atons
Pn of the pnicogen chelate co e present invention are each
bound via two coval ent bonds to-t¥ ' uents Rl and R2 or R3 and R4,
where 15 the substituents R2, | R3 ?jileach be, 5i ndependent |y of

one anot her, hetaryl, hetar Tbﬁy,palkyl, plapxy| aryl, aryloxy, cycloal kyl,
cycl oal koxy, heterocycl oal kylz/ heterocycl pal k or an NE1E2 group, with
the provd%o that Rl and R3 are pymrole grgups bound via the pyrrole
nitrogen-.to the pnicogen atom Pni The Z%ISugstituents R2 and/or R4 are
advant ageously al so pyrrole groﬂ;?I bound via the pyrrole nitrogen to the

pni cogen atom Pn. Furthernore, the substituent Rl together with the
substituent R2

20
3
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30
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or the substituent R3 together with the substituent R4 or the substituent Rl
t oget her wi t ht hesubstituent R2andt he 25 substituent R3 together 27SEpHm5
wi t-ht hesubst i t uent RAcanadvant ageously form a bi spyrrol e group bound via the
pyrrole nitrogens to the pnicogen at Pn. The meani ngs of the individual
expressions used in the previous 30 ragraph correspond to the definitions
given earlier in the present text. In a further advantageous enbodi nent of
the present invention, the substitus Rl together with the substituent R2
or the 35 substituent R3 togerHer—w sttbstituent R4 or the substituent
Rl together with the substitueni ] el substituent R3 together with

t he substituent R4 can forma di val e grpup of the formula 40 Py-I1-W =
containing at |east one pyrrole g d via the pyrrote nitrogen to the
pni cogenSat om Pn, 45 where 2 7 S is a pyrrole group, | is a
chem cal bond or 0, S, SiRaRB\ NR CRhR1, /5 Wis cycloal kyl, cycl oal koxy,
aryl, aryloxy, hetaryl or etHryPoxy, ang and Rl are each,

i ndependently of one anot her=—hyd} ogen, | kyt5~ cycl oal kyl ,
het er ocycl oal kyl, aryl or hetarEI,;rher N ternms enpl oyed here are as
defined earlier in the presentl 1 ferred dival ent groups of the

formulaI®y-1-w 20 are, for exanple: 25 CF3 30

15

20

25

35

# - TT 07 8
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45




35 CF3 CF3 I\ 40 NN 'O Merely for the purpose of illustrating the
pni cogen chel ate 45 conpound of the present invention, sone advant aqepgq_sP 2[105
conpounds are listed below. 2 7 SEP 2005 18 5 10 15 20 25 30 35 40 [
PP-NCN P P-N IPp- N OIN,4 2344527 SEP 2005 19 5 10 15 20
25
SO0 -
5 qQl T |
(]
10
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15 10
0 0
CO,Et  EtO; P COzEL
20
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0
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35
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30 35 40 45 ENIP I P-No INl INl 56 7 8 2 7 SEP 2005 5 10 20 25 30 35 40

Et02 Et02C °~ Et02C 20 0 0 2 9 CO2Et Et02C-~ p ' N CO2Et N / CO2Et 17 T002EH8,
"2 1 12 45 2 7 SEP 2005 21 ,
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5 10 15 20 25 30 35 40 13 14 15 16 45 2 7 SEP 2005 5 10 15 20 25 30 35 40 22

NPvil~J NNIINVWNNNPP-NL/ I IN O] 17 18 19 2
SEP 2005 97_455EP22055
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35 40 24 | F3C CF3 CF3 25 26 27 28 45 2 7 SEP 2005 25 5 10 15 20 25 30 35 29
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INl INl 33 34 35 36 45 2 7 SEP 2005 27 5 10-15 20 25 30 Et02C |
[ COREt Et O2CQ\ COZEt N-P-N 35 40 Et02C 0 O02Et Et02C CO2Et
'37 38 39 40 45 2 7 SEP 2005 28 5 10 15 20

10

15

20

25

30

35

40

45

30

31

32

IC1 1/

| O

*

0
PO ot



25 30 35 40 41 42 45 2 7 SEP 2005 5 10 15 20 25 30 35 40 ~\

- QG 29 NNO
LN 44 45 46 45 2 7 SEP 2005 30 51 6 47 | 10 Et

. ethyl 15 0 o N I'p RASEP 2005
"preferred enbodi nent, the pnicogen chel ate t :
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compounds of the present invention and those used according to the present
invention are selected fromanong conpounds of the formula Il 20 25 §?éﬁ@§bﬁ
R19- (O ff / (Ob-Q(Oa\l / (Ob-R2 ~n Pn R15 \N/-R18 R15 (N / R1S

R16 17 (I1) R15, R16, Rl7 and R18 are_each, independently of one another,

" hydrogen, al kyl, cycloal kyl, heteroc%lloalkyl, aryl, hetaryl, WGCOORK, -
W COO- M, W (S03)Rk, W (S03)-M, WPO3(RK)(RLl), 35 W (P03)2-(M)2, W NE4E5,
W ( NEAESE6) +X-, WORK, W SR (CH 20y CH2NE4) yRk, ( CH2CH2NE4) yRK,
hal ogen, trifluoronethyl S~TCyano, where 40 W is a single
bond, a heteroatomor a divaleg idging group having from1l to 20 bridge
atons, Rk, E4, E5, E6 are identycalOor different radicals selected 45 fram
anong hydrogen, al kyl, cycl oal £yl, 2 7 SEP 2005 31 Rl is hydrogen
nmethyl of ethyl, Mt is a catig equivaleqi, 5 X- is an anion equival ent and

y is an integer fro radi cal¥ R15, R16, R17 and
R18 together with the rbagn at om pf
bound may also form 1, 2 or 3 further rings,

with the proviso that | s R15, R16, R17 and R18 is
not hydrogen and that R19 and R20 are not joined to one 15 another, R19 and

R20 are ¥ach, i ndependently of one anot her cycl oal kyl,

15 °
] o
- \ s
EJ\N'P\N/E; ;J\N’P\N s
20 —| j — — -

o O
o
0 O

30 Et0,C ////EOZEt EtOZC\\\\ CO,EL 39
) %\N—P\N = E/LN,P\N%
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35

40 Et0,C ////EOZEt Etozc\\\\ COzEL 40
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het erocycl oal kyl, aryl or hetaryl, 20 a and b are each, independently of one
another 0 or 1, Pn i's a pnicogen aton1se|ected fronlannng t he el enedt’sSEP 2005
“phosphorus, arsenic or antinony, preferably phosphorus, 25 Qis a bridging
group of the fornmula 30 where R8 35 Ajg and A2 are each, independently of -one
another, 0, S, SiRaRb, NR or CRdRe, ere Ra, Rb and R are each,

-i ndependently of one anot her, hydrogen al kyl, cycl oal kyl,

het er ocycl oal kyl, aryl or>heg and Re are each, independently
of one anot her, hydrogen, het er ocycl oal kyl, aryl or
hetaryl or the group Rd urther group Rd or the group Re-
together with a further group n i ntranmol ecular bridging group D, D
is a divalent bridging group sebected foom anong the groups 2 7 SEP 2005 32
RO RRO @GHCH 5 where R9 R10 Gﬁ% %9q}3k? ar gogaeh, inélependently of one
anot her, hydrogen, Et@bkyl , tkyF hallogen, trifluoronethyl,
carboxyl, carboxyl atejor ied exgne another to forma

C3- C4- al kyl ene bri dger 18" Rt 2, R1Z and R14_arle each, independently of
one another, hydrog al ogen, trifluoronethyl,
COON, carboxyl ate, cyano, NE1E2,

al kyl enelNE1E2E3+X-, acy

=

SO03H, sulf nate
nitro, 20 c i r 1,

15

| 0 42
0
20 P////,/’ O\\\\;:P\N
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R5, R6, R7 and R8 are each, independently of one another, hydrogen, alkyl,
cycl oal kyl, heterocycl oal kyl, aryl, hetaryl, COORf, COO Mt, SQBRf, Z%MBS
NETE2, NE1E2E3+X-, 25 al kyl ene- NELIE2E3+X-, ORf, SRf, (CHROCH20), Rf
(CH2N(E1) ) XRf, (CH2CH2N(El)),[Rf, halogen, trifluoronethyl, nitro, acyl or
cyano, where 30 Rf, E1, E2 and E3 a 3 identical or different radicals

sel ected from anong hydrogen, al kyl, cycloal kyl and aryl, R5 is hydrogen,
met hyl or ethyl, 35 M+ is a cation, is an anion and 40 x is an integer
from1l to 120, or 11" nl2 R11- R12 RS and/or R7 together with two adjacent
carbon atons of the 45 benzene ring t ich they are bound forma fused
ring system having 1, 2 or 3 further ngs. 27SEP2005 33 In the conpounds
of the formula I'l, the pnicogen atge ”-7% pr ef er abl y¥#4bot h phosphorus. As
regards Buitable and preferred e rren f the bridging 5 group Q all
that which has been said abqve is hereby ¥ orporated by reference at this

point. The radicals R15 t earr have, pi ndependent |y of one anot her,

i dentical or different neanings. 10 Preferen KS_gi ven to conpounds of the
formula Il in which one or Two ofg the radicaks 5, R16, R17 and RIB in
each of the pyrrole groups are gné\of aboverent i oned substituents other
than hy8rogen and the renaindeﬁ$ar% hydr ggen. Preference is also given , 15
to conmpounds of the formula Il i ich e pyrrole groups bear a

substituent other than hydrogen in the 2 position, the

15
> 70
45
4 N’/’r P
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25 O
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2,5 positions or the 3,4 positions. The substituents R15 to R18 which are
not ,hydrogen are preferably 20 selected independently from anong p
Cl- C8-al kyl, preferably Cl-C4-al kyl, especially nmethyl, ethyl, isopr%%fﬁ JW@

tert-butyl, al koxycarbonyl, such as t hoxycar bonyl, et hoxycarbonyl,
i sopropyl oxycar bonyl and tert-butyl oxycarbonyl and trifluoromethyl. 25
Preference is given to conpounds of the formula Il in which the radicals

with the carbon atons of the

R15 and R16 and/or R17 and R18 toget he
LgT™m,a fused ring systemhaving 1, 2

pyrrole ring to which they are boung
or 3 further rings. If R15 and R16
ring system the fused-on systens @ yably benzene or naphthal ene -
units. Fysed-on benzene rings areQpreferably unsubstituted or bear 1, 2 or
3, in particular 1 or 2, substitupnts sé ected from amondtZal kyl, al koxy,

hal ogen, SOBH, sul fonate, NE4E5, A&l kyl ene-NE4E5, trifluoronethyl, nitro, 35
COORKk, al koxycar bonyl, acyl d cyano. Fused-on naphthal ene units are

preferably unsubstituted ofk” be 1, 2 or in rticular 1 or 2, of the
substituents nentioned above=n the case |of ngﬁzused-on benzene rings in
the rin ich is not fused on a r im the fusgd-on ring. If R15 and R16

forma flused-on ring system 40 7/ n%&fﬁ? are preferably both hydrogen or
R18 is hydrogen and R17 is a sub tuext_‘sel ected from anong C, - C8-al kyl,
preferably C, -C4-alkyl, especially nethyl, ethyl, isopropyl and tert-butyl.
| f the conmpounds of the fornmula Il are to be used in an aqueous 45
hydr of or nylgat i.o8tpgdi um at | east one of the radicals R15 R16, RLl7 and/or
R18 is agolar (hydrophilic) group, so that conplex formation with a group
VI11 netal then_geperal esults in,2 7 SEP 2005 34 wat er - sol.ubl
conpl exes. *Phé Bgf',er’ngerdq)uéb“éoé?’%erbt?'e'P%’FaBPﬂ?C%%aneg?‘sgat? rco‘?’r‘}pé’ﬁﬁﬁg &%cﬁke
COO- M+, SOFREsenp3infentNerEsnd Sthgaes NeefFAETrdigg, EgEphe Presen
al kyl ene- NE4FEES 0@ | ax@RIse L8Rked (B4R GHROY yFikmprsunds Chl CHEN(IR4 Rk T wher e RK,
E4, E5, E6, RlL, M+, X- and' y are as 5 defined above.

20

R9-(0)a  _~(0)p-0-(0)a~. .~ (0)p-R?"

})n Pn
|
R1Z_ N R18 RI3_ N R18
\ / N\ /
25
16 R17 R16 R17
(I11)

30 where

J R15, R16, R17 and R!8® are each, independently of one another,
‘hydrogen, alkyl, cycloalkyl, heterocycloalkyl, aryl, hetaryl,
W’/COORX, W’COO-M*, W’ (SO3)RX, W’ (S03)-M*, W'PO3(RK)(R1),
35 W' (PO3)2-(M*),, W'NE4ES, W’ (NE4ESE6)*X-, W’'ORK, W'SRX,
(CHRICH20)yRK, (CHZNE4)yRK, (CH,CH,NE4)yR¥X, halogen,
trifluoromethyl, nitreo, acyl or cyano,

where
40
W’ 1is a single bond, a heteroatom or a divalent bridging
group having from 1 to 20 bridge atoms,

Rk E4, E5, E® are identical or different radicals selected
45 from among hydrogen, alkyl, cycloalkyl and aryl,



The conpounds of the formula Il are preferably selected from anong

conpounds of the fornulae II.

1to 11.3 10 15 20 25 30 35 40 where R19-(Oa \

Pl (Ob-Q(Oa\ p/(Ob-R0 19 R (Oa\ P/ (0)b-Q(Oa\ p/(0)b-Ro (ZLLSEH 2005
R19-(Oa \ p,-- (Ob-Q(0Oa. P/(Ob-R 1 | RI6 R17 R16 Rl7 (11.3) R15,
R16, R17 R18, Q a and b are as defingd above, where, in the 45 fornula

11.3, at

2005 35 R19 angh RZQS rgaﬁ f Iﬁé}ﬁﬁﬁeggeﬁ{ﬂy of one another, cycloalkyl,
e

het er ocycl oal kyl, ary e conpounds of the formula 1.1,

radi cal s

and R18 are hy¥lr ogth 2afdtReB eFiVRIPDEy e sel ected from among Cl- C8-al kyl ,

| east one of the radicals RL6 and Rl7 is not hydrogen, 2 7 SEP.

ar Int

t he

R15 to R18 are 5 preferably al | hydrogen. Conpounds in which R15

preferably Cl-C4-al kyl such as nethyl, ethyl, isopropyl and tert-butyl,

al so preserredg- 10id rant taaisﬁ)ngxgﬁmeai ihe for mula 11. 3,

and R17 are preferably selected fromanong Cl-Ce-al kyl, particularly

preferably Cl-C4- Al kyl such as ﬁé‘hhxag"n%{%lyl’ | sopropyl and tert-butyl,

COORk, where Rk i s*THECAMSFRGY

10

15

20

25

30

35

40

45

where two adjacent radicals R15, R1§, R17 and R!%® together with the
carbon atom of the pyrrole ring to which they are bound may also
form a fused ring system having 1, 2 or 3 further rings,

with the proviso that at least one of the radicals R!5, R16, R17
and R18 is not hydrogen and that R1Y9 and R2° are not joined to one

another,

R1? and R20 are each, independently of one another cycloalkyl,
heterocycloalkyl, aryl or hetaryl,

a and b are each, independently of one another 0 or 1,

Pn is a pnicogen atom selected from among the elements
phosphorus, arsenic or antimony, preferably phosphorus,

Q is a bridging group of the formula
RS R7
Al
~
RE {D)ec rR® ,

s

AZ
where
Al and A? are each, independently of one another, 0, S, SiR2RP, NRC

or CRYRe, where

R3, RP and R are each, independently of one another, hydrogen,
alkyl, cycloalkyl, heterocycloalkyl, aryl or hetaryl,

R4 and Re are each, independently of one another, hydrogen, alkyl,
cycloalkyl, heterocycloalkyl, aryl or hetaryl or the group Rd
together with a further group RY or the group R® together with
a further group R® form an intramolecular bridging group D,

D is a divalent bridging group selected from among the groups

are

the radicals R16

and



ethyl, isopropyl or tert-butyl. 15 Merely by way of illustration, sone

conpounds of the fornula Il are |listed below 20 25 30 35 40 | 2 437 §#p #pbs
IV 2 7 SEP 2005 36 5 10 15 20 25 30 35 40 MO V VII1 Et02 Owve VI VIII COZEt
Et ®2C N C2Et XJL Et02C Owe 32
11 12 Ril 12
R? R® R10
~ /RIO
CH—CH >_—,.< RV 1w,
-~ ™~ , ' -
5
where

10 R® and R0 are each, independently of one another, hydrogen,
alkyl, cycloalkyl, aryl, halogen, trifluoromethyl, carboxyl,
carboxylate or cyano or are joined to one another to form a
C3-Cy4—alkylene bridge,

15 R11, R!2, R13 and R!4 are each, independently of one another,
Y hydrogen, alkyl, cycloalkyl, aryl, halogen, trifluoromethyl,
CO0H, carboxylate, cyano, alkoxy, SO03H, sulfonate, NEIEZ,
alkylene-NEIE2E3+X-, acyl or nitro,

20 ¢ is 0 or 1,
R5, R, R7 and R® are each, independently of one another,

hydrogen, alkyl, cycloalkyl, heterocycloalkyl, aryl, hetaryl,
COORT, COO-M*, SO3Rf, SO0-3M*, NEIE2, NEIEZE3+X-,

25 alkylene-NEI1E2E3+X-, ORf, SRf, (CHRYCH,0)xRf, (CH;N(El)).RE,
(CH,CHyN(E?) )4xRf, halogen, trifluoromethyl, nitro, acyl or
cyano,

where
30

Rf, E!, E? and E? are identical or different radicals selected
) from among hydrogen, alkyl, cycloalkyl and aryl,

R¥ is hydrogen, methyl or ethyl,
35
M* 1is a cation,

X- is an anion and
40 x is an integer from 1 to 120,
or

RS and/or R7 together with two adjacent carbon atoms of the
45 benzene ring to which they are bound form a fused ring system
having 1, 2 or 3 further rings.



CO2Et COREt CO2Et ix 45 2 7 SEP 2005 37 5 Et02 N P 10 I Il EtO2C CO2Et CO2Et
CO2Et X 15 Me = nethyl, Et = ethyl, Rm= H carboxylate, Rn = H,

carboxyl ate. 20 The preparation of the pnicogen chel ate conpounds of TSﬁ% 005
present invention advantageously starts out from conpounds of the 2fo Fg
[11 25 30 (0) a L (0) b L where A, 382, DB RS, R6, R7, R3, a, b and c are
as defined above and L is a |eaving group which, when a and b are 0, may

be, for exaMphe cHMBRIRNEWDRE RZmuaOXY J&iHe phatogeN atidhsPaht hedil ar 35

fluorine, chlari ' where Me = hydrogen or an alkali netal,
in particufarf E.l'?gﬂét%"%rHK?gBF?” e a and b are 1, can be, for exanple,

hydrogen, C(Q CF3, S02CH3, S02-tolyl or S02CF3. 40 The starting conpounds
of the fordsl zegards puittiabheaand preferged cempdddmpnepard-hey brhdgimd hods -
descri bed RyovgnoleadMerrhet ®hich Hasgbeeneiaid iadbsvédis Iebyl1995) .

incorporated by reference at this point.

The radicals RI1® to R!8 can have, independently of one another,
identical or different meanings.
10
Preference is given to compounds of the formula II in which one
or two of the radicals R15, R16, R17 and R!® in each of the pyrrole
groups are one of the abovementioned substituents other than
hydrogen and the remainder are hydrogen. Preference is also given
15 to compounds of the formula II in which the pyrrole groups bear a
) substituent other than hydrogen in the 2 position, the
/ 2,5 positions or the 3,4 positions.

The substituents R15 to RI1® which are not hydrogen are preferably
20 selected independently from among C;-Cg-alkyl, preferably
Cy-Cy-alkyl, especially methyl, ethyl, isopropyl and tert-butyl,
alkoxycarbonyl, such as methoxycarbonyl, ethoxycarbonyl,
isopropyloxycarbonyl and tert-butyloxycarbonyl and
trifluoromethyl.
25
Preference is given to compounds of the formula II in which the
radicals R!® and R1® and/or R!7 and R!?¥ together with the carbon
atoms of the pyrrole ring to which they are bound form a fused
ring system having 1, 2 or 3 further rings. If R!5 and R!% and/or
30 R!7 and R18 form a fused-on ring system, the fused-on systems are
preferably benzene or naphthalene units. Fused-on benzene rings
A are preferably unsubstituted or bear 1, 2 or 3, in particular 1
or 2, substituents selected from among alkyl, alkoxy, halogen,
S03H, sulfonate, NE4ES, alkylene-NE4ES, trifluoromethyl, nitro,
35 COORk, alkoxycarbonyl, acyl and cyano. Fused-on naphthalene units
are preferably unsubstituted or bear 1, 2 or 3, in particular 1
or 2, of the substituents mentioned above in the case of the
fused-on benzene rings in the ring which is not fused on and/or
in the fused-on ring. If RI15 and R!® form a fused-on ring system,
40 R17 and Ri% are preferably both hydrogen or R1®8 is hydrogen and R17
is a substituent selected from among C;-Cg-alkyl, preferably
C1-C4-alkyl, especially methyl, ethyl, isopropyl and tert-butyl.

If the compounds of the formula II are to be used in an agqueous
45 hydroformylation medium, at least one of the radicals R15, R16, -R17

and/or R!8 is a polar (hydrophilic) group, so that complex

formation with a group VIII metal then generally results in



The starting conpounds of the formula Il in which a, b =1, 45 c¢ =0, and
L = H can be obtained, for exanple, fromthe corresponding 1, 8-di br P 005
conpounds of the formula Ill (a, b =0; L =Br), e.g. by rretalatlon u%ﬁ @
or,ganonetal I'i ¢ conmpounds of p- N Et0284N N CO2Et | Al R6 (D) R8 2 7 SEP 2005
38 alkali netals, e.g. n-butyllithium tert-butyllithiumor the IliKke,

subsequent wé@éﬁlémlﬂet Boﬂpmféme ThR! ﬁéE&ﬁb}ﬂbu@H?’arélr@reﬂ&'aEQ | odn Qe elihe

resul ti ng r Wn er e, pr bl,Va ydrogen

per oxi de, |n y%ﬁ?gc%'&ag uebuskrap %Q aaf)“ﬁ; B%m%e "preferably
Iithium sHBER O 6@?‘3 §?%rﬁ%§ de9R%0 S p%r PnR R2 and
PnR3R4,  t hd CBLGRAIEY) hdttporbrie & E‘h-e Hor Bid eFllrIW:aﬂ% any antaxgeoasl y =
react ed & defanddlager.10 corrpound of the forrmula HalPnR1R2 or HalPnR3R4 in
the presence of a base is preferably chlorine or brom ne. The

conpounds | P, g%f% n.be I by a met hod
anal ogous Eg tﬁ escrl % uﬁgség e]?eb%?e%?gab%59 sfl%)é rTB ?r%c 117,
7696 (1995FMBHY r SRFRIURGSt R é GBPFS‘FeI%y]r *S &€lcdmpound, e.g. pyrrole,

i ndol e, benzotriazol e, carbazole 2,2 -di pyrrol yl met hane, 2,2'-bisindole,

wi th thaoeoappropriate pnicogen tri hal i de, e.g. phosphorus trichloride, in
the presence of a tertiary amne, e.g. 20 triethylam ne, taking account of
the stoichiometry ofid| reaction. In an analo ocedure, it is

possi bl e, for exarrp¥Q hbﬁam:;mt/ ‘Pf’né’ )Gbmm‘t/e&ﬁfdﬁg{(yar yl pyrrolyl
conmpounds with the pnicogen |25 trihali de in |the presence of a tertiary

amne to give the correspondjmg starting co unds Hal PnR1R2 or HalPnR3R4.
Furt her 1®t arti ng conpoun 1 R an@iHa R4 are obtainable by
stepw se synthesis. Thus xanpl e, react @ phenol wth
' Rr17 R16
(I1.1)
20
RI%-(0)ap_— (0)p=Q-(0) s~ p.—(0)b-RZC
25 L
ot
30 (I1.2)
)
RPP=(0)as_p_~ (0)-0-(0)a~_ p.~(0)p-R2
35 b !
N/ \ 7/
R1§ R17 Rr16 R17
20 (1I1.3)
where

R15, R16, R17, R18, Q, a and b are as defined above, where, in the
45 formula II.3, at least one of the radicals R16é and Ri7 is not
hydrogen,



30 phosphorus trichloride in the presence of a tertiary amne, e.g.
triethylam ne, produces phenoxyphosphorus dichloride which can be reacted
wi th one equival ent of the appropriate pyrrole conpound, e.g. pyrrglhf pz]]
the presence of a tertiary amne to give pheno*ypyrrolyl phosphorus 8E| «QE
35 The preparation of the 2,2'-bisind@Se starting conpounds can be carried
out by a nethod anal ogous to those described in Tetrahedron 51, 5637 (1995)
g_nd ;et2 raheds mlrhdli;hzo lﬁwba(:ia%gh@pmh_eriﬂw BF epr aetﬂc?QMegji b&%@oaljcyld
1s-2,2'-pyrro ,pm r ut as described in J. g.
Chem 64, 1391h 18%%) and ltq{%g' gfg%aé%?%gﬁggg t he

2' -pyrrolyl -o-'ghenoxymet hanes can be carried out as described in J. Og.
Chem 46, 3068h¢10MCunge08t Bhe | IRFWdApddnds the TREFFAES R'tr EptRCeptel i ke
carbon 4% gkelferanlyallbdypregen eddmpoanlaoim wieicheR'T ragvd Rh%® ager r espondi ng
ant hr aqui neRaréeéh Vadd wes and HiheardrdeaspeBdi Ao inldhacena,-BIRgUS sors (for

preparatio e.9ee, 1 X g 3 em 45,
1807 (1980 ;r8§<_a£ Gt %ggpgg‘}%ﬁh;ﬁsungg'e%%%p%gg?l\]%mpza 1649
(1971): J. SRFE- r SFE. 2380 Y@P¥e0): J. Org. Chem 39, 770 (1974):
Chem Ber. 124, 333 (199-1); J. Org. Chem 51, 921 (1986)) by Diels-Al der
react i ortOnMInhthéecdmmamdss pbntihe of arimeflian3I. Acethd eadicals RYnesl Rihfaremat i on
on carryi pge@diab e s 1ceba- A s ranlc@CEl Afs aThy1 bepdaurdibpighem  Ber.

119, 1016 g;g@@}a@ 6, SuGe Do 1<,13§ﬁ 1 TQ Jepat e, ghe pni cogen
chel ate co ongs th%fg{) aj’tl apg 'L tr rﬁtlheﬁo ounds.of the
formula |1 |’°ei5§' BEELT A% FOPRe MEEEr Rl 1% R eydu s %3+ and

Hal PnR3R4, ethElcobirRiryl BF temt¥tt¥dl-a 111 firstly have to be activated.
In the c&se of conpounds of the formula Ill in which a, b =0, 15 this is
advant ageouwskrgl ¢aby ivey @t ibDyusBtadidin, 0Boky d®gtunat af BigIvemaial 1ic
conpound of;anjalkdd ingdtelal , preferably an al kyllithi um conpound such as
n-butyllithium tert-butyllithium or nethyllithium wth the | eaving group
L being replaced in a separate reaction by the corresponding al kali netal

re

25 [ & i
oo, LB

20

0

L]

30
I i
)
OO ®
o
~— o] —
0 o]
l | N P P N
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45
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20 preferably lithium After addition of HalPnR1IR2 and HalPnR3R4 to this
met al ated conpound, the correspondi ng pnicogen chel ate conpounds ofy 7t4g 7005
formila | or Il inwhich a, b =0 are forned. 25 To activate the conpounds
oJ the formula I'll . in which a, b = 1, 6it is generally not necessary to
ehpl oy a separate activation by rreang of organonetallic al kali netal _
conpounds. In general, the reaction of these conpounds with the conpounds
Hal PNR1R2 and 30 Hal PnR3R4 in the presence of a base, preferably a tertiary
am ne such as triethylanine-or an alkali metal hydride gr alkaline earth
metal hydride,. for >eXaffple Sqdixyprtiydri de, pot asstCuRn Aydri-daset cal ci um

hydride, |egdsg direct ) pni cogen chg ds of the _
forrrulalsor in whig =0. OMg ace of ©f I the formul a
11 (with a, b en of Me, it is also p {ble to
l'ithiate conpo drog nd h{dr ogen, an y group
or an al koxyca yl droup isiin e case ent iin the ta Ition 40
relative to A2 (A2 &6 Rr S). Suelnreactions \ardldedcri bed pa~the
literature as " o-Iithiatiop" (ef./, for ex le,|D. W oc J. Og.
Chem , 3652- 3654 (é976); J. M I I an, L. Bebb, Che Revy, 1969,
693ff; V." Sni eckus J. R0, 6, 879.833)-Nhe opgl i um
conpounds obtain S 5 then be t ed in’fﬁ_eﬂ@gr

i ndi cat ed above t rmthe c &4 conpounds™of the\foynula I™or 1. 2 7
SEP 2005 40 The arsenic and antinony* conpounds of the formula I or Il can be
prepared in arMéfhal ogous manner. In 8§ﬁer al,:the catal ysts or catal yst

precursofes used in each v5 case are converted under hyErofornylation
conditions into catalytically active species of the fornula HgzZd(CO eG&,
where Z is a netal of transition group VIII, Gis a phosphorus-, arsenic-
or antinony-containing ligand of the fornmula |l or Il and d, e, f, g are

i nt egers whi ch depend on e val ence and type of netal and
20 2 O O
L0 ,E’
i j

0 i
P IP N—P p—N
~ N I' = R
/
U NJ“/ P 7 %
2 ——
30 VII VIIT
’ Se®
o}
35 EtO; ‘|3 T COsEt
N— P P—N—
= | =
Et0,C N N CO,Et
%0 || q P ]
Et0,C COzEtCO2Et COLEL
IX

45



10 al so on the nunmber of coordination sites occupied by the ligand G e and
f preferably each have, independently of one another, a value of a}7ISERS0,
1, for exanple 1, 2 or 3. The sumof e and f is preferably from2 to 5. If
desired, the conplexes of the netal z,.with the |ligands G according to the
present invention may further 15 conpfise at |east one additional |igand.
which is not according to the present invention, e.g. a |ligand sel ected
fromthe group consisting of triarylphosphines, in particular triphenyl-
phosphi ne, triaryl phosphites, 3 ’ fites, triaryl- phosphonites,
phosphabenzenes, tri al kyl phosph phosphanet al | ocenes. Such

conpl exes of the netal Z with |igands0” actording to and not according to the
present iznvention are fornmed, fo e, in an eqilibriumreaction after
addition of a IigandEﬁﬁﬂ&Q is nof according to j9®:Btesent invention to a
conplex of the formula HgZzat€O eG. 25 In'a E erred enbodi nent, the

hydrof ormyl ati on catal ysts |ar & —pFepared Prm8itl in the reactor used for the
hydr of or myl ati on reacti on =Howevier, if dksir the catal ysts of the
present invention ca@n§J§6 be prgpared §fparate Mo@ﬂg i sol ated by 30

cust omary, nethods. To brépare tfe atalﬁs ﬂ of the present invention in
situ, a“conpound of the formul rollg onpound or a conplex of a neta
of transition group VIII, gdf.desired one or %g addi tional 1igands which
are not according to the predent iGn&afPeR+ and optional ly an activating
agent can be reacted in an 35 inert solvent under the hydrofornylation
conditions. Suitable rhodi um conpounds or conpl exes are, for exanple,

rhodi untyls! eagdméaﬂgjun(lll) salts such as rhodium(l11) chloride,

rhodi un(11 nitrate, rhodiun(l11) sulfate, potassiumrhodium 40 sulfate,
rhodi un( 11 FSof FHOdi'un(111) carboxyl ates, rhodiun(11) and rhodiun(li1)

acet ate, rRBdT Ui ICPFPOBXI#&, salts of rhodic(l11) acid, trisammonium
hexachl or oRRcTl e Cairbpxykate. Rhodi um conpl exes such as di car bonyl r hodi um
acetyl acetonate, acetyl acetonatobi s(ethylene)rhodiunm(l), etc., are also

sui t abl &p 4Be PrRISIRAGBNI S HNELBnliLolsh NEhediatar BaRydiindicdm Re giddaaet onat e
or rhOd'uthgﬁgfgﬁiadvantageously starts out from compounds of the
formula ITI

RS R?

Al

N
25 RE (D) RE

£

113,
(O)a (O)b

30 L L

) where Al, A2, D, R, R6, R7, R®, a, b and c are as defined above
and L is a leaving group which, when a and b are 0, may be, for
example, hydrogen (when A2 is oxygen), halogen, in particular

35 fluorine, chlorine, bromine, S0:;Me where Me = hydrogen or an
alkali metal, in particular Li, Na or K, or, when a and b are 1,
can be, for example, hydrogen, C(0)CF3, S0;CH3, S50,—tolyl or
S0,CF3.

40 The starting compounds of the formula III in which a, b, ¢ = 0
can be prepared by the methods described by van Leuwen et al.,
Organometallics 14, 3081 (1995).

The starting compounds of the formula III in which a, b = 1,

45 ¢ = 0, and L = H can be obtained, for example, from the
corresponding 1,8-dibromo compounds of the formula III (a, b = 0;
L = Br), e.g. by metalation using organometallic compounds of



2 7 SEP 2005 41 Ruthenium salts or conpounds are |ikew se suitable. Suitable
‘rutheniumsalts are, for exanple, rutheniun(l11) chloride, rutheni PV(S'EV)ZDUS
rut henium(Vl) or ruthenium(VII1) oxide, alkali netal salts=of rutheni.um oxo
acids, e.g. RZRuO4 or KRuO4. 5 Conpl exg¢s such as RuHO (CO) (PPh3)3 are al so
suitable. It is also possible to use netal carbonyls of ruthenium e.g. -
QOdS\f}fiCﬁr bé’ﬂ%éltir 'rrk'ﬂhh@,n'él.lfa .Orn-Qlﬁi;ﬁﬂffapﬁi‘ lnﬁoﬂlkﬁ%ﬂ!ﬂtlﬁ%fl?{ﬁmofrthsrl%xed forms
in iC as r C Y. L S o} , €.0.

Ru( CO) 3( Pgﬁﬁlje?, s"|t21%’(gtg ggéﬁé ol;c/eeasc%ggﬁ ‘?ﬁ%lplao bﬁgggghtgenfveé%?’ %néﬁgl:—l_'xgr?gl es of
suitabl e cOBHF-ENP uﬁ’g“é THES 1ESBEI FHRIHRENFBTPAS BYOoBSPRE 1Y Sul fate,
cobal t (1 1)pexaiisieat preferi iy byyragen mperoxidpei 0 aiien®resenseiraft @nconpl exds,
cobal t chraguedat @dkalihmetsall hydeobal de AgaiedbeabTplalthianhysbedaneat e, cobal t
napht henoa%@tasaglq,m a8t i1 cobal t - caprol actamate conplex. Here too, it is
possi bl e 0 use carbonyl conpl exes of cobalt, e.g. octacarbonyl di cobalt,
dodecacar bonyl tetracobalt and_he ecacarb Rrlyl hexacobalt. 20 The conpounds

d
ment i oned EARFFEThERS STFIIRS @nggﬁrzp&?ﬁdgnﬁ cobhf tstantiagi GAPPeRRdseREum and
i ri di um areh&riswmudadIdf eansomiweotageguslay iebabe@ vwirtht Behalegasparation i s
suffici eot tympindd d€sthe hdmula HAEPARUREr af LHAFIR RN\ @¢AB pregumepabed by a

person skisl%épHtahneis%feﬁ&aalmriwbmgy&nm.t he known conpounds. 25
Sui tabl e activating agents are, for exanple, Bronsted acids, Lew s acids,

e.g. BF3, AlC13, ZnCl2, d_Lewi s bases. solvents, preference is given to
usi ng t he ZPeIRMRS néﬁi%ﬁpé’rp‘leﬁwﬁ‘df &aﬁ'@BR%s# FRB PYAOEIPEHr at9%n of the
respect i veewdmilens byapdnethes @ralpaensHer that| derFridnds by cBehersedt Ebn
product 85 elg, I.ham.pCheruct®cof 1aldotéTondenasatbprreaetithethesuit abl e

sol vents ag réprdFRel for 5ol campbPhdLNe. ANGy¥¥bEOLSindaydl ocar bons or
mxtures gi, (wdraGak RoNSs i3] 05, £ 144t 9909§(1 {?:qn %QQVgﬁ?”lBi%rl%ﬁo?.é,
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20 triethylamine, taking account of the stoichiometry of this
reaction.

In an analogous procedure, it is possible, for example, to react

the appropriate hydroxyarylpyrrolyl compounds with the pnicogen
25 trihalide in the presence of a tertiary amine to give the

corresponding starting compounds HalPnR!R? or HalPnR3R4.

Further starting compounds HalPnR!R? and HalPnR3R4 are obtainable
by stepwise synthesis. Thus, for example, reaction of phenol with
30 phosphorus trichloride in the presence of a tertiary amine, e.g.
i triethylamine, produces phenoxyphosphorus dichloride which can be
J reacted with one equivalent of the appropriate pyrrole compound,
e.g. pyrrole, in the presence of a tertiary amine to give
phenoxypyrrolylphosphorus chloride.
35
The preparation of the 2,2’'-bisindole starting compounds can be
carried out by a method analogous to those described in
Tetrahedron 51, 5637 (1995) and Tetrahedron 51, 12801 (1995), and
the preparation of the bis-2,2’-pyrrolylmethanes can be carried
40 out as described in J. Org. Chem. 64, 1391 (1999) and the
preparation of the 2‘'-pyrrolyl-o-phenoxymethanes can be carried
out as described in J. Org. Chem. 46, 5060 (1981).

The starting compounds III having a triptycene-like carbon

45 skeleton can be prepared in a known manner from the corresponding
anthraquinone derivatives via the corresponding anthracene
precursors (for preparation of these, see, for example: J. 0Org.



met hyl ether and tetrahydrofuran. In the case of sufficiently hydrophilic
ligands, it is also possible to use alcohols such as 40 nethanol, ethanol,

n- propanol , isopropanol, n-butanol, isobutanol, ketones such as acez tprggpqg[ygl
nmet hyl ethyl ketone, etc. Furthernore, it is aI SO possible to use "ionic

l.i qui ds" as solvents. These are quunl salts, for exanple N N -dial kyl -

I mdazoliumsalts such as N-butyl-N -nethyli m' dazoliumsalts, 45
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such as a- 8?%? reﬁf +%% e correspon ing aikéil metal atom,

20 preferably lithium.

After addition of HalPnRIR? and HalPnR3R4 to this metalated
compound, the corresponding pnicogen chelate compounds of the
formula I or II in which a, b = 0 are formed.

25
To activate the compounds of the formula III in which a, b = 1,
it is generally not necessary to employ a separate activation by
means of organometallic alkali metal compounds. In general, the
reaction of these compounds with the compounds HalPnRIRZ? and

30 HalPnR3R? in the presence of a base, preferably a tertiary amine
such as triethylamine or an alkali metal hydride or alkaline
earth metal hydride, for example sodium hydride, potassium
hydride or calcium hydride, leads directly to the novel pnicogen
chelate compounds of the formula I or II in which a, b = 0.

35
In place of compounds of the formula III (with &, b = 0) in which

= halogen or S0O3Me, it is also possible to lithiate compounds

IITI in which I = hydrogen and hydrogen, an alkoxy group or an
alkoxycarbonyl group is in each case present in the meta position

40 relative to A? (A? = 0 or §). Such reactions are described in the
literature as “ortho-lithiation” (cf., for example, D. W. Slocum,
J. Org. Chem., 41, 3652-3654 (1976); J. M. Mallan, R. L. Bebb,
Chem. Rev., 1969, 693ff; V. Snieckus, Chem. Rev., 1980, 6,
879-933). The organolithium compounds obtained in this way can

45 then be reacted in the manner indicated above to form the chelate
compounds of the formula I or II.



straight-chain and internal branched olefins. Suitable a-olefins are, for
exanpl e, propene, 1-butene, 1-pentene, 1-hexene, 30 1-heptene, 1-0c2qnﬁﬂam05
1- nonene, 1-decene, 1-undecene, 1-dodecene, etc. Preferred branched,
internal olefins are C4-C20-ol efins saoh as 2-nethyl - 2- but ene,

2-met hyl - 2- pent ene, 3-nethyl -2-pentene, 35 branched, internal heptene
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i nt er nal20 phesphanetfgliocenes. Such complexes of the metal 2 with ligands

according to and not according to the present invention are
formed, for example, in an eqgilibrium reaction after addition of
a ligand which is not according to the present invention to a
complex of the formula HgZ;(CO)eGs.

25
In a preferred embodiment, the hydroformylation catalysts are
prepared in situ in the reactor used for the hydroformylation
reaction. However, if desired, the catalysts of the present
invention can also be prepared separately and isolated by

30 customary methods. To prepare the catalysts of the present
invention in situ, a compound of the formula I or II, a compound

) or a complex of a metal of transition group VIII, if desired one

or more additional ligands which are not according to the present
invention and optionally an activating agent can be reacted in an

35 inert solvent under the hydroformylation conditions.

Suitable rhodium compounds or complexes are, for example,
rhodium(II) and rhodium(III) salts such as rhodium(III) chloride,
rhodium(III) nitrate, rhodium(III) sulfate, potassium rhodium

40 sulfate, rhodium(II) or rhodium(III) carboxylates, rhodium(II}
and rhodium(III) acetate, rhodium(III) oxides, salts of
rhodic(III) acid, trisammonium hexachlororhodate(III), etc.
Rhodium complexes such as dicarbonylrhodium acetylacetonate,
acetylacetonatobis(ethylene)rhodium(I), etc., are also suitable.

45 Preference is given to using dicarbonylrhodium acetylacetonate or
rhodium acetate.



Preferred linear (straight-chain) internal olefins are C4-C20-o0lefins such

as 2-butene, 2-pentene, 2-hexene, 3-hexene, 20 2-heptene, 3-heptene, 7 Spp 2005
2-octene, 3-octene, 4-octene, etc., and mxtures thereof. The

hydr of ormyl ati on process of the preseaf invention is preferably carri ed out
using an industrially available olefin 25 m xture which, in particular,
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20 The compounds mentioned and further suitable compounds of cobalt,
rhodium, ruthenium and iridium are known and are commercially
available or their preparation is sufficiently well described in
the literature or they can be prepared by a person skilled in the
art in a manner analogous to the known compounds.

25
Suitable activating agents are, for example, Brdnsted acids,
Lewis acids, e.g. BFi3, AlCl;, ZnCl,;, and Lewis bases.

As solvents, preference is given to using the aldehydes which are

30 formed in the hydroformylation of the respective olefins, and
also their higher-boiling downstream reaction products, e.g. the
products ¢of aldol condensation. Further suitable solvents are
aromatics such as toluene and xylenes, hydrocarbons or mixtures
of hydrocarbons, also for dilution of the abovementioned

35 aldehydes and the downstream products of the aldehydes. Further
solvents are esters of aliphatic carboxylic acids with alkanols,
for example ethyl acetate or Texanol®, ethers such as tert-butyl
methyl ether and tetrahydrofuran. In the case of sufficiently
hydrophilic ligands, it is also possible to use alcohols such as

40 methanol, ethanol, n-propanol, isopropanol, n-butanol,
isobutanol, ketones such as acetone and methyl ethyl ketone, etc.
Furthermore, it is also possible to use “ionic liquids” as
solvents. These are liguid salts, for example N,N’-~dialkyl-
imidazolium salts such as N-butyl-N‘-methylimidazolium salts,

45 tetraalkylammonium salts such as tetra-n-butylammonium salts,
N-alkylpyridinium salts such as N-butylpyridinium salts,
tetraalkylphosphonium salts such as trishexyl(tetradecyl)-



doubl e bond isonerization and subsequent netathesis (ethenolysis). 10
Further industrial olefin mxtures which are suitable for use in th

hydr of ormyl ati on process of the present invention nmay be selected ff@@ﬁpzm5
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preference |j | | a 45 nol ar ratio of carbon nonoxide to hydrogen
in the regi%?]o_%fh\‘é%:glﬁ%@%gp 2005 45 The tenperature in the

hydrof ormmyl ation reaction is generally in
The molar ratio of pnicogen chelate compound I or Il to the metal

20 of transition group VIII in the hydroformylation medium is
generally in the range from about 1:1 to 1000:1, preferably from
1:1 to 100:1, in particular from 1:1 to 50:1.

Substrates suitable for the hydroformylation process of the

25 present invention are in principle all compounds which contain
one or more ethylenically unsaturated double bonds. These
include, for example, olefins such as o-colefins, internal
straight-chain and internal branched olefins. Suitable a-olefins
are, for example, propene, l-butene, l-pentene, l-hexene,

30 l-heptene, l-octene, l-nonene, l-decene, l-undecene, l-dodecene,

) etc. '

Preferred branched, internal olefins are C4-Cyp-olefins such as
2-methyl-2-butene, 2-methyl-2-pentene, 3-methyl-2-pentene,

35 branched, internal heptene mixtures, branched, internal octene
mixtures, branched, internal nonene mixtures, branched, internal
decene mixtures; branched, internal undecene mixtures, branched,
internal dodecene mixtures, etc.

40 Further olefins suitable for hydroformylation are Cs-Cg-cyclo-
alkenes such as cyclopentene, cyclchexene, cyclocheptene,
cyclooctene and their derivatives, e.g. their C;-Czp-alkyl
derivatives having from 1 to 5 alkyl substituents. Further
olefins suitable for hydroformylation are vinylaromatics such as

45 styrene, a-methylstyrene, 4-isobutylstyrene, etc. Other olefins
suitable for hydroformylation are o,P-ethylenically unsaturated
monocarboxylic and/or dicarboxylic acids, their esters,



a range fromabout 20 to 180 C, preferably from about 50 to 1504C. The
reaction is generally carried out'at the partial pressure of:the rze';ag!.:pmg)
gas at the chosen reaction tenperature. 5 In general, the pressure’is In a
range from about 1 to 700 bar, prefeggbly from1 to 600 bar, in particular
from1l to 300 bar. The reaction pressure can be varied depending on the.
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The hydroformylation process of the present invention is
preferably carried out using an industrially available olefin

25 mixture which, in particular, comprises at least one internal
linear olefin. Such mixtures include, for example, the Ziegler
olefins obtained by targeted ethene oligomerization in the
presence of alkylaluminum catalysts. These are essentially
unbranched olefins having a terminal double bond and an even

30 number of carbon atoms. Further suitable oclefin mixtures of this
type are olefins obtained by ethene oligomerization in the
presence of various catalyst systems, e.g. the predominantly
linear o-olefins obtained in the presence of alkylaluminum
chloride/titanium tetrachloride catalysts, and the a-olefins

35 obtained in the presence of nickel-phosphine catalysts in the
Shell Higher Olefin Process (SHOP). Further suitable industrially
available olefin mixtures are obtained in paraffin
dehydrogenation of appropriate petroleum fractions, e.g. kerosene
or diesel oil fractions. To convert paraffins, predominantly

40 n-paraffins, into olefins, use is made of essentially three
processes:

- thermal cracking (steam cracking),
- catalytic dehydrogenation and
45 - chemical dehydrogenation by chlorination and
dehydrochlorination.



possi ble to achi eve | onger catal yst operating lives than do prior art

catal ysts based on conventional nonodentate and pol ydentate 45 Iigan SEP 2005
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20 catalyst is prepared in situ by reacting at least one compound of
the formula I or II, a compound or a complex of a metal of
transition group VIII and, if appropriate, an activating agent in
an inert solvent under the hydroformylation conditions.

25 The hydroformylation reaction can be carried out continuously,
semicontinuously or batchwise.

Suitable reactors for a continuous reaction are known to those
skilled in the art and are described, for example, in Ullmanns

30 Encyklopéddie der technischen Chemie, vol. 1, 3rd edition, 1951,
p. 743 ff.

Suitable pressure-rated reactors are likewise known to those
skilled in the art and are described, for example, in Ullmanns

35 Encyklopéddie der technischen Chemie, vol. 1, 3rd edition, 1951,
p. 769 ff. In general, the process of the present invention is
carried out using an autoclave which may be provided with a
stirrer and an internal liner.

40 The composition of the synthesis gas comprising carbon monoxide
and hydrogen used in the process of the present invention can
vary within a wide range. The molar radio of carbon monoxide to
hydrogen is generally from about 5:95 to 70:30, preferably from
about 40:60 to 60:40. Particular preference is given to using a

45 molar ratio of carbon monoxide to hydrogen in the region of 1:1.
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The above-described catalysts of the present invention which
20 comprise chiral compounds of the formula I are suitable for
enantioselective hydroformylation.

The above-described catalysts can also be immobilized on a
suitable support, e.g. a support made of glass, silica gel,

25 synthetic resins, etc., in a suitable manner, e.g. by bonding via
functional groups suitable as anchor groups, adsorption,
grafting, etc. They are then alsc suitable for use as solid-state
catalysts.

30 Surprisingly, the catalysts prepared from the novel pnicogen
chelate compounds of the formula I or II not only have a high
activity in respect of the hydroformylation of terminal olefins
but likéwise have a high activity in respect of the isomerizing
hydroformylation of olefins having internal double bonds to form

35 aldehyde products having a high linearity. Advantageously,
hydrogenation of the olefins takes place to only a very slight
extent under hydroformylation conditions when using the catalysts
of the present inventicn.

40 Surprisingly, catalysts based on pnicogen chelate compounds of
the formula II have a particularly high stability under the
. hydroformylation conditions, so that they generally make it
possible to achieve longer catalyst operating lives than do prior
art catalysts based on conventional monodentate and polydentate .

45 ligands. Thus, we have found that pyrrole-phosphorus compounds of
the prior art in which one or more unsubstituted pyrrole groups
are bound via their nitrogen atom to the phosphorus atom tend to



FCC plant or a steam cracker. Hydrofornyl ation catal ysts based on the

pni cogen chel ate conpounds used as |igands according to the presenty 7 Sep 205
i nvention 30 advant ageously have a high n-selectivity even when using .

2- butene and 2-butene-contai ning hydrggarbon m xtures as starting )
material. Thus, such feedstocks can be used economically in the process of
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can be cono%nse& o fIOr e mpou + © ¢ tormuia in waich a
substituted pyrrole group and/or a pyrrole group integrated into
a fused ring system is bound covalently via its pyrrole nitrogen
20 to the phosphorus atom substantially suppresses the formation of
undesirable products.

The present invention further provides a process for preparing
2-propylheptancl, which comprises
25
a) hydroformylating butene or a butene-containing Cs~hydrocarbon
mixture by means of carbon monoxide and hydrogen in the
presence of a hydroformylation catalyst to give an
n-valeraldehyde-containing hydroformylation product, where
30 the hydroformylation catalyst comprises at least one complex
of a metal of transition group VIII with at least one ligand
of the formula I or II as defined above,

by if desired, subjecting the hydroformylation product to a
35 fractionation to give an n-valeraldehyde-enriched fraction,

c) subjecting the hydroformylation product obtained in step a)
or the n-valeraldehyde-enriched fraction obtained in step b)
to an aldol condensation,
40
d) catalytically hydrogenating the products of the aldol
condensation by means of hydrogen to form alcohols, and

e) if desired, subjecting the hydrogenation products to a
45 fractionation to give a 2-propylheptanol-enriched fraction.



20 a, s-unsaturated Cl10-al dehydes. The al dol condensation is carried out in
a manner known per se, e.g. in the presence of an aqueous base sucj_nja;gpmm
sodi um hydroxi de or potassium hydroxide. As an alternative, it is also
possible to use a heterogeneous basicygqcatal yst such as magnesi um oxi de
and/ or al um num oxi de (cf for 25 exanple, EP-A 792 862). This results i.n
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C10- al cohok) nBytuofsrmyliatabhe as pl asticizer al cohols. d) Hydrogenation 40
The products of the al dol condensation can be catalytically hydrogenated by
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car bon, um num oxi I ese ue‘?n , to increase the activity and
stability. To increase the catal ytlc activity, Fe, Co and preferably N can
al so be us€d-hydndsarbepnsiofequmepitakle Bt starying Tederdpal ceppige -hd9¥ ng a
very hi gh suamhpte, airem SDepenti mgpl$enptderadilyvityn of0 tdee 9Camal ystaf t he
hydr ogengt bgBefés tdifl from 1 to 50 mol%, preferably from 10 to 40 mol%, of

butanes. The butene fraction preferably comprises from 40 to

60 mol% of l-butene, from 20 to 30 mol% of 2-butene and less than

5 mol%, in particular less than 3 mol%, of iscbutene (based on

the butene fraction). A particularly preferred feedstock is

25 raffinate II, which is an isobutene-depleted C; fraction from an
FCC plant or a steam cracker.

'Hydroformylation catalysts based on the pnicogen chelate
compounds used as ligands according to the present invention

30 advantageously have a high n-selectivity even when using 2-butene
and 2-butene-containing hydrocarbon mixtures as starting
material. Thus, such feedstocks can be used economically in the
process of the present invention, since the desired
n-valeraldehyde is obtained in good yields.

35
As regards suitable and preferred hydroformylation catalysts,
activators, solvents, reaction conditions and reactors for the
hydroformylation in step a), or that which has been said above in
respect of hydroformylation is hereby incorporated by reference

40 at this point.

The hydroformylation catalysts of the present invention can be

separated from the product mixture from the hydroformylation

reaction by customary methods known to those skilled in the art
45 and can generally be reused for the hydroformylation.
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about 80 to 2500C, and the pressure is preferably fromabout 50 to 350 bar.
15 The crude hydrogenation product can be worked up by customary nethods,
e.g. by distillation, to give the Cl1048&I cohols. e) Fractionation 20 If
desired, the hydrogenation products can be subjected to a further
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~advant ageously undergo virtually no deconposition under the

hydr of or nykatAndbicendibhoiSion . €. in the presence of al dehydes. A 45 further
advant age i s that virtuaIIy no deconposition products are forned in the

presence o S ric ge ht /[0 ci ds and/or at room
t enper at ur % rm-L cu a?e%lgxé/ aﬂdgﬁﬁée can % ‘ge g

unsaturate Clo—alde vd es. The aldol condensatlon is carried
out in a manner known per se, e.g. in the presence of an aqueous
base such as sodium hydroxide or potassium hydroxide. As an
alternative, it is also possible to use a heterogeneous basic
catalyst such as magnesium oxide and/or aluminum oxide (cf., for

25 example, EP~A 792 862). This results in the condensation of two
molecules of n-valeraldehyde to form 2-propyl-2-heptenal. If the
hydroformylation product obtained in step a) or after the
fractionation in step b) further comprises other Cs- aldehydes such
as 2-methylbutanal and possibly 2,2-dimethylpropanal or

30 3-methylbutanal, these likewise undergo an aldol condensation,
resulting in condensation products of all possible aldehyde
combinations, for example, 2-propyl-4-methyl-2-hexenal. The
presence of a proportion of these condensation products, e.g. up
to 30% by weight, does not stand in the way of advantageous

35 further processing to 2-propylheptanol-containing Cjg-alcohol
mixtures suitable as plasticizer alcohols.

d) Hydrogenation

40 The products of the aldol condensation can be catalytically
hydrogenated by means of hydrogen to form Cig-alcohols, in
particular 2-propylheptanol.

The hydrogenation of the Cjg-aldehydes to the Cj;p~alcohols can in
45 principle be carried out using the same catalysts as in the

hydroformylation, usually at higher temperature; however,

preference is given to more selective hydrogenation catalysts
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measures for stabilizing the hydrofornylation catal yst used, partlc?JI; ﬁEp)mS
during work-up. 5 The invention further provides for the use of cat s
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a process oF preparing ni es by catal ytic hydrocyanation, in which the
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I nvention %qnpﬁ S8Rl eparation of  mxtures of nonool efinic

C5-nononi tri'l avi ng nonconj ugated C=C

20 If desired, the hydrogenation products can be subjected to a
further fractionation to give a 2-propylheptanol-enriched
fraction and a 2-propylheptancl-depleted fraction. This
fractionation can be carried out by customary methods known to
those skilled in the art, e.g. by distillation.

25
Hydroformylation catalysts comprising a complex of at least one
metal of transition group VIII of the Periodic Table with, as
ligand, at least one pnicogen chelate compound of the formula I
and in particular a pyrrole-phosphorus compound of the formula II

30 having a substituted and/or fused pyrrole skeleton can

_ advantageously be used in a process for preparing

J 2-propylheptanol. The catalysts display a high n-selectivity in
such a process, so that a good yield of n-valeraldehyde is
obtained both when using virtually pure l-butene and when using

35 l-butene/2-butene-containing hydrocarbon mixtures, for example,
Cy fractions. The catalysts used according to the present
invention are also suitable for double bond isomerization from an
internal position to a terminal position, so that n-valeraldehyde
is obtained in good yields even when using 2-butene and

40 hydrocarbon mixtures having relatively high concentrations of
2-butene. The catalysts based on substituted or fused pyrrole
skeletons which are used according to the present invention
advantageously undergo virtually no decomposition under the
hydroformylation conditions, i.e. in the presence of aldehydes. A

45 further advantage is that virtually no decomposition products are
formed in the presence of atmospheric oxygen and/or light and/or
acids and/or at room temperature and elevated temperatures, e.g.
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Dl e D o e, 10,
present, oFeFPHR*St#hioth2aBeersaly tﬁﬁ?‘éé’flqrhélroe‘&t ¥kt sin é’agtl‘alPWnes or
curmul end$, crbglbe rickevedrivieminime rhydiwcapbdibadixt urpdatyine®) ective
hydrpgenat peafpraisily ndckbE, pyidia@eyuansst i gt ibiint ahd ey<w8t padeiedlLan yi ng out
sel ective Qx@&pm@atnllene@renkr&%rw tm.s'?ne%lsal ied, fggefnf&e ifrt. 25 The
hydr ocyanalLop_aerardiengnt 8, U RLesehioL RS 'cgnrcg 1 BG cfarpisd.qut
cont i nuousl® }/1 em cont uouslly chw p 8Grvant e P )
ventlon. The prepa atlon of the metal complexes can be carried
20 out as described above for the use as hydroformylation catalysts.
The same applies to the in-situ preparation of the hydrocyanation

catalysts of the present invention.

A nickel complex suitable for preparating a hydrocyanation
25 catalyst is, for example, bis(1l,5-cyclooctadiene)nickel(0).

If desired, the hydrocyanation catalysts can be prepared in situ
by a method analogous to the process described for the
hydroformylation catalysts.

30
The invention therefore further provides a process for preparing
nitriles by catalytic hydrocyanation, in which the hydrocyanation
is carried out in the presence of at least one of the novel
catalysts described above. Olefins suitable for hydrocyanation

35 are generally the same as the ¢lefins mentioned above as starting
materials for hydroformylation. A specific embodiment of the
process of the present invention comprises the preparation of
mixtures of monoolefinic Cg-mononitriles having nonconjugated C=C
and C=N bonds by catalytic hydrocyanation of 1,3-butadiene or

40 1,3-butadiene-containing hydrocarbon mixtures and the
isomerization/further reaction of these in the presence of at
least one catalyst according to the present invention to form
saturated C;-dinitriles, preferably adiponitrile. When hydrocarbon
mixtures are used for preparing monocolefinic Cg-mononitriles by

45 the process of the present invention, preference is given to
using a hydrocarbon mixture having a 1,3-butadiene content of at
least 10% by volume, preferably at least 25% by volume, in



reactors for a continuous reaction are known to those skilled in the art
and are described, for exanple, in Ul mnns Enzykl opadi e 30 der tec2r>7i§__xi,hfﬂﬁ}j
Chem e, volunme 1, 3rd edition, 1951, p. 743 ff. Preference is givef't

usi ng a cascade of stirred vessels orsa tube reactor for the continuous
variant of the-process of the present invention. Suitable reactors, which

may be pre?gﬁféﬁlagreqt 104sd RSB Ganthdruous or continuous enbodi ments 35
are known to those skilled in the art and are described, for exanple, in

U | manns Enzykl| opadi e der technischen Chem e, vollume 1, 3rd edition, 1951,
p. 769 ff. 1y RYEAsigPe-tARE HTo08s BYRFOTHPOpFESERTeS AFEnPPERI TP PRI ed out

i n an aut oghavedugtirtdalnegale f Thyssi ferl expmpdeovibiedrghcelssangtéf rer and an-

i nt er nal sl peeroleifh Byeshyat ampakahyoof cRdpithat §ieés theydresertior nvention can
be separahegde {fORINE EEAES iF2B i UNE A he5 L heidydbesyagrddign reaction
by customagy, peLogs. kpoye, (0 thegepsilled 1y Lhe ad: nand, gan, general |y be
reused for€ ﬁe,rh ‘di'gcyanat I on. e Fnventi gn fur'ftaher provi des a process
for the cafsBmidas 48 Brde dmedumaeoetrtdishieRg BelteRdst vBRRt®iahfAd%eni cal | y
unsat ur at eby@rqca8ienz008d 521 kigeisl. eThesrl diyreemgcelvaysnicontean borelionoxi de and
at | eastio0peop&BRMsNe f CoORtedl1p0up ticdeFniall kgn€d oup 2baibhes pim@sence of a
car bonyl at {,op, catalyahebased on a pnicogen chelate-ligand of the formula I
or Il. 5 The novel “carbonyl ati on catal ysts, too, enconpass conpl exes of a
nmetal of transition ggg VII1, preferably nickel, cobalt, iron, _ruthenium

r hodi um or PREE | bl iy Partac brarsphatetiifgam FLIstHieddY at Yo abrhet he met al

conpl exes brdrdraxhen madteRs &Y, 10cdeseritied apbyvactiore dhetiydatdioormyl ation

catal ysis and hydrocyanation catalysts. The sane applies to the in-situ

prepar ati ophef 48 veasbenyid iReseat A edrkioh thE 4URIRALeochsMEMel QBed 15

Sui tabl e olgliNge MYarbBakA RANKEALLON M ihNEoRE LIy, MRt panEdu1ar
1,3-butadiene-containing, hydrocarbon mixtures, generally also
without prior purification of the hydrocarbon mixture by

20 distillation. If present, olefins which adversely affect the
catalysts, e.g. alkynes or cumulenes, may be removed from the
hydrocarbon mixture by selective hydrogenation prior to the
hydrocyanaticon. Suitable methods of carrying out selective
hydrogenation are known to those skilled in the art.

25
The hydrocyanation according to the present invention can be
carried out continuously, semicontinuously or batchwise. Suitable
reactors for a continuous reaction are known to those skilled in
the art and are described, for example, in Ullmanns Enzyklopddie

30 der technischen Chemie, volume 1, 3rd editiomn, 1951, p. 743 ff.
Preference is given to using a cascade of stirred vessels or a
tube reactor for the continuous variant of the process of the
present invention. Suitable reactors, which may be
pressure-rated, for the semicontinuous or continuous embodiments

35 are known to those skilled in the art and are described, for
example, in Ullmanns Enzyklopddie der technischen Chemie, vollume
1, 3rd edition, 1951, p. 769 ff. In general, the process of the
present invention is carried out in an autoclave which may, if
desired, be provided with a stirrer and an internal liner.

40
The hydrocyanation catalysts of the present invention can be
separated from the reaction mixture after the hydrocyanation
reaction by customary methods known to those skilled in the art
and can generally be reused for the hydrocyanation.

45
The invention further provides a process for the carbonylation of
compounds containing at least one ethylenically unsaturated



above in general ternms as starting materials for hydrofornylation and
hydrocyanation. The conpounds containing a nucleophilic group are Py gfﬁpq%y
20 sel ected from anong water, alcohols, thiols, carboxylic esters, prinmary:
and secondary am nes. A pref erred car lsanyl ation reaction is the conversion
of olefins into carboxylic acids by reaction with carbon nonoxi de and water

25 (hydroc@bhsxy! Béidmy réBbeibMGHiHIeSarbn PdrdxGdbabna tAe Ve@aet bga  of

et hyl ene with ﬁeﬁé’o& B{%hg aﬁ\ﬁcl% %&1}8 % Boggé%fese% ofTQe _
i nvention I ovli or Sts risi.n

venti on CEhery g AR fAt M08 s 67t Piepmpcr"e%é‘nf BRpR SRTange e bod

above, for feyanédof rﬁﬁl atli-on, hydrocyanation, carbonyl ati on, hydrogenat I on,
olefin digomerization and olefin polymerization and for netathesis. 35 The

i nvention ingel hbyst rﬁﬂfénwatb@nf@dawseg, 8 @ekbinphsy ConpiaiBlest a
CooTBl S5 by Lp'Loghera b ogads, e UpEdiedin £iBRE 200008, 5108, 15 20
25 30 35 4 r gand A
enium;” rhodlum or pal a ium, in particular palladium. The
preparation of the metal complexes can be carried out as
10 described above for the hydroformylation catalysts and

hydrocyanation catalysts. The same applies to the in-situ

preparation of the carbonylation catalysts of the present

invention.

15 Suitable olefins for the carbonylation are the olefins mentioned

j above in general terms as starting materials for hydroformylation
and hydrocyanation.

The compounds containing a nucleophilic group are preferably
20 selected from among water, alcohols, thiols, carboxylic esters,
primary and secondary amines.

A preferred carbonylation reaction is the conversion of olefins
into carboxylic acids by reaction with carbon monoxide and water

25 {hydrocarboxylation). This includes, in particular, the reaction
of ethylene with carbon monoxide and water to form propionic
acid.

The invention further provides for the use of catalysts

30 comprising a P-, As- or Sb-containing compound according to the
present invention, as described above, for hydroformylation,
hydrocyanation, carbonylation, hydrogenation, olefin
oligomerization and olefin polymerization and for metathesis.

35 The invention is illustrated by the following, nonrestrictive
examples.

Examples

40 The following ligands were used:

45
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NP P-N I I - ,N_N Ligand K Ligand L Conparative |ligand CLA Conparatlve
l'igand CLB 45 PPh2 PPh2 2 7 SEP 2005 56 5 0 0 N-P P-NO C 10 Exanpl S 0
Synthesis of ligand A OO Conparative ligand CLC 15 5.2 g (38 nnDI) %EE%
and 5.1 g (76 nmmol) of pyrrole togethsea with 200 m of dried ,
tetrahydrofuran (THF) were placed in a reaction vessel under argon at -65C.
11.5 g (115 nmol ) of trlethylanlne were added to this m xture and the
reaction mxture was stirred .oyer room tenperature. The resulting
20 precipitate was filtered of guird reaction mxture under

’,‘
reduced pressure and excess THF l@ m

¢iram ne were distilled off at
60C. The residue was ‘taken_up in 30 m® of [ tol ugne and residual preci pi t ated
triethyl gm ne hydrochl orig

this solution. The
sol uti on obt ai ned was store

urtherg %%%SI ng. 5g

25 qntll nee|ded

(13.3 mml ) of 1,8-dibronm-§, 6gdi-gert-butyl xghthene toget wth 150 m
of dried THF were placed in g/ ea tion ve{s/el -50C wunder argon. 12.3 i
(30.6 Mol ) of a 2.5 nolar sbo ut| n of 30 In-butyllithiumin hexane were

added dropwi se and, after the addj |on conplete, stirred for another 2
hours atyg- 50C, @j *
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resulting in formation of a precipitate. Thi's solution was subsequently
added at -70C to the previously prepared toluene solution. The terrrise{ sﬂugﬂﬁ
of the exothermi c reaction was kept 35 bel ow -50C by cooling. After Prr Qg
for 1 hour, the reaction mxture wassgvaporated under reduced pressure, the
resi due was taken up in dichloronethane, then evaporated again, hexane was
added and the m xture was stirred. The solid fornmed was recrystallized tw ce
fromhot nmethano). Pure ligand A was 40 obtained in a yield of 1.1 g (13%
of theory). Exan esi s of ligand B 45 / of

1, 8-di brono- 3; ylI’xant hene t oget her sre placed in a

reaction ves ] on, -50C, 12.%9 A 0£~-a°%¢5 nol ar =
n- but yl | st hi olgtion i SEP 2005 57 h e were adde he reaction
m xture was stereéfor fl ufs, resulting i or rrat i on Jof col orl ess

suspensi on. C, },100 i), mmol ) of a 1 malAF T sol utifon BH3 in THE

were added dr opsm ep an t m xture was stirregd-.oVvVerni g% at 5 - 15C. It
was 5 subseque are ydrol yzed at 0OC /25 W @ ater. 3 N KOH
(7.4 g of KOHin 32 g of HZ0) and 10.4 g of 30965%trength HX&2._sol uti on were

careful lzp added t?}rjt?he rgacti on mixture and M¥Re resulti ng m xhr e was
refluxed for 2 ho andt Gor cool i ng to room tenperatgred Bt was neutralized
usi ng 18% strength hydrochloric 10 acid. After phase separation, the organic
phase was washed /t aCl solution, dried over, Na2SO4 and evapor at ed
to dryness. , 10 3 di -tert-butyl xant ke ained in a yield
of 4.7 g (100% .2 g (38 nmmol) of H 1 g (76 mol ) of
@& placed in ar i - 65C under

et hyl am ne wer bs adde

W t) room t enper at ur r.48 hOlArEFI.
mol ) of 1, 8-di hydrjoxy-3,8-di-tert-butyl xant he ni20 50

added thereto atzZryom tengergture, resulting in@é{te%re rising to
' ygRt, the
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solid formed was filtered off under reduced pressure, washed with THE and
‘the conbi ned organi c phases were evaporated, giving a brown oil. TZe, %TE‘FJ 2005
was recrystallized three tinmes from hexane. 25 Ligand B was obtained ih a
yield of 1.1 g (12% of theory). Exanpk& 3 (conparative exanple) Synthesis. of
| igand CLA (conparative ligand) and storage at room tenperature 30 :
Conparative ligand CLA was prepared as described by K G Mloy et al., J.
Am Chem Soc. 117, pp. 7696 Q (] . The synthesis l|eads to a clean
product having a 31P-NVR che of +79 ppm (C6D6). After storage of
t he conpound under argon for ys at roomtenperature, an
appreci abl e dark col orati on % 2d. After eight weeks, a tar-like <
conmpound saich could no | onge sed as catal yst was formed. nple 4 40
Synthesis of ligand C Using the metdhod of I\/t':lver‘%:%’&pae,\"”t"’“isl*l"fe E’W\%’}cb.@i‘ em 36,
5826 (1997)), 66.7 g (24 | Y-of \1, hl or oant hr aqui none, 113.3 g
(1.12 nol) of KBr, 3.3 g k80" mpl) of CyCLP and 113.4 nl of 85% 45 strength
phosphoric acid were suspendedNn 508, mM “of nitrobenzene and the water was
distilled off at 200C. The m@t uye@ subsequently refluxed for 72 hours.
After coing, the solid 2 7 20 58 product was taken up in nethanol
and di chl or onet hane, evaporated to dryness and washed with acetone. An 8:1
m xture of _ 1 8idi Prom)ant hr aqui none/ 1- br ono- 8- chl or oant hr aqui n, one was
obtai ned | A4"WIe|d of 46 g (60%of theory). 5 23.6 g (65 mol) of
1, 8- di br onSAREREEYTI Horld 9B ePr suspended in 250 mi of methanol. At 10C, 9.9
g (260 mmol) of NaBH4 were added slowy and the m xture was subsequently
stirred s 50C Ho(32 mivdyr of FOE; rindt Bl E YT eponbey oNtpyrddlentoqfthete,
st r‘réed andy;;18 bbb iRy e Wrdes {QdUESArBESSSHI @rFINGesO!d1heas igubsequent |y
suspended i1 400,11 v Qs ABYnSEE SO BYdresd onkcsagh dh and, 3t | ryed

triethylamine were added to this mixture and the reaction mixture

was stirred overnight at room temperature. The resulting

20 precipitate was filtered off from the liguid reaction mixture

under reduced pressure and excess THF and triethylamine were

distilled off at 60°C. The residue was taken up in 50 ml of

toluene and residual precipitated triethylamine hydrochloride was

filtered off from this seclution. The solution cbtained was stored

25 until needed for further processing.

5 g (13.3 mmocl) of 1,8-dibromo-3,6-di-tert-butylxanthene together
with 150 ml of dried THF were placed in a reaction vessel at -50°C
under argon. 12.3 ml (30.6 mmol) of a 2.5 molar solution of

30 n-butyllithium in hexane were added dropwise and, after the
addition was complete, stirred for another 2 hours at -50°C,
resulting in formation of a precipitate. This sclution was
subsequently added at -70°C to the previously prepared toluene
solution. The temperature of the exothermic reaction was kept

35 below -50°C by cooling. After stirring for 1 hour, the reaction
mixture was evaporated under reduced pressure, the residue was
taken up in dichloromethane, then evaporated again, hexane was
added and the mixture was stirred. The solid formed was
recrystallized twice from hot methanol. Pure ligand A was

40 obtained in a yield of 1.1 g (13% of theory).

Example 2
Synthesis of ligand B

45 5 g (13.3 mmol) of 1,8-dibromo-3,6-di-tert-butylxanthene together
with THF were placed in a reaction vessel under argon. At -50°C,
12.3 ml1 (30.7 mmol) of a 2.5 molar n-butyllithium solution in



at 70C for 5 hours, after which it was once again filtered off under
reduced pressure, washed until neutral and dried. The solid was stirred
with.14.8 g of NaBH4 in 250 m of isopropanol at 85C 15 (refl ux) fod2$SEP2%5
hours, brought to a pHof 7 by addition of dilute hydrochloric aci

filtered off with suction and washed 8th water. 1, 8-Di bronpant hracene was
obtained in a yield of 16.2 g (74%of theory). 20 100 g (298 mmol ) of

1, 8- di br onhanate akake added 0. BF Fepdtho®| niafurepwherdtivtienl €at exh@ureer e

di ssol ved k@s@@@u&; qf, Eelmene e tééﬁéﬁﬂes\éﬂ %Gs fendadn . Ohteb@nq(ﬂonm@n
aut ocl ave :‘(950 lr]ug)gs Tt}golarp )é'io;’ﬂﬁ@l J:cﬂ'b Stl rége ééoc for 3
o S ueou

days. The eactron was, extrac trengt% $24i um

hydr oxi de 289 atRf \W&é‘ﬁBHeV\WT% ShisEer g}ﬂe’t'/%“tc-’é’rt a*Fh orgshi ¢ 'f)h
separ at e§ sobfequebtdvaparefwdy PydrpégietletwlsC rwx,ast?lél ml pa=s) V‘tameae Brdvm
met hanol . o8- O br ghodekbrnarizhgaeene,aanabl @i hef dfn3as ysetehgah BES g (55%

?1‘) te Pﬁg;y) so B Bord vﬁg@3gaf@'@Jﬂly0Bd8gé3t@%egrl-ag}:]{c?r@ rﬁmeackzl):goéncp)ﬁ:;hglol gt 80
unger ar goﬁ"@’s hjlqug b %[ﬁ v ‘{re%EP“ et%‘p’i 2m%83rm?%£t§5de8°£ sct *hé°M'xt ure
was stirred®BRTAH I‘?t' af ‘f’% et“éﬁﬁéf‘é?@lr‘?mﬁhé%r%’é%ﬁ”tgtﬁghﬁﬁi’é‘&‘?}}}lotr&f’e was

filteredOoftidndihesepbasetserprditabnr abhSDrgadic rplutdey Wasi weshedt awdceti | | ed
of f. The restnlumcﬂaswakmumﬁmd bobriems sapdadd leévapedatddec s drythéosn. was

stored. 4.8 8_f:3d30%90k)6.04i heBrdblit fm@h@aeoaaé NAGEREat 99el Raleiwi th 150
m of dry Bgtéa}gygﬂéqfongag \A?{Pﬁ ace In a reaction vessel at 40 -50C, and
12.3 M of "a I"ar f) ATt Ri um sol ution in hexane (30.6 mmol) were
subsequent|ly added and the m xture was stirred at -50C for 2 hours. At
-70C, tRABPsSrE X3 U waslideedFdls anfied pr avildbsmodr efaprdrels tdgether
bi spyrr ol ykphbspfomese phiord da Bnreatiine vesesl| 4t ngsen tidert ergenat ure
rising to 159G @5 4AM6L) Séf rdrikEhl Qamind Qidre EIEsHENG. &a&ecevsamu?t ed and
the solid ﬂ@stﬁ@&a&tupewaéilscém@em% tgta efd Ilg%owaﬁsfﬁ b, ed, the
flltrate s, eva %r%tedofg tth.lte e;\{/va%ﬁ rre A gxant%e 2005 59

c7 PG Rot - HETH 'r%’ b ne

hexane. Ct" “was
ml of THF were a ded thereto at room temperature, resulting in

the temperature rising to 30°9C. After stirring overnight, the
solid formed was filtered off under reduced pressure, washed with
THF and the combined organic phases were evaporated, giving a
brown oil. The o0il was recrystallized three times from hexane.

25 Ligand B was obtained in a yield of 1.1 g (12% of theory).

Example 3 (comparative example)
Synthesis of ligand CLA (comparative ligand) and storage at room
temperature
30
Comparative ligand CLA was prepared as described by K.G. Moloy et
al., J. Am. Chem. Soc. 117, pp. 7696-7710 (1995). The synthesis
leads to a clean product having a 3!P-NMR chemical shift of
+79 pbm {CeDg}. After storage of the compound under argon for five
35 days at room temperature, an appreciable dark coloration was
observed. After eight weeks, a tar-like compound which could no
longer be used as catalyst was formed.

Example 4
40 Synthesis of ligand C

"Using the method of Maverick et al. (Inorg. Chem. 36, 5826
(1997)), 66.7 g {240 mmol) of 1,8-dichloroanthraquinone, 113.3 g
(1.12 mol) of KBr, 3.3 g (50 mmol) of CuCl; and 113.4 ml of 85%

45 strength phosphoric acid were suspended in 500 ml of nitrobenzene
and the water was distilled off at 200°C. The mixture was
subsequently refluxed for 72 hours. After cooling, the solid



Ligand C was obtained in a yield of 1.6 g (23% of theory). Exanple 5 5
Hydr of ornyl ation of a butene/butane m xture using ligand A 3.0 ng of

Rh(CQO) 2acac and 75 ng of ligand A (57 ppmof Rh, [Iigand/rhodium rat”) 005
10/1) were wei ghed out separately, each dissolved in 5 g of toluené€ éﬁié&
and treated at 120C with 10 10 bar of 58ynthesis gas (COH2 = 1:1). After 30
m nutes, the mxture was depressurized, 11 g of butene/butane m xture (45%
of 1-but epeodd®Povefs Zakeh eme, inl Mchbnblt ane sl chebeoid@ianien)] echpskanrd a

reaction p&ssa»sf@eggf 220 PAERIRS, S8l aaét&?@CAbyaﬁ@%@f»xmreCQfHZ (1:1). After
4 hours, the,a rcén?o‘é%tw?gqgeﬁ‘é & 1"5%01%‘00 INCOL %g tlhra ndggLh, Leaction

products (réac or SR i gas
chr onat ogrQBFl?lnel‘hemcém‘fé?% o‘#ocﬁﬁ Hut( éﬂ%s %&é’eoﬂa t he al dehyde sel ectivity

was 96% and the linearity was 95% (Linearity: ratio of n-al dehyde to all
al dehydes toreeg ¢65l@0p1300EXEBHdEbE oklyahi i r@igiy hahé oreref sasbuhes®/fhut ane

(fofqﬁre Ufbﬁgdﬁir ﬁ@f‘%e@hﬁn@l n&a@:}eo% Cp)_g?q;c 96@%%19)a;&t fbsh) egﬂéc}:@ Baed Ppm
di ssol ved gg i’é rfd o ue%e m Xeq \/\g %‘?ueea{lttg ? a% ¥’°C ‘ji‘ k?ar of

synt hesi s §94r§ cIhe mxfu{? wag Ponrsd ARtRItE0 MRt YRSt &Férﬁﬁg and

depr ess0i faditendd ginglerbuedwedd praseune xtThee spa580wfs sbhsegeartlyi0% of
2-butene, $bSpeddditianes) MErEE tItensthgegitehydpdehldici driastiar endascirred

hydr of or nyLat egects ok2QG a0 2Q Rar fRicy JH:O%§ omtk B@%Jﬁoﬂf{&é&ﬂ o%k butenes

8¢ | d h 9
Plosd m?l (f7t p&g?ofle@é{l %dsgkggén#f’é%a‘é’ﬁ %? a%@u& pel anaﬁ%lr'n;éé ete %éld?’S 6.0

nmg of Rh(CHRSathtr Wi'ﬁg %fg 9%y gﬁa B8 J(“1 p’fﬂ'n lRﬁPrOP?@%ﬁcfltr f38F um =
10/ 1) we‘lrb'e (wefb%bl oot 3skpurat ehr@ugéacho glipds efvécby reddigignodf tdbillpdse,
m xed and hydatelaticl@OCdw filtek@dbarf ofitdymuhesos gab weebetl2withl: 2). After

30 mi nut eswat;a_e 40, ernmwbﬁomﬁ%@hes‘wg | afGhinBa2ig Plyikubepe/ bytare m xture
(UN0) e ut ene, (UN0) ut anes were then | nj ecte an
(45% of gggﬁorl ?be 15% of b ) h d and

t he mxture was nyl ated at 100C and 22 bar for 4 hours.

20 100 g (298 mmol) of 1,8-dibromcanthracene and 0.63 g (4 mmol) of
p-tert-butylcatechol were dissolved in 800 g of toluene and
treated with 45 bar of ethene in an autoclave for 5 minutes. The
mixture was subseguently stirred at 150°C for 3 days. The reaction
mixture was extracted with 10% strength agueous sodium hydroxide

25 and washed with distilled water. The organic phase was separated
off and evaporated. The residue was recrystallized twice from
methancl. 1,8-Dibromomethanocanthracene was obtained in a yield of
60 g (55% of theory).

30 5.2 g (38 mmol) of PCl; and 5.1 g (76 mmol)} of pyrrole together
with dry tetrahydrofuran were placed in a reaction vessel at -78°C
under argon. 11.5 g (114 mmol) of triethylamine were added and
the mixture was stirred overnight at room temperature. The
resulting precipitate was filtered off and excess tetrahydrofuran

35 and triethylamine were distilled off. The residue wag taken up in
toluene and filtered. The solution was stored.

4.8 g {13.3 mmol) of 1,8-dibromomethanoanthracene together with
150 ml of dry tetrahydrofuran were placed in a reaction vessel at

40 -50°C, and 12.3 ml of a 2.5 molar n-butyllithium sclution in
hexane (30.6 mmol) were subsequently added and the mixture was
stirred at -50°C for 2 hours. At -709°C, this mixture was added to
the previously prepared solution of bispyrrolylphosphorus
chleoride in toluene, resulting in the temperature rising to -50°C.

45 After stirring for 1 hour, the mixture was evaporated and the
solid was taken up in dichloromethane, the mixture was filtered,
the filtrate was evaporated and the residue was stirred with



The conversion of butenes was 85% the al dehyde selectivity was 89% and the
Tinearity was 99% 45 2 7 SEP 2005 60 Exanple 8 Hydrofornyl ation of 22713Fp%[g§§
using ligand B 3.6 ng. of Rh(CO) 2acac and 162 ng of ligand B (116 ppm.o ,
5 ligand/ rhodium = 10/1) were wei ghed58ut separately, each dissolved in 7.5
g of toluene, mxed and treated at 100C with 10 bar of synthesis gas (CO H2
= 1L 2%-h Af hekamd. MiheUpbesdudiGrasiri it ¥ES AP EeER Uk @bt hand1 J ode-2 tZ)UL ene
were then n ure rof.0 an ar
for 4 10 h%gér’%% #é"agoﬁ?/%‘r?%‘%gn)&t& =5y u?de%p\}éfg % /%?4% ﬁ"gf g‘%ﬁé}g%e

sel ecti vi té was 92% and the linearity was 95% Exanple 9 Hydrofornylation of
1- oct ene uB¥#WPi8 gand B 15 0.8 ng of Rh(CO) 2acac and 20.7 ng of |igand B~
(60 ppm &f BRirofdrinydatdiomogi wmbutéié IPutweree mietghedusittg dépandtrel y, each
dissolved in 1.3 g of toluene, mxed and treated at 100C with 10 bar of

synthesis gag (OQ %hggéhz cac”bh8" 75 o'}“tl‘.%ﬁané he 0‘%9 ﬁhfﬁtﬁf RS

depressuri zed, ) -octen re theni, egte a the. m'xture was
hydr of or my L 29RE7 0%65’@: s el gﬁ%? ofe# “Fdree SHe W@FE%XST]_ SR5E 98% the
al dehyde s@ieeeivad ynwhsg g3bstodigne hanixeteandt yropted s 17AEC pridhorti on of
a-i sonen® (0-bvanafalsyntheéesimaaznald: s 100% KRbtdxatphenided camear ati ve

exanpl e) HydiofQf Rasabibpresfurlizeat eNg ¢dNBueeNPAL R dnée rik8ars @sA 8£9 ny of
|Rh< cO) 2aca§,m_r?e,nq f%f of ORALRLEY €14 w%u%éeg?%&pemtﬁ%g. ofifMed ana

i gand/ r hodi um = 10/ %_ wer e V\%It% ég out sesparate Y egc | SS fv§ /I nl5g
of xyl ene, 2nFSRTFERa PEPRRIRR OFt “PoBRE Wit =efo2hat 28 DynPRRT L1358/ Fvo 12 =

1:1). Afted13D) niAffess? Boirs nitheupetoR WfeprEsEertek¥iazapceldftrAPoct ene
wer e t ha®d bng eodtdd reantioheuridactis e ( v ttopd rofiocoid atreg )atve 80 Grearly z&0 bar
for ﬂ by means of gas chromatography. The conversion of butenes was
47%, the aldehyde selectivity was 96% and the linearity was 95%.
(Linearity: ratio of n-aldehyde to all aldehydes formed x 100)

20 Example 6
Hydroformylation of a butene/butane mixture using ligand B

3.0 mg of Rh(CO),acac and 79 mg of ligand B (57 ppm of Rh,
ligand/rhodium = 10/1) were weighed out separately, each
25 dissolved in 5 g of toluene, mixed and treated at 120°C with
10 bar of synthesis gas (CO:H; = 1:1). After 30 minutes, the
mixture was depressurized, 11 g of butene/butane mixture (45% of
l1-butene, 40% of 2-butene, 15% of butanes) were then injected and
the mixture was hydroformylated at 120°C and 20 bar for 4 hours.
30 The conversion of butenes was 58%, the aldehyde selectivity was
97% and the linearity was 94%.

Example 7
Hydroformylation of a butene/butane mixture using ligand B

35
6.0 mg of Rh(CO)zacac and 161 mg of ligand B (112 ppm of Rh,
ligand/rhodium = 10/1) were weighed out separately, each
dissolved in 7.5 g of toluene, mixed and treated at 100°9C with
10 bar of synthesis gas (CO:H; = 1:2). After 30 minutes, the

40 mixture was depressurized, 6.2 g of butene/butane mixture (45% of
1-butene, 40% of 2-butene, 15% of butanes) were then injected and
the mixture was hydroformylated at 100°C and 22 bar for 4 hours.
The conversion of butenes was 85%, the aldehyde selectivity was
89% and the linearity was 99%.

45



35 hours. The conversion was 79% the al dehyde selectivity was 81% and the
linearity was 83% The proportion of a-isoners (n-nonanal + isononlaEp @S
99% Exanple 11 40 Hydrofornylation of 1-octene using ligand C 0.9 ny of

Rh(CO) 2acac and 18.5 ng of ligand C (66 ppm of Rh, Iigand/rhodium= 10/1)
were wei ghed out separately, each dissolved in 1.5 g of di phenyl ether,
m xed and fé;j Bat 100C 45 with 10 bar of synthesis gas (COH2 = 1:1).
After

m Xt ressur.i ze 3.0 of 1l-octene were
then inj e::nf'é!a g?f'd“yt é‘lﬁpx?ﬁré 1"\}%gnﬁy PHIOrMACRER at g%OOC and 10 bar for 4
2 7 SEP 2005 61 hours. The linearity was 98% and the proportion of a-isoners
(n-nonanal 3+6i sprU&RBACY ) yecncl @D 16X anplod 12gand Hydridf ppmydfitRon . of =
2-oct ene sugiggnd/ gddufe & 1O/ Of WRreCRd 2eKaT o@mdséaﬁrmqu lalaaﬁnd C (119 ppm
of Bh, LT gandbidiedisnmy s 10/dg AL AR Qi PPA @c%%g:yaoﬁ@& idli ssol ved

in5g of and tre nthe5|s gas
(COH = 1E§)baﬁf‘§ F’Y§ggﬁfh%t%a§ 6l’#ﬁéﬂzm itgge%?rd r&%EB'F?Ez'ed‘ ®10 g of
2-oct ene V\/@#étlﬁ%ﬂ“alsnjdéﬂéﬁs“%dtrhé - B Xt @-RaSeRy dreFeotheh al RIPA©4100C and
10 bar for add tieunmsixtilme vasdardriofonmgl®89d aitd 10DeC @Emdpdet ban ffr &-1 soners

(ngno]parx@l héui‘§0nﬂféaf '&@hir?i‘\élﬁorﬂ-Q:Q%z-ﬁﬁtE%@Wseﬁs (aoémd CrLd%h' ue exarrFl e)

r of or my - < c "ARY | ng o
%(C@Zaca%g%%%ﬁﬁzwggc%%a&r% :%{S}g ?%%%Q&Aa%%g@ppm 20 of Rh,

| i gand/rhodi um = 10/1) were wei ghed out separately, each dissol ved in1.5¢g
of xyl ene, EfpRRYe ghd treated at 100C with 10 bar of synthesis gas (COH2 =
1:1). Afteﬁyaﬁommnlas;,ionh@f Jrocttene wesngldpoessuBi zed, 3.0 g of 2-octene
were thams injected and the m xture was hydrofornylated at 100C and 10 bar

for "4 25 hgugsy Tct&eamatojg;aﬁdwawasﬁ%mgt ke alidehyde @@l gohivé tséﬁ was 44%
and the gL g)’rh‘%%iu%l 15 RIQROLLE Al Plou? LEJLRI %)) Dopgnal
dissolved in 1.3 g of toluene, mixed and treated at 100°C with
10 bar of synthesis gas (CO:H; = 1:1). After 30 minutes, the
20 mixture was depressurized, 2.5 g of l-octene were then injected
and the mixture was hydroformylated at 100°C and 10 bar for 4
hours. The conversion was 98%, the aldehyde selectivity was B83%
and the linearity was 98%. The proportion of o-isomers (n-nonanal
+ isononanal) was 100%.
25
Example 10 (comparative example)
Hydroformylation of l-octene using comparative ligand CLA

0.9 mg of Rh(CO)acac and 8 mg of comparative ligand CLA (60 ppm
30 of Rh, ligand/rhodium = 10/1) were weighed out separately, each
dissolved in 1.5 g of xylene, mixed and treated at 100°C with
10 bar of synthesis gas (CO:H; = 1:1). After 30 minutes, the
mixture was depressurized, 3.0 g of l-octene were then injected
and the mixture was hydroformylated at 80°C and 10 bar for 4
35 hours. The conversion was 79%, the aldehyde selectivity was B1%
and the linearity was 83%. The proportion of o-isomers (n-ncnanal
+ isononanal) was 99%.

Example 11
40 Hydroformylation of l-octene using ligand C

0.9 mg of Rh(CO)zacac and 18.5 mg of ligand C (60 ppm of Rh,
ligand/rhodium = 10/1) were weighed out separately, each
dissolved in 1.5 g of diphenyl ether, mixed and treated at 100°C

45 with 10 bar of synthesis gas (CO:H; = 1:1). After 60 minutes, the
mixture was depressurized, 3.0 g of l-octene were then injected
and the mixture was hydroformylated at 100°C and 10 bar for 4



+ i sononanal ) was 85% Exanple 14 (conparative exanple) 30 Hydrofornyl ation
‘of a.butene/butane m xture using conparative Iligand CLB 6 ng of Rh(f:p)sgpq@t}
and 96.5 ng of conparative ligand CLB (102 ppm of R i, |igand/rhodium=
6/ 1) were wei ghed out separately, eac#l35 dissolved in 5 g of xylene, m xed
-and treated at 110C with 20 bar of synthesis gas (COH2 = 1:1). After 30
m nut es, tRheurd Xihet 1MASar HBPWASSHEL Z&tH the. frépoft il eFesbuiamasm xture
(45% of 1-byt na140% 98n ANt §NGas 1BPH0f butanes) were then added and the
m xture was hydrofornylated at 110C and 20 bar for 3.5 hours. The 40
conversi on_of butenes was 50% the al dehyde selectivity vias 100% and the
linearity W@ ®%012The unreacted ol efin consisted exclusively of 2-buteng,
i.e. onl$§ Ehérdfdnnydabiom ath@-prkene eusings ligand edl. 45 Conparative |igand
CLB was prepared as described in Angew. Chem 111, 349 (1999). 2 7 SEP 2005
62 Exanpl e i f. Li,ga 2 I P nd 12.7 76
ol eg 1y (S Rhhes) s a\i;mﬂtﬁg%?(f >f lggﬁedd“(tqétbrgém SR g (

mol ) of carbaz t,0geth .. af ydrofuran (THF) were
pl aced in gf%‘a’? §§°f_iéﬁmv'é§;{)e/ll)a{”e¥%5‘ﬁw rogﬁg%‘?‘ﬁarffe yg 49% nmol) of
tri et hyl anfhesqlsted afdedd tf tRiLyehe x U@ danadt Reeates fito ARG MiHE  was
stirredlOved mghtofasynbioes iemper 4COrky =The2 pr eltEirt 30emioues) thas filtered
of f from thextirplivdsr aagtesuriizsti|ir 80 UNGAE 2Le8t6rsl wetlee88Uf eimjuttencess THFE
and triet hy) amne Meke digld Ihé,e&io@a;myﬂacke@%legl@%%f adh 2o LSLPE Rt Yre of 60C.
The residu Vas %@Eegig&}ﬂ W0 "Bgs?fa tdoltkjjene gnd Jsemai ni ngitéleetshyl am ne
hydr ochl or 8% Swhi preci pit A0&d” was™ 1 T8r BE BT OMh 8 s BT titT"5H “obt ai ned
was st or ed (PTRRRANEL Fpatonadeddetas (f%er. 15 5 g (13.3 mol) of

1, 8-di bABno- 3, 6-di -tert-butyl xanthene together wth 150 ml of dried THF

wer e: pl aceHxample neagtovpanasvel eabmp)C under argon. 12.3 m (30.6 mmmol)

of a 2.5 np{@foftmytibeio®lomoekybhé thdiHg cBmPpaxA B AMeHGanddech dr opwi se and,
after the addition was conplete, the m xture was stirred at -50C for

0.9 mg of Rh(CO)acac and 8 mg of comparative ligand CLA (60 ppm
20 of Rh, ligand/rhodium = 10/1) were weighed out separately, each
dissolved in 1.5 g of xylene, mixed and treated at 100°C with
10 bar of synthesis gas (CO:Hs = 1:1). After 30 minutes, the
mixture was depressurized, 3.0 g of 2-octene were then injected
and the mixture was hydroformylated at 100°C and 10 bar for 4
25 hours. The conversion was 74%, the aldehyde selectivity was 44%
and the linearity was 51%. The proportion of a-isomers (n-nonanal
+ isononanal) was 85%.

Example 14 (comparative example)
30 Hydroformylation of a butene/butane mixture using comparative
ligand CLB

6 mg of Rh(CO)j,acac and 96.5 mg of comparative ligand CLB (102 ppm
of Rh, ligand/rhodium = 6/1) were weighed out separately, each

35 dissolved in 5 g of xylene, mixed and treated at 110°C with 20 bar
of synthesis gas (CO:B, = 1:1). After 30 minutes, the mixture was
depressurized, 13.4 g of butene/butane mixture (45% of l-butene,
40% of 2-butene, 15% of butanes) were then added and the mixture
was hydroformylated at 110°C and 20 bar for 3.5 hours. The

40 conversion of butenes was 50%, the aldehyde selectivity was 100%
and the linearity was 95%. The unreacted olefin consisted
exclusively of 2-butene, i.e. only the l-butene in the mixture
was reacted.

45 Comparative ligand CLB was prepared as described in Angew. Chem.
111, 349 (1999).



20 another 2 hours, resulting in formation of a precipitate. This solution
was subsequently added at -70C to the previously prepared tol uene $ﬁﬁ i
The tenperature of the exothermic reaction was kept bel ow -50C by ' @
After stirring for 1 hour, the reacti 6@ nm xture was evaporated under reduced
25 pressure, the residue was taken -up in dichloronethane, evaporated again
and stirredxamnpee EHldistynéheois hexangandhp)resulting solid was
recrystallized twice fromhot nmethanol. Pure ligand D, which displayed a
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and the-m xture was hydroforrryl ated at 100C and 10 bar for 4 hours. The

conver si¥hn Swas (9894 mned ) apéehyfrdidaomet 3 vf 1A ks tSoos pinanthens togatherty was
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20 another i hours, resultlng in formatlon of a precipitate. This
solution was subsequently added at -70°C to the previously
prepared toluene sclution. The temperature of the exothermic
reaction was kept below -50°C by cooling. After stirring for
1 hour, the reaction mixture was evaporated under reduced

25 pressure, the residue was taken up in dichloromethane, evaporated
again and stirred after addition of hexane. The resulting solid
was recrystallized twice from hot methanol. Pure ligand D, which
displayed a singlet at +125 ppm in the 31P-NMR (CDCl;3).

30 Example 16 (comparative example)
Storage of comparative ligand CLC at room temperature

Comparative ligand CLC was prepared as described in US 5,710,344.
The synthesis leads to a clean product having a 31P-NMR chemical

35 shift of +69% ppm (CgDg). After storage of the compound under argon
for 10 days at room temperature, an appreciable dark coloration
was observed. Examination by J!P-NMR showed a ligand degradation
of 20%.

40 Example 17 (comparative example)
Hydroformylation of l-octene before storage at room temperature

1.6 mg of Rh(CO)zacac (dicarbonylrhodium acetylacetonate} and
36.9 mg of comparative ligand CLC (106 ppm of Rh, ligand:metal =
45 10/1) were weighed out separately, each dissolved in 1.5 g of
Palatinol-AH® (phthalic ester of 2-ethylhexanol from BASF
Aktienges.), mixed and treated at 100°C with 10 bar of synthesis



100C with 10 bar of synthesis gas (COH2 = 1:1). After 30 m nutes, the

‘m xture was depressurized, 3 g of 1l-octene were 15 then added by nﬁinﬁg&b a
syringe and the m xture was hydrofornylated at 100C and 10 bar for 5
The conversion was 20% the al dehydeggel ectivity was 5% and the linearity
was 71% The selectivity to internal octenes was 95% 20 Exanple 19
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was hydr af aihyhaeited wats 399C Thed s22ebaivityr t4 hovesnallhetenesvedsiqas.was 25%
t he al dehyde selectivity was 92% and the 30 linearity was 45% Exam nation

of the reag%agwrl%dgggpg&% ducfﬁé\f 1\INR showed no degradation products

of the lig ure was a yel |l ow honbgeneous
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t he hydrofornylation; in the case of the substituted pyrroles, a red
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col or changé W%eﬁbédﬂlXWﬁat feprappuzipedVed meﬁeé ﬂ@tmﬁgm&t i on
product 45 2hén Ske2D0y Hdakx anfplae sZiityelr ahdr elie abixauref wdshexene using

l'i gand E 5h¢dapsis imyRat6®) 2acrmoangnd 7o BaxOkol | ganshrs. (@93 MO 1Bh, 5
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71%. The selectivity to internal octenes was 95%.

20 Example 19
Hydroformylation of 2-butene using ligand D

6.0 mg of Rh(CO)zacac and 238 mg of ligand D (117 ppm of Rh,
ligand:metal = 9/1) were weighed out separately, each dissolved

25 in 7.5 g of toluene, mixed and treated at 100°C with 10 bar of
synthesis gas (CO:H; = 1:2). After 30 minutes, the mixture was
depressurized, 5.3 g of Z-butene were then injected and the
mixture was hydroformylated at 100°C and 22 bar for 4 hours. The
conversion was 25%, the aldehyde selectivity was 92% and the

30 linearity was 45%.

—

Examination of the reaction product mixture by 31P-NMR showed no
degradation products of the ligand. The reaction product mixture
was & yellow homogeneous solution. In the case of ligand B, a red
35 precipitate was observed after the hydroformylation; in the case
of the substituted pyrroles, a red precipitate was not cbserved.

Example 20
Experiments on the stability of ligand D
40
Ligand D was dissolved in CH,Cl; and washed with warm water in the
presence of air. No color change was observed. Examination by
31p-NMR showed no degradation products. The ligand was
subsequently stored at room temperature without protection from
45 light for four weeks. Here too, no color change was observed.
Examination by 3!P-NMR showed no degradation products.



in 7.5 g of toluene, mxed and treated at 100C with 10 bar of synthesis gas
(COH2 = 1:2). After 30 mnutes, the m xture was depressurized, 5 g,6f ?
3-hexene were then injected and the m xture was hydrofornyl ated at %2@6% 05
and 12 bar (COH2 = 1:1) for 4 hours.640 The conversion was 58% the

al dehyde selectivity was 87% and the linearity was 98% Exanple 22

Hydr of or maairipoe @i 1-octene using ligand E 15 5.1 ng of Rh(CO 2Zacac and 342

my of |igmr%fG}HQIMBrpfofRahheJ(ér@%lﬁEt Mogand®¥ 1) were weighed out
separatel y,” each d| sso ved in5 g of Pal ati noI AH(r) m xed and treated at

100C with 10 bar g%{\t hesi s gas _(CO After 60 m nutes, the
m xture was 426'9d8§r%1§ J22E8C awe ol 74t mg- BEt%%Fe‘H’férPH“hPécFBd and the”

m xt ur e vasidapdroebalng £f/dd werd 2g0@hedd o020 $epara€eli? eadh Biskolve@ hours.
The conversi (msv\@SOﬂOlﬂ%uetnbe aidehygirl sekacéd vdd N ooes wikdn@ndathes |l i nearity

was 95% 25 frxaup d%dj 59" 01 104l h2Repla@ nlieae! %@%x@hi‘é%@s usi ng

faas %alae’iﬁﬁ ;Es Lo I30cEeh ShORROh: hure

| i gand: rret%ﬁprngfﬁfﬁe
of tol uené’@sityey Oéﬂ’ﬁ“ifltaé’o?@eé at2Q%peedwi ? Pam (K¢ Bof= lsynt Resi & hpaws¢co H2

= 1: 2) . 1\fTher cB®@varsikresvast 8% i Kitarad dehgde depleessuityedas 373 ehd the

but ene/ but aile iy Ukes (98%% of 1-butene, 40% of 2-butene, 15% of butanes)
were then injected and the m xture was hydrofornylated at 1200C and 17 bar
(COH = ]Eéi for hours. 35 The conversion of butenes was 91% the

al dehyde s t| Vi was 100% and t he Ilnearlt was 91% Exam nation of the
reaction ﬁlfﬂflﬁ’éf’rﬁi’iﬁfrcé‘ 5 3TCRRAEe WSdREdL PN &Egr adati on products of the

| i gand.18he reaction product m xture 40 was a yell ow honbgeneous sol ution. A
red preci (B llamg WASRIMEIO)abseramil. 34Ehagexperigapdt EWps00 gipgab&drhn t he sanme

autocl ave pighnd@akal he B8 (esdlldeighedlodt HdPpat@Pa1$P each dissolved
in 5 g of Palatinol-AH®, mixed and treated at 100°C with 10 bar
of synthesis gas (CO:H, = 1:2). After 60 minutes, the mixture was
20 depressurized, 10 g of l-octene were then injected and the
mixture was hydroformylated at 120°C and 20 bar (CO:H; = 1l:1) for
2 hours. The conversion was 100%, the aldehyde selectivity was
79% and the linearity was 95%.

25 Example 23
Hydroformylation of a butene/butane mixture using ligand E

5.0 mg of Rh(CC)zacac and 170 mg of ligand E (94 ppm of Rh,
ligand:metal = 10/1) were weighed out separately, each dissolved

30 in 6 g of toluene, mixed and treated at 120°9C with 10 bar of
synthesis gas (CO:H; = 1:2). After 30 minutes, the mixture was
depressurized, 9 g of butene/butane mixture (45% of l-butene, 40%
of 2-butene, 15% of butanes) were then injected and the mixture
was hydroformylated at 120°C and 17 bar (CO:H; = 1:1) for 4 hours.

35 The conversion of butenes was 91%, the aldehyde selectivity was
100% and the linearity was 91%.

Examination of the reaction product mixture by 31P-NMR showed no
degradation products of the ligand. The reaction product mixture

40 was a yellow homogeneous solution. A red precipitate was not
observed. The experiment was repeated in the same autoclave and
gave the same result.

45



Exanpl e 24 Experinments on the stability of ligand E LigandE was di ssolved in
-CH2C12 and washed with warmwater in the 5 presence of air. No col TH%EEam&e
was observed. Examni nation by 31P-NVR showed no degradati on products

l.igand was subsequently stored at ro&Bntenperature without protection from
l'ight for four weeks. Here too, no color change was observed. Exam nation
by 31P- NV sh@yed2g0 degradation products. 10 Exanple 25 Reaction of |igand

E with aci f gand E in toluene was heated
to 15 100%%#1@%&%%céﬁ?%%%aétsksgl%t%fﬁﬁ%wf or 4 hours. A 31P.NR
spectrum of the yell ow, honobgeneous reaction m xture was - subsequently
measur ed. Mamda@e!e’aéfd%ﬁﬁﬁ]éﬁﬁ’ét iBnCEaCdduerd washed watihdwarxp vekgrpie the -
React i ons ofrddegaedof aith Nu collort dleanyee sencebodrwat.aEyainsnat gantyE t oget her

wi th Rn( C0jipagag ymeeddln%saég@@halﬁotnobysa@c@d rhet hE&&ck Qg night in air at
r oom te”peélﬂ%déégg:gn@i?"%f@é 1ebyogh SLEMIR, SHONeG, 0 ag,rasgg%dmdl gl | gand

had been o0X] I OXIi
m xture wast@faitf* g?w r'&tF eFﬁF@h‘E""at NP6 2% u‘r”é BEFHVESEi on by
31P- NVR skeamsdiattian bne’ ‘8-SR gehapes sengeenasiar igncheediats -From t hi s
experineat, it can be seen that although ligand E can, like all 30
phosphorusE,k' rRA3s be oxidized in the presence of netals and air, the

oxi des for n ive troubl esome degradation
products. t %n gg %%?ﬁ/dr o%?rry %fc}sgn of a butene/butane m xture using

l'i gand F Li gand F di splays a singlet at +105 ppmin the 31P-NVR (C6D6). 5.9
my of Rh(CH) Zacddraaan1boliag glove eae Bigepd Hpr dolmade 4¢r% ihgangdne®al =
10/ 1) wesel@HiCgeth okl (XBparat eind agaebusli Bx$0L veok 4 monrs. ng?lpt-uMMene

m xed and $peaireh af 4ROGeNloh, lRohederousSyQANESdrS mdasutéEXd® = 1:2) . After

60 M nut s NeyBnX YT fe fireddORb ESSMd? 8¢ afgrthdhtQbnPPL 8GRI ALLRRE M xture
(45% of 1- ut ene,

g

20 Example 26
Reaction of ligand E with air in the presence of catalysts

Ligand E together with Rh(CO)sacac were dissolved in toluene and
stirred overnight in air at room temperature. Examination by

25 31P-NMR showed that 100% of the ligand had been oxidized to the
dioxide. H3PO,; was subsequently added and the mixture was again
stirred overnight at room temperature. Examination by 31P-NMR
showed that the dioxide was completely unchanged. From this
experiment, it can be seen that although ligand E can, like all

30 phosphorus ligands, be oxidized in the presence of metals and
air, the oxides formed do not react further to give troublesome
degradation products.

Example 27
35 Hydroformylation of a butene/butane mixture using ligand F

Ligand F displays a singlet at +105 ppm in the 31P-NMR (CgDg}-

5.9 mg of Rh(CO)zacac and 158 mg of ligand E (106 ppm of Rh,

40 ligand:metal = 10/1) were weighed out separately, each dissolved
in 7.5 g of toluene, mixed and treated at 100°C with 10 bar of
synthesis gas (CO:H; = 1:2). After 60 minutes, the mixture was
depressurized, 5.9 g of butene/butane mixture (45% of l-butene,
40% of 2-butene, 15% of butanes) were then injected and the

45 mixture was hydroformylated at 120°C and 20 bar (CO:H, = 1:1} for



40% of 2-butene, 15% of butanes) were then injected and the 45 m xture was
‘hydrofornylated at 120C and 20 bar (COH2 = 1:1) for 27SEP2005 66 4 hours.
The conversion of butenes was 87% the al dehyde selectivity was 909 Eﬁﬁ?ﬁdﬂ?
linearity was 94% Exam nation-of the reaction product m xture by 3IP-
showed no 5 degradation products of ¢6e |l i gand. The reaction product

'm xture was a yell ow honbgeneous solution. A red precipitate was not
observed. TheouwngpeFhaepenvers oapeht ketenest wessdnk, ditcoelldekydand gave the
sane resul teldd imiagplkes 280 Camidi Bheubidvatieloway| ®49.0n of 1-octene using
ligand E In a_continuously operated apparatus conprising an autocl ave,

pressure separ.ator. | pe, i o] I ed__at nd 15 m xi ng
vessel , 1-%@ e'ﬁle'—"1 v{(/ggv%%)d&o% (#F%l%ggﬁoé%i/&%aﬁgﬁéﬁesyrﬁ ﬁle%#@@ gsggwf%:dchZ =
1:2) at 32200TadfdignpPERUAE GF 3B pHiIAPFO0 TRRNT SACT IR, PEPERF MetdFeratio =
20:1). Avevaged yedépwahereedengoyfs solukion. fhred apfenipidebetwamsiogbt ai ned:
conver si onobsdxifigd. @hdedymstar isehecvayitepeat@din | tie anky aFtEllaveOsad t he
entire 205p8L i sBRetAe&dyaddi tional rhodi um nor additional ligand was
added. After the end of the experinent, a honbgeneous, |ight-yellow solution
was present. Unspecific |ligand deconposition could not be detected. 25
Exanpl e 199E®RY5e<Ps of ligand G 15.6 g (118.9 mol) of 3-methylindol e

(1'i gand G Cemtrinugiussbygxreifonmylsfdony of I-olchene wsinmdrigaedper at ure and
cooled to -75C. 30 Firstly 56.9 g (563.4 nol) of triethylam ne and then 8.14

g (59.4 My} )a HonREh3oHEIE cpeRacayetliAddedohyr /B3RS aff adMdvage. The
m xture ééf%“k’ey §’5 ]{OJngI-P %?{Iﬁ%rv%g%gtépd oretRE EGUENt ppob gt L tixed for
16 hours. 13 %? ; of -~ xart henegrof - wer &t nen added at { oom
Lenper airBLEDE, vBREHLnol IF LEBS AT GIYRRI ORTULETRS /A PERES |26 PEEPERLY
over ni ght . 9Fhel CQ:Ep eT hy1 Amidite LAY GaXl 8r PERSTWiemed 4R sP4y | t1€PeBPBfFL and
washed onRk, viitdantiometalk.raificer 20abpr avieoaged d¢ver @r ganicd pifases, the

10 days, the follow result was obtained: conversion = 61%,

aldehyde selectivity = 60%, linearity = 84%. Over the entire

20 period, neither additional rhodium nor additional ligand was

added. After the end of the experiment, a homogeneocus,

light-yellow seclution was present. Unspecific ligand

decomposition could not be detected.

25 Example 29
Synthesis of ligand G

15.6 g (118.9 mmol) of 3-methylindole (ligand G) were dissolved
in 400 g of toluene at room temperature and cooled to -75°C.

30 Firstly 56.% g (563.4 mol) of triethylamine and then 8.14 g
(59.4 mmol) of PCl; were subsequently added by means of a syringe.
The mixture was slowly warmed to room temperature and
subsequently refluxed for 16 hours. 13.7 g (38.8 mmol) of
xanthénediol were then added at room temperature as a suspension

35 in toluene and the mixture was refluxed overnight. The
triethylamine hydrochloride formed was filtered off and washed
once with toluene. After evaporation of the organic phases, the
residue was taken up in dichloromethane and washed through a
4 x 20 em Silica 60 column using 300 ml of dichloromethane. The

40 washing solution was evaporated and 100 ml of methanol were then
added, forming a white sticky mass from which the solvent was
separated by decantation. After stirring with pentane, the
product was obtained as a fine white solid in a yield of 64%.
(31P-NMR: 105 ppm).

45



resi due was taken up in dichloronmethane and washed through a 4 x 20 cm
Silica 60 colum using 300 m of dichloronethane. The 40 washing \Sﬁféﬁfpﬂl
was evaporated and 100 ml of nethanol were then added, formng a it 05
sticky mass fromwhich the solvent waé7 separated by decantation. After
stirring with pentane, the product was obtained as a fine white solid in a
yield of 64%amp(813 NVR: 105 ppn). 45 2 7. SEP 2005 67 Exanple 30

Hydr of or ny ene/ I &g of

Rh( C0) 2ac At ape T s hep! gﬁhﬂ‘%fm%%“ﬁé’*ﬁ‘ﬁﬂ?%ﬁgﬂ. B ageand £ 0 1)
wer e wei ghed out separat elagl each dissolved_.in 6. %ﬁf ‘tol uene, m xed and
treated at 4180%36% RPIGODaRCaT andy hbhdeg §fgé§9€@ﬁ)q'-|2( prp)of &hwer 30 ol

m nut es, 5t Regandingt@lweas 10deprwsssumieighled 03 gephrotrlehe/coghadessnivedre (45%
of 1-butenen 640% &t Z:Flluégéﬁ m:J;ﬁa%l ahdbui cars) aﬁeneodgmthniemad o&nﬁ the 10
m xture wa f t= a a ours.
The conver§ g%ﬂ%%{& %ngbé Hza 9%1?9% h%‘ﬁtﬁgﬁ éﬁ% egpfvfnﬁt&g 100% and

t he |inear CEY* R ISR E§a §n§§/ﬁ W&eygllﬁuf? geind A %V\E“tge( "Sa2rmol )

of 5-met hyBPRdef e vettengi s gf\ﬁéﬁjhuﬁaﬁei) d’ferteolthéﬁewi%ﬁmdté et ure and
cool ed 119 ®SLtuFe reas ynyE28fgrniyil a22Anet ) bI0ACr red hyd ab’arnecanﬂz t=hen116f6y

(120. 4 nmml) pPéHuRCIIN0 cvRvEr Siths eFuBhtéred@edoby, MBaNS1@khpdsyri nge. The

m xture wa e dg$ibsequently stirred at
90- 100C for§ lééﬁou%écsﬁwfgego“) A0 hk ?P%@Eﬁ ﬁg%ediﬂ(;'l were then added at

roomtenperature as a suspensmn in toI uene and the mxture was stirred
over ni ght Exagplacic. The triet hyl am ne 25 hydrochloride fornmed was filtered
of f and WeaShethesice ofi thgand|Hiene. After evaporation of the organic phases,
-the residue was taken up in dichloronmethane and washed through a 4 x 20 cm

Silica 60 g8l gy Usingmbly €8f 2ntnethyPOhldNSeE di sl WemBhhane.of The

washi ng sol.yy |, O V@S r%\éﬁp%lﬁﬁ&dat%'}@ 108 fdorda WE DAY, ¥8LEr1y 123 ¢
(1 222 mol) of triethylamine and then 16.5 g (120.4 mmol) of PClj

20 were subseguently added by means of a syringe. The mixture was
slowly warmed to room temperature and subsequently stirred at
90-100°C for 16 hours. 19 g (52.5 mmol) of xanthenediol were then
added at room temperature as a suspension in toluene and the
mixture was stirred overnight at 90-100°C. The triethylamine

25 hydrochloride formed was filtered off and washed once with
toluene. After evaporation of the organic phases, the residue was
taken up in dichloromethane and washed through a 4 x 20 cm
Silica 60 column using three 250 ml portions of dichloromethane.
The washing solution was evaporated and 100 ml of methanol were

30 then added, giving a white sticky mass from which the solvent was
separated by decantation. After stirring with pentane, the
product was obtained as a fine white solid in a yield of 64%.
(31P-NMR: 108 ppm).

35 Example 32
Hydroformylation of a butene/butane mixture using ligand H

3.0 mg of Rh{CO)acac and 61 mg of ligand H (116 ppm of Rh,
ligand:metal = 5/1) were weighed out separately, each dissolved

40 in 3.7 g of teoluene, mixed and treated at 120°C with 10 bar of
synthesis gas (CO:H; = 1:2). After 30 minutes, the mixture was
depressurized, 3.0 g of butene/butane mixture (45% of l-butene,
40% of 2-butene, 15% of butanes) were then injected and the
mixture was hydroformylated at 120°C and 17 bar (CO:H; = 1:1) for

45 4 hours. The conversion of butenes was 98%, the aldehyde
selectivity was 80% and the linearity was 93%.



30 then added, giving a white sticky mass from which the sol vent was
‘separated by decantation. After stirring with pentane, the product g 2005
obtained as a fine white solid in a yield of 64% (31P-NVR 108 ppr%l\f.il @35
Exanpl e 32 Hydrofornyl ati on of a butewg® butane m xture using ligand H 3.0. ng
of Rh(C0)2acac and 61 ng of ligand H (116 ppmof Rh, [ligand:metal = 5/1)
were wei ghegdagdlie separately, each dissolved 40 in 3.7 g of toluene, m xed

and treate g_,g%:a@th 104bar of synthesis gas (COH2 = 1:2). After 30
m nut es, %gatrtnhxture was gep?essurl zed, 3.0 g of butene/butane m xture (45%

of 1- butene "40% of 2-but ene, 15% of but anes) were then injected and the
m xture \A/as'i)hﬁuﬁ’é?%?-"rﬁlloét BdsiamdabiG and 17 bar (CO:H2 = 1:1) for 45 4 houfs.
The convexrsion of butenes was 98% the al dehyde selectivity was 80% and t he

linearity wag 913%»f 2ref sEEeZQQaS:&ﬁ iEXanpLEcBbnSyeEBes gndifr hliganged sk

Synt hesi s qf, Pl ac vessel
under nit r% e ak%i%cl) ?5 mr?& %Bl&'g?(%\ﬁgﬁq: ﬁ?gfggd‘h%\é’wg gék%'(}dropvm se.
After coolS 31P8 rd°Ca 8cF qtolr?nof’ oY 99(£§3y ng &rdnd 117
m (840 m‘rdll)"f B (?4(btWﬂanPﬁetﬂlr?ti’g@amméflﬂrHéomé Qﬁdﬁﬂ" resdpdgrd se over a
peri od afo Bribpuise Tdvermaxpar odvast St houed Eie @EiRtutorwéds raursedasmd dolgen

al ljorﬁd t 8 I m h@ufsnorantaeerﬁteﬁ %lqr&e%i;bewa;?ﬁ Iof i.rBGm AP 800e N Ofe Wat er

an en C e was
heated to %86%1[ % 50 | 6? ﬁrggf %rtg ?’l;rgrtleH nygﬁ cﬁg ﬁﬂl%}ﬁ’g? g%%é pucretrol eum
other. 15%0F8| 6°% GEbh1Y3208 § KLuFe FAtaLerh B | e
stirring tc'POlﬁéOf?FFm‘?ﬂ‘ wegr £1 ‘Eﬁ%ﬁﬁ)l"fénﬂn@ Héasrﬁ%@ WiEhveatralieupethgT 500C f or

4 hour s,1untief.dal ¢5%f t he potassium had reacted. 46 g (172 nmol) 20 of
N, N- bi s-o-tol yl oxam de were subsequently added. The m xture was heated on a

sand bath, ;and Lhesd oyt 880botdstlivhl §8rOfdaded while stirring to
600 ml of tert-butanol and the mixture was stirred at 50°C for
4 hours, until all of the potassium had reacted. 46 g (172 mmol)

20 of N,N-bis-o-tolyloxamide were subsequently added. The mixture
was heated on a sand bath, and the tert-butanol distilled off
completely at BB®C. When the solvent had been removed, the
temperature rose to 190°C and a white voluminous solid sublimed
off. The reaction temperature then rose to 300°C and was

25 maintained for 1 hour. The mixture was subsequently cooled to
room temperature. 300 ml of water were carefully added. The solid
was filtered off with suction and refluxed with 200 ml of
ethanol. The solid was subsequently filtered off with suction,
washed with pentane and dried. Yield: 50%.

30
b) Synthesis of ligand I:

8.8 g (38 mmol) of bisindolyl together with 150 ml of THF were
placed in a reaction vessel at -78°C and admixed with 5.2 g

35 (38 mmol) of PCli. 15 g (150 mmol) of triethylamine were
subseguently added, and the mixture was warmed toc room
temperature overnight. 6.7 g of xanthenediol were suspended in
100 ml of THF and added to the reaction mixture, and the mixture
was subsequently refluxed overnight. The triethylamine

40 hydrochloride was filtered off, the solvent was removed from the
filtrate under reduced pressure and the residue was stirred in
dichloromethane. The solid formed was filtered off and dried.
Yield: 40%. (31P-NMR: 78 ppm).

45



conpletely at 88C. Wen the solvent had been renoved, the tenperature rose

to 1900C and a white vol um nous solid sublinmed off. The reaction 77 SEP 2005

tenperature then rose to 3000C and was 25 maintained for 1 hour. The mX

was subsequently cooled to roomtenpggature. 300 ml of water were carefully
“added. The SO|Id was filtered off with suction and refluxed with 200 m -of

et hanol . gwas subsequently filtered off with suctl on washed with

pent ane an Il b) ,.Synt hesi.s, of I| g (38 muol)
of bi si ndo r?feo &Y;S%lon t%ofSBu%fn%)fb WEFETULT Jb d’g Pﬁl%a’?% ction vessel
at -780C and admxed with 5.2 g 35 (38 mol) of PC13. 15-g (150 mmol ) of
tri et hyl anbnk mgerod RBIEBREpEent byd atitfedyg addlidendrikt(dfeé pem ofaRied to room
t enper at Br eiQuelfieghll . =610/1) ekr¥anéhgnelicah Bepersu8pendeeh idissbi@eal of
THE and addgd, tp otfh@era&ﬂém amxwé&e@raci tlhsom&ttw@o ¥@s osye%wgﬁg y
refl uxed overn@%} T r%t”%tf¥a?¢ e 4 { orlde was filtered off, the
sol vent wa¥%®¥ 4 TrofendTEEF 1Y & ﬁaér b dir Sr‘éi?;%ure and t he

resi due vva@elélqursruédzleﬁ' %t GfohBteRgrPutrRe @H"F‘H‘-"# diéfEdofiak-TFateper ed of f
and dried. 40¥icfl @-bufehe( IR KVRbuF8ngpnwerdsStRery iSERc2005a16d theanpl e 34
Hydr of onoyhatie ehsanpisenamyubose &M Xtaoee &sd rug; IﬂagamdoJHZS.-lwg) ofor
RN(00) 2acag Ah:ATOTHE Oémid:a306 be (SHeriBMoal Ry, Sl gpchymd al = 10/1)
were wei ghedb?fgt %ﬁar aéeéeyg %cte gmean I n %Zo THF, 'm xed and
treated at IHOCWER 10° bare P9 YRE hed asv %C? 1:2). After 30

m nutes, the m xture was depressurl zed, 2.5 g of butene/butane m xture (45%
of 1-but enBxampl@e38f 2- but ene, 15% of but anes) were then injected and the 10
m xt ur e 16asyimr=dfsopfiyl b &t 120C and 17 bar (COH2 = 1:1) for 4 hours.

The conversi on of butenes was 40% the al dehyde selectivity was 98% and t he

i neérlty &BE Fgg%hmgi?”$¥€&£§%nd X were dissolved in xylene and admixed at
-20°C with 5.4 g (3% mmol) of PCli. 20 ml (145 mmol) of
triethylamine were subsequently added slowly, the mixture was

20 slowly warmed to room temperature and stirred overnight at 130°C.
6.6 g (17 mmol) of tetramethylxanthenediol were added at room
temperature, and the mixture was stirred for 4 hours and then
boiled overnight at 150°C. The triethylamine hydrochloride formed
was filtered off, the xylene was removed under reduced pressure

25 and the residue was dissolved in dichloromethane. The solution
was purified over activated carbon and silica gel and the solvent
was removed under reduced pressure. Yield: 37%. (31P-NMR:

106 ppm).

30 Example 36
Hydroformylation of a butene/butane mixture using ligand K

5.1 mg of Rh(CO)acac and 166 mg of ligand K (101 ppm of Rh,
ligand:metal = 10/1) were weighed out separately, each dissolved

35 in 7.5 g of toluene, mixed and treated at 100°C with 10 bar of
synthesis gas (CO:H; = 1:2). After 30 minutes, the mixture was
depressurized, 5.0 g of butene/butane mixture (45% of l-butene,
40% of 2-butene, 15% of butanes) were then injected and the
mixture was hydroformylated at 120°C and 17 bar (CO:Hp, = 1:1) for

40 4 hours. The conversion of butenes was 94%, the aldehyde
selectivity was 98% and the linearity was 90%.

45



15 Synthesis of ligand K9 g (69 nmmol) of |ligand K were dissolved in xyl ene
and adm xed at -20Cwith 5.4 g (39 mol) of PC13. 20 m (145 mmol) of
triethylam ne were subsequently added slowy, the mxture vvas 20 sl ?vyi YEP 7005
warmed to roomtenperature and sti rred overni ght at 130C. Z)
of tetranethyl xant henedi ol were added’@t room tenperature, and the m xt ure
was stirred for 4 hours and then boiled overnight at 150C. The

tri et hyl anExangiyed3dchl oride fornmed was filtered off, the xylene was renoved
under reduggérdictayuaeidd @ baeeheshtimennsxthssalsied Lhgahahl or omet hane.
The sol uti on was purified over activated carbon and silica gel and the

sol vent ed und red d ressur Y d._ 37 31P— 6 ppm .
30 Exanpl e 1%; eF(l)F’ ¥ aJt 1E 55 S EAEPL G 4é’lﬁbe"'m ﬁe{}’gg |ng %“gsaga K5.1
ng of RhECH}4 ihe RE%’:?F@ &PrFV@“aﬁYFK (101 ppmof Rh, ligand:netal =
10/1) were wei ghed out separately, each dissolved 35 in 7.5 g of toluene,

m xed and §[®aiedfakhl00Gadathald iomr n@fofsyﬂ@ahﬁsi:r.s (926 R 0P rR,1:2). After

30 _mi nut oS %aﬂﬁi Hethyr e yee) %9 e?dec.l,utS o 10Ut EDEY by Ang L Xt ur e
(45% of 1 eg ret ed1f)|r%|)eted and

the i xiubh Tes Shghr EFENSHRA afnéaeéta etanad or 404
hours. ¥ResYdiAsis GASof CHifizefed: tbs A4sF ?'Piema!} d*éheslé’r’é'd’clie\/iw?? was 98%
and the | i depresspriasd90969 %0278Eﬁ€mﬂvumnExamp¢Hdﬂ45l§sdpf)fbfh1@tlemeb on of a
but ene/ but ape d¥ Xi-bheetis| MBY iogabdtinddie weyst bpeh Sirdfechiegaant LtHes carried
out by a ngihod 2ARALOHPES £my2 at BAL af olroofoeeamrfvohaerd?ebvf@t Ivg.1 5. g of
(0O 2acay at N e iRk

wer e wei ghéd_ ou e ene m xed and
treatedldts bﬁdé"vh hwiﬁ) T 6rd1E %y’:ﬂ%ﬁ%yg‘ées (966 H2 = 1:2). After 30
mnutes, the mxture was depressurized, 5.9 g of butene/butane m xture (45%
of 1-butene,

20
25
30
35

40
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40% of 2-butene, 15% of butanes) were then injected and the m xture was
hydrofornyl ated at 100C and 17 bar (COH2 = 1:1) for 4 hours. The 27 SEP 7008
conversion of butenes was 16% the al dehyde 15 selectivity was 100% ané %g
linearity was 94% 20 25 30 35 40 45 217 SEP 2005 71 W claim 1. A pnicogen
chel ate conmpound of the formula | 5 10 where 15 Al R6-1 {) | (Dc RB \T~
[/ AY 20 where Rl - i n- (0)a- Q(0O)b - i Pn- R3 R2Z R4 Qis a bridging
group of tﬂeséﬂ;‘g}ll a RS BY Y Al and A2 are each, independently of one

anot her, ‘RaRb, NRc or CRaRe, where 25 Ra, Rb and R are each,
|ndependently of one another, hydrogen, alkyl, cycloal kyl,

het er ocycl dal k¥l- in%e%FhGh@t%mmPORada%ﬂ e foamedehl | ndependent ly of &ne
anot her, shydrogen, 30 al kyl, cycloal kyl, heterocycl oal kyl, aryl or hetaryl
or the group Rd together vvith a further group Rd or the

R! ~—— Pn— (0)a — Q—(0)p — Pn— R} 1
R2 R4
10 where
0 is a bridging group of the formula
RS R7
Al
~
15 RS (D)c RS
] e
; AZ
L
Y Y
20 where

Al and A? are each, independently of one another, O, S,
SiR&RP, NRC or CRYR®, where

25 Ra8, RP and R® are each, independently of one another,
hydrogen, alkyl, cycloalkyl, heterocycloalkyl, aryl or
hetaryl,

R4 and R® are each, independently of one another, hydrogen,
30 alkyl, cycloalkyl, heterocycloalkyl, aryl or hetaryl or
the group RY together with a further group RY or the
group R® together with a further group Re form an
intramolecular bridging group D,

35 D is a divalent bridging group selected from among the
groups
Rl 12 r11 12
9 9 10
R\ /Rlo R R
CE—CH >_—_—< R13 14
40 ~ \ , ' '
r
where

45



group Re together with a further group Re forman intranolecular bridging

group D, 35 Dis a divalent bridging group selected fromanong the gﬁp@

40 RO CH/R1I0 CH RO RI0O RI~ R12 R 1J _R12 where 45 2 7 SEP 2005 05
RO and R10 are each, independéntly of pme another, hydrogen, alkyl,

cycloal kyl, aryl, halogen, trifluoronethyl, carboxyl, carboxylate or cyano
of are joined to ane Rmngweéaérp fl%ab@n@n@_, %Jkashensnmeciqehyﬁé&gaﬁlZ R13
and R14 are each, lcjl( enc &{ ong ? qffa 2| r’ et§¥£

cycl oal kyl, aryl, 3 ensY Ydor St h éﬁﬁ\l cTmate tyano,

al koxy, SO3H, - sul F&?QP§Y1NE?L"E"?°X§I1E§Fe‘PFé %E‘”EZEﬁﬁ(re %R,J;Hedo °nPR¢ o, c is O
or 1, Y is a chenm ealctbendto BorRba Re;CRAIANAem8 Lrigigeach, i ndependent!|y ef
one anot her, hydrogen, al kyl, cycl oal kyl, heterocycloal kyl, aryl, hetaryl,

COORf, COO- M, p3eBRf12 33'¥'hd NELGZe DELE2ERRY, ndéhki’}%kea}l'é ERaet, OF,

SRf, (CHRgCH20O XRf CH2IN( E1).). X c hal ogen,
tri fI l(.IOI’O?TEt hyl) 5 9% 12 %?%f'zﬁyggé{?ﬁg{%méfé’l rll?fjl'—_‘?L l"IEZgand E3 are
i dentical or di ffertéﬁtf PRRPRatihY loe COEH e (CATBDRILARE aneYRPhy AL 5GEN, Wy |

cycl oal kyl and arylsulfonate, NEE?, alkylene-NEIE?E3*X-, acyl or nitro,

10
C is 0 or 1,
Y is a chemical bond,
15 R3, R®, R? and R® are each, independently of one another,

) hydrogen, alkyl, cycloalkyl, hetercocycloalkyl, aryl,
hetaryl, COORf, COOM*, SO3Rf, SO—3M*, NE1E2, NE!EZE3*X-,
alkylene-NEE2E3+X~, ORf, SRf, (CHRYCH,0),Rf, (CHyN(El))yRf,
(CH2CHoN(E!) ) yRf, halogen, trifluoromethyl, nitro, acyl or

20 cyano,
where
Rf, El, E2 and E3 are identical or different radicals selected
25 from among hydrogen, alkyl, cycloalkyl and aryl,
R is hydrogen, methyl or ethyl,
M* is a cation,
30
\ ¥—- is an anion and
X is an integer from 1 to 120,
35 or
RS and/or R’ together with two adjacent carbon atoms of the
benzene ring to which they are bound form a fused ring
system having 1, 2 or 3 further rings,
40
a and b are each, independently of one another, 0 or 1,
Pn is a pnicogen atom selected from among the elements
phosphorus, arsenic or antimony,
45

and



RO is hydrogen, nethyl or ethyl, Mt is a cation, 30 X- is an anion and X is
an integer from1l to 120, 35 or 40 RS and/or R7 together with two P¢§€PQW§
carbon atonms of the benzene ring to which they are bound forma fused ring
system having 1, 2 or 3 further rings,73a and b are each, independently of

one another, 0 or 1, Pn is a pnicogen atom sel ected from armng the el enents

phosphorus, ar §gn|1§2 o] 3ar§4| gpy %ac%S qﬂgeé éﬁﬁgngS?gg X;;‘%/ R3, R4 are
i

each, i ndependeni I % Par e anot tary al koxy,

aryl, aryl oxy, g%*lfdoﬂ? et BN (ﬁwi ocycl oal koxy
or an NE1E2 gr oup, CMF%?P %:ppwig@l@%mapem%ﬁwml&w rpyrrol e groups
bound vi a the nitrbgeerogtalmaflborheoprinc DFEE? gronpPrvich tRe pogeiter wt h-R2

and/ or Rg together tyat mﬂénaonma&edlpygksm cQﬂ;bB Boohd tiga ther Aitfodeh Py- 1 -w
cont ai ni ng at Ieas% glgeupyghr Q% Up Reung, tﬂetoggafé)} Qulill_lht pgen to the
5

ni cogen at om Pn, s.a o e bond
grl 0, gS, Si RaR5, NARIHPT é?{hﬁf’g WL‘HFEI Balgﬁf @&Y% ?%ﬁ?ouﬁr I Féﬁ&ﬂ oXY,

hetaryl or hetaryfexgland
10 Py-I-W

containing at least one pyrrole group bound via the
pyrrole nitrogen to the pnicogen atom Pn,

15 where
Py is a pyrrole group,

I is a chemical bond or 0, S, SiR#RP, NR®¢ or CRPRi,

20
W is cycloalkyl, cycloalkoxy, aryl, aryloxy, hetaryl
or hetaryloxy,
and
25
RP and R! are each, independently of one another,
hydrogen, alkyl, cycloalkyl, heterocycloalkyl, aryl
or hetaryl,
30 or form a bispyrrole group of the formula
}
; Py-I-Py
bound via the nitrogen atoms to the pnicogen atom Pn.
35

2. A pnicogen chelate compound as claimed in claim 1 in which Pn
is a phosphorus atom.

3. A pnicogen chelate compound as claimed in claim 1 in which R!
40 and R? are unsubstituted pyrrolyl or imidazolyl groups bound
via the pyrrole nitrogen to the pnicogen atom.

4. A pnicogen-chelate compound as claimed in claim 1 in which
Rl, R?, R3 and R! are unsubstituted pyrrolyl or imidazolyl
45 groups bound via the pyrrole nitrogen to the pnicogen atom.



Rh and Rl are each, independently of one another, hydrogen, alkyl,
cycl oal kyl, heterocycloal kyl, aryl or hetaryl, 30 or forma blspyrqqquzms
group of the formula PY-1-PY bound via the nitrogen atons to the pnicogen
atom Pn. 35 2. A pnicogen chel ate conddund as clained in claim1 in which Pn
is a phosphorus atom 3. A pnicogen chelate conmpound as clained in claim1l
in which Ré. 4@ phtkcdiractelate sdngounadapysIDingdd eh eDddazoliyl weiewps bound

via the pyrrol snalﬁf %q%nesehwepﬁ%ﬁegﬁ@o@ qmuné vﬁapa& Qoiée' ate
conmpound as clal are u?gubstltuted

pyrrolyl or imd ggo?eq ?QB%h?o%nlcﬁﬂ?n 8tV|a§?$1Sélecr8$e ro&@ﬁ t he

pni cogen at om QEOWP%E@ @g 7HY35"‘Z°AY}3H| éB@%?PJdﬂe E%‘bﬁ’pﬁiﬂ%@ as clained i'n
claim 1 Bn whi thiRaolyindpR8inayk awtlrazbpyelple group bound via the pyrrole
-nitrogen to the pnicogen atom and sel ected from anong the groups indolyl,

gyr22glmynglegdﬁzghyé%geg)g%giat@%@ﬂmé éé'@fé&nﬁé‘d’ 19%1% 1ar191 Qﬁ‘{é}?‘%@' %ler
IR it B Toodthe? Fih & 2oPn it re

with R2 and/or

bi si ndol edi yl @Foﬁﬁsgs'ctlﬁét%rl?&ﬁlé‘ Péeﬂsybrgrao%ﬁa theit&Frlaunsubst i t ut ed
bi spyrraloedi yl met hane group~of the formul 0 7. A pnicogen chel ate
conpound as clainmed in cI4|n1% |n|mh|$m ridging group Qis a
xant henedi yl group of the

15 or a substituted or unsubstituted bispyrrolediylmethane group
) of the formula

20

7. A pnicogen chelate compound as claimed in claim 1 in which
the bridging group Q is a xanthenediyl group of the formula

25 a
RS R\ /Re R",'
C
RE RS
30 Y Y
)

where R5, R6, R7, R® and Y are as defined in claim 1 and RY

and R® are each, independently of one another, hydrogen,
35 alkyl, cycloalkyl, heterocyloalkyl, aryl or hetaryl.

8. A pnicogen chelate compound as cliamed in claim 1 in which

the bridging group Q is a triptycenediyl group of the formula

40

45



Y R8 where R5, R6, RV, R8 and Y are as defined in claim1l and Rd and Re are
each, independently of one another, hydrogen, 35 alkyl, cycloalkyl,27SEP 7005
het erocyl oal kyl, aryl or hetaryl. 8. A pnicogen chel ate conpound as clianed
inclaimlinwhich the bridging groms Qis a triptycenediyl group of the
formula 40 45 2 7 SEP 2005 75 5 10 15 20 R6 or the fornula where R5, R6, R7,
R8, R9, Rlo RI1 and R12 are as defi n%d in claiml. 25 9. A pnicogen chel ate
conpound of the fornmula Il 30 % -(0) / (Ob-Q(Oa\ / (Ob-R2 kn Pn
R15 N R16 R15 \N R18 16 17 R1¢ where R15, R16, R17 and R18 are each,

i ndependent | y- of one anot her, ogen, al kyl, cycl oal kyl-, heterocycl oal kyl ,
aryl, 40 hetaryl, W-COORK,
W (P03) 25( M) 2, W NE4E5, W
(CH2NE4) yRk, ( CH2CH2NE4)
cyano, 45 where

«d

-, g7 WORK, W SRk, (CHRI CH20) yRK,

rifluororrethyl, nitro, acyl or

¥ 8
10
or the formula
R9 RlO
15 RS
.) R7
) o6
¥ Y RSB
20

where R%, R6, R7, RE%, R?, R10, R1l and R!? are as defined in
claim 1.

25 9. A pnicogen chelate compound of the formula II

RIP-(O)a _~(0)p-0-(0)a~. .~ (0)p-R?O

fn Pn
30 R12 18 RIS ; 18
N R R
) \ / —j\ /Z:
16 17 R16 17
(II)

35

where
R15, R16, R17 and RiE are each, independently of one another,

hydrogen, alkyl, cycloalkyl, heterocycloalkyl, aryl,
40 hetaryl, W'COORk, W’/COO-M*, W’ (SO3)Rk W’ (S03)-M*,
W'PO3(RK)} (R1), W' (PO3)2-(M*)z, W'NE4ES, W' (NE4ESE®)*X-,
W/ORK, W'SRK, (CHRICH;0)yRX, (CH;NE4)yRK, (CH,CH,NE4)RK,
halogen, trifluoromethyl, nitro, acyl or cyano,

45 where



2 7 SEP 2005 76 5 W is a single bond, a heteroatomor a divalent bridging
‘group having from1 to 20 bridge atons, Rk,: E4, E5, E6 are identicaf SpP 2005
different radicals selected fromanong hydrogen, alkyl, cycloal kyl and
aryl, Rl is hydrogen, nethyl or ethyl,76 10 M is a cation equivalent, X- is
an anion equivalent and y is an integer from1l to 240, 15 20 where two

adj acent radicals 15, ;R18, ARd,R18, tipgether i (%lh a 1§ .885PoN atom of
the pyrrole ring to vvh'éch t?’le ( fa

‘ are und al s a fused ring system

havi b 10 2 or'3 Furt neriagtie SEeip RETHS FR0 4ot 1A DRAd0Bagt e of |t he
radi cal s R15,-R16, R17 and R18 is not hydrogen and that -R19 and R20 are not
joined to one anoRhgrE*2FR18° s RAénbieakaph diffidegendeadicplsf one =
anot her gycl oal kyl, heteeocsd! Rk hon@idrogeAft ST L, @yaldalkyl eng@ach,
i ndependent |y of one aget{yier 0 or 1, 30 Pn is a pnicogen atom selected from
anong the elenents phosphorus, arsenic or antinony, preferably phosphorus,
Q35 1is a bridging group of the fornula R6 Al (D)c RB A2 40 where Al and A2
are each, i ndepenngt | $SobhY@iRIemomRERYL (PT Sthyl,

10 M* is a cation equivalent,
X~ is an anion equivalent and
vy is an integer from 1 to 240,
15

Y where two adjacent radicals R15, R16, R17 and R!® together with
' the carbon atom of the pyrrole ring to which they are bound
may also form a fused ring system having 1, 2 or 3 further

rings,
20 .
with the proviso that at least one of the radicals R!3, RIS,
Rl17 and R!® is not hydrogen and that R!? and R20 are not joined
to one another,
25 R!? and R20 are each, independently of one another cycloalkyl,
heterocycloalkyl, aryl or hetaryl,
a and b are each, independently of one another 0 or 1,
30 Pn is a pnicogen atom selected from among the elements
\ phosphorus, arsenic or antimony, preferably phosphorus,
Q is a bridging group of the formula
35 RS R7
Al
~
Ré {D)c R®
7
A2
40

where

Al and A? are each, independently of one another, O, S,
SiRaRP, NRC or CRYR®, where
45



Si RaRb, NRc or CRdRe, where 45 2 7 SEP 2005 77 ~Ra, Rb and Rc are each,
-independently of one another, hydrogen, alkyl, cycloalkyl, 77 SEP 2009
het er ocycl oal kyl, aryl or hetaryl, 5 Rd and Re are each, independently of
qne anot her, hydrogen, al kyl, cycloal#igyl, heterocycloal kyl, aryl or hetaryl
.or the group Rd together with a further group Rd or the group Re together

' & divalent Bil aganoxocaegpchy GREASEhELy U e Bt H O o
RO RI0 R11 . Ri2 RIIST9ER \f\‘ﬁg?/%' F@’cgln" ’Y8 5 %geera"c"r{‘:lugﬁgggihcf‘erﬁtll §¥of one
anot her, hydrogen, he{éﬁ"féﬂ*, cycl oal kyl, aryl, hal ogen, trifluoronethyl, 25
carboxyl, carboxylate or cyano or are joined to one another to forma -~
C3- C4- al byl enerbriripee Rd eddth), iRddpamdbiRl4 af cop@cdhotheeepepdiadidny of one
GO0 car boxyl ate, oty TSP Qhgredolye) ORIAEN opR bE TCeRYRNBL YT

al kyl ene- NE! E2E3+,)(3"],g at uPOIl’R n%(%%t%% iw%tg %rp?%thfg REOURR? &% 1% Re are
each, independent| §re¥P difetagethry withyar Sgekiern|geprp RS B Ry,

het erocycl oal kyl , anytramoleemdryl| br 3RGRIg g M, SO3Rf, SO 3M+, NELE2,

NEI E2E34%-, al kyl ene- NEIl E2E3+X-, ORf, SRf, (CHReCH2O) XRf, (CH2N(E1)) XRf,
(CH2CH2N(EL) ), B, bal 99fRarkehil bHPEATRS B¥bupnsd It ¥rofll among the

groups
15 Rr1l 12 R11 12
R% 10 RrRY Ri¢
R
\ ~ e 13
: CE—CH >:< R o,
/ \ ' r '
20
where

R® and R1® are each, independently of one another, hydrogen,
alkyl, cycloalkyl, aryl, halogen, trifluoromethyl,
25 carboxyl, carboxylate or cyano or are joined to one
another to form a C3-Cy-alkylene bridge,

R11, R!}2, RI3 and R4 are each, independently of one another,
hydrogen, alkyl, cycloalkyl, aryl, halogen,
30 trifluoromethyl, COOH, carboxylate, cyanc, alkoxy, S0;3H,
sulfonate, NE!E2, alkylene-NE!E2E3*+X-, acyl or nitro,

c is 0 or 1,

35 R>, R®, R7 and R® are each, independently of one another,
hydrogen, alkyl, cycloalkyl, heterocycloalkyl, aryl,
hetaryl, COORf, COO-M*, SO3Rf, SO-3M*, NE!EZ?, NEIE2E3+X-,
alkylene-NEI1E2E3+X~, ORI, SRI, (CHRYICH,0}xRI, (CH,N(El))4R%,
(CH;CH2N(E1))4Rf, halogen, trifluoromethyl, nitro, acyl or

40 cyano,

where

Rf, E!, E? and E3 are identical or different radicals selected
45 from among hydreogen, alkyl, cycloalkyl and aryl,



40 cyano, where Rf, El, E2 and E3 are identical or different radicals

sel ected 45 from anong hydrogen, al kyl, cycloal kyl and aryl, 2 7 S ﬁ@%{g
78 RO is hydrogen, nethyl or ethyl, M is a cation, 5 X- is an afion an
X.is an integer from1l to 120, or 10 % and/or R7 together with two

adj acent carbon atons of the benzene ring to which they are bound form a
fused ring sysemibalydfpden,2methdl for tdidiylr,i ngs. 15 10. A conpound of the
formula Il as claimed in claim9 which is selected from anong conpounds of

t he fornul ae | L1 % 11%30% R'-(0)a-- p,- (0)b-@(Oa\ p/(0o)b-R0 R18 Rl
R19-(0)a - p-, - (0}‘ B 0ya2 p /(0)b-R20 (11.2) 40 45 2 7 SEP 2005 5 R16
R17 10 where 79 ‘R16 R17 (11.3) R15, R16, Rl17, R18, Q a and b are as defi ried
in clai ms9, 15Xnhede, annaninn fapdnul a 11.3, at | east one of the radicals RI16
and R17 is not hydrogen, R19 and R20 are each, independently of one another,

cycl oal kyl, heter ogyclhpal kdgerakybmOf HEt300Y! -

or
10
R5 and/or R’ together with two adjacent carbon atoms of the
benzene ring to which they are bound form a fused ring
system having 1, 2 or 3 further rings.

15 10. A compound of the formula II as claimed in claim 9 which is
selected from among compounds of the formulae II.1 to II.3

20 R¥=(0)a ;- (0)5-0=(0) s~ p.—(0)p-R2
L !
25 R17 Rl
(I1.1)
30
R19-(0),

\ ~_ P~ (0)b-0-(0)a~_ p.—~(0)b-R?®

|
' N\ /

(II.2)

40

45



20 11. A catalyst conprising a pnicogen chelate conplex with a netal of
transition group VIIl of the Periodic Table of the Elenents which %qugﬁﬁﬁf
at | east one pnicogen chelate conmpound as clained in any of clains

as ligand. 25 12. Acatalyst as claindd in claim 11 in which the netal is.
sel ected from anong cobalt, rhodium rutheniumand iridium 13. A process
for the hydrofornylation of conpounds containing at 30 | east one

et hyl eni cal |y unsaturated doubl e bond by reaction with carbon nonoxi de and
hydrogen in the praqsen of a st _as defi igboCcl @aim 11 or 12. 14. A
process for prepar?ﬁg g?ﬁ%hyd@§’§$§f§ ?ﬁbﬁ@k’ngg %% hydr of or nyl ati on of
C3- C20- oIeflns at superatnDs heric pressure and eIevated tenperature by ~
means of 3CO' H2 mixtures in th presence of tal conplex of a netal of
transition group VIIl of tQRe feriodic Tablig the El ements honogeneously
di ssolved in the reaction um as catalys 0 and free |igand, wherein the
catal yst used is a pnlcoge chel ate conpl ag,set forth in claim1l and
the free ligand used is a pnl@é en chelat% coffpound as clained in any of
clainms 1 to 10. 45 2 7 SEP 2005 80 (¥3.3QA process as clained in claiml14,
whereinl8 nolar ratio of ligand to metal of transition group VIII1 of from
1:1 to -1000:1 is set in the reaction mxture. 5 16. A process for
preparing 2-pregddept anol, which conprises a) hydrofornylating butene or a
but ene-contai ning C4-hydrocarbon m xture by neans of carbon nonoxi de and

hydrogen in t pr gsencg, of .,a hydrof or Iatlon atal yst. 10 1.9 gkve an
n-val er al dehy ewdoﬁtdlﬁi%glﬁ ornyFa ion pr%‘%c ¥§WHere ﬁﬁeb

hydr of offyl at i on c‘él?%ﬂeystln 5 r#%’%‘? 8t 11t 3ndat JRESEOPRE SE dheaTAdtcalsof
transition group VR1% andiRY as pemdivdsmeeni gand of the formula | or Il as

R!? and R?Y are each, independently of one another,
cycloalkyl, heterocycloalkyl, aryl or hetaryl.

20
11. A catalyst comprising a pnicogen chelate complex with a metal
of transition group VIII of the Periodic Table of the
Elements which comprises at least one pnicogen chelate
compound as claimed in any of claims 1 to 10 as ligand.
25

12. 2 catalyst as claimed in claim 11 in which the metal is
selected from among cobalt, rhodium, ruthenium and iridium.

13. A process for the hydrbformylation of compounds containing at
30 least one ethylenically unsaturated double bond by reaction
with carbon monoxide and hydrogen in the presence of a
catalyst as defined in claim 11 or 12Z.

14. R process for preparing aldehydes and/or alcohols by

35 hydroformylation of C3-Cyp~olefins at superatmospheric
pressure and elevated temperature by means of CO/H; mixtures
in the presence of a metal complex of a metal of transition
group VIII of the Periodic Table of the Elements
homogeneously dissolved in the reaction medium as catalyst

40 and free ligand, wherein the catalyst used is a pnicogen
chelate complex as set forth in claim 11 and the free ligand
used is a pnicogen chelate compound as claimed in any of
claims 1 to 10.

45



defined in any of clains 1 to 10, 15 b) if desired, subjecting the

hydr of ormyl ation product to a fractionation to give an : 7SEP2%5
n-val’er al dehyde-enriched fraction, 20 c) subjecting the hydroforny%atl
product obtained in step a) or the n-\d eral dehyde-enriched fraction
-obtained in step b) to an aldol condensation, d) catalytically

hydr ogenat iygg hhsraé%lfafssc@guaﬁ i3 @qlamZﬁa cm?ceaataq&m raens of

hydr ogen to forn1a| hol_s n e |r ctrng th y rogenatlon
products to a ﬁ?ac ?bna FS; %fEQraDSlq § ?rdﬁﬂ hep ?an%lgﬁ%rﬁcﬁe fraction.

30 17. A proced8093sl cllsalsﬁﬁrdl{‘nﬂb‘? aﬁet"f‘lciémvéﬁje’ﬁéﬁrﬁ the ligand is selected
from anong conpounds -of the formula Il as defined in claim9 or 10. 35 18.
The use af 18.cat pltycds< d@apr psepgridig 2epsbpeneanpoy nehdh tdamprisesul a | or
Il for hydrofornylation, carbonylation, hydrocyanation or hydrogenation. 40

45 a) hydroformylating butene or a butene-containing

C4-hydrocarbon mixture by means of carbon monoxide and
hydrogen in the presence of a hydroformylation catalyst
10 to give an n-valeraldehyde-containing hydroformylation
product,; where the hydroformylation catalyst comprises at
least one complex of a metal of transition group VIII
with at least one ligand of the formula I or II as
defined in any of claims 1 to 10,
15
b) if desired, subjecting the hydroformylation product toc a
fractionation to give an n-valeraldehyde-enriched
fraction,

20 c) subjecting the hydroformylation product obtained in
step a}) or the n-valeraldehyde-enriched fraction obtained
in step b) to an aldol condensation,

d} catalytically hydrogenating the products of the aldol
25 condensation by means of hydrogen to form alcohols, and

e} if desired, subjecting the hydrogenation products to a
fractionation to give a 2-propylheptanol-enriched
fraction.

30
17. A process as claimed in claim 16, wherein the ligand is
selected from among compounds of the formula II as defined in

claim 9 or 10.

35 18. The use of a catalyst comprising at least one compound of the
formula I or II for hydroformylation, carbonylation,
hydrocyanation or hydrogenation.

40

45



