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their exes The present invention relates to
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preparation and‘to their use in catalytic reactions. 5 Phosphorus conpounds

as ligands for metals in catalytic reactidns have been known for sone

time. The type. of ligand can be used to influence activity and o

sel ectivities- (chenbselectivity, regioselectivity, diastereoselectivity,
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cat al yst sinthe hydsoforinyiition off propene chyarts bNehis tyehilck High activities and high
n/i selectivities to be achieved. WO 95/30680 discloses bidentate phosphine ligands
15 and their use in catalysis, in hydroformylation reactions among others. Ferrocene-
bridged bisphosphines are described, for example, in the patents US 4 169 861, US
4201 714 and US 4 193 943 as ligands for hydroformylations.

In asymmetric hydrogenations, chiral bisphosphines are used very successfully in

20 many cases. A known example is the ligand BINAP (2,2™-bis(diphenylphosphino)-1,1'-
binaphthyl) which is even commercially obtainable. This ligand has also been used in
many other metal-catalyzed reactions, for example in the Heck reaction.

The technical literature includes a variety of publications which describe the use of

25 ligands in conjunction with metals as catalysts. A good review of the current state of
the field of use for transition metal catalysts in organic synthesis can be found in
Matthias Beller, Carsten Boim (Ed.) ,Transition Metals for Organic Synthesis”, Wiley-
VCH, Weinheim, New York, Chichester, Brisbane, Singapore, Toronto, 1998, Vol.
1&2. Examples of catalysts and their fields of use, common industrial scale

30 processes, etc., can be found in B. Comils, W. A. Herrmann (Ed.), .Applied
Homogeneous Catalysis with Organometallic Compounds”, VCH, Weinheim, New
York, Basle, Cambridge, Tokyo, 1996, Vol 182.



30 processes, etc., can be found in B. Cornils, W A Herrmann (Ed.),
Appl i ed Haonpbgeneous Catalysis with O ganonetal lic Conpounds”sg V!

Wi nhei m %%WWOBaSI e, Canbridge, Tokyo, 1996, Vol. 1&2.26.@1\152%#\0
2 3 JUN 2005 2 Despite the wealth of existing systens, there are no
"standard solutions" for netal - catdl yzedareactions. The conditions have to
be newly optim zed for each substrate and reaction. In addition, sone
ligands are relatively difficult to synthesize, so that 5 their use in
industrial processes is not viable. There is therefore a need for further
easily accessible ligand systens for netal - catal yzed reactions. 10 It has
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5 their use in industrial processes is not viable.

There is therefore a need for further easily accessible ligand systems for metal- |
- catalyzed reactions.

10 It has been found that N-phenylpyrrolebisphosphines of the general structure |

16

can be prepared in a simple manner and are suitable as ligands in metal-catalyzed
reactions.

20

The present invention therefore provides N-phenylpyrrolebisphosphines of the general
formula |



R8 I pRIRZ2 (1) Rs NPR3R4 Ro Rl1 where 5 R, R2, R3, R4 = aliphatic,
cycl oal i phatic or aromatic hydrocarbon radical s haV| ng from to 25 carbon
at oms, andOR: S06-WD and/ or R3 and R4 may be joi ned by one orsrbr¥N 2005
coval ent bonds, R5, R6, R7, R8, Rs, R10, R' = H, aliphatic, alicyclic,

al i phatic-alicyclic, heterocyclic, aliphatic-heterocyclic, aromatic,
aromati c-aromatic, aliphatic-aromatic hydrocarbon 10 radicals having from
| to 50 carbon atonms, and R5 to R11 may each be defined identically or
differently and be coval ently joi ned tsoget her, and each be F, d, Br, 1,
-CF3, -OR12, -COR12, -CQ2R12, -caeM R'sr12, -SC12R12 - SOR12, -SCBR12
Tt1SBM - SO2NR12R13, NR12R13, ﬂ%RlZ 3R13 CR12R13, NHZ2, wher e R12, R13 =
H, substituted or unsubstituted g or aromatic hydrocarbon

radi cals having from1 to 25 15 ca each defined identically or
differently, and M= al kali net QI earth nmet al , amoni um
phosphoni um i on. Specific enmbodmenty 3 phenydlflyrrol ebi sphosphi nes
according to the invention relate ta phosphi nes of e formulae Il, 111,
IV and V O Z. 5706-WD 2 3 JUN D05 B R BE%RMR 15 R Rya R$ PR RZ (I1)
RO N PR3Ra R10 R11l \ /

R10 R‘H

where )

5 R',R% R’ R* = aliphatic, cycloaliphatic or aromatic hydrocarbon radicals having from
1 to 25 carbon atoms, and R' and R? and/or R® and R* may be joined by one or more
covalent bonds,

R’, R%, R’, R®, R%, R", R"" = H, aliphatic, alicyclic, aliphatic-alicyciic, heterocyclic,
aliphatic-heterocyclic, aromatic, aromatic-aromatic, aliphatic-aromatic hydrocarbon

10 radicals having from 1 to 50 carbon atoms, and R® to R"' may each be defined
identically or differently and be covalently joined together, and each be F, Ci, Br, |,
-CF3, -OR™, -COR™, -CO;R™, -COM, -SR™, -SO,R™, -SOR™, -SO;R™, -SOsM,
-SO:NR™R®, NR™R™, N'R"”R"R"®, N=CR'R", NH,, where R™2, R™ = H, substituted
or unsubstituted, aliphatic or aromatic hydrocarbon radicals having from 1 to 25

15 carbon atoms, each defined identically or differently, and M = alkali metal, a.lkaline
earth metal, ammonium, phosphonium ion.

Specific embodiments of the N-phenylpyrrolebisphosphines according to the invention
relate to phosphines of the formulae Il Ill, IV and V



RI15 RR RI%PRIR2 (I1l) RO NPR3SRa RIO R 5 R14 R6 RI5 RS Res PRR2
(1'V) 9R17 N PR3Ra R R10 R11 O Z. 5706-WO 2 3 JUN2005 5 RERT RS RB R4
PR-RZ (V) ORE50f06ER4 R16 R R 7 5 where each of the radical? pajyp %and
R6, R6 and R7, R7 and R8 or RO and R70 together are a fused aronmatic ich
is optionally |ikew se substituted. The supstituents of the additional
aromati c system R14, R15, R16 and R17 may each be 10 H, an aliphatic,
alicyclic, aliphatic-alicyclic, heterocyclic, aliphatic-heterocyclic,

R16




aromatic, aromatic-aromatic, aliphatic-aromatic hydrocarbon radi cal having
froml to 50 carbon atons, and R14 to R17 may each be defined,identically
or differe@d MW covalently joined together, and each belr JUN

I, -Si(CH3)3, -CF3, -OR12, -COR12, -CX2R12, -C2M -SR12, -SO2R12, -SOR12,
-SBR12; -SO3M -SO2NR12R13, NR12R13, 15 M+R12R13R13 N=CR12R13, NH2, where
R12, R13 = H, substituted or unsubstituted, aliphatic or aromatic

hydr ocar bon radi cals having from!| to 25 carbon atons, each defined
identically or differently, and M= alkali netal, alkaline earth netal,
ammoni um phosphoniumion. 20 Rl, R2, R3, R4, R5, R6, R7, R8, R9, R10 and
“"RI1 in the formulae Il, Ill, IV and V are as defined in claim1 or for
formula I, and RL to R4 and R5 to R11 may in each case be defined
identically or differently. O Z 5706- 2 3 JUN 2005 6 The aliphatic,
cycloali phatic or aromatic hydrocgrbon adi cal s may contain heteroatons,
for exanpl e nitrogen, oxygen or B fur Aand Gﬁtionally bear one or nore
"substituents, for exanple hal ogen at¥y RKanpl es of R1-R4 are phenyl, m
sul f onat ophenyl, p-fl uorophenyl ghenyl , mfl uorophenyl,

p- met hoxyphenyl , 5 o-nethoxyphé% ' phenyl, 1-naphthyl,

2-napht hyl, nethyl, ethyl, n-pgpdf §W§Fh-butyl -butyl, i-butyl, -
hexyl, cycl ohexyl, adanmantyl . A which R1 and and/or R3 and R4
- have one or nore coval ent bgnds g digh@@@iﬁZ,Z'-diyl,

cycl ooctane-1,5-diyl. Rl tho R4_2 Ably substituted or unsubstituted
phenyl, cycl ohexyl and adanant‘ i/ 10 When the rotation around the
N-phenyl bond is restricted, sope o/’the onpounds according to the

i nvention are enantiomers as1&’condequencdkdf axial chirality, and, in the
event of additional chiraliﬁ% in thgtradicals Rl1-Rl1l, diastereonmers. 15 In
preferred enbodi nents of the inventi‘on, the N phenyl pyrrol ebi sphosphi nes
are chiral, and preference is given to one or nore of the radicals Rl to
R' bei%? chiral.

where each of the radical pairs R® and R®, R® and R, R” and R® or R? and R™
together are a fused aromatic which is optionaliy likewise substituted.

The substituents of the additional aromatic system R™, RS, R™® and R" may each be

10 H, an aliphatic, alicyclic, aliphatic-alicyclic, heterocyclic, aliphatic-heterocyclic,
aromatic, aromatic-aromatic, aliphatic-aromatic hydrocarbon radical having from 1 to
50 carbon atoms, and R™ to R"” may each be defined identically or differently and be
covalently joined together, and each be F, Cl, Br, 1, -Si(CHs)s, -CF3, -OR', -COR'™?,
-CO:R"”, -COM, -8R, -80,R™, -SOR™, -SO4R", -SOM, -SO,NR™R™, NR™ZR™

15 N'RR"R"™, N=CR™R™, NH,, where R'2, R" = H, substituted or unsubstituted,
aliphatic or aromatic hydrocarbon radicals having from 1 to 25 carbon atoms, each
defined identically or differently, and M = alkali metal, alkaline earth metal,
ammonium, phosphonium ion.

20 R',R% R RY RS RS R, R® RS, R™ and R™ in the formulae II, IIl, IV and V are as
defined in claim 1 or for formula I, and R" to R* and R® to R" may in each case be
defined identically or differently.



Particul ar preference is given to chiral subst i'tuegts fﬁth'Z- R|4. Exanpl es
s are nenthyl, canphyl, 1,1'-binaphth-2-yls,
of such Chl ral (%Zou(g y nphy I%atth?QU%

hexane- 2,

504 he use of one or nore chiral radicals in

offers the advantage inter alia, that when there is axial chirality

(N- phenyl

bond as the chirality axis), the diastereoners can be easily

separated. The invention therefore relates both to m xt ures of individual
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the event of additional chirality in the radicals R'-R"", diastereomers.

In preferred embodiments of the invention, the N-phenylpyrrolebisphosphines are
chiral, and preference is given to one or more of the radicals R to R"" being chiral.
Particular preference is given to chiral substituents for R'-R*. Examples of such chiral
groups are menthyl, camphyl, 1,1-binaphth-2-yl, hexane-2,5-diyl.

The use of one or more chiral radicals in R to R offers the advantagse, inter alia, that

when there is axial chirality (N-phenyl bond as the chirality axis), the diastereomers
can be easily separated.

The invention therefore relates both to mixtures of individual enantiomers and
diastereomers of the N-phenylpyrrolebisphosphine ligands according to the invention
and to the individual enantiomers or diastereomers themselves and théir use in
enantioselective or diastereoselective catalytic reactions.

The present invention further provides N-phenylpyrrolebisphosphine-metal complexes
containing a transition group metal of the 1st, 2nd, 3rd, 4th, 5th, 6th, 7th or 8th
transition group of the Periodic Table, the elements of the lanthanides and/or
actinides and one or more N-phenylpyrrolebisphosphines of the formulae I 1, 11, IV oor
V. The substituents (R'-R") of these N-phenylpyrrolebisphosphines are as already
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defined. Metals used with preference are Ti, Zr, Cr, Mo, W, Mn, Re, Fe, Ru, Os, Co,
Rh, Ir, Ni, Pd, Pt, Cu, Ag and Zn. Particular preference is given to the metals of the
8th transition group of the Periodic Table.

The remarks of all embodiments of the N-phenyipyrrolebisphosphines of the formulae
When the N-
phenyipyrrolebisphosphine ligands are chiral as described, the metal complexes may

! to V apply correspondingly to the metal complexes.

have one, more than one or exclusively chiral N-phenylpyrrolebisphosphine ligands.
Representative examples of ligands of the general formulae I, 11, ill, [V and V for the

purposes of this invention are depicted hereinbelow, without limiting the scope of
protection of the present invention.
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;:~H\ N/ PPhz Li \ N/ PPhz Me.Si \-N/ PPhz 15 O Z. 5706-WDO 2 3 JUN
2903 10 Ligands occurring in racemc formcan be separated ? OU@Q&
optical isOera@yWQiterature routes, for exanpl e chromatog %I‘Jl p% on
chiral supports or as diastereoners after reaction with chiral auxiliaries
and subsequent dissociation. 5 The N-phenwl pyrrol ebi sphosphi nes accordi ng
to the invention of the fornulae I, 11, IlIl, 1V and V are notable for a
hi gh hydronS|s stablllty ‘They are espeC|aIIy soluble in the comon
organic s Wrenoneor—ore-—groups—R—teo—Rti—e+R4+t-o6-RL70or-one
or nore sy ts RL to R4 hears a strongly pol arf radical (for exanplefa

“sulfonic |&cidlgreup), the solybility falls in nonpglar organic sol vents,
while at fhe sane tiPffB. 10 rising in polar solvents, [for exanple water. Thg
N- phenyl pyr riol efN.sp phines according to the invention and their netal

conpl exes hqre ort be sol yble even in water or} polar organic

sol vents. sequence of their high nolecular vweight, the

N- phenyl pyrrot ebi sphosphines 15 according to the invention have a | ow
volatilit They—can—tthereforeteastty be—rermoved—FrHomrore—volatile
reacti on produets—Fhe—+hvent+onfurther provides_the use of the

N- phenyl pyrr ol ebi sphosphi nes or their netal conplexes in hydrogenations,
i sonerizations, carbonylations, carboxylations, 20 hydrofornylations,
hydrocyanations, cyclopropanations, C C couplings, oligonerizations or

pol yner i zéfhe)rﬁ*éphe'nzdpw@bbmphpyplnmbsba(sthdlaghilonﬂfe aneitidhngan dbd BBtained by

i nvention of. the are suitable building
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acti ni des. EspeC|aII§ w th netal é ofé%mgggﬁﬁhsgb@ﬁﬂh?$§£5|tlg%F%roﬁ t hese
conpl exes can be used as catal ysts for hydrogenati ons, |soner|zat|ons,

car bonyl ati ons,
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The radicals R® - R" can be introduced even after attachment of the phosphorus
groups. This route was taken, for example, in the synthesis of compound I-h:

H” ; "PPh, Buli  Li” ; “PPh, Me, Me,SiCl Me,Si
N

H PPh, Lime ™ —PPh, Me38|
5 AV X ~r



car boxyl ati ons, hydrofornylations, hydrocyanations, cyclopropanations, CC
coupling reactions, oligomerizations and polynerizations. Pref rgﬁﬂ ﬁd | ds
of use areO.80MPWEgenati ons, hydrofornyl ati ons and C C coupli g 0:
reactions. O Z. 5706-WD 2 3 JUN 2005 11 When the

N- phenyl pyrr ol ebi sphosphi nes accordi ng tojdhe invention of the fornul ae |
to V are used, optionally as the metal conplex, in hydrogenations,
preference is. given to using netals of the 8th transition group of the

Periodic T TN referably, compgunds  havi ng doubl e
bonds, foragégﬁ%ﬁéﬁ&:&b @%ﬁgém@ﬁﬁrgn %E’g Bﬁm@{%i"&tﬁ ﬁ}ee%he@o g’!ﬁrﬁopxo
“"a 'singl e Hiedituriexawptess 6br hesdimglenatHrematogaphiRaily O8Ad .chf §|§§58ﬂ ‘of
Mat t hi as E'g:l | er, Carsten Bolm (Eg.) "Tr ans_ig;?gn I\/E)I al s cPo‘?rOr ni cSe or' "as
Synt hesi s"dlagipreymexs giepseasiiomyitnehirabawxilianescand sebsedsrent bmseciation.

Si ngapore, Toronto, 1998, Vol. 2, pages 3-80. 10 Wen the

N- phenyl pyrr ol ebi sphosphi nes according to the invention of the fornul ae |

to V arg Ul N-phényipatdisbisphespitied acedmiiio the iVERSPbIHSIdriSae | 11 11
preferenciyb%g? ven to using nmetals of the 8th transition group of thé

E_er ihodi c i k/E%rﬁeEﬁtaPienyW@eWQhrW@iuﬁiﬁiSéaluiﬁhfﬂThsytaﬁe eslpeai_aﬂytsohmﬂealn the
Feact ant o SomioR Grthie sBReRtE VORLA B b ol o B R PLORTE LTS RI Mo,

from 2 todSnoer bobstdtients , RT ¢o Rk beptsealttcRi®s pblhr PadieAE(fol eRMBREa d '
but ene) , octcgnes oct e{aﬁa di_but enes), dodeceﬁes tri bu% enes?&%vmgnéugfﬁg'c

(15 - { ]
N- phenyl pAFOOEMHR R SRRy fallsoindnagprelar organiesehvents while b thesamieatime

to V aphHhera t X, - | i .reactions,
pref or nca e, AP PORRT SOl ' 18, SRamlpie WRleE T SnefSibpethieaRephpes
Peri odi c Beppulingrie éhe2Mveation andathieyr mitalicokeplenssinial thatkfore bEXsunmie eveh
C- C coupl i'llpﬁga %act i Qns can. be foynd, for exanple, in Matthias Beller,
Carsten Bl E HPOIZh oganici $AVelSal s for Organic Synthesis”, Wl ey- VCH,
Wei nheim New York, Chichester, Brisbane, Singapore, Toronto, 1998, Vol.
1, pages 208-240. 25 In the netal -catal yzed reactions, either the

N- pheny| pf¥sr 81copEepeRgshohthaiehigh molecular weight, the N-phenyipyrrolebisphosphines

15 according to the invention have a low volatility. They can therefore easily be removed
from more volatile reaction products.

The invention further provides the use of the N-phenylpyrrolebisphosphines or their
metal complexes in hydrogenations, isomerizations, carbonylations, carboxylations,

20 hydroformylations, hydrocyanations, cyclopropanations, C-C couplings,
oligomerizations or polymerizations.

The N-phenylpyrrolebisphosphines according to the invention of the formulae I, 1,

IV and V are suitable building blocks for the preparation of complexes with metals of
25 the 1st to 8th transition group of the Periodic Table, the lanthanides and/or the

actinides. Especially with metals of the 6th to 8th transition group, these complexes

can be used as catalysts for hydrogenations, isomerizations, carbonylations,

carboxylations, hydroformylations, hydrocyanations, cyclopropanations, C-C coupling

reactions, oligomerizations and polymerizations. Preferred fields of use are
30 hydrogenations, hydroformylations and C-C coupling reactions.



conpl exes, optionally with additional, free ligand, or the

N- gﬁenyl pyrrol ebi s- phosphines and a netal conpound from whi ch? tghgg&agﬁsyst
conpl ex foPrE W%W(Ee N- phenyl pyrrol ebi sphosphi nes under the reacti
conditions are used. 30 When the N phenyl pyrrol ebi slohosphl ne corr;d)oynds
according to the invention and/or their #fgtal conplexes are used in

net al -ca’?al yzed reactions, the ratio of ligand to OZ 5706-WD 2 3 JUN 2005
12 nmetal (nol/rol) is from1:2 to 200:1, preferably from1l:1 to 1:50, nore

- : | ' - | | |
i <ol ved fEThe N it dtonios nRdnging BiGaEh B Budfirmee |«
“"al’so possithlé are used, optonsly pisethy! mytal ebRIPIGE o APioaBRaliths Lﬁ?ﬁr%@t%br RARHS

tal . 5 The exanpl es which follow are infended to
P vent | on IOURINGERetal ofdberib iransioniatose hthaitarioska Toblead hevsubstrates osed

at entggl 8 | ' re carried oyt under argon
E)Serrgans O%I%S@H'fgm(bh?ec |q15'§§ %Ylﬂgg(ﬁ%éogﬁ}?asdgaﬁse&@ml%l ght rsEj‘ i 1
15 1- (5 uqmmwlbphds;wﬁicmareh?maq@ernmcﬁto?acgmémnahg&amgi\% of P?dro%%ﬁ' s
1.52 g (10.6 Bmglel é)ff N—E)(hen pyrrole are dissolved in 5 of "TEt201n a
250 m  t HARPRIERNG, TRE € ?E@ﬁ-ﬂﬁdﬂaﬁh@tﬁ Beligne Cacsten |wm§§d.§mﬂaagnmﬂwetﬂsh
2.5 3. i % Let 1 e I gm ney,. ' .
1.6 ?ml( ar %ﬁmbouggﬁnllﬁt | umé'%blmlggn\;t? %1.@%%%%’ jﬁ%‘”%ﬁ@‘eqﬁéﬁﬁ??&%d%é@a%e
reaction rSirgaperei Josdnio; tAKtVe/oppased B@ger ature for 12 h. This reaction

solution | is transferred to a dropping funnel. 4.68 g (21.23 mvl) of
di phenyl chl or ophosphine are m xed with 50 ml of ether ina 250 m

o e kA Nl obe 9k 8o SRR 4R o
sol ution 1V @xe usech@ptionally as a metal complex, in hydroformylations, preference is given
to using metals of the 8th transition group of the Periodic Table. Especially when
rhodium is used as the catalyst metal, high catalytic activities are obtained in the
- hydroformylations. The reactants used in these hydroformylations are preferably
15 olefins having from 2 to 25 carbon atoms, for example butenes (1-butene, 2-butene, i-
butene), octenes (1-octene, dibutenes), dodecenes (tributenes).
When the N-phenylipyrrolebisphosphines according to the invention of the formulae |
to V are used, optionally as the metal complex, in C-C coupling reactions, preference
is given to using metals of the 8th transition group of the Periodic Table, more
20 particularly of nickel and palladium. Examples of C-C coupling reactions can be found,
for example, in Matthias Befler, Carsten Bolm (Ed.) ,Transition Metals for Organic
Synthesis”, Wiley-VCH, Weinheim, New York, Chichester, Brisbane, Singapore,
Toronto, 1998, Vol, 1, pages 208-240.

25 iIn the metal-catalyzed reactions, either the N-phenylpyrrolebisphosphine-metal

- complexes, optionally with additional, free ligand, or the N-phenylpyrrolebis-

phosphines and a metal compound from which the catalyst complex forms with the N-
phenyipyrrolebisphosphines under the reaction conditions are used.

30
When the N-phenylpyrrolebisphosphine compounds according to the invention and/or
their metal complexes are used in metal-catalyzed reactions, the ratio of ligand fo



ently continued at roomtenperature for 1 h. The reaction solution
?gbzgfwxed ¥5 with 20 m of water and stirred for 10 min. The phases are
separ at ed @nfl 3MB-W@ani c phase is dried over sodiumsulfate Zﬁ”?’@ ?@5
This is subsequently concentrated under reduced pressure and the e
is dissolved in 20 m of toluene. This sokytion is cautiously covered with
100 m of hexane. The target product crystallizes out within one day. It
is filtered and dried under reduced pressure. 30 Yield: 4.88 g (90% of

" Ter ) 3o e el 8o 12 ) BODEBrfeBERY s 11 oo, rae prtominy rom
[y 1059; e m (s oFiat @R@%%@rﬁe?%%ﬁ% YiRoFe8gpsptsty n

J[Hz], CDQ® orlmprg Qf fIIE8]IQl§lrJ pﬁaseQmesemBOItom alsb =pc?SS|l§|I§3t01%e 'ifhe 5N-
34.8 d JM% I;B?Gq %37 0d % 3d, J= 1’3 3; 137 _d, Jpc
- 17. 16: Virolepjspiisp @%lnﬁy@p@ﬂ& aﬂH@@US phesecalplysts, 1Jpc = 26 MG,
rﬂz (%5 511(1)[ M, 434( 7) [ M- Ph], 326( 100)[|VHr PPh2], 249(10)[ M+- PPh2-Ph],
183( 15)[PPh2] 172(8) [ M+ - PPh2- 2Ph] EA: caic.: C79.8, H5.32, N2.7;
found:  C: 7idiepexamp %WhNhZFOBowcarEmataﬂdedZto tgustratle trf:e m\l/errn]t;on r?ut no(t Ito tgest&:t
] hen oIe2 i cycl ohexyl phosphi ne - b,
%algacg) C%‘ih%@%%%%g%ﬁﬁﬂ%ﬂtﬁﬂcﬁs %ﬂéﬁ% Byihe patetaimsssol ved in 20 M of
Et20in a 50 m three- 15 neck fl ask (eqw pped with magnetic stirring) and
adm xed with 0.704 g (0.91 nl) of TMEDA (tetranethylethylenediam ne). At
25C, 3.8 m of 1.6 molar n-butyllithium solution (6.06 mml) are
subseql@en ded. The reaction mXxture is stirred at room tenperature
for 12 tEIFI}éx reaction solution | is transferred to a dropping funnel.

All operations are carried out under argon by means of Schlenk techniques with dried
and degassed solvents.

Exampie 1
15 1-(2-Diphenylphosphinophenyi)pyrroIe—2-dipheny|phosphine (I-a, JaPHOS)
1.52 g (10.6 mmol) of N-phenylpyrrole are dissolved in 50 ml of ELO in a 250 ml
three-neck flask (equipped with magnetic stirring) and admixed with 2.5 g (3.2 ml) of
TMEDA (tetramethylethylenediamine). At 25°C, 13.6 ml of 1.6 molar n-butyllithium
solution (21.2 mmol) are subsequently added. The reaction mixture is stirred at room
20 temperature for 12 h. This reaction solution | is transferred to a dropping funnel.
4.68 g (21.23 mmol) of diphenylchlorophosphine are mixed with 50 mi of ether in a
250 ml three-neck flask. This solution Il is cooled to 0°C. Solution i of the dilithiated N-
phenylpyrrole is slowly added dropwise at 20°C to this solution Il Stirring is
subsequently continued at room temperature for 1 h. The reaction solution is admixed
25 with 20 ml of water and stirred for 10 min. The phases are separated and the organic
phase is dried over sodium sulfate for 12 h. This is subsequently concentrated under
reduced pressure and the residue is dissolved in 20 mi of toluene. This solution is
cautiously covered with 100 m! of hexane. The target product crystallizes out within
one day. It is filtered and dried under reduced pressure.
30 Yield: 4.88 g (90% of theory); M = 511.54 g/mol
*'P NMR:(8{ppm], J[Hz], CDCls): -17.5 d, Jpp = 18; -30.7 d, Jpp = 18



1.41 g (6.06 nmmol) of dicyclohexyl chl orophosphine are mxed with 20 m of

Et20in a 20 100 M three-neck flask. This solution Il is co\(l)\#g,g to OC

Sol ution 10&. GM6-WQit hi ated N- phenyl pyrrole is added drop JHN 0@ o

the solution Il. The mxture is subsequently stirred at 25C for | h. The

reaction solution is adm xed with 20 nl ofgwater and stirred for 10 mn.

The phases are separated and the organi c phase is dried over sodium

sul fate for 12 h Th| S is subsequently concentrated under reduced pressure

ho th | . The tar
oroaues oL RARY Buidf AE8). CACI BT, Dl =38 7] R AR ik s G, U@ 5T,
'"’New'?e“??ﬁrf?pﬁ?n?’e“”%ﬁ“#.&:@?7(07'4‘?%"’ ARG i 53215 910 3T o 1n
NVR: ([ 1010%1‘13 NMR:(3 pp@RGI[Biy], CCD%)L 089 21 1) 8.9%; 5284&9?&%23@00 d8) 28: H;ila@ i34 =

2.57, 30 J = 2.58 (1H); 6.45 d,d, J = 1.59, J =
m( 1H) : 72m'73m(2H) 7.4-7.5 m(1H O Z 5706V\023JUN2005 1413c

NV (& pralg alUihe §§§793% 1800% $=2 5373 ¢y 29273, Uerp . = P18 147%
30. 9, 31 athpb-ns& R4, J?»é=456d1@u,7a 1J,;56;264 6 d. J = 26, 7. 34.8d, J
=19. 1; 35. 116 d, J = 3.8, 127 s;

127.5 s: df"é ("/‘1)29'55‘51 (E‘J)?[‘?’r]l ,9%4:} [Mlﬂ‘]@ 332&11 OQ)IM -i’%hz] 24QG®)EM dPPh,-Ph),

L P, O o o 50 sy i

(7) [ Mt- 4CH:5. N(?Eﬁ) , EA: calc.: C76.2, H9.6, N.2.6; found: C 75.9,
H: 9.5, N2610Exarrp|e3

1-(2- d adamant yl phosphi nophenyl ) pyrrol e- 2-di adamantyl phosphine (I-

Ad- JaPHOSExathgié 2 (2.2 mml ) of N-phenylpyrrole are dissolved in 20 m of
Et20in a 50 m three- neck flask (equipped with magnetic stirring) and

adni xed wilt(@-BicyclgherylpBosphinaphernyhErole: 2dicuithexyiphbypieinedi aniliag) . Atyc-
25C 2.8 UEPPIf §) 6 nmolar n-butyllithium
0.43 g (3.04 mmol) of N-phenylipyrrole are dissolved in 20 ml of Et,O in a 50 m! three-
15 neck flask (equipped with magnetic stirring) and admixed with 0.704 g (0.91 ml) of
TMEDA (tetramethylethylenediamine). At 25°C, 3.8 ml of 1.6 molar n-butyllithium
solution (6.06 mmol) are subsequently added. The reaction mixture is stirred at room
temperature for 12 h. This reaction solution | is transferred to a dropping funnel.
1.41 g (6.06 mmol) of dicyclohexylchlorophosphine are mixed with 20 ml of Et,O in a
20 100 m! three-neck flask. This solution I} is cooled to 0°C. Solution | of the dilithiated N-
phenylpyrrole is added dropwise at 0°C to the solution !l. The mixture is subsequently
stirred at 25°C for 1 h. The reaction solution is admixed with 20 ml of water and stirred
for 10 min. The phases are separated and the organic phase is dried over sodium
sulfate for 12 h. This is subsequently concentrated under reduced pressure and the
25 residue is dissolved in 200 ml of hot ethanol. The target product crystallizes out within
one day. it is filtered and dried under reduced pressure.
Yield: 1.2 g (74% of theory); M = 535.73 g/mol
Hp NMR:(6[ppm], J[Hz], CDCls): 15.9 d, Jpp = 6.94; -28.1 d, Jpp = 6.94
H NMR: (8[ppm], J[Hz], CDCls): 0.9-1.2 m(21H); 1.5-1.8 m (23H); 6.27 d.d, J = 2.57,
30 J=258(1H), 6.45d,d, J=1.59, J=1.58(1H); 6.7 m(tH); 7.1 m(1H); 7.2-7.3 m(2H);
7.4-7.5m (1H)



15 solution (4.4 mol ) are subsequently added. The reaction m xture is
stirred at 25C for 12 h. This reaction solution | is transferred to a

dr oppi ng fOnhdi7068W8 g (4.4 mmol) of di adamantyl chl or ophosphi @e3 afleN gy $d
with 40 M of THE in a 100 m three-neck flask. This solution Il 1Is coo
to OC. Solution I is added dropwi se ‘at 0G40 the solution II.

Subsequently, the mixture is heated and stirred under reflux (approximtely
20 60C) for 36 h. The reaction solution is concentrated under reduced

| dimi xed with
Do oF R aNMEE B dfas UG k8 n4dd“T“|4 yﬁ%&‘@ Bl SbBT &7 S BRI RE.6
“organi ¢ phiise=isgdpd gddoyerifgl beig Filibaig d 044 gg% podﬁéctfh

filtration, 100 m of ethanol” are a ded 5I’he col'orl ess ""tdrge
crystalli 7645 etdW EHE e doldy= 26'[7 B3d.9 d] § €N ;BHI4 ar, UedQLBﬂIﬂSB vedweepb 225

preseure. Wb 468, 948, 24% of 19758 kg ;Jé‘ésgf 5(75 mmm =38
(8[pp5715JJ{_332d1d @Dfé%)13§45d Jg mzfzﬁ%?')m 614%@5# -?_rp s 48} g1 H Nz

(%: 744 (M§| 'Mnrz( (arb 506 5(360020[%1 Adﬂ525(4@113)5 (mt -0y} ngl(r)[wg:zgye PRRDMIIECy,),
(o 1) T A RESECVE &3 Tl iy cABD 67 ERDHES MR TAUEH: G5 s

and JaPhO$4§$I|gands 5 1 mml of Rh(NBD)(acac) or Rh(COD) (acac) S
dissolved in 10 mM of THE and cooled to -70C. 1 mmol of ligand from
Exanple 1-2 dissolved in 40 M of THE is added dropwi se to the rhodi um

sol Utl.ﬂj’l ' mnutes. The solution is heated to room tenperature
with rragn\gflc Ellrring and adm xed with 120 (err)l of 54% HBF4 (solution in

et her). Sub&eDiaﬂaﬁﬁahty@haﬁplﬁihbﬁhéﬁwdyﬁo@ bafib@smityithosBhifle @, Bu2faPHos)
Fol I oved b ] |g|(t2e2r mmol) of N-phenylpyrrole are dissolved in 20 ml of Et,O in a 50 ml three-
neck flask (equipped with magnetic stirring) and admixed with 0.5g (0.75 mil) of
TMEDA (tetramethylethylenediamine). At 25°C, 2.8 ml of 1.6 molar n-butyllithium
15 solution (4.4 mmol) are subsequently added. The reaction mixture is stirred at 25°C
for 12 h. This reaction solution | is transferred to a dropping funnel. 1.5 g (4.4 mmol)
of diadamantyichlorophosphine are mixed with 40 ml of THF in a 100 mi three-neck
flask. This solution Il is cooled to 0°C. Solution [ is added dropwise at 0°C to the
solution Il. Subsequently, the mixture is heated and stirred under reflux (approximately
20 60°C) for 36 h. The reaction solution is concentrated under reduced pressure, and the
residue is dissolved with 20 ml of toluene, admixed with 20 ml of water and stirred for
10 min. The phases are separated and the organic phase is dried over a little dry
sodium sulfate for 12 h. After filtration, 100 m! of ethanol are added. The colorless
target product crystallizes out within one day. It is filtered and dried under reduced
25 pressure,
Yield: 0.25 g (15.3% of theory); M = 744.03 g/mol
3P NMR:(5[ppm], J[Hz], CDCl3): 17.81d, J =5.5: 4.75 d, J = 5.5
'H NMR: (8[ppm], J[Hz], CDCl3): 1.5-2.0 m {60 'H); 62t J=31(1H);6.6d,d, J=1.5,
J=3.6(1H)
30 6I9mM(IH;,71m(H;72m(2H); 7.8 m(1H)
MS, miz (%) 744 (3)[M"], 608 (B0O)M™-Ad], 442 (2)[M*-PAdy], 301(2)[PAd,], 135
(100)IAd]



10 and washing with Et20. The yields are over 90% The anal ytical dat a of

the conpounds prepared by GP 1 are conpiled in Table 1. Tabl
Anal yt i cal Odattd 0rWe conpl exes of Exanpl es 4-8 (NVR[ MeOD- dﬁ3 dgNrXIIUﬁprﬂ
J[Hz], M5 Intectra AMD 402, FAB positive using NBA as the matrix) 15
ForrruIaYleIdPNNRIHNNRIVB mz (N9: No. [A 4

Rh(1) (Cyc-JaPHOS) (COD)' BF4 94 24.4 d,d; 0.5-2.5 m(Cy, 746 (100) [Rh(Cyc- ~~
-1 BF4 2Jpp = 24.9; 44 H COD, 8H); JaPHOS)(COD)]'; N?, '"JPRh = 130.4 4.5 bs

\/ ~p p 18.7 d,d: 4.7bs (1 H, COD)
Sépﬂ@)(c:(’ffﬁpiez‘gép[ﬁh(zgg 4.9 bs (1 H COD) - NBD' 'JPRh = 145.65 5.8

s (1 H CBnerd prcﬁ:e%ﬁlré'ﬂRhlj 17(61— %thes]s%f?ﬁéﬁ?’%épgNgg@éég%C%%P%&%m

7.5 m (2 O% c- JaPHOS)
0.8-2.1 mQrngaEthl and ﬂa%q&qagngands] \ f BF4 'JPRh = 154 H,
JaPHCS) (NBD)]";  /~~_ // NJ 11.1 d of mNBD, 2H); 637 (80) [Rh(Cyc- /gyp P,

JpRh = 1318 3.9 bs (1 H, NBD) JaPHOS)(NBD)]' 11 ° 4.1 bs (1 H, NBD) - NBD
4. 8bsf 1H i) of RANBD)(acBd) IHRIRROE) Geacy R&1i¥QIded i i YT HF and cooled

to -70°C. 1 mmol of ligand from Example 1-2 dissolved in 40 ml of THF is added ,
drbpwise to the rhodium solution within 10 minutes. The solution is heated to room
temperature with magnetic stirring and admixed with 120 ! of 54% HBF, (solution in
ether). Subsequently, precipitation is effected using 20 ml of Et,O, followed by filtering

10 and washing with Et;O. The yields are over '90%. The analytical data of the
compounds prepared by GP 1 are compiled in Table 1.

Table 1: Analytical data of the complexes of Examples 4-8 {(NMR[{MeOD-d4], §[ppm),
J[Hz], MS intectra AMD 402, FAB positive using NBA as the matrix)
15
Ex. {Formula Yield [*'P NMR "H NMR MS, m/iz (%):
No. [%]
4 Rh(I}(Cyc-JaPHOS)(COD)'BF, {94  |24.4dd; 0.5-2.5 m{Cy, 746 (100) [Rh(Cyc-
- 1BE, “pp=249; |44 H,COD8H);, |JaPHOS)COD)I";
Q*N;l "Jprn = 130.4 4.5 bs (1H, COD) | 637 (70) [Rh(Cyc-
VaANg N AN 18.7 d.d; 4.7bs (1H,COD) |JaPHOS)COD)"
ﬂ ﬁ e =249; [4.9bs(1H, coD) |- NBD
= "Jprn = 145.65 | 5.8 bs (1H,COD)
=X /= 6.45 d,d,
J =159,
J =1.58 (1H)
6.9 m (1H)
7.2 m (2H)
7.5 m (2H)
7.9m (1H)
5 Rh(1)(Cyc-JaPHOS)NBD)'BF, |90  [25.1dofm, |0.8-2.1 m (Cy, 44| 730 (100) [Rh(Cyc-
- 1BK, Uprn =154  |H, JaPHOS)(NBD)[";
C}—NQ 11.1dofm |NBD,2H); 637 (80) [Rh(Cyc-
Vany NN AN “Jern = 131.8 |3.9 bs (1H, NBD) |JaPHOS)(NBD)]*
ﬂ ﬁ 4.1 bs (1H,NBD) |- NBD
by 4.8 bs (1H, COD)
NS 5.1-5.3
g/ m (3H,NBD)




16 6.5 d,d, M1 H 6.9 m(1H 7.2m1H 7.5m1H 7.9 m(3H 6
Rh(1) (JaPHOS (c%%sm 93 21.3 d,d; 2.0 m(4H, COD) 722 (100) 4 7IPP =
37.5; 2.5-9. 480 Wc zZ N /r~ ' JPRh = 148.43 (4H, COD) JaP (db)2005 |
PP18.1d,d; 4.55 m(2H 614 (75) [Rh(Cyc 2Jpp = 37.5; COD) JaPHOS) (COD)]t
Rh"| I JPRh = 147.0 4.7 m(2H, COD) - COD 3675 m (1 H 6.21 m(1 H 6.44 m
(1H 6.55n(IH) 7.05 m(2H 7.2-7.5 (18H 7.68 d, J=6.9 (1 H 7.69 d,
J=6.9(1H 7.8 d, J=7.6(1H; 7.81d J=7.63(1H 7

1
=125~ 4 k Z06L.100)

Rh( 1) ( JaPpOSI(NEDrBE —th—T4—5 H; NBI%.Sadﬁ_l“H),

) S|

BE4 71pn =

L
2\

o
38.84; 4. bs |(2H NBD) [Rh(JaPHOS) (NB

6.9 m (1H)
7.2 m (1H}
7.5m (1H)
7.9 m (3H)

6 Rh(l)(JaP

N
SYERP
P P

HOSYCOD) BF,

J&
©

93

21.3d,4d;
2J|:a[:n = 375,
prn = 148.43
18.1 dq;

Zdpp = 37.5;
1JPRh =147.0

2.0 m (4H, COD)
2.5-2.7m

(4H, COD)
4.55m (2H,
coDb)

4.7 m (2H, COD)
5.75 m (1H)

6.21 m (1H)

6.44 m (1H)
6.55 m (1H)
7.05 m (2H)
7.2-7.5 (18H)
7.68 d,

J=6.9 (1H)

7.69 d,

J=6.9 (1H)
7.84d,

J=7.6 (1H);
7.81d,
J=7.63(1H)

722 (100}
[Rh(Cyc-
JaPHOS)(COD)]";
614 (75) [Rh(Cyc-
JaPHOS)(COD)]"
-COoD

7 Rh(i}(JaP

-
@5 Je
P, P
CAVAN)

HOS)NBD) BF,
] BF,

91

227 d,4;

ZJpp = 38.84;
1JpRh = 158.14
18.7 d.d;

2 Jep = 38.84;
Uern = 156.75

1.5 bs (2H, NBD)
4.0 bs (2H, NBD)
4.55 bs (1H,
NBD)

4.65 bs (1H,
NBD)

5.0 bs (1H, NBD)
5.2 bs (1H, NBD)
5.75 m (1H)

6.2 m (1H)

6.3 m (1H)
6.55m (1H)

7.05 m (2H)
7.2-7.5 (18H)
7.74d,

J=6.9 (1H)
7.714,

J=6.9 (1H)
7.9d,

706 (100)
[Rh(JaPHOS)(NB
D)I; 614 (45)
[Rh{JaPHOS)(CO
D)* - NBD




~ N~ 1JPRh = 158.14 4.55 bs (1 H, D)]'; 614 (45) P 18.7 d,d; NBD)

[ Rh(JaPHOS) (CO O 2Jpp = 38.84; 4.65 bs (1 H DJ]' - NBD' JPI%3—J;}§ Zﬂjﬁ]
NBD) 5.0 b®.£.16786-WED) 5.2 bs (1 H NBD) 5.75 m(1 H) 6. 2m( 1H) (1
H 6.55 m(1H 7.05 m(2H 7.2-7.5 (18H) 7.7 d, J 6. 9(1H) .71 d,
J=6.9(1H 7.9 d, OZ 5706-WO 2 3 JUN 20¢p 17 J=7. 6(111) 7.91 d,
J=7.63(111) Exanple 8: Hydrofornylation reaction of 1- or

ci s/trans-2-pentene using a rhodium JaPHOS catal yst A mxture of 73 mmol

of al kenep—t+heg—eerrespendi-rg—arpuni—of _h(a-c.acg-@C%_a 5 catalyst
precursor|(0.Q1 nol % of cat al yst, 0.007B nmol = 1]B37-HE) t hel correspondifg

-;amount of f JaPHICS, 2 nml of i1sooctang as fn internal7.$tdandard and a! so 30 m
of anisojle ag a solvent is reacted in a Parr 100;jJd7@atiegl ave (With
magnetic StTrring). 1ne

Example 8: Hydroformylation reaction of 1- or cis/trans-2-pentene using a

rhodium/JaPHOS catalyst
A mixture of 73 mmol of alkene, the corresponding amount of Rh(acac)(CO), as a -

S catalyst precursor (0.01 mol% of catalyst, 0.0073 mmo! = 1.88 mg), the corresponding

amount of JaPHOS, 2 ml of isooctane as an internal standard and also 30 ml of

anisole as a solvent is reacted in a Parr 100 m{ autoclave (with magnetic stirring). The

synthesis gas pressure (Ho/Co = 1:1 [sic] kept constant at the specified value once the

working pressure is obtained. After the reaction time, completion of cooling and

10 decompression of the autoclave, the reaction mixture is analyzed by gas
chromatography (resuits see Table 2).

Table 2: Hydroformylation results of 1- or cis/trans-2-pentene using a

rhodium/JaPHOS catalyst
15
Substrate [Rh Rh:JaPHOS |T P T Yield® n:iso”
[mo!%] |[mol/mol] [°C] |[[bar] fh} [%0]
1-Pentene |0.01 1:5 120 (50 6 94 47:53
2-Pentene®|0.01 1:5 120 |50 6 54 24:76
2-Pentene®|0.01 1:5 120 {25 6 25 39:61

" Yield = 1-hexanal+2-methyipentanal+2-ethylbutanal,
® ntiso = 1-hexanal : 2-methylpentanal+2-ethylbutanal, [mol : mol]
°2-pentene = cis/trans-2-pentene



synthesis gas pressure (H2/Co = 1:1 [sic] kept constant at the specified
val ue once the working pressure is obtained. After the reactign tine,
conpl et i orOd. 5O6FMEY and 10 deconpression of the autoclave, % Zgﬁé
m xture is anal yzed by gas chromatography (results see Table 2). Tabl
Hydrof ornyl ation results of 1- or cis/trafg-2-pentene using a

r hodi um JaPHOS catal yst 15 Substrate Rhn Rh:JaPHOS T P T Yielda n:iso

[ mol %4 [m)I/m)I] [C] [bar] [h] [94 1-Pentene 0.01 1:5 120 50 6 94 47:53
2- Pentene 'ﬁhel 5 120 50 6 54 24:76 2-Pentene0.01 1:5 120 25 6 1 25
39:61 a ar g hexanal +2- met hyl pent anal +2-et hyl butanal, b n:iso =

" 1-hexanal Geﬁer@ﬁbfhﬂe@@i‘é forehydto éhﬂlf%‘b%ﬂb glﬁ?gnsr:dfﬂa't? g&sﬁaﬁgpﬁfd‘ ium/N-

cis/trans-2-pentene O Z 5706- UN 200

pr ocedur e AGNYRymohdlispheshine catalystpfroneErample &t {1@?53)3 usi ng rhodi um N
phenyl pyrrol yl bi sphosphi ne catal ysts from Exanple 4-7: (GP 3) 5 0.01 mml
(or less) of the appropriate conplex fromExanple 4 - 7 is nelted in a

gl ass @pW.e1 amdol (Br ledsr of thd SRhr@sIaNe éd?ﬁﬁle ﬁ&ﬁr%%%ﬁ@big n?’%‘?ﬂ@l ano

vessel (eqw ped wi th nmagnetic st| rri-ng). Subseque
and 1 mmolglags aglﬁ’bl!ﬁ pRM dntpducattivndenargan gms aebhehangiat@d hgdopayenttion vessel

o ecatal y{PATRRER M muadhelle iRy, iRl ERlr %6 mEof teRBaREamL darmelof
25C and t lsebbiratecgreradiiesls #fiee gak dxchange %Férddiﬁo@ﬁgdrddé'ﬁs H{H)Féa‘?:'ﬂor $s started

nmeasured ysing automatjc regi stering apparatus time'to
conversi o®Yo eyingh dhe a0lasSss ampder e thehenrpeaialyst [h}rmgbﬂhqumﬁdtlpn the

10 temperature is kept constant at 25°C and the hydrogen pressure at 1 bar, and the gas
consumption is measured using automatic registering apparatus. The time to
compiete conversion of the substrate is measured. The product is subsequently
‘analyzed by GC. Example see Table 3.

15  Table 3: Hydrogenation results for hydrogenating olefins by means of catalysis using
rhodium/N-phenylpyrrolylbisphosphine catalysts

Precatalyst Substrate t1 . 2

(mmol) (mmol)

Rh{()}(JaPHOS){COD)'BF ;- coD? COD—-COE® [COE—COA®
(0.01) (1) 4.7h 3d
Rh(1)(JaPHOS)NBD)'BF NBD? NBD°->NBE® |[NBE°SNBAT
(0.01) (1) 2.5 min 40 min
Rh(i}(Cyc- COD? COD—COE® |COE—COA®
JaPHOS)(COD)'BF4 (0.01)  |(1) 100 min 10 min
Rh({I)(Cyc-JaPHOSYNBD) BF, | NBD? NBD°>NBE® |NBE°SNBA'
(0.0007) (1 25min |40 min

20 ?=1,4-cyclooctadiene,

norbornene, ' = norbornane

® = cyclooctene,

° = cyclooctane, ¢

= 2,5-norbornadiene, © =

2-



anal yzed by GC. Exanpl e see Table 3. 15 Table 3: Hydrogenation results for
hydr ogenating ol efi ns by neans of catalysis using

hodi um N | yl bi sph hi ne catal ysts Precatal yst Subgt.?rai tang 2
Em(*)m:;J (nggﬁ'fgydﬁgWé?JgPHlogf(gsag) +BF4 CODsyCODB. COE COE{*COA (0. Oll';shJ 95

4.7 h 3 d Rh(l)(JaPHOS) (NBD) BF4 NBD NBD 4NBEe NBEe-4NBA (0.01) (1) 2.5
mn 40 min Rh(l)(Cyc- CODs COD*COE COEs *COA JaPHOS) (COD) +BF4 (0.01) (1)
100 min 10 min Rh(l)(Cyc-JaPHOS) (NBD) BF% NBD NBD - +NBEe NBEe- NBA
(0.0007) (1) 2.5 mn 40 mn 20 a = 1, 4-cycl ooctadi ene, b = cycl ooctene, c=
cycl ooct aWhatds eldinfed@: bor nadi ene, e = 2- norbornene, f = norbornane O Z.
5706-WD 2 37 JUN 2005 19 O What is clained is: 1. An

N- phenyl pyrrol ebi sphosphine of the formulal R6 R7 \ RS R8 PRILRZ R9 N

PR3R4 119 Z-1,F% where R1,, R2, .R3, R4 = aljphatic, cycloaliphatic or
aromatic ﬁ‘ydro%g%ﬁequWrEqi?g'Spﬁ%SW\ﬁ HE}E‘IerfSFﬁ‘i”L'atlo 25 carbon atons, and Rl
and R2 and/or R3 and R4 may be

where
R', R%, R% R* = aliphatic, cycloaliphatic or aromatic hydrocarbon radicals
10 having from 1 to 25 carbon atoms, and R' and R? and/or R® and R* may be
joined by one or more covalent bonds,
R°, R® R, R% R% R'™ R" = H, aliphatic, alicyclic, aliphatic-alicycfic,
heterocyclic, aliphatic-heterocyclic, aromatic, aromatic-aromatic, aliphatic-
aromatic hydrocarbon radicals having from 1 to 50 carbon atoms, and R® to R""
156 , may each be defined identically or differently and be covalently joined together,
and each be F, Cl, Br, I, -Si(CHs);, -CFs, -OR', -COR", -CO,R", -CO,M,
-SR™, -80,R", -SOR™, -SO;R"™2, -S0;M, -SO.NR™R™, NR'2R™® N'R™ZRR™,
N=CR'’R"®, NH,, where R'?, R™ = H, substituted or unsubstituted, aliphatic or
aromatic hydrocarbon radicals having from 1 to 25 carbon atoms, each defined
20 identically or differently, and M = alkali metal, alkaline earth metal, ammonium,

phosphonium jon.

2. An N-phenylpyrrolebisphosphine as claimed in claim 1,
wherein

25 R® and R® from formula | together are a fused aromatic in formula



j oi ned by one or nore coval ent bonds, R5, R6, R7, R6, RO, R10, R' = H,
aliphatic, alicyclic, aliphatic-alicyclic, heterocyclic,
allphatlcéﬂ%%eroc clic, aromatic, aromatic-aromatic, allphat|023adUNB éﬁ
hydr ocar b 5@9@ §)haV|ng fron11 to 50 carbon atons, and R5 to R11 15 may
each be defined identically or differently and be covalently j oi ned
together, and each be F, d, Br, |, -8 (€H3)3, -CF3, -ORl2, -CCR12,
-02R12, -CO2M -SR12, -S02R12, -SOR12, -SO3R12, -SO3M - SO02NR12R13,
NR12R13 N+R12R13R13, N=CR12R13, NH2, where R12, R13 = H, substituted or
unsubstituted, aliphatic or aromatic Emﬁrocarbon radi cals having from1l to
25 carbon atoms, each defined 20 identycally or differently, and M= alkal
netal, alkaline earth netal, anﬁ? phOﬁWﬁOﬂlUﬁ]lon 2. An

N- phenyl pyrr ol ebi sphosphine as ¢ aiml, wherein 25 R5 and R6
fromfornula | together are a fused gtic in formula Il O Z 5706-WO 2 3
JUN 2005 20 R16 R17 | R15 pR1IR2, RO N PR3R4 R10 R11 where 5
R14, R15, R16, R17 = H, aliphatic ycli B aliphatic-alicyclic,

het erocyclic, aliphatic-heterocy aromatic, aromatic-aronatic,

ali phatic-aromatic hydrocar bgfi-T ad éﬂg¥png from1l to 50 carbon atons,
and are each F, d, Br, 1, -Si(CH3)3, -OR12(lp 12 12 12 12

RﬁPRaR“
R R
where
5 R RS R® R = : . . . . R TR T :
, . . R* = H, aliphatic, alicyclic, -aliphatic-alicyclic, heterocyclic,

aliphatic-heterocyclic, aromatic, aromatic-aromatic, aliphatic-aromatic
hydrocarbon radicals having from 1 to 50 carbon atoms, and are each F, Cl, Br,
l, -Si(CHs)s, -CF3, -OR™, -COR™, -CO,R"™, -CO,M, -SR™, -SO,R™, -SOR™,
-803R"%, -S03M, -SO,NR™R" NR2R™, N'R™2R"R", N=CR™?R", NH,, where
10 R™, R™ = H, substituted or unsubstituted, aliphatic or aromatic hydrocarbon
radicals having from 1 to 25 carbon atoms, each defined identically or
differently, and M = alkali metal, alkaline earth metal, ammonium, phosphonium
ion and R', R?, R%, R*, R”, R®, R®, R™ and R"" are each as defined in claim 1.

15 3. An N-phenylpyrrolebisphosphine as claimed in claim 1,
' ‘wherein

R® and R” from formula | together are a fused aromatic in formula Il



COR, -CO2R, -Q02M -SR -SO2R -SOR, SO3Rt2, -SG3M -SO02NR12R13, NR12R13,
N+R12R13R13, N=CR12R13, NH2, where 10 R12, R13 = H, substituted or
unsubsti t i,phatic or aromatic hydrocarbon radi cal s hayifg to
25 car bonltg‘?gﬁz,%‘é&gn defined identically or differently, angMlI_l\v il%él [
“nmetal, alkaline earth nmetal, amonium phosphonium ion and Rl, R2, R3, R4,
R7, R8, R9, R70 and Rl11 are each as defjined in claim1l. 15 3. An

N- phenyl pyrrol ebi sphosphine as clained in claiml1l, wherein R6 and R7 from
formula | together are a fused aromatic in formula Il O Z 5706-WDO 2 3 JUN
2005 21 R15 RIYRPRIR2 RIR(Il 13115 Rs N PR3R4 1X Ro R11 Z1 1 where 5
R14, R15, R16, R17 = H, aliphatic,jalicyclic, aliphatic-alicyclic,
heterocyclic, aliphatic-hetdtocyclic, gidbmatic, aromatic-aromatic,

al i phatic-aromatic hydrocarbon @l s having from1l to 50 carbon atons,
and are each F, d, Br, I, -Si( -CF3, -OR12, -COR12, -CO2R12, -CO2M
-SR12, -S2R 2, -SOR12, SO3R v 52NR12R13, NR12R13, N+R12R13R13,
N=CR12R13, NH2, where 10 R1Z2, R13 Jubstituted or unsubstituted,

ali phatic or aromatic hydrocarbon als having from1l to 25 carbon
atons, each defined identicall g ereRtdd, and M = al kali netal,

al kaline earth netal, ammoni um phosghonium Ton andli , R2, R3, R4, R5,
R8, R9, R10 and Rl1l are each aﬁgdefi d inPF(éiéaJ m 1.

R‘IO Rﬂ

where

5 R™ R™, R' R" = H, aliphatic, alicyclic, aliphatic-alicyclic, heterocyclic,
aliphatic-heterocyclic, aromatic, aromatic-aromatic, aliphatic-aromatic
hydrocarbon radicals having from 1 to 50 carbon atoms, and are each F, Cl, Br,
l, -Si(CHs)s, -CF3, -OR™, -COR™, -CO,R™, -CO,M, -SR'?, -SO,R™ -SOR™,
-S03R™, -S03M, -SO,NR™R™, NR'’R™, N'R™2RR™, N=CR™R"™ NH,, where

10 R™, R"™ = H, substituted or unsubstituted, aliphatic or aromatic hydrocarbon
radicals having from 1 to 25 carbon atoms, each defined identically or
differently, and M = alkali metal, alkaline earth metal, ammonium, phosphonium
ion and R1, Rz, R3, R*, Rs, RE, Rg, R and R" are each as defined in claim 1.

15 4. An N-phenylpyrrolebisphosphine as claimed in claim 1,
wherein

R’ and R® from formula | together are a fused aromatic in formula IV



15 4. An N phenyl pyrrol ebi sphosphine as clained in claim1, wherein R7 and
R8 fromformula | together are a fused aromatic in fornula IV O Z. 5706-WD
2 3 JUN 2 4 R Rla Rs R16 PRIR2 (1V) R 9R17 N PR3R4 1
215 Megg‘%?i,ae'@é R16, R17 = H, aliphatic, alicyclic, A\l

al i phatic-alicyclic, heterocyclic, aliphatic-heterocyclic, aromatic,
aromati c-aromatic, aliphatic-aromatic z2hydrocarbon radicals having from1
to 50 carbon atons, and are each F, d, Br, I, -Si(CH3)3, -CF3, -OR12,
-COR12, -CO2R 12, -CO2M -SR12, -SO2R12, -SOR12, 10 -SO3R12, -S03M

- S02NR12R13, NR12R13, N+R12R13R13,14 N=CRL2R13, NH2, where R12, R13 = H,
substituted or unsubstituted, alljphati’tc or aromatic hydrocarbon radicals
having from1 to 25 carbop’ d identically or differently,
and M = alkali netal, alkali egl;” ammoni um phosphoni um ion and
R, R2, R3, R4, R5, R6, RO, are each as defined in claiml1l. 15
5. An N-phenyl pyrrol ebi sphasp : yloged in claiml, wherein RO and
R10 fromfornmula | togethBr “are ™3 d” ar Op'RE i n fO(\I}}Ha V O Z 5706-WO
2 3 JUN 2005 23 R6 '

_5 : where
RY R™ R R = R, aliphatic, alicyclic, aliphatic-alicyclic, heterocyclic,
aliphatic-heterocyclic,  aromatic, aromatic-aromatic,  aliphatic-aromatic
hydrocarbon radicals having from 1 to 50 carbon atoms, and are each F, Cl, Br,
1L -Si(CHg)s, -CF3, -OR™, -COR"™?, -CO,R™, -CO,M, -SR', -SO,R™, -SOR™,

10 - -SO3R™, -S0O3M, -SO,NR'R'® NR'2R", N'R'?R™R"® N=CR'"R", NH,, where

" R% R®™ = H, substituted or unsubstituted, aliphatic or aromatic hydrocarbon

radicals having from 1 to 25 carbon atoms, each defined identically or
differently, and M = alkali metal, alkaline earth metal, ammonium, phosphonium
ion and R, R, R®, R*, R%, R®, R%, R™® and R"" are each as defined in claim 1.

15

5. An N-phenylpyrrolebisphosphine as claimed in claim 1,

wherein

R® and R'® from formula | together are a fused aromatic in formula V



RT RS 8io PRRR RN R15 LN PR3R4 R16 R11 Rn where R14, R15, R16, R
= H aliphatic, alicyclic, aliphatic-alicyclic, heterocyclic,

hycr ocar b SABANG having from 1 (o 50 carbon atoms. and oy %‘Q@%ﬁéco ,

Br, I, -Si(CH3)3, -CF3, -OR12 ,-COCR12, COZRlZ , SP12, -SO2R12 , -SOR12 COR
-CO2R12 , -CO2M -SSR, -SO2R -SOR , § -SCBM - SO2NR12R13 NR12R13
N+R12R13R13 N=CR12R13 NH2, where R12 = H, substituted or

unsubstituted, aliphatic or aromatic hydr ocar bon 10 radicals having from1
to 25 carbon atons, each defined identjigally or differently, and M=

oni um phosphonium ion and R, R2,
as defined in claiml. 6. An

of claims 1 to 5 15 which
ne as clainmed in any of clains |
5 RI-R4 or R1L and R 2 and/or R3

o group of nenthyl,

~An

al kali metal, alkaline earth netal, a
R3, R4, R5, R6 R7, R$ and R11 a#& each
N- phenyl pyrr ol ebi sphosphl ne as '
is chiral. 7. An N-phenyl pyrrol ebisp
to 6, wherein one or nore of {He

and R4 together are a 20 chiral, radl
canphyl, 1,1'-binaphth-2-yl, h8xane-
N- phenyl pyrrol ebi sphosphi ne- net a
2nd, 3rd, 4th, 5th, 6th, 1B or &
of the O Z 5706-WD 2 3 J §

where
R™ R, R R = H, aliphatic, alicyclic, aliphatic-alicyclic, heterocyclic,
5 ‘aliphatic-heterocyclic,  aromatic,  aromatic-aromatic, aliphatic-aromatic
hydrocarbon radicals having from 1 to 50 carbon atoms, and are each F, Cl, Br,
l, -Si(CHa)s, -CF3, -OR™, -COR", -CO,R™?, -COM, -SR'?, -SO,R"?, -SOR™
-S0:R"™, -80:M, -SO,NR™R™, NR™?R™, N'R™2R"R'®, N=CR'2R" NH,, where
| R™, R™ = H, substituted or unsubstituted, aliphatic or aromatic hydrocarbon
10 radicals having from 1 to 25 carbon atoms, each defined identically or
differently, and M = alkali metal, alkaline earth metal, ammonium, phosphonium
ion and R, R? R% R*, R, R®, R’, R® and R"" are each as defined in claim 1.

6. An N-phenylpyrrolebisphosphine as claimed in any of claims 1 to 5,
15 which is chiral.
7. An N-phenylpyrrolebisphosphine as claimed in any of claims 1 to 6,
wherein

one or more of the radicals R'-R* or R' and R? and/or R® and R* together are a
- 20 chiral radical from the group of menthyl, camphyl, 1,7-binaphth-2-yl, hexane-
2,5-diyl.

8. An N-phenylpyrrolebisphosphine-metal complex containing a metal of the 1st,
2nd, 3rd, 4th, 5th, 6th, 7th or 8th transition group of the Periodic Table of the



24 Elenents, an elenent fromthe | anthani des and/ or actini des and one or

nore N-phenyl pyrrol ebi sphosphi nes of the fornula | R6 R5 Ré *Pﬁ,\IRQ2 é?6
() R9N ?3596\@ R R11 5 where Rl, R2, R3, R4 = aliphati % 00
cycl oal i phati 8 pomati ¢ hydrocarbon radicals having 1 to 25 carbon
atonms, R5, R6, R7, R8, R9, Rl, R' = H, aliphatic, alicyclic,

ali phati c-alicyclic, 10 heterocyclic,z24l9 phatic-heterocyclic, aromati c,
aromatic-aromatic, aliphatic- aromatic hydrocarbon radicals having from1l
to 50 carbon aonms and R5 to R11 may each be defined identically or

di fferently andidreentsyahesichngnt dloreehd peghie

-Si (CH3)3, -CF3, -ORl2, -CORL2, -CO2R 12, - aess aﬁ%r%‘gﬁ'&ééogﬂ% @&'ﬁ'lf
- SO3R12, - SGBMY ! mtysp'nmme§ ONJRRJ‘IQMQJRJIS 15 N=CR12R13, NH2, where
R12, R13 = H, substituted or unsubstituted, aliphatic or aromatic

hydr ocarbon radicals having from1l to 25 carbon atons, each defi ned
identically or differently, and M= gbkali netal, alkaline earth netal,
anmoni um  phosphoni umion. 20 9. AnTN phenyl pyrrol ebi sphosphi ne- net al
conpl ex as clainmed in claim8, Rwhe n and R6 fromformula | together
are a fused aromatic in fornula Il

R’ PRR*
RWPREW
R® R"
5
where
R', R R% R* = aliphatic, cycloaliphatic or aromatic hydrocarbon radicals
having 1 to 25 carbon atoms,
R°, R% R, R® R% R™ R'" = H, aliphatic, alicyclic, aliphatic-alicyclic,
10 heterocyclic, aliphatic-heterocyclic, aromatic, aromatic-aromatic, aliphatic-

aromatic hydrocarbon radicals having from 1 to 50 carbon atoms, and R® to R""
may each be defined identically or differently and be covalently joined together,
and each be F, CI, Br, I, -Si(CHa);, -CF3, -OR", -COR"?, -CO,R", -CO,M,
-SR™, -SO;R", -SOR™, -SO3R™, -SO3M, -SO,NR'ZR™, NRR™ N'R™ZR™R"™
15 N=CR12R13, NH,, where R12, RY = H, substituted or unsubstituted, aliphatic or
aromatic hydrocarbon radicals having from 1 to 25 carbon atoms, each defined
identically or differently, and M = alkali metal, alkaline earth metal, ammonium,

phosphonium ion.

200 9. An N-phenylpyrrolebisphosphine-metal complex as claimed in claim 8,
wherein

5
R® and R® from formula | together are a fused aromatic in formula Il



O Z 5706-WD 2 3 JUN 2005 25 R16 R17 RI5 R7 R14 8 PR R2Z R(lIl) Rs N
PR3R4 R10 R* where R14, R15, R16, R17 = H, aliphatic, allcycllc

al i phatic i het erocyclic, 5 aliphatic-heterocyclic,

aromati c- é?gkg%ﬁévgg|[ﬂmuic-aronatic hydr ocar bon radi cal s haV|ng fr%wﬁl
to 50 carbon atons, and are each F, d, Br, 1, -Si(CH3)3, -CF3, -0OR12,
-COR12, -CO2R12, -C02Nl -SR12, _ S02R12 8CR12 SO3R12, - SOG3M

- S02NR12R13, NR12R13, N+R12R13R13, deEiZRlS NH2, where R12 R13 = H,
substituted or unsubstituted, aliphatic or aromatic hydrocarbon 10 radicals
having from1l to 25 carbon atons, each.¢efined identically or differently,
and M= alkali netal, alkaline earth ngtal, ammonium phosphonium ion and
Rl, R2, R3, R4, R7, R3, RO, R1 ach as defined in claim7. 10.
An N-phenyl pyrr ol ebi sphosphi ne- =x*as claimed in claim8, 15
wherein R6 and R7 fromfornula I are a fused aromatic in fornmula

Il OZ 5706-WD 2 3 JUN 200R~ R14 R R8 pR1R2 (I11)
14

R
8 12
R PR'R i
R \ N __PRR
R10 R11

where
R R R™ R"” = H, aliphatic, alicyclic, aliphatic-alicyclic, heterocyclic,
5 aliphatic-heterocyclic, aromatic, aromatic-aromatic, aliphatic-aromatic
.hydrocarbon radicals having from 1 to 50 carbon atoms, and are each F, Cl, Br,
l, -Si(CH3)s, -CF3, -OR™, -COR™, -CO,R™, -COM, -SR', -SO,R™, -SOR™,
-803R™, -803M, -SO.NR™R™, NR?R™, N'R™R'R™, N=CR™R"® NH,, where
R, R" = H, substituted or unsubstituted, aliphatic or aromatic hydrocarbon
10 = radicals having from 1 to 25 carbon atoms, each defined identically or
differently, and M = alkali metal, alkaline earth metal, ammonium, phosphonium
ion and R', R? R® R*, R”, R®, R%, R"® and R"" are each as defined in claim 7.

10.  AnN- phenylpyrro!eblsphosph|ne metal complex as claimed in claim 8,
15 wherein

R®and R’ from formula | together are a fused aromatic in formula HI



RO N PR3R4 R10 R11 where 5 R14, R15, R16, R17 = H, aliphatic, alicyclic,
aliphatic-alicyclic, heterocyclic, aliphatic-heterocyclic, 2aromati c,
aronmati c- hE, i phatic-aromatic hydrocarbon radical s V] m 1
to 50 carg%'??g?gﬁﬁwgand are each F, d, Br, I, -Si(CH3)3, ?EBJUng@
-COR12, -C02R12, -CO2M -SR12, -SO2R12, -SOR12, SO3R12, -S3M

- SO2NR12R13, NR12R13, N+R12R13R13 N=CR12R13, NH2, where 10 R12, R13 = H,
substituted or unsubstituted, aliphati'c or aromatic hydrocarbon radicals
having from 1l to 25 carbon atons, each defined identically or differently,
and M = alkali netal, alkaline earghs netal, anmmoni um phosphonium ion and
Rl, R2, R3, R4, R5, R8, R9, R10 an? R11 are each as defined in claim7. 15
11. An N phenyl pyrrol ebi sphp¥phi neinet ak'tonpl ex as clained in claims8§,
wherein R7 and R8 from fornul a ather are a fused aromatic in fornula
IV O Z 5706-WDO 2 3 JUN 2005 2 R | RI51 5 Rl6 PRR2 (1V) 9 R17
N R PRSR4 Rlo R11l 5 where RIA AR 6, R17 = H, aliphatic, alicyclic,
aliphatic-alicyclic, heterddyclic, phat i c- het erocyclic, aromatic,
aromatic-aromatic, aliphatic-arom

RB 1~2
PR'R (i
R \N PRR?
R1U R11
where
14 15 1 . . . . . . .
5 R™, R® R™ RY = H, aliphatic, alicyclic, aliphatic-alicyclic, heterocyclic,

aliphatic-heterocyclic, aromatic, aromatic-aromatic, aliphatic-aromatic
hydrocarbon radicals having from 1 to 50 carbon atoms, and are each F, C|, Br,
|, -Si(CHa)s, -CF3, -OR™, -COR'™, -CO,R™, -COM, -SR', -SO,R™2, -SOR'2,
-SO3R", -SO:M, -SO,NRR®, NR™2R™ N'R™ZRR™ N=CR"™R", NH,, where
10 RQ, R® = H, substituted or unsubstituted, aliphatic or aromatic hydrocarbon
' radicals having from 1 to 25 carbon étoms, each defined identically or
differently, and M = alkali metal, alkaline earth metal, ammonium, phosphonium

ionand R", R?, R%, R, R®, R®, R®, R'® and R"" are each as defined in claim 7.

15 11. An N-phenylpyrrolebisphosphine-metal complex as claimed in claim 8,
wherein

R” and R® from formula | together are a fused aromatic in formula IV



hydr ocar bon radi cal s havi ng from1l to 50 carbon atons, and are each F, d,
Br, 1, -Si(CH3)3, - -OR12, -COR12, -CO2R12, COZM - SR1 SOZRZ
-SOR12, 1 232561%\{ SCBM - SO2NR12R13, NR12R13, N+R12R13R13; &hﬁ.ﬁi%@g
NH2, wher Q@ = H substituted or unsubstituted, ali phatic or
aromati ¢ hydrocarbon radicals having from1l to 25 car bon atons, each
defined identically or differently, apgd M= alkali netal, alkaline earth
metal , ammoni um phosphonium ion and R, R2, R3, R4, R5, R6, R9, R10 and
R' are each as defined in claim7. 15 12. An

N- phenyl pyrr ol ebi sphosphi ne-net a 14:0 eex as claimed in claim8, wherein
RO and R10 fromformula I togethegr a fused aromatic in formula V O Z
5706-WDO 2 3 JUN 2005 28 Q'R6 RT R5 R8 Rlds/ PR R2 N R15 N PR3R4 R16 R
R17 5 where R14, R15, R16, R iphtic, alicyclic,

al i phatic-ali cycl ic, heter ocy ati c- heter ocyclic, aromatic,
aromati c-aromati c, aI i phat46 - 2 drocarbon radical s having from 1
to 50 carbon atons, and aR€“eac BrYPRIRZ- Si (CH3) 3, -CF3, -OR12,
-CORL2, -CCRR12, -CCRM - SR12, - -SOR12, 10 -SABR12, - sosMm

- SO2NR12R13, NR12R13 N+R12R13R1 N.2R13 aobﬁa where R12, R3 = H,
substituted or unsubstituted, RH ' B tic hydrocar bon radicals
having from1 to 25 carbon atons,

5 where

R¥ R® R' R"Y = H, aliphatic, alicydlic, aliphatic-alicyclic, heterocyclic,
aliphatic-heterocyclic, aromatic, aromatic-aromatic, aliphatic-aromatic
hydrocarbon radicals having from 1 to 50 carbon atoms, and are each F, Cl, Br,
l, -Si{CHz)s, -CF3, -OR™, -COR™, -CO,R™, -COM, -SR?, -SO,R™, -SOR"™,

10 -SO;R™, -S03M, -SO,NR™R™, NR™?R™, N'R™RPR™ N= CR'R™, NH,, where
R™, R"™ = H, substituted or unsubstituted, aliphatic or aromatic hydrocarbon
radicals having from 1 to 25 carbon atoms, each defined identically or
differently, and M = alkali metal, alkaline earth metal, ammonium, phosphonium
ion and R', R?, R® R, R R® R® R" and R are each as defined in claim 7.

15

12. An N-phenylpyrrolebisphosphine-metal complex as claimed in claim 8,
wherein

R® and R'® from formula | together are a fused aromatic in formula V



differently, and M= alkali netal, alkaline earth netal, ammonium
phosphonium ion and Rl1, R2, R3, R4 R5, R6, R7, R8 and R11$ E@Ch as
defined i 232 m7. 15 13. An N-phenyl pyrrol ebi sphosphl ne- z§| J mallsx as
clained i ns‘}QﬁV\é@alms 8 to 12, wherein one or nore of the

N- phenyl pyrr ol ebi sphosphi ne | gands present in the conplex 20 is chiral.
14. An N phenyl pyrrol ebi sphosphi ne- metgé conplex as clained in any of
clainms 8 to 13, wherein O Z. 5706-W 2 3°JUN 2005 O 29 one or nore of
the radicals RI-R4 or R1 and R2 and/or R3 and R4 of one or nore

N-phenyl pyrroi ebi sphosphi ne |igands present in the conplex together are a
chiral radical fromthe group of nenthyl, canphyl, 1,1'-binaphth-2-yl,
hexane- 2,5-diyl. 5 15. An N- phegyl pyr oI ebL.sphosphl ne-metal conpl ex as
claimed in any of clains 8 to A7) Rt he netal used is a metal of
the 8th transition group of the Perlodlc Table. 10 16. The use of the
N-phenyl pyrr ol ebi sphosphi nes q§8 n any of clains 1 to 8 in

hydr ogenati ons, isonerizations,,, Ry P 2car boxyl ati ons,

hydr of or nyl ati ons, hydrocyanati cylcl opropanat i ons,(M}- C coupl i ngs,

ol i goneri zations or polynerizati

R'IS

5 where
R™ R™ R™ R' = H, aliphatic, alicyclic, aliphatic-alicyclic, heterocyclic,
aliphatic-heterocyclic, aromatic, -aromatic-aromatic, aliphatic-aromatic
hydrocarbon radicals having from 1 to 50 carbon atoms, and are each F, Cl, Br,
I, -Si(CHy)s, -CF3, -OR™, -COR"™, -CO,R™, -CO.M, -SR, -SO,R"?, -SOR™,

10 -SOsR™ -SO3M, -SO,NR™R™ NR'ZR'™®, N'R'?R™®R ™, N=CR"R™ NH,, where
R”‘, R™ = H, substituted or unsubstituted, aliphatic or aromatic hydrocarbon
radicals having from 1 to 25 carbon atoms, each defined identically or
differently, and M = alkali metal, alkaline earth metal, ammonium, phosphonium
on and R, R?, R% R*, R®, R®, R7, R® and R"" are each as defined in claim 7.

15
13.  An N-phenylpyrrolebisphosphine-metal complex as claimed in any of claims 8
t0 12,
wherein
one or more of the N-phenylpyrrolebisphosphine ligands present in the compiex
20 is chiral.

14.  An N-phenylpyrrolebisphosphine-metal complex as claimed in any of claims 8
to 13,

wherein



15 17. The use of the N phenyl pyrrol ebi sphosphi ne-netal conpl exes as

clained i
car bonyl a
cycl oprop

10

15

n

15.

16.

17.

any of clains 8 to 16 for hydrogenati ons, isorreriZagI

i jos,
| gn boxyl ati ons, hydrofornyl ati ons, hydrocyanati ons, 2005
Db tie

C couplings, oligonerizations or polynerizations.

o
29

one or more of the radicals R™-R* or R' and R? and/or R® and R* of one or more
N-phenyipyrrolebisphosphine ligands present in the complex together are a
chiral radical from the group of menthyl, camphyl, 1,1-binaphth-2-yl, hexane-
2,5-diyl.

An N-phenylpyrrolebisphosphine-metal complex as claimed in any of claims 8
to 14,
wherein

the metal used is a metal of the 8th transition group of the Periodic Table.

The use of the N-phenylpyrrolebisphosphines as claimed in any of claims 110 8
in  hydrogenations, isomerizations,  carbonylations,  carboxylations,
hydroformylations, hydrocyanations, cyclopropanations, C-C couplings,

oligomerizations or polymerizations.

The use of the N-phenylpyrrolebisphosphine-metal complexes as claimed in
any of claims 8 to 16 for hydrogenations, isomerizations, carbonylations,
carboxylations, hydroformylations, hydrocyanations, cyclopropanations, C-C

couplings, oligomerizations or polymerizations.



