; e3eMM MV6T\ kl o==, oswo i ~m~~~~~m Novel N-phenyl pyrrol ebi sphosphi ne
.corrpoundg) 2ngly d; y¢p metal conpl exes The present invention relates to

“N- phenyl pyrr ol ebi sphosphi n W et al - conpl exes, to their
preparation and to their ujmwmm wmmwmmmhc reactions. 5 Phosphorus conpounds
-as ligands for netals in catal ygjg,. €actions have been known for sone tine.
The type of ligand can be used to |nfluence activity and selectivities
(chenosel ectivit negloselect|V|ty d|astereoselect|V|ty,

enant i ospo¥E NG bisphosphing ge ! thei . OXEO8
far superior to nDnodentate | i gands. 10 For |nstance us 4 694 109 and US 4
879 416_ descri be bi sphosphine |igands and their use in the

hydr of or b aptesenef invbafiorsretel ot SN pHeayi rr@%nwmmrfe% angpelséinl metdin

t he hydrofornylatlon of propene, ligands of this type allow high activities
and hi ghcemplexgsets: ihpirtnrepakatiopansi9i thes wiseibcatalgiTreactipRe | oses bi dent at e
phospglne | i gands 15 and their use in catalysis, in hydrofornylation
reactirons anong ot hers. Ferrocene bridged bi sphosphi nes are described, for

exanpl e, Phosptherupaoenpcunds ds IgendiStor neiStafs A0datdlific a8actidnsth M SEBKAGWN

| i gands for hydrofornylations. In asynmetric hydrogenations, chiral
bi sphos pfﬂrr&“%rtlé"%s J¥Rs, ok d@@@@éﬁﬂl bg ysgdAo 'ﬁﬂh?n%géngtYAaR%mCé'X@ﬁﬁl e

5 e | aran RN ol BHERIASLR): cfuicle S0 Wil

even co rcia as a cereisedy
met al - cawaieylza%@er BadHntahesl;gahds awmﬁlphefar supémrl*tbcrkommm@mga“ﬁﬂs techm cal

| tergt ure includes a variety of publications which describe the use of 25
Ilgaﬂ S in conjunction with netals as catalysts. A good revi ew of the _
current Fbﬁtnﬁstaﬁcé h9§ 4 8bd 1o 4RE U3r4 B‘?Q'A%t UB ? W&gh?ﬁ% qgérﬂis%ﬁé”' ¢
synt hesi s can f'ound in Matthias Bell'er, Cars en Bo ansition

Met al s ftheuo:l@m theShydréarmylation d)feqleirm;ath rsyeiheslsl\@as Wmﬂsur&ﬂm&ﬂmiaﬂy

Bri sbane ront 1998, .Vol sts, an
therr 1 1 fe BRRkmyEiaRhf preibete: fiends of Bis aVns Blladugh el dnd gBh
found inpg. seﬁ?&tﬂltie% toWe échﬂéeéanwm QﬁgOGQO dﬁéﬂée@%lbﬁﬁ%gﬁ%ﬁhlﬁét@aﬁ%bs
with Organonetal |i ¢ Conpounds”, VCH, Welnheim New York Canbr i1 dge,
Tokydd 1808, the| use &p catalysis, in hydroformylatlon reactions among others. Ferrocene-
bridged bisphosphines are described, for example, in the patents US 4 169 861, US

4 201 714 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 Bolm (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. Cornils, W. A. Herrmann (Ed.), ,Applied
Homogeneous Catalysis with Organometallic Compounds”, VCH, Weinheim, New
York, Basle, Cambridge, Tokyo, 1996, Vol.1&2.
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NGVO9~I ~NYRIdIY .' O Z 5706-WO 2 Despite the wealth of existing systens,
there ar T Y rd solutions"” for netal catalyzed reactions. The
'conditioﬁ%gﬁgzgéﬁgéﬁe new y optim zed for each substrate and reaction. In
addition, sone ligands are relatively di£ficu|t 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 been found that N phenyl pyrrol ebi sphosphi nes of the general
structure | RR R~ RS RB ~ PR R2 (I) RS NPRsRa Ro R 15 can be prepared in

a sinple nner,, and e suitable as |ligands in netal -gatal d reactiops.

20 The pIRBltE hRVWRAIS of estiBo s ¥BTems eIe e S0 AKD SERRORROIEIMARL of

the genercataljAidTréactions. TheQehdifid¥dh¥& to be newly optimized for each substrate
and reaction. In addition, some 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 systems for metal-

catalyzed reactions.

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

R6
RY R®
8 152
RS N PROR?
\RE_ZR/11
15
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 |



3RsRR5 R PR R2 (1) Rs NPRsRa Rio Rwhere 5 R, R2, R3, Ra = aliphatic,
cycl oal i W%Rs? %omat I ¢ hydrocarbon radical s haV| ng from1l to 25 carbon
“atons, and XV and/or R3 and Ra may be joined by one or nore coval ent
bonds, R5, Rs, R, R8, Rs, R', R' = H aliphatic) alicyclic,

-ali phat ic-alicyclic) heterocyclic, aliphatic-heterocyclic, aromatic,

aromati c-aromatic, aliphatic-aromatic hydrocarbon 10 radicals having from1
to 50 carbon atons, and R5 to R' may each be defined identically or
differently and be coval ently joi neg®together, and each be F, C, Br) I,
-CF3, -OR 2, -COR 2, -CO2R 2, ;(C02 -SR 2, -SOZR'Z - SOR 2) SOSR‘Z

-S03M -S02NR 2R 3, NR 2R 3, R R 3R'N=CR zR 3, NH2, where R2, R3 =
H, substituted or unsubstituted, tic or aromatic hydrocar bon radi cal s
having from1l to 25 15 carbon atd ach defined identically or
differently, and M= al kali gl | ' arth netal, amoni um

phosphoni um i on. Specific enbodi men{ s of N- pher(Y)l pyr r ol ebi sphosphi nes
according to the invention relgate tQ phoaol‘y nes of the fornulae II, 111, IV
and V O Z. 5706-WD 4 R16 WR14 /| R8 ~PRIR2 Rs N PRsR4 R10

R11

R10 R11

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’ RS R’, R%, R% R', R" = H, aliphatic, alicyclic, aliphatic-alicyclic, 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, ClI, Br, |,
-CF3, -OR™, -COR", -CO;R", -COM, -SR™, -SO,R™, -SOR™, -SO3R"?, -S0,M,
-S0.NR™R™, NR™?R™, 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
15 carbon atoms, each defined identically or differently, and M = alkali metal, alkaline

earth metal, ammonium, phosphonium ion.

Specific embodiments of the N-phenyipyrrolebisphosphines according to the invention
relate to phosphines of the formulae I, lll, IV and V



R15 R16 R14 / \ RS RIT R$ \ PRL R2 RO N PRsR4 Rlo R11 5 R14 Rs R15 R5 \ \
Rls / [/ Q@?Q%gg_ N PR3R4 Rlo R11 (1V) O Z 5706-WORs R Ra Rya R-s w
N R-5 R '\IZ - ~PR3Ra ~R' where each of the radical pairs R5 and Rs,
Rs and R, R and R8 or RO and R together are a fused aromatic which is
optionally |ikew se substituted. The subStituents of the additional
aromatic systemR a, R15, R s and R' may each be 10 H, an aliphatic,
alicyclic, aliphatic-alicyclic) heterocyclic, aliphatic-heterocyclic,
aromatic, aromatic-aromatic, aliphati ®&romatic hydrocarbon radical having
from1l to 50 carbon atons, and I1?7a to |R' may gach be defined identically or
differently and be coval ently Roiged taget Rn’, and each be F, C, Br, I,
-Si(CH3)3, -CF3, -OR 2) -CCR 2, z “Q02M -SR 2, -SO02R 2, -SOR 2,
-SBR 2, -S03M -S2NR ZR 3, MR 2R N+R 2R 3R 3, N=CR 2R 3, NH2, where
R 2, R3 =H substituted orM™Ns ‘ ed. a4 i phatic or aromatic
hydr ocarbon radi cal s having fro 25 caRbon atons, each defined
identically or differently) and kali nmetal, alkaline earth netal,
ammoni um phosphoni um i on. 8 192

R PR'R ()

()

16 192
R PR'R )



20 R, R, R3, Ra, R5, Rs, R, R8) RO, R and R' in the fornmulae II, I11I,
IV and V jned in claiml or for formulal, and R to Ra and R5 to
‘R' may iéigggzégﬁggjbe defined identically or differently. _ - 0z
5706-W O 6 The aliphatic, cycloaliphatic_or aromatic hydrocarbon radicals
.may contain heteroatons, for exanpl-e niiﬁogen, oxygen or sul fur, and
optionally bear one or nore substituents, for exanple hal ogen atons.
Exanpl es of R -R4 are phenyl, m sul fonat ophenyl, p-fluorophenyl,
o- fl uorophenyl, mfluorophenyl, p-nethoxyphenyl, 5 o-nethoxyphenyl,
m met hoxyphenyl , 1-naphthyl, 2-naphthyl, nmethyl, ethyl, n-propyl, ipropyl,
n-butyl, s-butyl, i-butyl, hexyl, cyclohexyl, adamantyl. Exanples in which
R and R2 and/or R3 and R4 have one or,gmre coval ent bonds are
1,1 -di phenyl-2,2"-diyl, cyclooctane-4;5-diyl. R to R4 are preferably
substituted or unsubstituted phglyl, d clohﬁiyl and adamantyl groups. 10
When the rotation around the N-pghewr) 3 i's restricted, some of the
conmpounds according to the inventio enanti oners as a consequence of
axial chirality, and, in the g2 agdj tional chirality in the radicals
R -R', diastereonmers. 15 In preferredNenbodpmeres of the invention, the
i , and preferenc S given to one or
ing cNral. EP ui cul ar preference is given
, 8 ch chiral groups are
xane-2,5-diyl. 20 The use of one or
t he advantage, inter alia, that
when there is axial chiralig ~ghenyl hond as the chirality axis), the
di ast ereoners can be easil R Separa ed. The invention therefore relates both
to m xtures of individual enantion®s and 25-di astereoners of the
N- phenyl pyrr ol ebi sphosphi ne |igands according to the invention and to the
i ndi vidual enantioners or diastereoners thenselves and their use in
enanthyselective or di astereosel ective catal ytic reactions.

nore of the radicals R to R' b
to chiral substituents f@§15R -
ment hyl , canphyl, 1,1'-binap
nore chiral radicals in R to

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 optionally likewise substituted.

The substituents of the additional aromatic system R, R'®, 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, |, -Si(CHs)s, -CF3, -OR", -COR",
-CO,R™, -COM, -SR'?, -SO,R™, -SOR'?, -SO4R", -SO3M, -SO.NR'?R*™, NR'?R",

15 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.

20 R',R% R} RY R% R R, R® R® 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.



The present invention further provides N phenyl pyrrol ebi sphosphi ne-net al
conpl exegy %)%yébr\g@% a transition group netal of the 1 st, 2nd, 3rd, 4th,
Bth, 6th, hor 30 transition group of the Periodic Table, the

el ements of the | anthanides and/or actinides and one or nore

N-phenyl pyrrol ebi sphosphi nes of the forntlae I, Il, IIl, IV or V. The
substituents (R -R') of these N-phenyl pyrrol ebi sphosphi nes are as al ready
O Z 5706-WO 7 defined. Metals used with preference are Ti) Zr, C, M, W
Mh, Re, Fehe Ralipt@dic, Ceyclraliphatic Nor  athmatic bydroAgrbmd Etdlcen’ar tnnawl aontam

D ST L M TH Bl o B DR BeP 'S more

N- pheny| py(ibsahueipits PGS Rixafste O I ates 2 Narh PRI-REO L€ SPREWINGhY
to the met aIs conpl exes. V\hﬁ?r'letﬁgbggﬂenyl pyrrolaebllglseghggpﬁl 5; Iargaﬁds lell‘gh

chiral asuffesstaphenyi, th@um@enyd;mk@mephmyylhanélwmphermi epemnatho)oyphenyl
I I hiral bi sph t at

oxanp s GindihonRhenyt ekl SRERREYE 2-5as R ety mivG T BiStuhd

pur poses p}bp{/lhlnsmtwesabugn ity Haixyt, ec%tmre&yln%mntw tFB@r'ﬁplbé nhtwmaht#ab

scope of ‘protection t he present i nvention:
PPhz ~P \ang R anglog R and R haV/e Qne or more covalent POHdH:a(Bﬂ Mﬁh@wM fdl!‘HSC

\ N/ PP 1) 3 h \' N
) pehz vegooctart gl R fopRy YB° pheferdt supihed s Dppnsiieen Righy.
I ~PPh2 Nyelimexyll arad adarﬁah@l rdtipsz L Ill-a PPhz | ~ ~ PPh2 ( / ~ PPh2 \ N/
PPhz 110N/ PPh2 Me3Si \ N/ PPh2 IV-a IV-b IV-c i i |
When the rotation around the N-pheny! bond is restricted, some of the compounds
according to the invention are enantiomers as a consequence of axial chirality, and, in
the event of additional chirality in the radicals R'-R"", diastereomers.

15 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.

20 The use of one or more chiral radicals in R" to R'! offers the advantage, 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
25 diastereomers of the N-phenylpyrrolebisphosphine ligands according to the invention
and to the individual enantiomers or diastereomers themselves and their use in
enantioselective or diastereoselective catalytic reactions.
The present invention further provides N-phenyipyrrolebisphosphine-metal complexes
containing a transition group metal of the 1st, 2nd, 3rd, 4th, 5th, 6th, 7th or 8th
30 transition group of the Periodic Table, the elements of the lanthanides and/or
actinides and one or more N-phenylpyrrolebisphosphines of the formulae I, II, IlI, IV or
V. The substituents (R'-R"") of these N-phenylpyrrolebisphosphines are as already



PPhz ~ ~ PPh2 \ \ PPhz N/ PPh2 ~ N/ PPhZz ~ N/ PPhz 1/ 1/ V-a V-b V-c

O Z. 57060\%) 9/ g%N PPhz 1 V-d The N-phenyl pyrrol ebi sphosphi nes according
to the |nvent|on can be obtained by various synthetic routes. A sinple
route is the double netal ati on of I\I—phenéspyrrol es 5 and the subsequent
reaction with the phosphorus conponent ( , = R). RR R~\ Rs R8 ~
HBuLi R NHR o R~ 10 KK Rs R Rs XPR Rz R8~PRRZX-CI, Br, | RS N
PRsRa Rio R~~ The radicals R5 - R' can be introduced even after attachnent
of the phdefined: Metglsouged withiprefesenee aess Ti,ake Gr, M, WxMTpII%e Fen FRntn,eOs Co,

f y&t ?eékfgﬁ;}ég%{ﬂ%ﬂé‘%ggﬂﬁé%@ %ggggﬁ% qlJrLé;phn.{ence is glven to t'ﬁ'e metals o? hhz Li

8th transition group of the Periodic Table.

5 The remarks of all embodiments of the N-phenylpyrrolebisphosphines of the formulae
| to V apply correspondingly to the metal complexes. When the N-
phenylpyrrolebisphosphine ligands are chiral as described, the metal complexes may
have one, more than one or exclusively chiral N-phenylpyrrolebisphosphine ligands.

10 Representative examples of ligands of the general formulae |, II, Ili, IV and V for the
purposes of this invention are depicted hereinbelow, without limiting the scope of

T
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protection of the present invention.
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O Z. 5706-WD 10 Ligands occurring in racem c formcan be separated into the

opti cal
‘chiral s
and subs

to the invention of the fornul ae I

GQMdlteraUﬂe

as di astere
5

59875
upports

equent dISSOCIatlon.

rout es,
oners after reaction

The N—phegylpy

for exanple chromatographically on
auxiliaries
rrol ebi sphosphi nes accordi ng
IV and V are notable for a

with chiral

hi gh hydrolysis stability. They are especially soluble in the comon

or

e

t hese

e!

es
a

of

es

organic solvents., Wen one or nmore groups Rl to RI1 or R14 to RI7 or one
nore sub R 10 R4 bears a strongly pol ar rladical (for exanple 4
sul fonic ubility falls in nonpglar organic solvents,
whi | e at ng in polar solvents,] for exanple water. Th
N- phenyl according to the invention and their netal
conpl exe ubl e even in water orl polar organic solvents.
As a conjseguenc f their high nolecular weight, the
N- phenyl pyr¥ ol ebi sphosphi nes 5 according to the invention have a | ow
vol ati | i y—Fhey—can—thereforp—easiyr—bererpvedi+Homrore—volatie
reacti on H? oducts  The invention further provides tlhe use of the
N- phenyl pyr bi sphosphines ¢r their netal conpl eXes in hydrogenations,
i soneri zjat i car bonyl ati ong, carboxyl ati ons, 20 |hydrof ornyl ati ons,
hydr ocyanga cycl opropanati ons, C-C couplings, |oligonerizations or
pol yrmeri zg The N phenyl pyrrol ebi sphosphi nes gccording to the
invention 0 pehf ormulae I, |1, 11, 'V and V are |suitable building bl ocks
for the prgparati on of conplexes with metals of 25(|the 1 st to 8th
transitioq;gZUﬁﬁhof the Periodic Table, the |anthari des and/or the
acti ni des pecially with netals of the 6th to 8th transition group,
conpl exe -ghAs—i-soperizations—
carbonyl dFons, carhoxylationg, hydrofornylations, |hydrocyanati ons)
cycl opr op ions, CC coupling reactions, oligoner|lizations and
pol ymeriz ns. Preferred fields of use are 30 hydrogenati ons,
hydr of or ns and C-C coupling reactions. O 4. 5706-WO 11 When the
N- phenyl pyr gbi sphosphi nes according to the inverjtion of the fornul ae |
to V are| uset” opphpnal ly as the nmetal conplex, inlhydrogenations,
preference igygiven to using metals of the 8th trarsition group of the
Per i odi c| Talfl &—TRB: substrates$ used are preferably |compounds havi ng doub
bonds, fpr le C=C, C=0 of C=N 5 doubl e bonds i ch are hydrogenated
a single hond FExanples of hydrogenations can bhe fqund for exanple, in
Mat t hi as|IBe | er Carsten Bolm(Ed.) "Transition Metlals for Organic
Synt hesi 2y - VCH, Wi nhei Y Oor k, Chi chestler ~8Bgishane, Singapoy
Tor ont o, 2, pages 3 en the N-pHen ebi sphosphip
accordi ng ppeNt i on of ey, | to V are phpenal Iy ap
nmet al conplex)ﬂ n hydrofornyldtlons preference is|given t- usrng net al s
the 8th transwpghpup of the Phabl e. Espé(fﬁis%twphmwl um
used as the c yst netal, high c ytic activitiles are ained in the
hydrofornyLaLLQﬂs__Ihe_LeagLa?ts used in these hydrlofornylations are
preferab|ly-d5 ol efins having A6 2 to 25 carbon at d\h;; for exanpl e _but en
(1- buteng, 2-} ne, i butene), oegtergs (1-octene, dodecenes
(tributenes). dn t he N-phenyl pi sphosphi nes g to the
i nventiop of . lae | to f opti onal al conpl g
in CC cpupling reactd ons preferenc- is é?ven to u gt al s df the 8tp
transitipn ofPPhhe Periodic PRI, € PPh,
aiives
V-a V-b V-c




20 particularly

of ni ckel

can be fo anple, in
"Transition l\%tdqy or Organic
Chi chester, Brisbane, Singapor

In the netal

free |igand,

-catal yzed reactions,
N-phenylpyrrolebisphosphine-netal

Matt hi as Bel | er,
Synt hesi s",
e, Toronto,. 1998, Vol.
et t her s%he
conpl exes,

and pal | adium Exanples of C C coupling reactions
Carsten Bol m (Ed.)
W ey-VCH, Weinheim New YorKk)

1, pages 208-240. 25

optionally with additional,
conpound from

d a netal

whi ch t he
t he reacti
conpounds
in netal -

metal (m
pr ef er abl
di ssol ved

Hmpn11 2 to
1 to 1:20. U

geneously i n one

al so possible to use the Nphen

or _the N-phenyl pvrrol ebi sphosphi nes an
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ed. 30 Wen the N-phe
ention andlor their m
the ratio of ligand t
200: 1, preferably fr
i gand or |igand-netal
or nore of the liqu
| pyrrol ebi sphosphi ne

F r ol ebi sphosphi nes ung

bt al
D O Z. 5706-WD 12
pm 1:1 to 1:50, nore
conpl ex are generally
l phases present. It i
in _supported agueoud

~

D

Nyl pyrrol ebi sphosphi n¢
conpl exes are use

er

h

ed

S

b

phase cat/¥kdsts.

5 The exanpl ¢

s which follow are int

ended to illustrate f

he

i nvention,
patent cl ai ns.

means of Schl enk techniques with dried and degassed sol vents.

?Hg) ROSRAR Wé’

1- (2-Di ph
g (10.6

10 Exanples Al

B el

operations are carried out under argon by

but not to restrict the scope of application as evident fromthe

Exanple 1 15

R S R

t hr ee- neckarﬁduass kyr(tbqtm: pqnﬁésmAt simpéey ratite ds she ioubly) metalatiomiok ddphenylipyrdies

(3.2
nol ar

f
) bgf'

‘?Fﬂéﬁﬁ

reaction nlxture is stlrred at

solution |

is transferred to a dropping funnel.

traciongul i

enedi a

A psPhoned ga

At 25C
BwoREsh

room 20 tenperature for

(Fﬁ- %dg%d()fﬁ% °

12

di phenyl chl or ophosphine are m xed with 50 m of ether in a 250 ni

t hree-neck flask. This solution |

is cooled to OC.

Solution |I of the

dilithiated N phenylpyrrole is slowy added dropwise at 20C to this

solution I1.

BULI

h. The reactlonTSqutloq is adnlxed
j©: XPR R?

10

The radicals R°® -

r
R10 R11

XCIB

"~

Stirrigeg i s subsequent|ygeontinued at roon1tenp§§ature for

L

: i PR'R?

nl R PRR

groups. This route was taken, for example, in the synthesis of compound I-h:

15

H ; PPh

H\Q/PPh

Buli

\@/

; h, Me33|CI Me,Si” ; PPh

2
Me,Si— NN, _-PPh
AW

. This reaction
4.68 ¢ (21.23 nmol ) of

R" can be introduced even after attachment of the phosphorus



25 with 20 m of mater and stirred for 10 mn. The phases are separated and
t-he orgaqP Heeew@ dried over sodiumsulfate for 12 h. This is

subsequen Iy concentrated under reduced pressure and the residue is

di ssolved in 20 m of toluene. This solui¢on is cautiously covered with 100
m of hexane. The target product crystallYzes out within one day. It is
filtered and dried under reduced pressure. 30 Yield: 4.88 g (90% of

t heory); = 511.54 g/nmol 3~P NWMR (8[ppn], J[Hz], CDCI3): -17.5 d) JPP =
18; -30. 7L|gandspm>eeummg i, rAce BT donm @an te sepafated (isfopthg ,opdicalz jsones1By

s génv((j 120""%’9&%46 OUgBSL %%né%ﬁ&"ees RI\T/IthQ@PBWﬁV 9PHz‘jh"a?:D%1"g§°”Slo%r 0?8
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a 20 100 e- neck I's solution 'S CO oI utron |
of the diiniwateabegoldr pingamit spiveatse i s added dropwi se at OC to the sol ution
1. The m xture is subsequently stirred at 25C for 1 h. The reaction
solution is adm xed with 20 mM of water and stirred

As a consequence of their high molecular weight, the N-phenylpyrrolebisphosphines
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, Cc-C couplings,
oligomerizations or polymerizations.

The N-phenylpyrrolebisphosphines according to the invention of the formulae |, II, Ill,
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.



for 10 mn. The phases are separated and the organic phase is dried over
sodi ums ‘5? Q,gglz h. This is subsequently concentrated under reduced
‘pressure and ﬂe residue is dissolved in 200 m of hot ethanol. The
target product crystallizes out within q r} day. It is filtered and dried
under reduced pressure. Yield: 1.2 g (74 oof theory); M= 535.73 g/nol 3'P
NI\/R:(8[pprr] J[Hz] CDClI3): 15.9 d, JPP =6.94; -28.1d, JPP = 6.94 'H NWR
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6.6 d.d, |é] g:wen ‘Eib using metéls o'?) 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 Beller, Carsten Bolm (Ed.) ,Transition Metals for Organic
Synthesis”, Wiley-VCH, Weinheim, New York, Chichester, Brisbane, Singapore,
Toronto, 1998, Vol. 1, pages 208-240.

25 In 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-
phenylpyrrolebisphosphines 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 to



306.9M1 H); 7.1 m1 H;7.2m2H);7.8m(1 H M, mz (%9: 744 (3)[M+], 608
(60) [ M- Mlb, 968%@[!\/& PAd2], 301 (2)[ PAd2], 135 (100)[Ad] O Z. 5706-WO
15 Exanpl€s 2 ner al procedure 1 (G 1) for synthesis of rhodium
(1')-NBD or COD compl exes with Cyc-JaP and JaPhCS as ligands 5 1 mol of
Rh(NBD) (acac) or Rh(COD) (acac) is -diss I2ved in 10 M of THF and cooled to
-70C. 1 mol of ligand from Exanple 1-2 dissolved in 40 mMl of THF is added
dropwi se to the rhodiumsolution within 10 m nutes. The solution is heated
to room mlpé(momel)\js frormaghter 2@0:41 praferaplyafidmatirti teeld50i mbrel peefetabby frém%

HBF4 (sol u Subse nt | recipitation i fected usi 20
of 21 76! 16 A kiang| S GANEF A HomieX aES hBhe A el nomedtned

over 90%oth%raﬁﬁ:Irdt bﬁ&hedﬁq@dobhéﬁt HEBentIdE ' ARy §bsBibléol uBkCthe N-

conpiled in Table 1. Table Anal ytical data of the conpl exes of Exanples

4-8 (NNR[MNEplehﬁnimﬁphlnqsm]suppsﬂedtagusousAlvasa@atalysﬁ.ss posi tive using
NBA as-the matrix) 15 Ex. Formula Yield "P NVMR"HNWVR M5, mMz (%9: No. [9

4 Rh(19 (Cyc-JaPHOS) (COD)' BF4 94 24.4 d,d; 0.5-2.5 n(Cy, 746 (100) [Rh(Cyc~

sF, 2J phe éﬂar%gleé“wﬁcﬁ@@ll@h‘)areiﬁ@d@@h(t@%ﬂtﬂate’tﬁé"?ﬁventib?p bt 4105 t@$e£ti1|ctH
COD) 637 (70) [ g cl8.7 d,d 7bs (1 H, COD) JaPHOS) (COD)] +

4.9 bs (theiscemppt appligationgse evidentfrmshe paternt olaims, COD) 6. 45 d d J =

1.59, J=1.58(1H) 6.9 m(1 H 7.2 m(2H) 7.5 m(2H 7.9 m(1 H 5

Rn(1) (Cyc-JaPHOS) (NBD)' BF4 90 25.1 d of m 0.8-2.1 m(Cy, 44 730 (100)

[Rh(Q/c~ aF4 ' JpRh = 154 H, JaPHOS){NBD)] ; 11.1 d of m NBD, 2H); 637 (80)

[Rh(%/ p ~JPRh = 131.8 3.9 bs (1 H, NBD) JaPHOS) (NBD)] + 4.1 bs (1 H, NBD)
Q. EE’?%“R'QSH COD) % | 5.1-5.3 m (3H NBD)

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

Example 1
15 1-(2-Diphenylphosphinophenyl)pyrrole-2-diphenylphosphine (l-a, JaPHOS)
1.52 g (10.6 mmol) of N-phenylpyrrole are dissolved in 50 ml of Et;O in a 250 mi
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 diphenyichlorophosphine are mixed with 50 ml of ether in a
250 ml three-neck flask. This solution Il is cooled to 0°C. Solution | 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 ml of toluene. This solution is
cautiously covered with 100 ml of hexane. The target product crystallizes out within
one day. lt is filtered and dried under reduced pressure.
30 Yield: 4.88 g (90% of theory); M = 511.54 g/mol
3P NMR:(8[ppm], J[Hz], CDCls): -17.5 d, Jpp = 18; -30.7 d, Jpp = 18



O.Z 5706-WO0O 16 6.5 d,d, m(1 H 6.9 m(1H 7.2 m(1 H 7.5 m(1 H 7.9 m
(3H) 6 R%Z)%%agl@(cw)TBM 93 21.3 d,d; 2.0 m (4H, COD) 722 (100) BFq
‘ZIpp = 3 m [Rh(Cyc ~JPRh = 148.43 (4H, COD) JaPHOS)(COD)] ; 18.1
d,d; 4.55 m(2H, 614 (75) [Rh(CycP) P ZJPP = 37.5; COD) JaPHOS)(COD)] +
"JPRh = 147.0 4.7 m(2H, COD) - COD 5.75%n (1 H) 6.21 m (1 H 6.44 m (1H) _
6.55 m(1 H 7.05 m(2H) 7.2-7.5 (18H) 7.68 d, J =6.9 (1 H 7.69 d, J =
6.9 (1 H) 7.8d, J=7.6(1H); 7.81 d, J=7. 63(1H) 7 Rh(I)(JaPHOS) (NBD) TBF4 91

22.7 d ﬂognwms(a{%hm] gy, , TBC:}06)01BE, 20p8.6; 35845 (B 428 J MR,
JaP NB ~JP = 15 s (1. H D 14 (45) a 18.7 d, d;
Lo [Rh(JJ% A HB.58 1p] +79pm?4ﬁgg(k13m@9ms HohT O bt

o2 m (1t 5 RiparyUBEL Cok) Hide s mg%zi?‘s%% 35Phaty /3 g
6.9 (1 Hm7.71 d, J=6.9(1H) 7.9 d, 0O Z 5706-WO
5 34.8d,J=28;136.9s;137.0d,J=2;137.3d, J=13.3; 137.7d, "Joc = 17.16; 137.8
d, "Jpc = 15.2; 144.4 d, "Jpc = 26; 144.7 d, Jpc = 26
MS, m/z (%): 511(1)[M"], 434(7)[M*-Ph], 326(100)[M*-PPhy], 249(10)M*-PPh.-Ph),
183(15)[PPh2], 172(8)[M*-PPh,-2Ph]; EA: calc.: C:79.8, H:5.32, N:2.7; found: C:79.9,
H:5.5, N:2.5
10
Example 2
1-(2-Dicyclohexylphosphinophenyl)pyrrole-2-dicyclohexylphosphine (I-b, Cyc-
JaPHOS)
0.43 g (3.04 mmol) of N-phenylpyrrole are dissolved in 20 ml of Et,O in a 50 ml 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 ml three-neck flask. This solution Il 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
3P NMR:(8[ppm], J[Hz], CDCls): 15.9 d, Jpp = 6.94; -28.1 d, Jpp = 6.94
'H NMR: (8[ppm], J[Hz], CDCl3): 0.9-1.2 m(21H); 1.5-1.8 m (23H); 6.27 d,d, J = 2.57,
30 J=2.58(1H); 6.45d,d, J=1.59, J =1.58(1H); 6.7 m(1H); 7.1 m(1H); 7.2-7.3 m(2H);
7.4-7.5m (1H)



17 J=7.6 (1H7.91d,J=7.63(1H Exanple 8: Hydrofornylation reaction of

- or Ci %#)ngga e)entene using a rhodi um JaPHOS catal yst A m xture of 73
: of arkene, the& correspondi ng anount of Rh(acac)(CO2 as a 5 catal yst
precursor (0.01 nol % of catal yst, 0.0073 nmol = 1.88 ng), the corresponding
amount of JaPHGOS, 2 ml of isooctane as i nternal standard and also 30 m
of anisole as a solvent is reacted in a Parr 100 m autoclave (wth
magnetic stirring). The synthesis gas pressure (H2ICo = 1:1 [sic] kept
const ant '3€ NMR: talppmi; é[HZ\}'aCDé.‘,Ig)n264ttH|eJ wotkbnB6 ﬁrcde,sdsar&aG; 27 0s2Abmar28.6
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procedure?0‘40(r7)[Md46§brﬁi(5iﬂ3ﬂl &A: nsalby G2, MQ@atMIZyﬁsl fDun‘dr @759 H:9.5,

r hodi um W?ﬁ'yl pyrrol yl bi sphosphi ne catal ysts from Exanple 4-7: (GP 3) 5

0. 01 nmol | ess) of the appropriate conplex fromExanmple 4 - 7 is nelted
in a glass anpul e and i ntroduced under argon into a thernostated
hydro{qenatlon vessel (equipped with magnetic stirring). Subsequently, 15 ni
of netharkxample 3 mol of substrate are added. After gas exchange of argon

for hydr ian, i tar SLro th t he
br ccat al y {2 DAY S Rbes B EBPBRAViErel 2 ERHa i e 1% B 2RO
25C and t(hg2 l@v@r@ﬁﬁﬂomdrsr@phénﬂbyﬂ:olbaére @iQ@bW@@ i 20 rAPOBEH inda S0smiTeRes: ed
usi ng automati c regi stering apparatus. The tinme to conplete conversion of

t he substnegkeflagk Headipped. wrmempgoqmtstlrrngs)u@e@cﬁrbmxesi with| §-5ed1 (By/Saml) of
Exanpl e SﬁﬁEB?\bl Fetr%methylethylened|am|ne). 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 diadamantylchlorophosphine are mixed with 40 ml of THF in a 100 ml 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 ml 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

P NMR:(3[ppm], J[Hz], CDCl3): 17.81d, J =5.5;4.75d, J = 5.5

'H NMR: (8[ppm), J[Hz], CDCl3): 1.5-2.0 m (60 H); 6.2 t, J =3.1 (1H); 6.6 d,d, J = 1.5,
J=3.6(1H)

30 69M@AH;7A1m(1H);7.2m (2H), 7.8 m(1H)

MS, miz (%): 744 (3)[M'], 608 (60)[M*-Ad], 442 (2)[M*-PAd;], 301(2)[PAd;], 135
(100)[Ad]



15 Table 3: Hydrogenation results for hydrogenating ol efins by neans of

cat al ysi SO?% i) I’W@jﬂl um’ N- phenyl pyrrol yl bi sphosphi ne catal ysts

‘Precat al ystSub sPrat et 1t 2( mol ) ( nmol ) Rh( ) (JaPHOS) ( COD) +BF4CODs COD~COEbCCE- ~
COA(0.01)(1)4. 7h3dRh(1) (JaPHGCS) (NBD) ' ' BEFANBDNBD- ~NBEeNBEe~NBAr (0. 01 ) (1

)2.5 mn40 m nRh(1) (Cyc-CODsCOD- ~CCEb aPHOS) (COD) +BF4 (0.01 )(1 )100
m n10 m nRh( 1) (CyC JaPHOS) ( NBD) t BF4ANBDNBD- ~NBEBNBEe~NBAr (0. 0007) (1 )2.5
mn40 mn 20 a = 1, 4-cycl ooct adi ene, b = cycl ooctene, = cyclooctane, d =
2, 5- nor bcEx&tdplase4 -d = 2nor bor nene, = nor bor nane O Z 5706- WD 19 V\hat

is claine A I rro bISh .ne of la | Rs R~ R
R | PR sl Riosedre ki GHL! BYarnDrestS orRaTodih (NBESer CREY pimplexas it
cycl oal i i Jgpgogaéﬁgrggpﬁdyggg Shdpon r adi caI s 10 havi ng from1l to 25
carbon atons, and R and and/g R3 and R4 may be joi ned by one or nore

coval ent bonds R5, Rs, R‘ R8, RO, R) R’ H, allphatlc alicyclic,

o R e RS el BB BT O st
50 car bortoawne; 1ORthdRor Ryl BnTEAaRAIE Do @h@éoloe@l ihdemil o fhiFo added

differently and be covalently joined together) and each F, G, Br
- Si (CH3) ropeiEe) to- the rhodigorsalytioroedtRire 10- rogmres.- Bnegoiutuzﬂ heategde oM

Ro, R 5 ETREISYIR NI ineaneto SHeSsed BIXe piizd B o SA%0HaF G0l
hyar ocar hafienaslbaldudtily) peacifitifioh i $fi8erckAidIng 018! 6O oldRldd By fikbting

identically or differently, M= alkali netal, alkaline earth netal

ammn10,|rr)ar1d1cvwﬂmmg uwith olt202. Thﬂ yielsisc aye pqveroﬁe% sphes phalyticals dataiofethe n
claimi1, wh 2 m fornul.a ther are a fused aronatic
in for rrulcs? n epgﬁgg)(/\% g@?ﬁgo%prﬂéd in Lratb?eg?

Table 1: Analytical data of the complexes of Examples 4-8 (NMR[MeOD-d4], 8[ppm],
J[Hz], MS Intectra AMD 402, FAB positive using NBA as the matrix)
15
Ex. |Formula Yield |°'P NMR '"HNMR MS, m/z (%):
No. (%]
4 Rh(l)(Cyc-JaPHOS)(COD)'BF, |94 24.4d.d; 0.5-2.5 m(Cy, 746 (100) [Rh(Cyc-
—BF, 2)ep=24.9; |44 H,COD,8H); |JaPHOS)COD)[";
Q*N;j Jprn = 130.4 | 4.5 bs (1H, COD) | 637 (70) [Rh(Cyc-
LA~ D 18.7 d,d; 4.7bs (1H,COD) |JaPHOS)(COD)"
Fj Eq Z)pp=24.9; |4.9bs (1H, COD) |- NBD
by "Jprn = 145.65 | 5.8 bs (1H,COD)
A= 6.45d.d,
J =159,
J =1.58 (1H)
6.9 m (1H)
7.2 m (2H)
7.5 m (2H)
7.9 m (1H)
5 Rh(1)(Cyc-JaPHOS)(NBD)'BF,” [90  [25.1dofm, [0.8-2.1 m (Cy, 44730 (100) [Rh(Cyc-
- IR Uprn =154  |H, JaPHOS)(NBD)';
Q’N;l 11.1dofm |{NBD,2H); 637 (80) [Rh(Cyc-
LA D "Jprn = 131.8 | 3.9 bs (1H, NBD) |JaPHOS)(NBD)]*
ﬂ ﬁ 4.1bs (1H,NBD) |-NBD
by 4.8 bs (1H, COD)
S 5.1-5.3
&( m (3H,NBD)




RRR sR R aRR~PR R (Il) RARNPRsRa R o R where 5 Ra, R5 R5
[sic], R = 7 glwqmti c, alicyclic, aliphatic-alicyclic, heterocyclic,
al i phatic-héterocyclic, aromatic, aronmatic-aromatic, aliphatic-aromatic
hydr ocar bon radi cal s havi ng from lto 50@;ar bon atons, and are each F, C)
Br, I, -Si(CHs)s, -CF3, -OR 2, - 2R 2, -C02M -SR 2, -SO2R 2,
-SOR 2, -SO03R 2, -S03M -S02NR 2R,s, NR 2R's, MR zR,sR,'s, N=CR 2R, s) NH2,
where 10 R Z R 3 = H substituted or unsubstituted, aliphatic or aromatic
hydr ocarpon rfadicals having from| to R5 carbon @&ohd, m@dch [defi ned
identicajly ¢r differently, and M = al kali netal sgarlnkﬂh)i ne earth met al ,
amoni un} phesphoniumion and R ,|R2, R3, Ra, R |75Hg,P° and R' are
each as defimped in claiml1l. 15 3.| An N phenyl pyrr ’ﬁtq%phosphl n~e as
clainmed yn cllaim1, wherein R6 anfl R fromforrrula gether are a fuseq
aromaticlin flormula |11 O Z 57p6-WpP 21 15 R1 5 R IR8S \ PRL R2
(1'11) Rs|&N PRBRJI)(-RRBOR)IQO%BFe 5 PY, RISAR 5 s 2d]m(~R‘l CODY, | 782 (1PPat i c,
alicyclif, alli ycie, hpterofygl=37,5; al j8harinc- het giREwd-i c,
aromatic| ar( ic, aliphatictiaronaide hygr rbon |naskieekSotyryviing
from1l tp 50 E@and ar ¢ eachﬁ%p | { &??'_ﬁ (C"%éi(?s di;)f
oM - SR 2, 502‘%25_ i c@%% b S03R

“OR 2. -OR 2 ] .
-S02NR ZR! S, RisRls| N=CRV?R ere 10 |g8RHO D'y

substitufed orahsubgtitosed, aliphati fJmn=AF0al4 LMHHCRRA bR adi cal s
having ffom 1 to 25/ carbon atomns, [each| defined idettm¢d)ly dr differently

and M = pl kalfi ak\) kaline eafth netal, anmmopy.m (fH)ospHoni um ion ang
R, R2, RS, R4,”BRS—€R5, R anfl R" pre each alg gefifngd in claiml. 1514
An N-phehyl pyrr ol ebi sphosphi ne as|claiped in cl a g_bg

51 erein R and R8
fromforpulajl together are a fused arpmatic-in n'ﬂ
705m(2H)

7.2-7.5 (18H)
7.68d,
J=6.9 (1H)
7.69d,
J=6.9 (1H)
7.8d,
J=7.6 (1H);
7.81d,
J=7.63(1H)
7 Rh(1)(JaPHOS)(NBD) BF, 91 227 d,d; 1.5 bs (2H, NBD) | 706 (100)
—®F, 2)pp = 38.84; |4.0 bs (2H, NBD) | [Rh(JaPHOS)(NB
Q' ; "Jprn = 158.14 | 4.55 bs (1H, D)]"; 614 (45)
18.7 d.d; NBD) [Rh(JaPHOS)(CO
. 2J)ep = 38.84; |4.65bs (1H, D)]' - NBD
Rh 'Jprh = 156.75 |NBD)
2N 5.0 bs (1H, NBD)
W 5.2 bs (1H, NBD)
5.75 m (1H)
6.2 m (1H)
6.3 m (1H)
6.55 m (1H)
7.05 m (2H)
7.2-7.5 (18H)
7.7d,
J=6.9 (1H)
7.71d,
J=6.9 (1H)
7.9d,




O Z. 5706-WO 221asRRI5RR Rl PR1IR2 (1V) ROR-r N PR3Ra R10 R1l1 5 where R14
R15 R~5 57§P p—( aliphatic, alicyclic, aliphatic-alicyclic,
'heterocyc i "8 tic-heterocyclic, aromatic, aromatic-aromatic)

al i phati c-aromati c hydrocarbon radi cal sd;aw ng from 1 to 50 carbon atons,
and are each F, C, Br, I, -Si(CHs)s, -COR 2, -CO2R 2, CI)ZM
-SR 2, -SQZR 2, _SOR 2, 10 -SO3R 2, -S03M -SOzNR ZRI' S, NR 2R, s,

N+R zRIsR s, N=CR 2R s, NH2, where R2 R 3 = H substituted or
unsubstifuted, aliphatic or aromafic hydrocarbon|J=até ¢ldd)s hgving from 1 tjo
25 carbon at ¢ns, each defined ideptically or diffrmently, and M= al kali
met al , kaliine earth netal, ammopi um | phosphoni qjm-)gglqg;\d R, R2, R3, R4,
R5 R6 el gnrl = L V- nar\h a5 r~|n'F| nrl |n r\| AR

N- phenyl pyrr ol ebi sphosphine as clained in claim1, wherein RO and R from

23 R o RAS i afcFpfanRiind; ARRtGF ot & T sc'%’éﬁaef%ﬂn@%%? g™

al i phatic, ali cyclrhgdmm/u@mlat)s:c@tbly@ycl i C, het erocyclic,
al i phatic-heterocyclic, aropmatic, aromatic-aromatic, ali Ehatl c-aronmtic

hydr ocar ormixiite il &3 mavich gt Alksner the oresappaing.ameunt shiRh{reaieR)ras@

o SR ecalto 0T 1P Rahgt ST eI e ciRicng,

where R améur& of HaP8OS 2t mt ef isvociase Est ahuntsthalabiapdatd @ndr alsood@tmic of
hydr ocar bo

D

nlsole as a solvent is reacted in a Parr 100 ml autoclave (with magnetic stirring). The
synthesis gas pressure (H2/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 (results 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’
[mol%] |[mol/mol] [°C] |[bar] [h]  {[%]
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,
® n:iso = 1-hexanal ;: 2-methyipentanal+2-ethylbutanal, [mol : mol]
°2-pentene = cis/trans-2-pentene



10 radicals having from1l to 25 carbon atons, each defined identically or
differen , W= al kali metal, alkaline earth nmetal, ammonium
phosphoniumion and R, R2, R3, R4, R5, R6, R, R8 and R' are each as
defined in claim1. 6. An N-phenyl pyrrol ebi sphosphine as clainmed in any of
clainms 1 to 5, 15 which is chiral. 7. Al phenyl pyrr ol ebi sphosphi ne as
clainmed in any of clains 1 to 6, wherein one or nore of the radicals R -R4
or R and R2 and/or R3 and R4 together are a 20 chiral radical fromthe
group of Exampled9 canphyl, 1, 1'-binaphth-2-yl, hexane2,5-diyl. 8. An

N- phenyl | ebi | ne- net al t ai ni tal of the 1 st,
2nd, 1 o CoRtar BIReda ForsRyATBRoRRtnd BERs EVGeGRB I SGHAVHS usihe RSN o

of the phenylByfolyis|8ShNRire chlaREedtrom BRaMbRIBT (Gpogy t he | ant hani des
and/ or acpti nlyfdags aylri;%glg';le pgqr nor e "N- phenyl pyrrbol ebi ép osphi nes of the
formulal R RS PR R2 (I) RS NPRsRa Ro R~~ 5 where R, R2, R3, R4 =
al i ph

i cloaliphatiyc.qr aronmatic hydrocarbon radical s havin 0 25
car borp alE MRS (958 5t dhe HBRhedie ROmARR TR SLamEe 411 ZykiMgtted T 3
al i phat i Giadd Gpule andAni6lGEr URHEE argdn MG SrehbsfREd HydFogeMalBRivessel
aromatic-aromatic, aliphaticaromatic hydrocarbon radical s having from1 to

50 car borleguipped withi nrEgnaicrstiring). Suhsaspiently h2oni ek metbanolyand 1 mmol of

s (G 3bstE 2 AU Hlgobss B REBRDES oifin oF Hgfdich, s feapton agted
- SOSR 2, bySQiBdtroye2NRo2Glabs Nih@iffes of N Afesitalyst L DN BB Jeadddh, wher e

R2, R3 =H substituted or unsubstituted, aliphatic or aromatic
hydr otthr sempesaiveaisskapd wongtant 8q2%°¢ @ndghe dwemgean pigssuia’dh! Baf.ianskthe gas

i denti cal 1t 1 _ ; ol kal | 1
amroni meogRGmERshi B Meatorsd" G FesRishol FodbrerRgy BprBRfey Thelie o
conpl ex a®nplefenednversidraionthe shissteate BSnaduRE.f Then prodout ds Isubsggquidretty

are a fusd LT LR Bl il Tabie o

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

Precatalyst Substrate t1 t2

(mmol) (mmol)

Rh(l)(JaPHOS)(COD) BF 4 cop? COD—COE® |COE—COA®
(0.01) (1) 4.7h 3d
Rh(I)(JaPHOS)(NBD)'BF, NBD®° NBD°->NBE® |NBE°—NBA’
(0.01) (1) 2.5 min 40 min
Rh(1)(Cyc- coD? COD—COE® |COE—COA°
JaPHOS)(COD)'BF4 (0.01)  |(1) 100 min 10 min
Rh(1)(Cyc-JaPHOS)(NBD)'BF 4 | NBD® NBD°->NBE®  |NBE°—NBA'
(0.0007) (1) 2.5 min 40 min

20 ®=1,4-cyclooctadiene, b= cyclooctene, © = cyclooctane, 4= 2,5-norbornadiene, © = 2-

norbornene, | = norbornane




O Z. 5706- WO 25 Rls R17 R15 R7 \ Rla R8 PRIR2 Rs N PRaRa R10 R11 where
Ra, RJ5, Q R' = H) aliphatic, alicyclic, aliphatic-alicyclic,

"het erocycq)l C) al'i phat i c-heterocyclic, aromatic, aromatic-aronmatic,

al i phati c-aromatic hydrocarbon radical su@vi ng from1l to 50 carbon atons,
and are each F, C, Br) 1) -Si (CH3)3, - , -OR 2, -COR 2, -Q02R 2, -CO2M
-SR 2, -S02R 2, -SOR 2, -SO3R 2, -S03M -SO02NR 2R 3, NR ZR 3, N+R 2R 3R 3,
N=CR 2R 3, NH2, where R2) R 3 = H, substituted or unsubstituted, aliphatic
or aromtﬂﬁ_hﬂ_dﬁmﬂm_lo radi cal s having from1 to 25 carbon atons, each
defined identically or differently, and M= alkali netal, alkaline earth
metal , ammoni um phosphoniumion and R, R2) R3, Ra, R, Re, R9) R and R’
are each fas defn N?Shéﬁylﬂrﬁiléblgphéébhlﬁ@oNtr@Wthrr0| ebi sphosphi ne- net al
conpl ex as cl ai in'claim8, 15 wherein Rs and R7 fromfornula | together
are a fused aromatic in fornula |11 O Z 5706-WD 26 R~s R~s Rya R 7 \
Rs Ra wWPR~ R2

8 152
R PR'R "

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,

R5, R6’ R7, RB, RQ, R10’ R11

heterocyclic, aliphatic-heterocyclic, aromatic, aromatic-aromatic, aliphatic-

H, aliphatic, alicyclic, aliphatic-alicyclic,

aromatic hydrocarbon radicals having from 1 to 50 carbon atoms, and R® to R"!

15 may each be defined identically or differently and be covalently joined together,
and each be F, Ci, Br, I, -Si(CHas)s, -CF3, -OR", -COR", -CO;R", -CO.M,
-SR™, -80:R", -SOR', -SO3R", -S03M, -SO.NR'?R™, NR™?R™, N'R"?R"R",
N=CR'2R"™, 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 ion.

2. An N-phenylpyrrolebisphosphine as claimed in claim 1,
wherein
25 R® and R® from formula | together are a fused aromatic in formula i



(III) RO N PR3BRa Rio R11 where 5 Ra, RS, R5 [sic], R = H aliphatic,
alicycli ‘bZaLSVBEEWU: alicyclic, heterocyclic, aliphatic-heterocyclic,
-aromatic, aronmatic-aronmatic, al | phati c-aromati c hydrocarbon radicals having
from1l to 50 carbon atons, and are .each Cl, Br, I, -Si(CH3)3, -CF3,

-OR 2, -COR 2, -Q02R 2, -CI)ZM -SR 2) - R'2, ~SOR 2, -SBR 2, -S03M
-S02NR 2R 3, NR 2R;s, MR 2R 3R 3, N=CR 2R 3, NHZ, where 10 R2, R3 = H,
substituted or unsubstituted, aliphatic or aromatic hydrocarbon radicals
having from 1l to 25 carbon atoms, eaclR'f@efined identically or differently,
and M= alkali netal, alkaline egrth netal, gnmmoni um phosphoniumion and
R, RZ, R3, Ra, R5, Re, RO, R Rnd . RAch as defined in claim7. 15
11. An N phenyl pyrrol ebi sphosphi ne- conplex as clainmed in claim 8,
wherein R and R8 from fornulg’ are a fused aromatic in formula
IV O Z 5706-W 27 Rla Rs g“PRIR2 (1V) RO R17 N PR3Ra R10
R11 5 where Rl14~ R15, R-s sic], H aliphatic, alicyclic,

al i phatic-alicyclic, heterocycgl e A phat i cs heterocycl ic, ar onat | c,

aromati c-aromatic, ali phat i c-RromatYc hyEI'R)Barbon (@i cal S haV| ng from1 to
50 carbon atons, and are each F, aJ Br, 1, -s|(cH§§’1 -OR 2, -COR 2,
-Q02R 2, -C02M -SR 2) - SO2RFH PR]RECBR 2, -SO3M -SOZNR 2R 3,

NR ZR 3, N+R 2R 3R 3, N=CR 2R 3, \ where R 2, R3 = H, substituted or
unsubstituted, aliphatic or aromatdc-hydrocar bon radi cals having from1l to
25 carbon atons, each defined Irrg% [ by or differently, and M = al kal i
netal, alkaline earth netal, a ni umphosphoniumion and R, R2, R3, Ra,
R5, Rs, RO, R and R' are each as defined in claim7. 15 12. An

N- phenyl pyr r ol ebi sphosphi ne-netal conplex as clained in claim8, wherein RO
and R fromforrmula | together are a fused aromatic in fornmula V

where

5 R", R"™, R® [sic], 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(CHa)s, -CF3, -OR", -COR", -CO;R", -CO,M, -SR", -SO,R"?, -SOR",
-SO3R™, -S03M, -SO,NR™R™®, NR™?R", N'R"’R"R", N=CR"R"®, NH., where

10 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 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



O Z 5706-WOR15 R1 28 Rs R5 PRIR2 N PRsR4 R11 R17 5 where R a~ R15 R15
sic]) R g I—$7@é_w&ati c, alicyclic, aliphatic-alicyclic, heterocyclic,
-al i phat i c-'%’e erocyclic, aromatic, aromatic-aromatic, aliphatic-aromatic
hydr ocar bon radicals having from1l to 5Q _carbon atons, and are each F, C,
Br) I, -Si(CHs)a, -CF3, -OR 2, -COR 2, “C02R 2, -CO2M -SR 2, -SOZR Z,
-SOR 2, 10 -SO3R Z, -SO3M -SO2NR zRl's, NR 2R's, N+R12R1sRls, N=CR 2Rl s,
NH2) where R 2, R 3 = H, substituted or unsubstituted, aliphatic or
aromati ¢ hydrocarbon radicals haviglg from1 to 25 carbon atons, each
defined identically or diffegentl and M = alkali netal, alkaline earth
met al , anmoni um phosphoni d~NQON_2 2R 'R2, R3, Ra, R5, R6, R, R8 and R'
are each as defined in claim?7. B. An N phenyl pyrrol ebi sphosphi ne- net al
conplex as clainmed in any of cl ® to , Wherein one or nore of the

N- phenyl pyrr ol ebi sphosphi ng; ¥4 i > in the conplex 20 is chiral.
14. An N phenyl pyrrol ebi sphosphi ne al conplex as clainmed in any of

WO 29

1

clains 8 to 13, wherein Q
R PR'R ()
RO R
where
5 R™, R", R" [sic], 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, CI, Br,
l, -Si(CHa)s, -CF3, -OR", -COR", -CO,R", -CO;M, -SR%, -SO;,R"?, -SOR%,
-SO3R", -SO3M, -SO.NR™R™, NR™R™, N'R"?R"®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 4. An N-phenylpyrrolebisphosphine as claimed in claim 1,
wherein
R’ and R® from formula | together are a fused aromatic in formula IV



one or nore of the radicals R-R4 or R and R2 and/or R3 and R4 of one or
nor e N'pQ9Q¥b9M§RN bi sphosphi ne |igands present in the conpl ex together
-are a chirar “radical fromthe group of nenthyl, canphyl,

1, 1' - bi napht h-2-yl, hexane 2,5-diyl. 5 . An

N-phenyl pyrrol ebi sphosphi ne-netal conpl as claimed in any of clains 8 to
14, wherein the netal used is a netal of the 8th transition group of the
Periodic Table. 10 16. The use of the N phenyl pyrrol ebi sphosphi nes as
claimed in any of clains 1 to 8;§H hygogenati ons, isomerizations,

car bonyl ati ons, carboxyl ations, hydrofjornyl ati ons, hydrocyanati ons,

cycl opropanations, CC cgﬂe i ng oner jRAti ons or pol ynmeri zations. 15
17. The use of the N-phenylp gphi ne- net al conpl exes as cl ai ned
in any of clains 8 to 16 for pns, isonerizations,

car bonyl ati ons, carboxyl at459#8 Qf aryy at i ops, hydrocyanati ons,

cycl opropanati ons, C C c&iplingsy ol i goneriPRtRons or (ppj yneri zations.
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(#. #. ~??27?22?-yydocatbon tadisals having-from| Ho-50 |carbon-atoms; ayeliareceach F, Cl, Br,
a7\l IR, L00R O, GO, SR™, -SO.R", SOR",
10 -SO3R%, -S0sM, -SO.NR™R™, NR'?R", 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
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where
R"™, R, R" [sic], 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™, -CO,M, -SR", -SO,R"?, -SOR"Y,
-S03R%, -S0OzM, -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 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, 1,1’-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



v "+(P(QU(b(e(R) ++u,,-~. W/ <0JOM2} xsni d_Zkfa\ W] ca] ca] ca] ca] ca] ca] ca
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-SR™, -80,R", -SOR™, -S03R"?, -SO3M, -SO,NR'?R™®, NR"?R"®, N'R"?R"*R",

15 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.

20 9. An N-phenylpyrrolebisphosphine-metal complex as claimed in claim 8,
wherein
R® and R® from formula | together are a fused aromatic in formula I
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10.  An N-phenylpyrrolebisphosphine-metal complex as claimed in claim 8,
15 wherein
R® and R’ from formula | together are a fused aromatic in formula Il



1099& ()-~ &LO9W& ()- h&LOYAE ()- #1098& ()-3,B--~.W/90:0|[:-810%
7Z1098& ( /] &10%& ()- 3" +#1008& ()- #&L0%WA& ()-
§2 W12

#8109 ( 4bA810% &10%A%A&' ()- ShYd0%W&' ()-s 4YA0%W& ()-s
1098& ()- ' 1098& () - 109409%@44457G8J8| [029?10% F7 10904 ()- /810% % & ()- y
810% % & ()-My &10%%& ()-My &10%UDEY)-M 810904 () - 18888889; : =: vU410
109 & ()- #1094 & ()- 109% & ()- 109% & () - 10%4.0%4.0% 8$1098& () - = :2:1: S

| [: VU410 @O%& ()- 10%& ()- L#L0%& ()- 910%& ()- “10%& ()-

3#109% & ()-S;;; D<<A==|[: vW410 (SF9¢& ()-f I° &10%{& ()- ##10% & ()-
"$10% & () - &10%(#& ()- &LQUH& ()-—@>>g@< -410( 8 10% & ()-3

3710% & ()- O#10% & ()- | &RKE& /4& () +#10% & () - CAEEEMAD @ 10(
I|F 9%40% ()-Z #10%& ()- #1090&
1098& () - 10( 10( ABBBB, 040| [: @10

1099& ()-3 LF 9%40%& ()- & NZACERD. EEE|[:@110( (#1098& () -

& 8109 ()- ##10%& () - 8409 () -

f #1090 () - E?FF?GyGGG [ @ @ 10( y2# )-m y2#10%&' ()-m 0- 1098&' () -

@ 81000& ()- , #1090 ()-  * #1034 (IN@ HPhigHiy U410 &100& () -
1090&’ () - 1094.09%4.0% 99109%8& () - (1)

v&' () -
y2#1099& () - nH(JMIK#Ki LL| [ vU4ld &LRPA& () - 38109%8& ()- &LOUCE () -
994.0%& ()-s Yd0%& ()-s /%0 Zsh AR [ v410 (&LOYEY6& () -
(81096{ 6& ()- (&10%8, & ()- 1(&I0e&//()- &10%& ()- &LOY& () - PP;
QRQ=>QLQOY* VU410 10% & () - 910%1 -10% & () - 10DvD10DYD10DYD
(81099D& () - (&LO% & () - S| [\gMM410 s10% & ()- &L0% & ()-3
&10% & ()-3 #10% & () - +h%10%i& #10% & () - STTTTUU| [: vW410 [|s( e$10%
& ()- 9s( e$10% ( & ()- Os( e$100& ()- s( e$10%k& ()- 10% & ()-
) SH#10% & () - zU. WWIWPW@WAVBW [ NA41010B10B10B "ss( e$109B& ()- Ys(
e$10% ! e& ()- d30s( e$10% & ()- Ds( e$10% ( & () [ s(
e$109& () - BWPWEWZ WXz YBNA4101 0d} $10% & ()-3 O " d} $10%
& ()-3-1_0d}$1 BC()-31[d} $109& ()-3 910% #/ & ()

0% #£& ()-n 5 YRV NA L @18 Qd 0 28 i3] 0P8
, ()_37!#% Od§}$100>§®(x&, (}Q\*?)I R 0% ot Fﬁléhﬁﬁsﬁc(énc%ﬁ@dél%%%%ﬁc&énc, hetitbeydie
x d} $10%& () aiiphawnsmmlmwmomu}$1warr(a)ncearbmm;Locy«mliphaﬂc-en@rﬁamefa

05 252500 ot nin et Bnaas v)'r?/é&(;ééni&@%b$3%%/%aams 3 UBRE 5 oco

T
1000 1000 w()d}|$lgi’(m§)().c$ ZZDR™, -COR™ SOR™
\ GILR10! W B10% Vs$1 000 08 V i Vs$1000&
[E @ S$ R QoaM 80$2ng SR F@z @%Sr\? M%" Q ngqu/ﬂ/ é N)Hz \?v%\ere
[

[
L oo s i BB AR B ot

() - Vs$1098& ()rald&;"éllsi)%é&lr@ -frdri[ 4[ &d]%S&ﬂrﬁbﬁlafé#ﬁ@%ch)deﬂrfdd)%éfm&aﬂly or
10904 () - &10%%& () - VS$10° 0* pSY M\ Af A ApAZAN 2qUOL Y#S&ES
" 10084 () - zs&Piftarendly; an %a@kqowkl(glkalmearmmat ANYBeRIUM, PhREP DM

1000 ()~ 258800 POORR" () FCaS "T0dbet ) e T Ranaed atort &% FRpgd  Boimy 27>

" 10088 () z; c@>4""s&$ " 109 ()-zs&$ "109%& () -zS&S$

" 10984 ANARAAR S&S "109%s&$ " 1090& zs&$ "1099& ()-zs&$

" 10984 11;5&#\“ hb@b%ﬁ&wzé&@'sp%smnw%é@mmm %I?mze& imalaip B¢ s gs

" 10984 () zs&%hé@?ﬁ/& ()-258$ "1000@& ()-2zs&$ "1090& ()-2s&$ " 1090 ()-z;
C@>4r" AN G gS g% "1090& () -258$ " 1098& ()-2z; c@>4""s&$ " 1090&’ () - 258$
"1099&' () - zs&$°l a f(qmiormulaltogatheeare aﬂmk&dmmmf&f()ymula&v

"1099& ()-zs&P "10%& ()-zs& "109& ()-zs& "109& ()-zS&S "10W& ()-z_
IV gZM@&$ " 10994.09%41094.0% , &L0%& () -3 , &10% & ()-3ss&$ "10W& () -z
c@>an" h bc|[: @& "10% &10% & & ()- MBL10%&L& ()-




#109%R& () - 109%R& ()- &10%R& ()- ' 10%R& ()-ccccccc_; @B&S "10% #3
D| D#[ FY%& #(%%@?%\&qw%#low&m () - [ FY%E#109D&D&’ () - [ FYE#10%D8&D&’ () -
-&109D&DE! H@&$ "10% #3 D| D[ FUE#109D&D& () - #3
D| DHE[ FY&E#10%D&D&" () - [ FYE#10%D&D& () - [ FYiE#10%D&D& () - [ FYE#10%D&D& () - cccced
d{_?@&$ "10% #[ FYE#10YD&D& () - [ FuE#10%%D& () - #3
D| D#[ FY&E#109D&D& () - [ FYE#109D8D&' () - [ F¥E#10%D&DE () - dddd' d, d7d_?@&$ "10%
#[ FYE#109D8D& () - [ FY&E#109D8D&' () - [ FYE#10%D8&D&' () - #3
D| D#[ FUE#10%D&DE () - [ FYE#10%DEDER (%) - 7g&dBdIdOdWINd_?@&$ " 10%
#[ FYE#109D8D8' () - [F%E#lO%D&D& O+ [ FY&EH O%D&Dgc () - [ FYE#109D8D& () - #3

&4 " #3

D| D#[ FYE#L0%D&D! () - [ FUE#L0YDRER
D| D#ddddddd” D@&$ " 10% ##3[ FYaH
D| D#[ FYE#1090D8D& () - [ FUEHLRYDERS
{ ?2@®&$ "10% ##[ FYE#109DEDE™ () - e
(7 -L§

D8R[ FO

DI D#[ FYE#109D&D& () - [ FUE# 109K

10%10@/@0@/@0@/@ 7 &1 0%EV@E,

"109% t y- &10%& () - $! &y &10%@@() $ @ a&' ()- 10%8& ()- 910%& ()-

' 10984&’ ()-effgliii|[:RE8S&S$ "109 5709 () - y- E10%& ()-$ | y-&10%& ()-$
|y- &1098& ()-$ y-&10W& ()-$ ny - 1R )Wll Vit #i 1 4) 7 vUas&S  1098& () -
1098& ()- y' 1098& () - 100/<100/<10% 8 10%/& ()-F
| 7MLO%®&' ()-7jBj Tjdjljjk|Z9vU4s&$ i &L0W& ()-!&I0%& ()- [Z 10%& ()- HZ
1098&' ()- Z 10% & ()- <Z 10% & () - k+mpmmmmvWs&$ 109%8& () - (

81098& () - 10%10%10%|y & 10%& ()-3 [)y, & 10% & ()-3

i YR1098& () - mypperen| [ vU4s&$  #ps10%&' () - L\'s10%& ()- dsl09%Q & ()-

Ss109%& ()- s10%,& (1%. %10%/& (- nLnoququIc1quYL’?2510fV<iOCV<iO%

s, L1 1084 ()- R R'LIROYUsId R - F Hd alipbgtie glicyelic, “alipbadigraligyalic) heterpcyclic,
f/‘e/é) (;Jq?( ggoq/e/%l ?}lglug-hg?éggfél|§:OW£ér£)Pnat|[:10W§$‘or@atlc(§r&%é‘%@ 0 ahﬁﬂigtl@/(gﬁc‘r%atlé 10

' 10984 () - qacmmfaqu qadms@sfawa@/ﬁommcf 50%6uRdn atdrdO 4 4ie-edcOPREI, Br; ' 5
W Q- df 10984 () qkql wZ: 32sf 1090&’ é), flO%?/& 7 \Ab%m f 10984 e& (
)- ' 109! () - f 19 3)(3) Chnqtdit quaRRGp-S (yS ow&QF}
09%8&' flO 1 {109 1f 1 fl
0984 f‘% ' £ 109 dﬁFa %8%% %PZW"@?W” 3@&2%? wqcﬂﬁ%& @g&ﬂ%@

OE /81/20/%& f& )I fREERES @ H, fslbdikitéd orfdr&%&tu(u)ted 5w;saatndqmqaﬂnﬂaﬁla?erd@arbon

1008 () - 4f 1098gicals. ‘haying-iftam 0dede (39 ' garbopsatoms, ggaeh « definegh ddentically @b,
& 3 *10984&

0(%/& 0- ttttc{"zfuuugf 8s O%a‘ﬂmagajr%%ﬁ ?ﬁi&i"&g@ Giimoniu, phosphonium
&10%& () - 10%d0nandsR! 'R, I% Beﬂzﬁwﬂqod BlLare eachwigdefiad in claim 7.
NY&109P&' () -t i&lOW& () t's&lO%& ()-t 9s10%& ()- i&9s10% & () -

S)9s10% & () - wExx@yyy| BzY8s NYB10%& ()- &3109& ()- sSOf#1098& () -
/I &109%8& (92, ClaH fphenyip rrd‘le&@@.@(@sdﬁméYﬂéﬁﬁb’ddﬁiplék\assclalmedﬂrpc%’%ﬁ% ) L

1099&' ()- y&LO9O& () - &10%.0/@10%?/& ()-3310 gl zwz{z~zzz {|[:}\;s

i &1098&' ()- «aFhere®a& ()- 010%& ()- f 1098&' ()-

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




f1090& ()- ) 310%& () {|}/~| ~~~~| _B}\;s i f109& ()- 109& ()- 3 109& ()-
Y1 100/8/&0 ) &LOVIE ()- ~~~mmmmmm yX7s S3 10% % & () -3
8S10% % & % ‘rj /<#& () 810% % & ()-101010s10%& () - ~~~#{ Z9yX7s 6l ,,

"10% % & () - 4 w% SEL0%0A! ()- W SRI09& (). 11 S&10909&' ()- . 109%R%R& ()- @
LF10% % & ()- ! #$%&36~] <s 9 1098@& ()-

y&1098& () - 10$010$10$" 31096& () - - &10%& ()- |,, "109%6& () - 46KVgo| Z9~] <s
WS&109& ()-1S&10%& ()- Sp 10%& ()-9 i 1098& ()-9 @10%& ()-9
10%& ()-9.vUss & 109%& ()-( ' 10%& ()R®10$10$10$ - "1098& ()- s) -

"1090& ()- wWIB&LO0WR ()-| [:vU45 &10% & () -t @0%\&' ()- { 10%& ()- 010%
10RP0$10$ ~* 10968 () -3

KQ10%8&' ()-3 @ 10%& ()- |%&10 &1099& ()-tn||[: NAds 10

9s10% & ()-g n&9s10% & ()-g S S : 10%?/& ()- mow& ()-

8&109%4&' ()-"~azY8NAds 1 Fll\/l].O%/eER .- s2- Y, 1098& ()--

woo 3&10%0& ()-- W3&1098&' () --! NA4s 1 0%& () -

31098& ()- ; MLOYO& ()- KQr#109%& () - flo%?/& () 2' I1 & ()-}}\;s 1

& 10%& ()- ) YS10%&' ()- 5 PRR?
&1098& () - 10%#109%40% s109RE “FYA[[:}\;s 1 1098& ()-

| : 1098&' ()- FQB#10%&' ()-y , ) - JA0%R ()-) & 109& ()-478; M |[:}\;s
1 1099& ()- |:1099& ()- THf #1098 ( 1098&' () - C]VL#lOW& 0O)-) 100/8/& ()-
Nor mal " "Headi ng 13]c" "Heagh HeRéﬂ ng 33] ¢c" "Heading 43]c"

"Headi ng 53] c" "Headi ng 63] li1rg 73] c" "Heading 83]c" "Heading 93]c"A
"Default Paragraph Font]!"T%
-5=E=NATW } b" gj | nqv{ %y’ (%2<HW Xgy"M ] " _ "~abcdefghijtM

O6rzY\ W $$~9%% (e(, : 0a4J8=: S;

=@4CEGHLP*@BUBWIXSYZZ[ [ ) [ YAAAAAN — ccecd7dMdddd~eei 7) krmJdqg™ gi gpgwggqqt uwyl z
{~~6n} 4Kl mopgr st uvwxyz{| } ~6Ti mes New RomanAri al Couri er New'h Root

Ent r yWor dDocunent I #$UR' () *+,-./0123456789: ;

<:>? CDEFGHI Q?STU\/V\XYZ[ \]"~_"abcdef ghij kl mopgr st uvwxyz{| } ~
#$%& ()*+, - 3456789:
=>7 @\BCDEFGH RK REPRISRIMWRIZ[2 H, aliphatief glivyicke, nalipatistalicyelicz ieterocyclic,
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hydrocarbon radicals having from 1 to 50 carbon atoms, and are each F, Ci, Br,
l, -Si(CHa)s, -CF3, -OR", -COR™, -CO;R", -CO.M, -SR'?, -SO;R", -SOR™,
10 -S03R", -S03M, -SO,NR™R™, NR™R", 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 7.

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

14.  An N-phenylpyrrolebisphosphine-metal complex as claimed in any of claims 8
to 13,
wherein
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15.

16.

17.
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one or more of the radicals R'-R* or R' and R? and/or R® and R* of one or more
N-phenylpyrrolebisphosphine 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 1 to 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.



