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Among diphosphines having a ferrocene skeleton, 1-secondary-phosphino-2-(2'-secondary-
phosphino-1’-benzyl)ferrocenes, for example, have proven to be valuable ligands for
rhodium complexes for the enantioselective hydrogenation of prochiral, ethylenically
unsaturated compounds. They have the trivial name TANIAPHOS and are described in
WO 00/37478. The methylene group of the benzyl radical can, for example, be substituted
by alkoxy or acyloxy. Substitution of the methylene group by hydroxyl is not described nor is
a synthetic route which could lead to hydroxyl-substituted ligands described. WO 03/093285
describes 1-secondary-phosphino-2-[(2’-secondary-phosphinophen-1 *-yl)-C4-C4-alkoxy-
methylJferrocenes in the form of diastereomers, with the mixture of strerecisomers being
enriched in particular enantiomers. These compounds are obtained by replacement of a
sulphoxide radical as chiral auxiliary group by a monohalophosphine in the presence of a
strong lithium base, with hydroxybenzyl intermediates formed by addition of 1-secondary-
phosphinobenzaldehyde onto the ferrocene sulphoxide being converted into the alkoxy
derivatives beforehand.
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where
both R, are independently a hydrogen atom or C;-C,-alkyl and R’y is C+-Cs-alkyl;
X and X; are each, independently of one another, a secondary phosphine group;



further reaction to formthe desired di phosphi nes can
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Pre%eg&rﬂ)oﬁaéﬁéé&éﬁhé to the invention are compounds of the formula la or Ib,

Ry (la),
where Ry, X4, X; and Rz and * have the meanings indicated above.
R1 can be present from one to three times or from one to five times in the cyclopentadienyl
rings. An alkyl group R can be, for example, methyl, ethyl, n- or i-propyl, n-, i- or t-butyl, with
methyl being preferred. R, is preferably a hydrogen atom.
In a preferred embodiment, R; is a hydrogen atom.
Alkyl groups Ro1, Ro2 @nd Res can be linear or branched and the alkyl preferably has from 1

to 8 carbon atoms, particularly preferably from 1 to 4 carbon atoms. Aryl groups Rg1, Rz and
Res can be, for example, phenyl or naphthyl and aralkyl groups Rg, Roz and Rys can be



X01is -O or -NH; vis O or an integer from1l to 4;

X1 is bound in the ortho position relative to the T-C*
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enantiomerically pure diastereoners or pure racemc or
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pro%yﬁ BQQMW, rpeﬁ{aﬁoyyl,q}e&mt I(h%’claﬁgy‘:f‘,’dodecanoyl, tetradecanoyl, octadec-
anoyl, cyclohexylcarbonyl, benzoyl, methylbenzoyl, phenylacetyl, pyridylcarbonyl, naphthyl-
carbonyl. Some examples of substituted acyl are groups of the formula Rg;-C(O)-, where Ry
is hydroxymethyl, methoxymethyl, ethoxymethyl, 2-hydroxyeth-1-yl, 2-methoxyeth-1-yl,
hydroxypropanoyl, fluoromethyl, chioromethyl, difluoromethyl, dichloromethyl, trifluoro-
methyl, trichloromethyl, aminomethyl, methylaminomethyl, dimethylaminomethyl, 1-amino-
eth-1-yl, 1-methylaminoeth-1-yl, 1-dimethylaminoeth-1-yl, 2-aminoeth-1-yl, 3-aminoprop-1-yl,
4-aminobut-1-yl, pyrrolinyl-N-methyl, piperidinyl-N-methyl, morpholino-N-methyl, 4-amino-
cyclohex-1-yl, methoxyphenyl, hydroxyphenyl, aminophenyl, dimethylaminophenyl, hydroxy-
benzyl, p-aminobenzyl and p-dimethylaminobenzyl.

An alkyl group Rgs has from 1 to 12 carbon atoms, particularly preferably from 1 to 8 carbon
atoms. The alkyl can be linear or branched. A cycloalkyl group Ry is preferably cyclopentyl
or cyclohexyl. An aryl group Ros can be naphthyl or in particular phenyl. An aralkyl group R
can be phenylethyl or in particular benzyl. Some examples of Ry are methyl, ethyl, n- or
i-propyl, n-, i- or t-butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, cyclo-
pentyl, cyclohexyl, methylcyclohexyl, phenyl, benzyl, methylphenyl, methylbenzyl, methoxy-
phenyl, dimethoxyphenyl and methoxybenzyl.
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Examples of alkyl substituents on P, which preferably have from 1 to 6 carbon atoms, are
methyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl, t-butyl and the isomers of pentyl and hexyl.
Examples of cycloalkyl substituents on P, which may be unsubstituted or alkyi-substituted,
are cyclopentyl, cyclohexyl, methylcyclohexyl and ethylcyclohexyl and dimethylcyclohexyl.
Examples of alkyl-, alkoxy-, haloalkyl- and haloalkoxy-substituted phenyl and benzyl
substituents on P are methylphenyl, dimethylphenyl, trimethylphenyi, ethylphenyl, methyl-
benzyl, methoxyphenyl, dimethoxyphenyl, trifluoromethylphenyl, bistrifluoromethylphenyl,
tristrifluoromethylphenyl, trifluoromethoxyphenyl, bistriflucromethoxyphenyl and
3,5-dimethyl-4-methoxyphenyl.

Preferred secondary phosphine groups are ones containing identical radicals selected from
the group consisting of C4-Cs-alkyl, cyclopentyl or cyclohexyl which may be unsubstituted or
substituted by from 1 to 3 C4-C,-alkyl or C4-C4-alkoxy groups, benzyl and in particular phenyl
which may be unsubstituted or substituted by from 1 to 3 C,-C,-alkyl, C4-Cs-alkoxy, F, Cl,
Cs-Cy-fluoroalkyl or C4-Cs-fluoroalkoxy groups.
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which may be unsubstituted or monosubstituted or polysubstituted by -OH, C+-Cg-alkyl,
C4-Cs-cycloalkyl, C4-Ce-alkoxy, C,-C4-alkoxy-C1-C,-alkyl, phenyl, C,-Cs-alkylphenyl or

C1-Cs-alkoxyphenyl, benzyl, C,-C,-alkylbenzyl or C4-C,-alkoxybenzyl, benzyloxy,
C1-Cs-alkylbenzyloxy or C-C,-alkoxybenzyloxy or C-C,-alkylidenedioxyl.

The substituents can be bound in one or both of the a positions relative to the P atom in
order to introduce chiral carbon atoms. Substituents in one or both a positions are preferably
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to three Crg 4-al kyl or Cii- C4-al koxy groups’and, in
parti cul ar, unsubstitutedRphenyI or phen substituted

by fromone to threg G C 4-alkyl, R
OH O\ /CH3 H
—P_ | —P X —P 0
7 “oH ' CH, —
R" R" R"
0-C,-C,-alkyl
—P
“0-C,-Cralkyl
R R R
~0 ey D
R R" R' R" R R"

S D

3



d-C 4-al koxy, -NH2, OH, F, d, CC 4-fluoroal kyl or
CrC 4-fl uoroal koxy groups. R3 and R4 are particularly
wonrefsaoaoby i dentical radicals selected from t RETHPZE/052009
consisting of G -C 6-al kyl, cyclopentyl, cycl ohexyl,
furyl, and unsubstituted phenyl or phenyl substituted
by fromone to three C -C4-al kyl, d-C 4-al koxy and/or
Ci -C4-fluoroal kyl groups. Th® secondary phosphi ne
groups Xi and X2 can be cyclic secondary phosphino
%youps for exanple groups of the fornulae which may
€ unsubstituted or nonosubstituted or pol ysubstituted

thelrjidicd R’ ﬁdCR‘&rabk()H c1-@4a|£ﬁ+6ryésdaﬁ@|d<méth |C‘éth1?61 -k k@rzsyyl benzyl,
plice

or DR REL BT CreicPorsel oo R pr R Sum HSPcH begifrent

- al koxybenzyl benzyl oxy, C C 4-al kyl benzyl oxy or
lg oxyl. The
i et BARAE Ml o o S ¥ g e o
theﬁ@rmwaednsld,rlelaa@ fve to the P atomin order to introduce
chiral carbon atonms. Substituents in one or both a
positions are Aoreferabl yCi - C4- al kyl or, benzyl, for
exanpl e nethy®Rethyl, n- or i-propyl, or
- | or -CH2-O Co<CEI-mryt .
Substitlients i e b, g positi&ns cdn e, '

F
Cr C4-a|ekylx,2XCr -al koxy, benzyl ox{f or**g- 2-0O,
-oc@-alkyl *O and -O C(C yI)2 B . Sone
exanpl es ar® nethyl, g hyl, nmethoxy,” etRoxy, (1d),

-OCH(nethyl)-0O and OC(methyI)Z O . Dependi ng on
the type of substituent(s) and the nunber of

or G and P-c radi cal s
| ae, an aliph
ring orFebenz& n be fused onto tfso adjx#cC

atong:;ﬁ%ggpyclicRsecondary phosggtgggggn cor Respond,
for ex R, to the (fkgrrrul ae (only f an

where

R. is hydrogen and X4 and X, have the meanings indicated above, including the
preferences.

In the compounds of the formulae Ic, id, le and If, X and X; are preferably identical or different
acyclic secondary phosphine selected from the group consisting of -P(C+-Cs-alkyl),, -P(Cs-Cs-
cycloalkyl),, -P(C7-Cg-bicycloalkyl),, -P(Cs-Cg-cycloalkyl),, -P(o-furyl),, -P(CsHs)z, -P[2-(C1-Ce-
alky!)CeHal, -P[3~(C+-Cs-alkyl)CeHa], -P[4-(C+-Ce-alkyl)CeHal2, ~P[2-(C+-Cs-alkoxy)CsHa]o, -P[3-
(C4-Ce-alkoxy)CeH]s, -P[4~(C1-Ce-alkoxy)CeHalz, -P[2~(trifluoromethyl)CgHa]z, -P[3-
(trifluoromethyl)CgHy]o, -P[4-(trifluoromethyl)CeH.]o, -P[3,5-bis(trifluoromethyl)CsHzl,, -P[3,5-
bis(C4-Ce-alkyl)oCsHs]z, -P[3,5-bis(C+-Ce-alkoxy),CsHs]. and -P[3,5-bis(C+-Ce-alkyl),-4-(C1-Ce-
alkoxy)CsHa]2, or cyclic phosphine selected from the group consisting of



t he possible diastereoners is indicated),where the

radicals R and R' are each G -C 4-alkyl, for exanple
waorbdisylog4oet hyl , n- or i-propyl, benzyl, or - CHRPCOEE(B5/052009

4-al kyl or -CH2-0-C 6-Cio-aryl, and R and R' are

identical or different. In a preferred enbodi nent, the

conpounds of the invention correspond to diastereoners

of the fornulae Ic, Id, le <dhd If, where R is

hydrogen and Xi and X2 have the neani ngs indicated

above, including the preferences In t he conpounds of

the formulae Ic, Id, le and If, and X2 are

pr ef erqbl y i denti cal | or differ ent acycl i c secondary

phosphlpne sel ected fR\gm the gro onsi sting of

-P( G~ al kyl) 2, -P{C 5-C8- [cycl dal kyl) 2,

- P( &7- i cycl oa kyI) 2 arﬁ(@i @ Cal Kyl ) 2,

- P(o- I) 21 - P( - PP - al kyl)C 6H4] 2,

-P[3-(C 1-C6-al kyl)C 6H4] 2, -P[2 (Cr06 al koxy) C 6H4] 2,

-P[3- (CrC 6-al koxy) C 6H4]2 P[4-(C r C6-al koxy)C
whibliréay be uRubistitiielilod oRe&ibBIHLILE ob pKlystibslitdd by C1-C4-al I, C4-Cy-

s SRR iy AP el G el

bi s( Cl- C6- al kyl ) 2C6H3] 2| -P[3 bls(Cr

I
o o RS
PR 5k -ColtslorP Rrimebyl it l!?t[ibdneihyl)CsH4]z, P[4-(meth-

yl)o@mwm{b%é%kﬁd Hy -@Iﬂrﬁaﬁéﬂms H 5" Pﬁﬂ(me%%f)ém 1 -P{§(tn-

benz ben

ﬂ”°$"éﬁt%%%&%4 2%@0'0@%%%@@ éy !é%érwﬁwe@e écm@cms 5-bis-
(meBjyB,CeHEY, I-PIB, BbiS(hidthoxe CsHel, 4H)FI3, 5%S(m@%w%)42(meﬂ%@cwm and
o fl4e Irl_'lR‘ﬁenyl)Z P(o-furyl) 2 > -P
9 %Fff A Er)c 6H4] 2, P[3-(nmethyl)C 6I—I4]2 P[4 (met hyl )

C 6H4] 2, -P[2 (et hoxy) C 6H4] 2, - P[ 3- (et hoxy) C 6H4] 2

-P[ 4- (met hoxyxyC 6H4] 2 xP[ 3-(tri &kl uoronmethyl) C 6H4] 2,

-P[4-(trif|uor t hyl) H4] 21 -

J5-bis(trif nmet hytH C I—I3]2"’E_§05 bi s-

R" R"
R R R
OH O\o _CH, O-C,-C-alkyl
—P . —P L,/ \CH —p
= OH 5 (o] 3 i -C.-
A - & OCrCaliyi

R'

R R R
SIS NG
R R"

-

R’ is methyl, ethyl, methoxy, ethoxy, phenoxy, benzyloxy, methoxymethyl, ethoxymethy! or
benzyloxymethyl and R* has the same meanings as R’.

where

The ferrocene diphosphines of the invention can be prepared by a novel process in which a
regioselective and stereoselective ortho-metallation of ferrocenylmonophosphines having



(et hyl) 2C6H3] 2, -P[3,5-bis(nethoxy) 2C6H3] 2 and

-P[ 3, 5- bls(nethyl) 2- 4 (met hoxy) C 6H2] 2, and groups of
woheosf1o840n| ae where R is nethyl, ethyl, nethoRrgI/EP2005/052009

et hoxy, phenoxy, benzyl oxy, nethoxynethyl,

et hoxynet hyl or benzyl oxynethyl and R' has the sane

meani ngs as R . The ferrocene di phosphi nes of the

i nvention can be prepared byloa novel process in which

a regioselective and stereosel ective ortho-netallation

of ferrocenyl nonophosphi nes havi n%PN- bonded, chiral _
PN-hemded|chiral sgshiealigpeesente thedsy stegpn the reantion seatienem The process is

mogﬁlgpfépﬁ% -credtien Bf fffGerst sh§stm%§ G thé Qﬁo b BRnfs’ é?rgtg'l\lég hgh yields. In

fferent substituents on the two P atons ives
adgfjogrpyre é|aa@reqm¢r%&ﬁmeoqﬁepa}5%ﬁ diregflyn Qi RAIrS gheasty é%n@rqs%d
dm@(e%e%’céﬁ tie%p‘rbﬂ)éfe@ lin Sdthicas®@in LamplemaRBPARL A ‘ngh ylelds The

i ast er rs c pre ared, .L.n ch case
R T S T R e e
indpstrigliscalear | y useful for the preparation of the
di phosphi nes of the invention on an industrial scale.
The preparative process conprises the follow ng steps.
The preparetivespropessconprisasdhe follewing steps.ilma Ffisst processatapy ap gesentially
opﬁb’éh)‘;’ﬁhr& ?15!691@&6Nda%ﬂbrﬂﬁbﬁh@%@lme%n&%{gadhﬂél%|ﬁJ‘%rBé‘ﬂ)s is

groups i s provided hi nes can
pr %Péﬁeﬁ“@ﬂ Hhﬂsﬂi"@? A7 ke pegRAeA "b? S'F@é?c'f'?'?@’ Peresciing gp ar PBrs
wutmbm§wquWa|an@wawa¢tmuﬁpwé oamalmycbﬁddr,b ammu lirtthe pPdsende of a
secondary am ne i [.es al o caven
el Stdtonef Hldhias ol A (RGSing), FRIRIBHrART SFA having
a chigal @mtamyn theionpositinaalatiye o bh |N abmcar@amantagewuw wsed. An

S AR A T oo

Ph‘eﬁRj‘meé’fWéth t hyl pyrrol odi no] chl or ophosphi ne of the

f or mul ag~The hal odi (secondary-am n@) phosphi nes are
reacted%v%h unsubstituted or Rl su stituted
cl—p’ Cl——P '_
N Omethyl N Omethyl
Omethyl Omethyl

The halodi(secondary-amino)phosphines are reacted with unsubstituted or R,-substituted
and metallated ferrocene, for example Li-ferrocene, to form compounds of the formula A

T

Fe o

(A),

with borane being able to be introduced as protective group (for example by reaction with
borane-dimethyl sulphide) prior to isolation. This intermediate is reacted in a process step a)
with at least equivalent amounts of an alkyllithium, a magnesium Grignard compound or an
aliphatic lithium secondary-amide or X;Mg-secondary amide to form compounds of the
formula B1 or B2,



and netallated ferrocene, for exanple Li-ferrocene, to
form conmpounds of the fornmula A with borane being able
woaolsa 0840 r oduced as protective group (for exaRpraEPRs/052009
reaction wi th borane-di nethyl sul phide) prior to
isolation. This internediate is reacted in a process
step a) with at | east equival ent anounts of an
al kyl I'i thium a nmagnesi um Glilgnard conpound or an
al i phatic lithium secondary-ani de or XaMj-secondary
amde to form conpounds of the formula Bl or B2, where
M i ; o VGX3” and X3 is d M. The conpounds
ca d iTsedrhe next step ry _sddtn@bmedi at e
i sol at FonM @ny),a process step b), hd sompounds of the
formuld Bl or B2 are then reacted| wBH), at | east two
equi of an al dehyde of @mﬂ a hereinafter
nore preferiably a (B#®ferred phenyl al d%hyde(Bﬂ),the
formula C, where Rl and v have the neani ngs given
above and X4 is G, Br or | or secondary-phosphino X,
wherg f orm conpounds of the formula D1 or D2 The
M i€ QFBONMYNS afd X§ R B Y ITR8 cbFhpaiiiis'2n BE Bisdl i Y Skt QEp without
. diastereoners in which one can be present 1 n excess.
'”tef'ﬂe‘i'ﬂtieés 180 pure diastereoners of the fornulae D3
and D4 or D5 and D6 can easily be obtained by, for
e r r aphi t hods,,( by .neaps of .
in 8038 Beg AR B R8T e o By P oelos e epotec win t s
tworpgiuivalgnts iohamaldelxdeof thedermulst ep ¢), t he borane group,

if present, is renove R O e t he conpounds of

the forrmulae D1 to DGG%EVE@n%?%@géondary am no

radjcal is elimnated by neans of HCl or HBr to forma
hereipgifes mare,pfigfegably pRefertpdphpnyiatdahyde pthafamalecC.pr oduct s

can be isolated or directly reacted further to form

second Xacyclic or cyclic phosphine groups

N H
° (),

where
Ry and v have the meanings given above and X, is Cl, Br or | or secondary-phosphino X;, to

form compounds of the formula D1 or D2

" R
BH)er -P(sec-amino), HO—\C 7
X, X;
Ry c* R _-sec-amino
Fe VAN Fe l?‘seo—amino
H R, BHy),
R (D1), R (D2),

The compounds of the formulae D1 and D2 are mixtures of diastereomers in which one can
be present in excess. In this step, pure diastereomers of the formulae D3 and D4 or D5 and
D6 can easily be abtained by, for example, chromatographic methods (by means of
separation on silica gels) or crystallization methods:



fromthe PCl2 or PBr2 groups. For this purpose, the C

or Br atons are reacted with at |east two equival ents
woho@nosganonet al | i ¢ conpound or one equi val eRCTEP2@5/052009

bi sorganonetal li ¢ conpound (Grignard reagents) and

repl aced by a hydrocarbon radical to forman acyclic

or cyclic secondary phosphine of the fornulae E 1 to

E6 in a known manner in a prieeess step d): (E1),

(E2),Wien X4 is secondary phosphine Xi, this step

| eads directly to the conpounds of the invention. The

PCl 2 B¢ FEBFP®,r oups can be hydr ST MR a sinpl e

manner drm primary phosphine [

or phosphonates or o in

di sul phonaies. When is d, Br or e of thqD4
conpounds of the formifae E 1 to E6 is reacted mnth at
| east 1 equivalent of a lithiumalkyl and then with at
| east 1 equivalent of secondaryphosphi ne halide (X1
hal i de, hali d¢é nh as O or Br) in a fyr
step e) to fqg Bnpound according to
As an al t & pa ¢/ conpounds of theqio ! :
can al stPbe reatted with previouslHp"forned |ithium
seco - pho¥phi de Li-Xi. Bg;g;gﬁiggse’%eactions, t he

sHe i nert, for YeolEbal | ati on

v(a_lﬁh apnef:’%ajewhyqui de such as Li H, g NdHseoaminKH. Lit hi um
al kyl ijn etg process step a) can be@Hfior exanpl e,
Li ( kyl) or Li-phenyl, >- et hyl, Li-n-,
Li-s- or LFtt-butyl.Absphatic I|ithiuftisecondaryzey de
or X3My secondary-am de in step a) can be derived from
secondary am nes having from2 to 18 carbon atons,

In zpn@qt evoggss sten @nthe bpgang grauar ibprgsent.garemoved from one of the

compounds of the formulae D1 to D86, then the secondary amino radical is eliminated by

GHG
pho'sphi ; in a manner known ger s -@,
known ajl Kyl at /agents such as cycgiH@‘ sul\ah4

1

venti on.

means of HCI or HBr to form a -PCl, group or -PBr; group. The intermediate products can be
isolated or directly reacted further to form secondary, acyclic or cyclic phosphine groups
from the PCl, or PBr; groups.

For this purpose, the CI or Br atoms are reacted with at least two equivalents of an
organometallic compound or one equivalent of a bisorganometallic compound (Grignard

reagents) and replaced by a hydrocarbon radical to form an acyclic or cyclic secondary
phosphine of the formulae E1 to E6 in a known manner in a process step d):

%
X4 X4
T, T
Fe HO/ \H R Fe
R,

(E), R (E2),



and particularly preferably from2 to 10 carbon atons.
The aliphatic radicals bound to the N atom can be
walbhosl1os4oycl oal kyl or cycl oal kyl al kyl, or PCT/EP2005/052009
N-heterocyclic rings having from4 to 12 carbon atons,
preferably from5 to 7 carbon atons, can be present.
Exanpl es of radicals bound to the N atom are nethyl,
ethyl, n-propyl, n-butyl. pdityl, hexyl, cyclopentyl,
cycl ohexyl and cycl ohexyl net hyl . Exanpl es of
N-heterocyclic rings are pyrrolidine, piperidine,
nmor phol i ne, N-net hyl pi perazi ne,
2,2,6, 6-txetramet hyl pi peri di ne and azagorbonmane. In a
pref err ed\expodi ment, Li-alkyl or Li-pheqyl is used in

pro The netal | ation I nvol ves
knBwn rleacgiq are describ&d, Tor by M
Schl os§‘“e.qo/(\,§ N, i n Organonetal | ifBeei ) phesi s,
John M & SonsF?1994) or in Jg n Claydeﬁ

O gan umns: Selzg#ivity for i s (Tetrahedron
Organic Chem stry S )es), Per ganon Press (2002)(!54)Zor

t he purposes of the invention, "at |east equivalent
amounts" refers to the use of from1l to 1.2
equi val ents @ N Li-al kyl or magnesiu ~ghard
conpound, or apiiphatic I'ithi um secondar )
XSNg-secoqda- de per reacting = n the
cycl openg-a¢ti en ring. The reacti @g.. ant ageousl y

carried out aX | ow tenperatures, for [exafple at from
20 C, preferably from OcC. The reaction
tilFfei]s_efr about 2 to 5 holts. The action is -

advant ageously carried out under an inert protective
gas,<§§$%g;anple nitrogen or a gas such as
ar gon. €Rr eacti on i(§5 dvant age carried oggfi)i n
the presence of inert sOlvents. Such sol vents can’be

Whgg &4 Iseepnsiapt Phesphing ¥nithinstep lsadedirestly fothe comprunds of the
invefiloMent s. Exanpl es of solvents are

The PCl; or -PBr; groups can be hydrogenated in a simple manner to form primary
phosphine groups. Primary phosphine groups can be converted into cyclic phosphine groups
in a manner known per se by means of known alkylating agents such as cyclic sulphates,
sulphonates or phosphonates or open-chain disulphonates.

When X; is Cl, Br or [, one of the compounds of the formulae E1 to E6 is reacted with at
least 1 equivalent of a lithium alkyl and then with at least 1 equivalent of secondary-
phosphine halide (X, halide, halide such as Cl or Br) in a further process step e) to form a
compound according to the invention. As an alternative, compounds of the formulae E1 to
E6 can also be reacted with previously formed lithium secondary-phosphide Li-X;. Before
these reactions, the OH group is made inert, for example by metallation with a metal hydride
such as LiH, NaH or KH.

Lithium alky! in the process step a) can be, for example, Li(C+-C,-alkyl) or Li-phenyl, e.g.
Li-methyl, Li-n~, Li-s- or Li-t-butyl.



al i phatic, cycloaliphatic and aromatic hydrocarbons

and al so open-chain or cyclic ethers. Specific
wexentspe®9 ar e petrol eum et her, pentane, hexanePCT/EP2005/052009

hept ane, cycl ohexane, nethyl cycl ohexane, benzene,

tol uene, xylene, diethyl ether, dibutyl ether,

tert-butyl nethyl ether, ethylene glycol dinethyl or

di et hyl ether, tetrahydrofuran and di oxane. In the

reaction in process step b), "at |east equival ent

anmounts" refers, for the purposes of the invention, to
AlipHaéic lithigmafecondany-amide o1 XsMa:epeondaneamidedn step @ bgrolke drrived from
seéohaarggwnés%as}ngﬁah%shB@grboﬁmoa{so&eféréw #sm Db 196B6n atoms

it is also possible to use a substanti

angpartiaiarlypreferaply froms2 o, caetos atams. Fhe alinhatie Taer?al%bound tothe N
atoamme@@p %?éldall@%féy@ﬂalﬂylblkﬁt orINoMEtroBRAE Ahgs mmgfﬁ@m 410 12

| e at

r ef r abl rom O
cabip Qs iElerBRGTDA | L cAvAriPagLGudeprestrt Eagmplgh Of raicals
boumalcte theam atorredre muetiof, estityl, \neprg@g, n-iutyl. pextyinblesyl,acyniopériyl gaysio-
he%%%i 8ﬁ%§f?ﬁetﬂ¥n !% Erfp(le%l otsl; \?/éa}% )A{lé gs%géjg)fr{'oﬂ&ngfplﬂelﬁgme
moygpholing, di-mejbylpipenapiae a2, &ﬁé-tefram@hﬂmpef@met@d@zmb@dane
tenperatures, for exanple up to 100C and preferably up
to 500Cland is stirred for sonme time under these
In 3 prRtared sAPodimeph kel or birphepy iikised in PresRss sBRA)i on i s
advant ageously carried out in the presence of inert
™ BiAALRT o A GrRUBy TR PR et B BasnBp L 35 shample, by
M. Sohlusset dior indDigpharhétal]icsGiy Sb/nﬂaésusp Kaln Wileyn8l Sane (@94 )oor in
Jo W&ﬂ'ﬁ ﬂthﬁ‘)n’?sosglegtﬂn ﬁ)@ s@@i‘%{réﬁed%rh@lrg%mc Chemistry
pec

I'c exanhples are petro pent ane,
Series) drfsgam@trepe(2089)c | ohex ane met hyI cycl ohexane,
benzene, tol uene, xylene di et hyl ether, dibutyl
tert-butyl t her t hyl ene gl ycol
ForiTRBURGIoSSH ITh NG crens! Sq Db AT efer R dhe use offom 1 to
1.208qnivakats of 80 Lisdlkyd or magridsimoGrignarthetenpolind, loe ah aliphatiaiithilih

seéo?ldPG-am "3( -se%r%éj?%%mlg grerteycgﬂa -Epl q/r\ﬁl&ﬁ rthé&rcl&??ﬁtadlenyl

exa Ie ex Pon and- drst ion
ring.sol ati on, the conpounds can

The reaction is advantageously carried out at low temperatures, for example at from 20 to
-100°C, preferably from 10 to -50°C. The reaction time is from about 2 to 5 hours. The
reaction is advantageously carried out under an inert protective gas, for example nitrogen or
a noble gas such as argon.

The reaction is advantageously carried out in the presence of inert solvents. Such solvents
can be used alone or as a combination of at least two solvents. Examples of solvents are
aliphatic, cycloaliphatic and aromatic hydrocarbons and also open-chain or cyclic ethers.
Specific examples are petroleum ether, pentane, hexane, heptane, cyclohexane,
methylcyclohexane, benzene, toluene, xylene, diethyl ether, dibuty! ether, tert-butyl methyl
ether, ethylene glycol dimethyl or diethyl ether, tetrahydrofuran and dioxane.

In the reaction in process step b), “at least equivalent amounts” refers, for the purposes of
the invention, to the use of from 1 to 1.2 equivalents of aldehyde of the formula C per



be purified, for exanple by distillation,
recrystallization or by chromatographic nethods. It
waasosss4p9i si ngly been found that the reacti onPOT/EPR®5/052009
netallated and in particular lithiated ferrocenes with
the prochiral conpound C leads to a very high
di astereosel ectivity in respect of the planar
chirality (ferrocene skelet.ap) and in addition to a
significant diastereoselectivity in respect of the
chirality on the prochiral carbon atom On
reaictiig €CM gtdupiin ik fercorpoeltbwEver § iscatid @iskipledo Lise a sebstmtial excess
of, dj rs in respect of planar chirality is
°f$%?%%%%iﬁkﬁﬁg?four di astereoners are possi bl e, yand it
is often al so observed that one diastereoner of the

ThéJI reelicr i€ mearn'téée&?élyf cdnff'eﬂﬁ dOoBh MeHbdriftufeR! BE&kantpid & from 20 to

di ast ereoners necessary at all, then easily be
-1 OQBQsanf?fe@bMiromﬁ’ EO §? &p Thg raasfielt @?F’Yﬂﬁ“@f%?é!é?%" iggk out under an
meﬂezﬁcstuc&ha bés Zétldx@mplefa noble ga@rsncrcaé &rfon 6MEISY WireBnaNitdr&ddition of
theBETERI3) - PRSIV APBSeRE D AIBERE P vrab roont temefdlure or s
watmédcioaiavaied Tdmpearbturdsniat exampid up toc 00 ambprgfecally umsn 50°C, and

is Jtlﬂ'gd ﬁ))fgg@g ﬁmek&ﬁd&fﬂ; (ét&qdlﬁy 5{81 &l’hgl?{% ;ﬁé redaCRFCNT S suc h

secon an1nes avi ng groups,
nnrphollne 1 8- dlazablcyclo[5 4.0] - undec-7-ene

Thé Fledion id aﬂvﬁnké&éa@l)ﬁdfé}ﬁ&{ ut #n e 9@5@1‘% of ﬂéﬁfsbﬁlbﬁgtédéh solvents

long stirrin nper at ur es om?20 to 100

can B%%’l algne or %’é a\FBT“Bt"?i"g‘ of @ﬁke??ttt% ﬁ?'%e"t%WQWP'ﬁﬁ Qgi%Ye?ts are
anphrade, rcyd&l@éilpﬁﬁﬁ: antl @EshhELR. hyﬂlbt:dirﬁﬁhs afrﬂraléoft!peh-emﬁm ol cyafic ethers.

ane a S bed for x
sopq R RleS ot Bebleitetnir borfiR Rpg Nepling &clonlang
meb‘tyicaclehqgcaw ;beomW ﬂohxenﬂayleas,tdletmdetheo wibsitybethed, festrwityl Imethyl
ot ?@L t egyr:&T] métRASH bty SR %ﬁy dRRRHR Snd SBRIR.

prot ormatlon 0 or -PBr2 groups is
i kewi se known and i s descri bed, for exanple, by A
Isol=fi6g 6AtHe edmpdunds of the formbiad Do D&&:}ambéry ed 8ut(bl/IRetheds known

oo 055 o205 BhociE Rl 3 G} fomoens

be @uhfadsfor eveimpte by distifldiiwd regrystallization or by chromatographic methods.

It has surprisingly been found that the reaction of the metallated and in particular lithiated
ferrocenes with the prochiral compound C leads to a very high diastereoselectivity in respect
of the planar chirality (ferrocene skeleton) and in addition to a significant diastereoselectivity
in respect of the chirality on the prochiral carbon atom. On introduction of compound C,
essentially only one pair of diastereomers in respect of planar chirality is formed, while four
diastereomers are possible, and it is often also observed that one diastereomer of the
diastereomeric pair is predominantly formed. Pure diastereomers can, if necessary at all,
then easily be obtained in this step by separation by means of recrystallization or, in
particular, chromatographic methods.

The reactions of the process steps c) to e) are known per se and are described in the
literature.



| ow tenperatures (for exanple from-20 to 300C) to

di ssol ved conpounds of the formula VII, I X or Xl with
wonroosiigoat a borane group. The Grignard reageRCS/ERS®E/052009

in process step d) can be Li-, C M-, BrMy- or

| My- hydr ocar bons which are generally added in excess,

for exanple up to 5 equival ents per hal ogen atom The

reaction is earned out in sdbution, wth solvents as

nmenti oned above for the netallation being able to be

used. The reaction can be carried out at tenperatures
The,glimipalipn.o8 thetkerap@mupTise, foeexampim Sefefiectedby adtitionrog reagents

suaq%@eb&m% é}ﬁuﬁéé FaviRc®, r@penw Blase %Jﬂ&dﬂﬁé’ Uis. a.azﬂcﬁgnsm.o]-

se and are illustra
undieeNUOB L 1 HlBc eI 2 08 UGB IpagStering &t torgratures
of fide 26td 00CO RNE Admovaf oftﬂeeﬁwmnb coPetitaery, %Htré?ﬁageﬁhé]y bifter reduced

ol 1o B P e e e b b, onftal.

Syiitbésisig 998)c padeotdat eFheaembe of/the Abese gtomip @alyinitheddss rezktion step

o PRl AN SRR Walbe R Britded T2 T, 1T T

which R2 is H can be converted in the sanme way into

Thé‘fb%étioﬁ%‘ﬂ obcug Gr wbb@?mﬁg i RkSwisB Qn&(ﬁ@&hd“@%e&ir%@&‘ f&%rxahae by

mul a | exception o rogen.
A. qungs%%t glfn \Xﬁﬁf%ﬁ’d??z fgymynalyy; 8 &99@?2 ga%&Wu&gedRaagpntSdﬁﬁd are
advaetage® il @danidisdtions af 190y $1BNaY for G%ﬁiﬂd éifers, GAfdHCHr8 8dded at

lowggwégrgtur%‘é(?ogtek%ngw% ﬁﬁgﬁ%@ﬁ) @?gﬂ% %a' ent E&}:ﬁge foymuia vi.

IX eriXl méth odivitleastt b ypo@ne grampa bri dgi ng group, to i nmobilize
and produce catal ysts which can be separated off. The
I nvention al so provides the internedi ates of the

The Grignard eeagents uped in gragess derd kaanpetlireCiMsrrRiMaeor Mgt hydrg
car%?%l’vﬁﬁfch aﬁ’& eﬁﬁriallyﬁﬁ'dﬂeé! intX¥Esst R eXBRFE DFfo DEYMAIHROER halogen
atom. wae reactlon [ carnedc' o&‘ in so?utlon wnth sollven}shaes rr‘%éanstlgne(:)c}c above for the
metallation being able to be used. The reaction can be carried out at temperatures of from
-80 to 80°C.

The reactions for introducing an acyclic or cyclic secondary-phosphine group in process step
e) are known per se and are illustrated in the examples.

In the compounds of the formulae E1 to E6, the OH group can, if desired, be converted into
the group -OR;, for example by means of silyl halides, substituted acid derivatives such as
esters and halides, carbonates or isocyanates. Large numbers of reagents for introducing
these groups are known. As an alternative, the compounds of the formulae la to If in which
R is H can be converted in the same way into new ligands in which R, has the meanings
given for the formula I with the exception of hydrogen. Known ligands in which R; is alky! or
unsubstituted acyl can be prepared in an analogous way. Compounds according to the
invention can also be bound covalently to a polymer in a known manner via the OH group
(Rzis H), either directly or via a bridging group, to immobilize and produce catalysts which
can be separated off.



v, R1L Rl and X4, the abovenentioned preferences apply.
The novel conpounds of the formulae | and |,
wonrefsaoaoby la to If, are ligands for netal coRpIERP2®S5/052009
selected fromthe group of TMB netals, in particular
fromthe group consisting of Ru, Rh and Ir, which are
excel l ent catal ysts or catal yst precursors for
asynmetric syntheses, for ex@nple the asymretric
hydrogenation of prochiral, unsaturated, organic
conpounds. |f prochiral unsaturated organi c conpounds
The jnuentiga g@lsopraviges the igieragdiates ofthe fasmulagF o §orer s can be
i nduced in the synthesis of these organi c conpounds
and a high chenjcal conversion can be achieved in
short reactiop tinmes. The achievablg
enag%%2§F§;%99R¥ities and ca{g%%ﬁﬁggctVVities are
exB8e The/\nygntlon f e T §§)nﬁtal

conpl extgs of: metal s sel ected friom ¢ grdﬁp of TMB

net al one of the conpou the®. fornula | or
' an eterably Iaago If as ds. Posgkgle netals
are, for exanple, Ag, Au, Ni Co, Rh, Pd, “r

and Pt. Preferred netals are rhodi um and |r|d|un1and
andpifersbl the fdriilaci1ab FgUM and pal I adi um Particul arly

preferred netals are ruthenium rhodiumand iridium

The netal conpl exes can, dependi ng on the oxidation

nunber and coordi nati on nunber of t | Rat om
contain further ligands and/or ankpns can al so
be cati nch.-taI conpl exes. Such an: Io net al
ir preparati i d¢ly descri bed
The metal €o can, for
Prd to the genera fornulae Il and
AlMeLn) <z+ (rrr), where Al
i's one e conpo%ags of the fornutra | or lkFZL

preferably la to If

(F3), (F4),
R, R
I-{ H
RO—C RO
X4 X4

R1/< @

Fe % K Fe %

Ry (F5), Ry (F6),

where



L represents identical or different nonodentate,

anionic or nonionic ligands or L represents identical
wonro@ihéey ent bi dentate, anionic or nonionic | PQamest05/052009

is 2, 3 or 4 when L is a nonodentate ligand, or nis 1

or 2 when L is a bidentate ligand; z is 1, 2 or 3;M

is a netal selected fromthe group consisting of Rh,

Ir and Ru; with the netal haéirng the oxidation state

0, 1, 2, 3 or 4, Eis the anion of an oxo acid or a

conpl ex acid; and the anionic |igands bal ance the
T, Bh & qad grhave thegneanings gives ahove, iRy istH anyl Xyis £1, &r of hén the case of
v, RER8land K aneasdvemBRERed Rier8Rdee@bppnt s descri bed above

apply to the conmpounds of the fornulae | and I' and la

to If. Monodentate nonionic |igands can, for exanple,
Thé ﬁo@eb&ﬁ?ﬁl oenddél 6fathe fohfulgs Dau (G @rtsierlsbl'y Megitod, aflﬂl lighhdsiof métal

exanpl e e e r op e)...solvating.solyents -
corif i sBieclerliofiFe gfLBB iR RetalE Pl 5 PLFE Bogp consisting o
RuNRia i) Ir avhéch ameiedeatiepirmdidyststaratalyshpra@ssorp foo sgymmmels syntheses,
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for B s Ao v Eh Bt ol AedrBlr i compouncs. i
progbira) Hesatuated grdapisi cOMPPYRdsese usasl, avely highaxpess, of apticpl isomers
carl 88 inblioeddn HBIsPAthbsiS of thée HERICEIRERBURES dnd3s Kb Eleical

conpounds such as acetyl acetonate. Mynodentate ani oni.c
oA En be,Rchipyd i REgpbfeactiopdimss) Hia aaievsiepeanbosglesiities and
catalpstaichviticsgroéxdendritde (F, G, Br, 1), pseudohalide

(cyani de, cyanate, isocyanate) and ani ons of

carboxylic acids, sul phonic acids and phosphoni c aci ds
The ingention &urther provides metaheampiexes opmetalscaeiacted from the group of TM8

metaRd Wi SHdl R @nfhouhdd drlthObRA®A P 184HARREBALE 1a to If as ligands.

phenyl sul phonate, tosylate). Bidentate nonironic
| i gands can, for exanple, be selected fromthe group

PoSuiiNs mgtalg Hie Tbr xafpRy, Candg, Ae Ni, CofdRRA) R, InRu (dnarPtexsrpbe
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Particularly preferred metals are ruthenium, rhodium and iridium.

The metal complexes can, depending on the oxidation number and coordination number of
the metal atom, contain further ligands and/or anions. They can also be cationic metal
complexes. Such analogous metal complexes and their preparation are widely described in
the literature.

The metal complexes can, for example, correspond to the general formulae 1l and 11,
AMel, (m, (A1MeL,)#NE), (),

where A, is one of the compounds of the formula | or I, preferably la to |f,

L represents identical or different monodentate, anionic or nonionic ligands or L represents
identical or different bidentate, anionic or nonionic ligands;

nis 2, 3 or 4 when L is 2a monodentate ligand, or n is 1 or 2 when L is a bidentate ligand;
zis1,2o0r3;



(mal ononitrile), unal kylated or N-al kyl ated carboxylic

di am des, di am nes, diphosphines, diols, dicarboxylic
wdizewst1es®9 and di sul phoni ¢ di esters. Bi dent ate BATER2M®S/052009

| i gands can, for exanple, be selected fromthe group

consi sting of the anions of dicarboxylic acids,

di sul phoni ¢ aci ds and di phosphonic acids (for exanple

of oxalic acid, malonic aci-d9-succinic acid, maleic

aci d, nethyl enedi sul phonic acid and

thylenedrphosphonrc acid). Preferred netal conpl exes

Meas 8 meial stlacted fromdhd growhearisisting ef Rigir and Rey; with the|metalbaging the

oxudatﬁﬁ%é@fr, 1b§"§§1q3 HSO4 , (CF3SOR)2N, (CF3SR)3C ,
traar orates such as B(phenyl)4 ", B[ bi s(3, 5-

E *Pﬁh%%ﬂﬂ‘lfr?@ﬁ?%ﬁéhﬁlpwp'ms?%‘i’ﬂ“é 5- di met hyl ) phenyl 14 ,

theBlnfelcibdndrshidicd tHirshbigle DR @1dYdxjd4tion i€ 1, 2 P56r 4 of SRCinGtal.
AsF6 or SbF6 .Very particularly preferred net al

conpl exes mhrch are particularly suitable for
Thépefargrerea bhd embadimests desutibédatidve apply taithaeoinpound ofihe formulae

Iar{ Me2Xal  (1V), [ALMe2Y] +E1- (V), where Al is one of

e"conpounds of the formula | or I', preferably la or
Ib; Me2 is rhodiumor iridium Y represents two

MoRb&intdi® nSfiorfic ﬁﬂa‘ﬁﬂ@canzfdr %xé?hﬂle Ble Recled fﬁ‘)‘ﬁdthgbrdu% bhSisting of

ani on of an oxo acid | ex acid.

olefipsotfes syasele |eﬁb’l?”érﬂ5@i§ﬁ|%h tsglvgtmg; sopvepts, '@W@és""&ﬁb‘l’rfy?lﬁ’ ethers,
undlRat6@OIMaRUIStedlantidi® 2ha attHn@s amirdB8 doHosplamgs, hleofidls, brboxylic

esters, sulphonic esters), nitrogen monoxide and carbon monoxide.

Suitable polydentate anionic ligands are, for example, allyls (allyl, 2-methallyl), or
deprotonated 1,3-diketo compounds such as acetylacetonate.

Monodentate anionic ligands can, for example, be selected from the group consisting of
halide (F, Cl, Br, I), pseudohalide (cyanide, cyanate, isocyanate) and anions of carboxylic
acids, sulphonic acids and phosphonic acids (carbonate, formate, acetate, propionate,
methylsulphonate, trifluoromethylsulphonate, phenylsuiphonate, tosylate).

Bidentate nonionic ligands can, for example, be selected from the group consisting of linear
and cyclic diolefins (for example hexadiene, cyclooctadiene, norbornadiene), dinitriles
(malononitrile), unalkylated or N-alkylated carboxylic diamides, diamines, diphosphines,
diols, dicarboxylic diesters and disulphonic diesters.

Bidentate anionic ligands can, for example, be selected from the group consisting of the
anions of dicarboxylic acids, disulphonic acids and diphosphonic acids (for example of oxalic
acid, malonic acid, succinic acid, maleic acid, methylenedisulphonic acid and
methylenediphosphonic acid).

Preferred metal complexes also include ones in which E is -CI', -Br’, -I', ClO4, CF3SOy’,
CH3S05, HSOy, (CF3S0,):N, (CF3S0,)sC, tetraarylborates such as B(phenyl)s, B[bis(3,5-
trifluoromethyl)phenylls, B[bis(3,5-dimethyl)phenylls’, B(CeFs)s” and B(4-methylphenyl)s,
BF4, PFg, SbClg, AsFs or SbFg.



When Y represents two olefins, the olefins can be

C2-Cl2-, preferably C2-C6- and particularly preferably
wQ2005/108d0ef i ns. Exanpl es are propene, 1-butenerPamaP25/052009

particul ar ethyl ene. The diene can have from5 to 12

carbon atons, preferably from5 to 8 carbon atons, and

can be an open-chain, cyclic or polycyclic diene. The

two ol efin groups of the di-ede are preferably

connected by one or two CH2 groups. Exanples are

1, 4- pent adi ene, cycl opent adi ene, 1, 5-hexadi ene,

1, 4-cycl ohexadi ene, 1,4- or 1,5-heptadiene, 1,4- or
Vel% p%rtﬁ%%h? BRRIrRAINSAA compxehidn &e%ﬁ@glbﬁﬁﬁmagle%r or

c ooct adi ene_and nor bornadi ene. Y preferably
hyq"@@ﬁ“@ @ﬁ@"ﬁ%ﬁ?"éﬁ%?‘?&f@”ﬁﬁl'\é@ﬂ@& or 1, 5-hexadi ene,
1, 5-cycl ooct adi ene or nor bor nadi ene. In the formul a

X\/ﬂA1Mz2mzq; prefwyably G or Br. [Gxepates of [@y,are BF4
, CF3S3 , CH3S , HS»4 , B(phenyl)4
wh bIS(3 5-trifluoronethyl)phenyl] 4, PF6 , SbCl6 ,
F6 and SbF6 . The netal conpl exes of the invention
A mrome of theoadolnyds b thederswlenian, preferabiyhle or ik er at ure (cf .
MeVRT ﬁgﬁmﬁg}mg§ﬁ, US- A- 5, 446, 844, US-A-5,583,241 and E.
acobsen, A altz, H Yamanoto (Eds.), Conprehensive
Yrﬂerymww@aﬁar@gqeeeu to Ill, Springer Verlag,
Zi8er Br6r1; 4RP9, and references C|ted t herein). The net al

conpl exes_ of t nvent jon _are honobgeneous catal ysts
E1d§#%§?QP§§?"ﬁﬁ %ﬂ*@ﬁ?g'&ﬁ ﬁ can be activated under
the reaction conditions, and can be used for

Thé‘gymerslf‘r%g@%q‘lbghlﬂ{én{seaﬂ%'ré?&gngsﬁé@qg tt{e%mgounds of the

unsat ur anic co ['exes
forpulae | pod ' anchledP 8, be used for the asymetric
hydrogenation (addition of hydrogen) of prochira
ounds havi ng_ car bon- carbon carﬁ%g he eroato

W"EFB earesehis ivo agfis: tﬁ?&leﬂﬁ%??é't‘?eo C‘&sP raRly frey é‘ and part'cu'a"'y
prdmamg W&flﬁ@hmﬁléﬁﬁie@tﬁ%nér tbaeseandiapartitalar ethylene. The

dleﬁéarﬁj%%/ ggj Fszanl?er 1 eras p%?gngbly er%l 5 to%SCarm atg‘ms RRd can be
an open-chain, cychc or polycyclic diene. The two olefin groups of the diene are preferably
connected by one or two CH, groups. Examples are 1,4-pentadiene, cyclopentadiene,
1,5-hexadiene, 1,4-cyclohexadiene, 1,4~ or 1,5-heptadiene, 1,4- or 1,5-cycloheptadiene, 1,4-
or 1,5-octadiene, 1,4- or 1,5-cyclooctadiene and norbornadiene. Y preferably represents two
ethylene molecules or 1,5-hexadiene, 1,5-cyclooctadiene or norbornadiene.

In the formula XV1, Z is preferably Cl or Br. Examples of E, are BF4, CIO,, CF3;SO5,
CH5S05, HSO,4, B{phenyl)s, B[bis(3,5-trifluoromethyl)phenyl]s’, PF¢, SbClg’, AsFs and
SbFg.

The metal complexes of the invention are prepared by methods known from the literature (cf.
US-A-5,371,256, US-A-5,446,844, US-A-5,583,241 and E. Jacobsen, A. Pfaltz, H. Yamamoto
(Eds.), Comprehensive Asymmetric Catalysis | to Ili, Springer Verlag, Berlin, 1999, and
references cited therein).



unsat urat ed conpounds to be hydrogenated contain the
groups C=C, C=N and/or C=QO According to the

wonvesnnson, netal conpl exes of rutheni um rhodPAmMERZ@®S/052009
iridiumare preferably used for the hydrogenation. The
i nvention further provides for the use of the netal
conpl exes of the invention as honbgeneous catal ysts
for preparing chiral organi-iconpounds by asymetric
addi ti on of hydrogen onto a carbon-carbon or
car bon- het er oat om doubl e bond in prochiral organic

The mreia) gpmBlexepf theninegitipo aredioseapresys Galalystsor ortalyel presursors

whith@BA bk %&l\@@dﬁfﬂde%g AeticorF QMR RABAY and ¥arPSy 198RS d8ymmetric
addi ti on of %(T:]en onto a carbon-carbon or
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cterized in n reactjion i.s ca
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and/ or bei ng be part of a rjng stem or
Acgrling 1:lg H}}'EP‘?‘QS‘ gl pIMPlgRs oh ey, rh Qﬂ%‘é@“ igjeliupn are
preferaplg usstsfoc the hyarogéietioe.s cycloalkenes

het er ocycl oal kenes or open-chain or cyclic ketones,

a, b-di ketones, a- or b- ketocarboxylic acids or their
Thg inyektonduarter arqyides fdt dhealse of thetreetg! camplexes ofdle invention as

hokﬁbéﬂ@oﬂ@éat Kﬁﬁ%\éﬁﬁ@éﬁ’rﬁﬁé anOBmpota th ¥as metnc addition of

unsaturate ounds are acetop
hydrogen m?ﬁé’@%ﬁﬁ@ﬁﬁﬁeca n-heteeaismsiaublsyead aR;Wﬁlcmamc

cofhp&irddsoacet ophenone, 2-chl or oacet ophenone,

The invention also provides a process for preparing chiral organic compounds by
asymmetric addition of hydrogen onto a carbon-carbon or carbon-heteroatom double bond in
prochiral organic compounds in the presence of a catalyst, which is characterized in that the
addition reaction is carried out in the presence of catalytic amounts of at least one metal
complex according to the invention.

Preferred prochiral, unsaturated compounds to be hydrogenated can contain one or more,
identical or different groups C=C, C=N and/or C=0, in open-chain or cyclic organic
compounds, with the groups C=C, C=N and/or C=0 being able to be part of a ring system or
being exocyclic groups. The prochiral unsaturated compounds can be alkenes,
cycloalkenes, heterocycloalkenes or open-chain or cyclic ketones, a,8-diketones, a- or 8-
ketocarboxylic acids or their a,B-ketoacetals or —ketals, esters and amides, ketimines and
ketohydrazones.

Some examples of unsaturated organic compounds are acetophenone, 4-methoxy-
acetophenone, 4-trifluoromethylacetophenone, 4-nitroacetophenone, 2-chloroacetophenone,
corresponding unsubstituted or N-substituted acetophenonebenzylimines, unsubstituted or
substituted benzocyclohexanone or benzocyclopentanone and corresponding imines, imines



correspondi ng unsubstituted or N-substituted

acet ophenonebenzyl i m nes, unsubstituted or substituted
woemsaogob ohexanone or benzocycl opent anone andPCT/EP2005/052009

corresponding i mnes, imnesfromthe group consisting

of unsubstituted or substituted tetrahydroquinoline,

t etrahydr opyri di ne and di hydropyrrol e, and unsaturated

carboxylic acids, esters, amRdes and salts such as a-

and, if appropriate, b-substituted acrylic acids or

crotonic acids. Preferred carboxylic acids are those

frorgthe graun eAnsisting etoinsestitgtedom subtiv)teHetinhy dequinotings tetrahydro-
pyriitlelzhd dRHRDFrr@8 Gna ”hgﬁé‘matéﬂfh%b‘b xifeaclds, &;,'Eél:s %nﬁbé@fénd salts such
unsubstitute %%wgS ¥ cl oal k or cycl oal k
as gy @ ER’@B”ag‘if Aityte 80'2("@ S@'&r%gn'c a%ﬁscp@fedrq@&?gboxyhc
acifl¥ £5e tlidsk @kthe fdemul@ 4- al koxy groups, or unsubstituted
C6-Ci O-aryl or C6-Ci O-aryl substituted by from1l to

4 O L 6 I < C 6-al koxy, groups, preferably
ph'gcﬁclq;I %éﬁ é@o& i near or branched G -C 6-al kyl

exa | e i sopropyl), or cyclopentyl, cyclohexyl or
an échsrlle'rm‘ scestengand agtidescwhere Rosis Co-Ge-atkylonnssibstituted Gb-6e-

cydi)%l r'c?@@all@]}i’%tltgfedﬂfy(?%ﬁﬂ fFh @NEnAiiif OL Cseéﬁﬁ&lgl g 1-Ce-alkoxy-

| aim no)". process of the Invention

G- a? YRS %’t““FB%t'B‘Fedeq:@Qma@ﬂl Of Grrfgerasy! grlsiitutechy from 1 to 4
C1-eaealml ercmlmayacucgﬂk@fy ¢ rOPaIkay grdups, ﬁﬁa&ab@r@,@wu 2R, is

bt S8k K0 P AR ) PS03 e
whicly way ea@nmr@uw@temarsmstutmeg lae defiredaboat arpestectddiamino (for
exa%pﬁl%’&ﬁdé?ﬁmé)he i nventi on can be carried out at

atnospheri c ‘pressure or superatnospheric pressure. The
pressure can be, for exanple, from 105 to 2x1 07 Pa

The ;ﬁ]'aﬁés@ |o} the in@hhedantbe @afica d0t H0 aF diévdtbdAbpératures, for example
temperré?urgs gfr f}o(r:n I%?os %H 8 preferatblysfu &)n('le r1aot tgqlgg era}lé: pgrtlcularly preferably
from 10 to 80°C. The optical yields are generally better at lower temperature than at higher
temperatures.

The process of the invention can be carried out at atmospheric pressure or
superatmospheric pressure. The pressure can be, for example, from 10° to 2x107 Pa
(pascal). Hydrogenations can be carried out at atmospheric pressure or at superatmospheric

pressure.

Catalysts are preferably used in amounts of from 0.0001 to 10 mol%, particularly preferably
from 0.001 to 10 mol% and very particularly preferably from 0.01 to 5 mol%, based on the
compound to be hydrogenated.

The preparation of the ligands and catalysts and also the hydrogenation can be carried out
in the absence of solvents or in the presence of an inert solvent, with one solvent or mixtures
of solvents being able to be used. Suitable solvents are, for example, aliphatic, cycloaliphatic
and aromatic hydrocarbons (pentane, hexane, petroleum ether, cyclohexane,
methylcyclohexane, benzene, toluene, xylene), aliphatic halogenated hydrocarbons
(methylene chioride, chloroform, dichloroethane and tetrachloroethane), nitriles (acetonitrile,



Catal ysts are preferably used in anounts of from
0.0001 to 10 nol % particularly preferably from0. 001
woaosaoswh % and very particularly preferably fPOMER2®3/052009

to 5 nol % based on the conpound to be hydrogenat ed.

The preparation of the Iigands and catal ysts and al so

t he hydrogenation can be carried out in the absence of
solvents or in the presence23t an inert solvent, with

one solvent or mxtures of solvents being able to be
used. Suitable solvents are, for exanple, aliphatic,

propiopiirile, (Bepzapitrile). hersidisiyl ethem jigiybatheroutyl mathyheiber, ethylene
glybe? Miitthyl pRibr, elrglent glybst rdletrCyYéﬂhQIh GPéﬁﬂ'%ne glycol dlmethyl ether,
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e B IR S R ETE Y BEPBEIRM of ML pirer), ketones
(acetohermetiyl isohltgr ketmlemcad)bz)lfmb esters dmalngctéried (ethyl or methyl acetate,

val%r@f’aElt%ﬁ%r ﬂ[sﬂﬁgtﬁt?tgg a’ctams (N m&ﬁylgyérﬁ%%?ﬂel) rczlafbéuj(amlgﬁ]@rgethylamlde,

onityr
dm\emygqarﬁpml@mcl|cmrm(ghe§whmrdaz¢lmbmm suipbbkigiés atdsaiphones

(duﬁéthyi |s@|Pﬁo>&&ey efPAethl &ﬁﬁﬁaﬁle £ %‘r}ﬂ/co}llgéj@ydlﬁﬁ%dglt%éﬁé)rhethylene

f
S”'FB*@FP feﬂhakséwelhgnfeix%tﬁig% glmanyu @ﬁ@nc@qﬂ@dﬂneMImn@methw
ether; etpiBaeyIPsdl niinbEthyl ctHed tartifge eégfzﬁfopmsnomw&heh%ﬁ@%)ér The

t hyl
L TN R G
(N-net hyl pyrroli done) car boxam des (di net hyl am de,

Théjt'egafohﬂafl B! )It’ln %@ﬁ%ﬁeﬁc Fc%%at lysts, for xamp eh%%gaé;nary

I met h I ne hOXI s an
amWBF'H@tmﬁdGsztﬂ"Bh@x'm@on@hﬁ@@lﬁg)t anglforimthegpreseoce ef protic acids, for

exaffpldWineREasidd NSt E@mplec U8 37y bes &) pl m%riﬁ)l angd

I nol , propanol , butanhol
s Bk A R e banpls sy as
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and water. The sol vents can be used alone or as a
m xture of at |east two solvents. The reaction can be

Thecraetai complaxes Hsed asecatiystatrndeaidded emseplayately prepared, isolated
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preparation. The excess can be, for example, from 1 to 6 mol, preferably from 1 to 2 mol,
based on the metal compound used for the preparation.

The pracess of the invention is generally carried out by placing the catalyst in a reaction
vessel and then adding the substrate, if appropriate reaction auxiliaries and the compound to
be added on, and then starting the reaction. Gaseous compounds to be added on, for
example hydrogen or ammonia, are preferably injected under pressure. The process can be
carried out continuously or batchwise in various types of reactor.

The chiral organic compounds which can be prepared according to the invention are active
substances or intermediates for the preparation of such substances, for example in the field

of preparation of aromas and fragrances, pharmaceuticals and agrochemicals.

The following examples illustrate the invention.



US- A-5, 583, 241 and EP-A-O 691 949). The presence of
fluorinated al cohols such as 1,1,1-trifl uoroethano
woamsligen se pronote the catal ytic reacti on. PO®ERR08/052009
conpl exes used as catal ysts can be added as separately
prepared, isolated conpounds or can be formed in situ
prior to the reaction and then be m xed with the
substrate to be hydrogenate@4-It can be advant ageous
to add additional ligands in the reaction using
| sol ated netal conpl exes or to use an excess of the
A) Pregasatian ofintereediatessi t u preparati on. The excess can be,
for exanple, from1 to 6 nol, preferably from1l to 2
Qased on the netal conpound used for the
Fregaratoe process of the invention is generally
carried out by placing the catalyst in a reaction
vessel and then addi ng the gybstBrate, if appropriate
reaction auxiliaries and the conpound to be added on,
and then starting thesseaetTon seous conpounds to
be added on, for exanplg Béﬁgc br anmmoni a, are
preferably injected ufé fi S . The process can be
carried out continusdssR~or batchmns& in various types
of reactor. The chiral organic conpo dds whi ch can be
prepared according to the invention are active
s or internediates for the preparation of
a)gﬁcﬁ%ﬂﬂggtances, for exanple in the field of
preparation of aromas and fragrances, pharnmaceuticals
and agrochem cals. The fol}+0Ow ng exanples illustrate
the invention.A) Preparathon/of internediates Exanpl e
A 1: Preparation of aj—deg 'dﬂ% In a 500 m
round- bot t oned fl ask provm Wt an argon inlet,
PCI3 (7.38 g, 53.75 nmmm s/ di ssolved in dry
t et rahydr of uran ( THF, %ﬂﬂ) under argon and the

solution is cooled to
In a 500 ml round-bottomed flask provided with an argon inlet, PCl; (7.38 g, 53.75 mmol) is

dissolved in dry tetrahydrofuran (THF, 150 ml) under argon and the solution is cooled to 0°C
in an ice bath Triethylamine (11.97 g, 118.25 mmol, 2.20 equivalents) is added dropwise
and (S)- methoxymethylpyrrolldlne (12.69 g, 110.19 mmol, 2.05 equivalents) i IS subsequently
slowly added dropwise. During the addition, the formation of a white precipitate is observed.
The ice bath is removed and the suspension obtained is stirred overnight (14 h) at room
temperature (RT). The white precipitate formed is filtered under argon by means of an
invertible frit filter and washed with dry THF (2 x 25 ml). A *P-NMR spectrum (CsD) of the
yellowish filtrate obtained is recorded. The solution obtained in this way is reacted without
further purification. P.NMR (CeDs, 121 MHz): 154.3 (s).



in an ice bath. Triethylamne (11.97 g, 118.25 mol,
2.20 equivalents) is added dropw se and
wO3osresd0oxynet hyl pyrrol i dine (12.69 g, 110. 19PamEP2005/052009
2.05 equivalents) is subsequently slowy added
dropwi se. During the addition, the formation of a
white precipitate is observed. The ice bath is renoved
and the suspensi on obtained-45s stirred overnight (14
h) at roomtenperature (RT). The white precipitate
fornmed is filtered under argon by nmeans of an
b) Praparatipmple frit filter and washed with dry THF (2 x 25
m). A 3 1P-NWR spectrum (C6D6) of the yell ow sh
filtrate obtained is recorded-\Nhe sol uti on obt ai ned
inthis way is reactedBthoyt further purification.
31P-NWR (C6D6, 121 14 sk Q%]MPr epar ati on of
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inlet, ferrocene (10.60 g,nél/_}]S nmol ) and pot assi um
t - but oxi de (754 nmg, [, 0.125 equivalents) are
di ssolved in dry THF (100 Rmgthyinder argon. The
solution is cooled to -78C, and f-butyllithium( 1 .5
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71560 Mt 7i60sm mgﬂ,‘s i(z:.bed uilAIEntS)UH BieR AHAH drSHibé bi? al period of
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whf B o Boftne citieudiifide cobdier S Al Pt bmof 1 00,
equjvaient) i Isubsenuently agdes dropwi;e and the mixture is stirred overnight at RT. The

reaction mixture is hydrolysed by means of saturated NH,Cl solution (50 ml) and extracted

with tert-butyl methyl ether (TBME, 3 x 100 ml). The combined organic phases are dried
over Na,SO, and the solvent is distilled off on a rotary evaporator. The crude product
(24.18 g) is purified by column chromatography (200 g of silica gel, n-heptane/TBME 5:1).
The title compound is obtained as an orange solid (17.23 g, 37.60 mmol, 70%).

"H-NMR (C4De): 4.2 (s, 5 H Cp), 3.11 (s, 3 H, OMe), 3.04 (s, 3 H, OMe); *'P-NMR (C:De,
121 MHz): 81.7-80.4 (m, br).



reaction mxture is hydrolysed by neans of saturated
NHACI solution (50 m) and extracted with tert-butyl
waorbisyosed her (TBME, 3 x 100 ml). The conbi hed POTAR206/052009
phases are dried over Na2SO4 and the solvent is
distilled off on a rotary evaporator. The crude
product (24.18 g) is purified by colum chromat ography
(200 g of silica gel, n-hepne/ TBME 5:1). The title
conpound is obt ai ned as an orange solid (17.23 g,
70% . 1H- NWR (0BD6): 4.22 (s, 5 HCp), 3.1
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addbd\[te6igaRic §hé‘§et|§ BEpaFREPEIF AH &r?e'éQ)vgﬂxlaZQO} SrHERlventie dtilled off

i S, recover the formof a bro
on a rotary evapora or and the crude product is punﬁed by column chromatography (200 g of
silica gel, n-heptane/TBME 5:1). Compound (a) (849 mg, 1.32 mmol, 61%) and compound

(b) (334 mg, 0.52 mmol, 24%) are obtained as orange-brown solids. In addition, the

unreacted starting compound (150 mg, 0.33 mmol, 15%) is recovered in the form of a brown
oil.

Compound (a) 'H-NMR (CgDs): 5.79 (d, 1H), 4.42 (s, 5H, Cp), 3.18 (s, 3H, OMe), 2.97 (s, 3
H, OMe); *'P-NMR (C¢Dg, 121 MHz): 73.3 (m, br).
Compound (b) '"H-NMR (CeDs): 6.95 (d, 1 H), 4.45 (s, 5H, Cp), 3.37 (s, 3H, OMe), 3.18 (s, 3
H, OMe); *'P-NMR (C;Ds, 121 MHz): 81.9 (m, br).

d) Preparation of the title compound (1)

In a 250 ml round-bottomed flask provided with an argon inlet, the ferrocenyl compound (@)
(1.47 g, 2.29 mmol) is dissolved in a mixture of dry TBME (30 ml) and dry toluene (6 ml) and
the solution is cooled to 0°C. HCI solution (2 M in diethyl ether; 4.57 mi, 9.14 mmol,

4.00 equivalents) is added dropwise, resulting in a colourless oil depositing on the wall of the



oi | . Compound (a) 1H NMR (C6D6): 5.79 (d, 1 H), 4.42

(s, 5H Cp), 3.18 (s, 3 H Ow), 2.97 (s, 3 H Ow);
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Exdm lgr%B?r?\I'or{'e is purified by columm chromat ography
(100 g of silica gele—d- hgpt ane/ TBME 5:1). The
phosphane (1) is obt aj
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H,C P Fe ' OH
H
Hac\oj;j P
CH, (2)
Using a method similar to that of Example A1d, compound (a) from Example A1c is reacted

Br

with bis(3,5-dimethyl-4-methoxyphenyl)magnesium bromide. The phosphane (2) is obtained
as a yellow solid.

"H-NMR (CsDs), selected characteristic signals: 4.08 (s, 5H, Cp), 3.24 (s, 6 H, OCH3), 3.20
(s, 6 H, OCHy), 2.05 (s, 6 H, CH3), 1.95 (s, 6 H, CH3); *'P-NMR (C¢Ds, 121 MHz): -23.3 (s).

B) Preparation of diphosphines

Example B1: Preparation of (S)-1-diphenylphosphino-2-[o~(S)-hydroxy(o-diphenylphos-
phinophenyl)methyl]ferrocene of the formula (A)



as a yellow solid (953 ng, 75% . 1H NMR (C6D6),
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with bis(3,5-dinethyl -4-net-R8xyphenyl ) magnesi um
brom de. The phosphane (2) is obtained as a yell ow
solid. 1H NMR (C6D6), selected characteristic signals:
4.08 (s, 5HCp)324(s*ﬁ 3) 3.20 (s, 6 H,
OCH3), 2.05 (s, 6 H, 3) 6 H CH3); 31P-NWR
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di phosphi nes Exanpl e 1: r%tion of
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"H-NMR (C¢Ds), selected characteristic signals: 3.97 (s, 5 H, Cp), 3.92-3.88 (m, 1 H), 3.71-
3.68 (m, 1 H), 2.87-2.83 (m, 1 H); *'P-NMR (C¢Ds, 121 MHz): -16.8 (d), -21.6 (d).

Example B2: Preparation of (S)-1-diphenylphosphino-2-[a-(S)-hydroxy(o-di((3.5-bis(tri-
fluoromethyl)phenyl)phosphinophenyl)methyljferrocene of the formula (B)

(a5 (CRILHIP
CHIP™ g | OH
"
(B)

The procedure of Example B1 is repeated using chlorobis(3,5-di(trifluoromethyl)-
phenyl)phosphane. Compound B is obtained as a yellow solid.
"H-NMR (CeDs), selected characteristic signals: 4.21-4.20 (m, br, 1 H), 3.89-3.84 (m, br, 1
H), 3.84 (s, 5 H, Cp), 3.74-3.70 (m, br, 1 H), 2.95 (s, 1 H), 2.71 (s, br, 1 H); *'P-NMR (C¢Ds,
121 MHz): -13.8 (d), -22.9 (d).

Example B3: Preparation of (8)-1-di(3,5-dimethyl-4-methoxyphenyl)phosphino-2-[a-(S)-
hydroxy(o-diphenylphosphinophenyl)methyljferrocene of the formula (C)



then distilled off on a rotary evaporator and the
crude product is purified by colum chronmat ography (10

waqQ 2065/198409 ca gel , n-heptane/ TBVE 10: 1) . ConpouRdTAERX005852009
obtained as a yellow solid (184 ng, 0.28 mml, 31%.
1H NMR (C6D6), selected characteristic signals: 3.97
(s, 5H Cp), 3.92-3.88 (m 1 H), 3.71- 3.68 (m 1 H),
2.87-2.83 (m 1 H; 3 1P-NWR®(CeD6, 121 MHz): -16.8
(d), -21.6 (d). Exanple B2: Preparation of
(S)-1-di phenyl phosp %no
a- (S)-hydroxy(o-di( -
phenyl ) phosphi nophe
(B) The procedure of
chl orobi s(3, 5-di (tue
Conpound B is obtaln
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Cp)13.74-3.70 (m br, 1 H, 2.95 (s, 1 , 2.71 (s,
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_23LPIS1{% formula (C) The procedure of Exanple Bl is repeated
ﬁg conpound (2) from [ Exanple A2. Compound Cis
obtai ned as a yellow solid. 1H NWR (C6D6), sel ected

il B Sreh 3 L Pt zsgpeln JaninSgaihomtgptin Sy Sy
hyc(r@w(csdlﬂfi 5@+ﬂynﬂuqromahwmeombﬁwmmrhmyt)methym@nsoe(nd of the
formga-0® (d). Exanple B4: Preparation of
(S)-1-di (3, 5-di net thI - 4- met hoxyphenyl ) phosphi no- 2-
a-(S) - e (e CFCHP
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The procedure of Example B1 is repeated using compound (2) from Example A2 and

) phenyl ) phosphi no
D

chlorobis(3,5-di(trifluoromethyl)phenyl)phosphane. Compound D is obtained as a yellow
solid.

'H-NMR (C¢Ds), selected characteristic signals: 3.75 (s, 5 H, Cp), 3.21 (s, 6 H, OCH,), 3.15
(s, 6 H, OCH3), 2.03 (s, 6 H, CH3), 1.88 (s, 6 H, CH;); *P-NMR (CeDs, 121 MHz): -14.1 (d),
-24.7 (d).

C) Preparation of metal complexes

General method: In a Schlenk vessel filled with argon, a catalyst solution is prepared by
dissolving, for example, 4.73 (0.01265 mmol) of [Rh(norbornadiene),]BF, or another metal
complex and 8.96 mg (0.0133 mmol) of diphosphine ligand in 5 ml of degassed methanol.



The procedure of Exanple Bl is repeated using conpound
(2) from Exanple A2 and chl orobi s(3
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openi ng the reactor, a reddish reaction solution is
I sol ated. The conversion is quantitative
Comparison: (S)-1-Diphenylphosphino-2-[a-(S)-methoxy(o-diphenylphosphinophenyl)-

methyl]ferrocene (methoxy-TANIAPHOS) is used as a ligand.

A ‘method similar to that of Example D1 is employed. 8.96 mg (0.0133 mmol) of the ligand
methoxy-TANIAPHOS are used in place of the ligand A. The conversion is 100%. Removal of
the solvent on a rotary evaporator gives a quantitative yield of the methyl ester of (S)-N-
acetylphenylalanine having an enantiomeric purity of 99 % ee.

Example D2: Hydrogenation of dimethyl itaconate

A method analogous to that of Example D1 is employed. 0.4 g (2.53 mmol) of dimethyl
itaconate is used as starting material, and 8.77 mg (0.0133 mmol) of A are used as ligand.
The conversion is 100%. Removal of the solvent on a rotary evaporator gives a quantitative
yield of (2R)-dimethyl succinate having an enantiomeric purity of 99.5% ee.

Comparison:
A method similar to that of Example D2 is employed. 8.96 mg (0.0133 mmol) of methoxy-

TANIAPHOS are used in place of the ligand A. The conversion is 100%. Removal of the solvent
on a rotary evaporator gives a quantitative yield of (2R)-dimethyl succinate having an
enantiomeric purity of >99.4% ee.
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consi sting of

Comparison:

A method similar to that of Example D3 is employed. 8.96 mg (0.0133 mmol) of methoxy-
TANIAPHOS are used in place of the ligand A. The conversion is 100%. Removal of the solvent
on a rotary evaporator gives a quantitative yield of 2-methyl-3-phenylpropionic acid having an
enantiomeric purity of 30% ee.

Example D4: Hydrogenation of methyl phenylglyoxylate
o] H, OH

e R
©)L COOCH, catalyst - ©)\COOCH3

0.415 g (2.53 mmol) of methyl phenyliglyoxylate and 5 ml of degassed methanol are
introduced in succession into a Schienk vessel filled with argon. A catalyst solution
consisting of 4.73 mg (0.01265 mmol) of [Rh(norbornadiene),]BF, 8.77 mg (0.0133 mmol)
of ligand A and 5 ml of degassed methanol is prepared in a second Schienk vessel filled with
argon. This solution and the catalyst solution are then transferred in succession by means of
a steel capillary into a 50 ml autoclave filled with argon. The ratio of substrate/catalyst is
200. The autoclave is closed and a pressure of 80 bar is set by means of 4 flushing cycles
(pressurization to 20 bar of hydrogen). The autoclave is thermostated at 25°C and the
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The experimental procedure is similar to that of Example D1. 2.53 mmol of starting material
are always used, and the ratio of substrate to catalyst (s/c) is always 200. The reaction
parameters and the results are summarized in Table 1 below.

In Examples 5, 11, 16 and 20, toluene (10 ml) is used as solvent. In Examples 6 to 8, 12, 13,
17, 18, 21 and 22 , ethanol (10 ml, in Examples 6 and 17 9.5 ml) is used as solvent. In
Examples 9, 10, 14, 15 and 19, methanol (10 ml) is used as solvent.
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transferred in succession by neans of a steel
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19 St [Rh(nbd);1BF4 E 1 25 1 100 995 s
s4 [INcod)Cll» E TBAITFA 80 25 155 100 52 R
21 86  [Rul(pcymene) E HCl 80 80 165 98 986 s
S7  [Rulpcymene) E HCI 80 80 16 100 929 s

*): TFE: 0.5 ml of 3,3,3-trifluoroethanol; TBAI: tetrabutylammonium iodide (TBA! to iridium is
2); TFA: 30 pl of triflucroacetic acid; HCI: 60 pl of 1N aqueous HCI



In Exanples 5, 11, 16 and 20, toluene (10 m) is used
as solvent. In Exanples 6 to 8 12, 13, 17, 18, 2 1 and
wa2o005/18840ano0l (10 m, in Exanples 6 and 17 9. 5Pai)EP2®5/052009
used as solvent. In Exanples 9, 10, 14, 15 and 19,
met hanol (10 m) is used as solvent.Table i : Exanple
Starting Metal conplex Ligand Additives P(H2)
Tenperature Tinme Conversion3é:-e. Configuration
material [bar] fC |h] [949 [A4 5 A4 [Ir(Cd)Cl]2 B
CI'.I'BAI/TFA 80 25 19 48 67 R 6 S5 [Rh(nbd)z]BF 4 B TFE 1
~8B5 1 59.6 68.2 S 7 S6 [Rul 2(p-cynmene)]2 B HCl 80 80 20
100 93.4 S 8 S7 [Rul 2(p-cynene)]2 B HCl 80 80 2 1 100
4 R 9 1 bd)2]BF4 C 1 25 1 100 97.2 S 10 S3
1"?‘%’-&"#1‘8%3%‘]%%%@@”%?%’5')’19 75 87.2 2 11 S8 Pi (nbd) 0 C
80 25 20 88.5 59.2 R 12 S6 [Rul 2(p-cynene)]2 C HC 80

80 2 1 100 98,%-S 13 S7 [Rul 2(p-cynene)]2 C HCl 80 80
20 10 8 & 14 SI fJIRh(nbd)dBF4 P 1525 1 100 98.4 S

15; bd)f2].BF4 D 1 25 9.4 R 16 4

[Ir(COuCl JZ) T%A?I"/ TFA 80 25 45 50,59 RI7 S5

[ Rh( BF4 D TFE 1 25 1 98.8 80™4. S 18 S6

[ Rul ne)]2 D HC 80 86~I&2190 95.6 S 19 S1

[Rh(nbd) 2]BF4 E 1 28 1 100 99.5 S™ (),
where

both R, independently are a hydrogen atom or C1-Cy-alkyl and R’y is C4-Cy-alkyl;

X1 and X, are each, independently of one another, a secondary phosphine group;

Rz is hydrogen, Ro1Ro>Re3Si-, C1-C1g-acyl substituted by halogen, hydroxy, C4-Cg-alkoxy or
RouRosN-, or Res-Xg1-C(0)-;

Ro1, Rz and Ry; are each, independently of one another, C,-C12-alkyl, unsubstituted or
C4-C;-alkyl- or C4-C4-alkoxy-substituted Ce-Cio-aryl or C;-Cyo-aralkyl;

Ros and Rys are each, independently of one another, hydrogen, C4-C,z-alkyl, C3-Cg-
cycloalkyl, Ce-Co-aryl or C;-Cyo-aralkyl, or Rgs and Rys together are trimethylene,
tetramethylene, pentamethylene or 3-oxapentylene;

Ros is C1-Crg-alkyl, unsubstituted or C4-C,-alkyl- or C1-Cs-alkoxy-substituted C;-Cg-cycloalkyl,
Cs-C1o-aryl or C7-Cz-aralkyl;

Xo1 is -O- or -NH-;

T is C¢-Cx-arylene;

v is 0 or an integer from 1 to 4;

Xy is bound in the ortho position relative to the T-C* bond; and

* denotes a mixture of racemic or enantiomerically pure diastereomers or pure racemic or
enantiomerically pure diastereomers.

2. Compounds according to Claim 1, characterized in that they correspond to the formulae la
and Ib,



20 4 [Ir(COd)Cl]2 E TBAI/TFA 80 25 15.5 100 52 R 2 1

S6 [Rul 2(p-cynene)]2 E HCI 80 80 16.5 98 98.6 S 22 S7
wORwWs20p0eynene) ]2 E HClI 80 80 16 100 92.9 S * PCT/EPE05/052009

0.5 m of 3,3,3-trifluoroethanol; TBAl:

tetrabutyl amoni umiodide (TBAl to iridiumis 2); TFA

30 M of trifluoroacetic acid; HCl: 60 m of 1N

aqueous HCICd ainms 1. Conpoursds of the formula | or V,

where both Rl i ndependently are a hydrogen atomor Cr

CA-al kyl and Ris O C 4-alkyl; Xi and X2 are each,

|ndependen't' @% one another, a seco daty p

suBst it Q
RO4RO5N®, of: XRO6=K01- C(O) RO 1 , RR2~amd ROB are

each@ndent Ry of one anot h%ﬁ 12-al kyl

unsubs uted or (@ al kyl - or

C4- al koxy-substituted”C6-Cl0-aryl or C7-Ci 2- ara(lqz l;
whesg Ria¥d Xmead Be andish’ havedfeq)@ﬁ@mm indiegtechinClaimot. her

hydrogen CrC 12- al kyI C3-C8- cycl oal kyl, Co6-C10- aryI
and RO5 together are

12-
3. ‘?‘?’P ﬁw*‘eﬁ% %ﬁ%{ F?ﬁ’@‘?’fﬁ"zeﬂé'hfﬂ‘é t 1 ¢ hyeoey atom.
3-oxapentylene; RO6 is C-C b-al kyl, unsubstituted or

Wn@é g%éogﬂlr%tpgl%ﬁcgﬁgégnz% %7{ %gVAPQPRﬁ% Rm Ros
pref%ablxj:asofrom MNitp 8 wbp@amsmmwrm1 MRe sr Bos @7 pheenyl or naphthyl
and &1 SERYI d‘rélﬁfﬁgl-, Re? offRg3 is benzyl or phenylethyl.

5. Compounds according to Claim 1, characterized in that Ry, and Rys are each,
independently of one another, hydragen, C,-Cy-alkyl, Cs-Ce-cycloalkyl, phenyl or benzyl, or
Ros @and Rgs together are tetramethylene, pentamethylene or 3-oxapentyl-1,5-ene.

6. Compounds according to Claim 1, characterized in that an acyl group R; is derived from
a carboxylic acid.

7. Compounds according to Claim 1, characterized in that an alkyl group Rgs has from 1 to
12 carbon atoms, a cycloalkyl group Rgs is cyclopentyl or cyclohexyl, an aryl group Ry is
naphthyl or phenyl and an aralkyl group Rgs is phenylethyl or benzyl.

8. Compounds according to Claim 1, characterized in that the secondary-phosphine groups
X1 and X, each contain two identical hydrocarbon radicals.

9. Compounds according to Claim 1, characterized in that the secondary phosphine groups
X1 and X are identical or different.

10. Compounds according to Claim 1, characterized in that the secondary-phosphine groups
X1 and X; contain hydrocarbon radicals which have from 1 to 22 carbon atoms, are
unsubstituted or substituted and/or contain heteroatoms selected from the group consisting
of O, S and N(C+-C;-alkyl).
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enanti omerically pure diastereoners. 2. Conpounds
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X, ahdf X,eire€tjclic secondary phosphino.

14. Compounds according to Claim 13, characterized in that the cyclic secondary phosphino
corresponds to one of the formulae

P | I |
<> SO0 O
O 0]
where the rings are unsubstituted or monosubstituted or polysubstituted by -OH, C;-Cg-alkyl,
C4-Ce-cycloalkyl, C4+-Cs-alkoxy, C-C,-alkoxy-C+-Cs-alkyl, phenyl, C4-Cg-alkylphenyi or

C,-C4-alkoxyphenyl, benzyl, C4-Cy4-alkylbenzyl or C,-C,-alkoxybenzyl, benzyloxy,
C-Cs-alkylbenzyloxy or C,-Cs-alkoxybenzyloxy or C4-C,-alkylidenedioxyl.

15. Compounds according to Claim 1, characterized in that they correspond to the
diastereomers of the formulae Ig, Id, le and if,
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where the rings are unsubstituted or monosubstituted or polysubstituted by HO, C;-C-alkyl,

C4-C4-alkoxy, C4-C4-alkoxy-C4-Co-alkyl, phenyl, benzyl, benzyloxy or C+-C-alkylidenedioxyl.

17. Compounds according to Claim 15, characterized in that secondary phosphino groups
X1 and X2 are -P(CH3)2, -P(i-C3H7)2, -P(n-C4H9)2, -P(i-C4H9)2, -P(CGH11)2, -P(nObel’TIYI)z,



Cr C 4-al koxyphenyl, benzyl, G -C4-al kyl benzyl or
C - 4- al koxybenzyl, benzyl oxy, C -C4-al kyl benzyl oxy or
war@saoadokoxybenzyl oxy or Ci - C4-al kyl i denedi oxpCT/ER2005/052009

Compounds according to Claim1, characterized in that

they correspond to the di astereoners of the formnul ae

lc, Id, le and If,where RL is hydrogen and Xi and X2

have the neanings indicated3n Caiml. 16. Conpounds
accordi ng to d ai m 15 characterized in that Xi and X2

fornul a le and If are identical or

Pyl é’ﬁ%%y'”d?r@eﬁye%wam@13@@%!9@&1&@1258[44@19@@0&5%
-P[24r8etg6:800:H, n9[§ dﬂlﬁbx?)’CGH% Coile ﬁeﬁb@j@r@q PI3- Smﬂuoro-

methp;é)@-l PR @rg{& rP@Ryf)QGHE 413,57 Wpﬁ ?orr?%wﬁﬁé;]a -P[3,5-bis-

(et} RCHE, GPER, Brbis(rho R aH:],-ank 3P Blbisimetylyd xrﬁsm&ﬁcenﬂz, and
9f°“§{§lft ‘(C@:@ I kyOCenfc, -P[2-(CrC6-al koxy)C 6H4] 2
" 2l koxy) CBHA] 2 - P[4- (O O6- al koxy) CBHA] 2
-P[2-(trifluoronethyl)C 6H4]2, -P[3-(trifluoronethyl)C
6H4] 2, -P[4- trifluoranethyl) C&H#] 2,
- P[ 3J5- bi s(tri¥luoronet )OGHS]H P[ 3
5- bi s( C1- Co-atkyl ) 2C6 -P[37®- Bis(CrC
6- al koxy) 2C6H3] 2 and - , 5- bi s(&r
6-al kyl ) 2-4- (G - C6-al koxy) C6H2] 2 or identical or
different cyckic phospkine sel ected.,fromthe group

consi sting of t he)shgscar e un Ctasied or
monosubst i t atkdlor potfs bsfit ut ee- HO, CrC 4-al kyl,
Crd- al koxy, = CAHa koxy- @ C 9%al kyl, ‘phenydy benzyl ,

benzyl oxy or Cval kyl i denedi oxyl . %7. Conpounds
according to Caim 15, char acterized in that secondary
phosphi no grofps X1 and®x2 are -P( g7 2 - P(i - C3H7) 2,
-P(n- C4H9) 2,_/Pfi - CAH9) 2" - B( C6HN) 2
- P(nor bor nyl) (o-furyl I -P(C_g 2 P[2-(nmethyl)C
6HA] 2 P[3-(methyl)C 6H4] 2 -P[4-(methyl)C 6H4] 2,
- P[ 2- (met hoxy) C 6H4] 2 - PR3=fnet hoxy) C 6H4] 2
-P[ 4- (et hoxy) C 6H4] 2, -Pf3-\trifluoronethyl) C 6H4]2
-P[4-(trifluoromethyl)C 6 2,

wh %6 S-bisftrifluoronmethyOCeHsk, -P[3,5-bis- (nethyl)
PT6H3] 21 - P[ 3, 5- bi s( et hoxy) 206H3] 2 and
R'is PPGI)/B ebils hethiokyy lejhoRy, phenmdy himeoyylGxy6 hizihdxyrastlyl, ethoxymethyl or

benzyloxymethyl and R“ has the same meanings as R’.

18. Compounds of the formulae F to F’,

/o
H\

X X,
@/ @ !
(R )v R (R
1 1 Fo *CH/ (R1)V
o

2

@

(F), Ri (F),

and preferably of the formulae F1 to F86,



groups of the fornmulae - P where R is nethyl, ethyl,

nmet hoxy, ethoxy, phenoxy, benzyl oxy, nethoxynethyl,
wethsxys®d hyl or benzyl oxynmet hyl and R has t hePeame2005/052009

meani ngs as R . 18. Compounds of the fornulae F to F',

and preferably of the fornulae F1 to F6,where T, Rl

R i and v have the neanings given above, R2 is H and

X4 is d, Br or I . 19. Met-a&-conpl exes of netals
selected fromthe group of TMB netals w th conpounds
of the formula | or I' and preferably la to If

20.
ri zed

according to any of Clains 1 to 14
Met al coifpl exes according to d ai Rps

int e’ W 8 netal is rhodi |
r U: tal conple diag to Caim 18
char ackeri% hat they corre x} o the fornul ae

on
11 and R WAINEAR(H) . (ALMELN) (E ) (*1). where AL is
one conmpounds of the fo or I'",
preferablyRa to If(#q)represents Tdemwical or (F2
di ffereny nonodentate, anionic or nonionic Iiga?fds or
t; identical or different dentate, anionic
c™N gands; nis 2, 3 or IS a
d, or nis 1
bi dentete STdang/ z is 1, 2 or 3;

sel ect @& fomtHeRgr oup consi sti ng dEO R, d Ru;
Wi t tal having the oxidatKﬁﬁégﬁate 0, 1, 2, 3
or 4; : (F3), A (F4),

/
}& R
H H
\
RO=—C Rzo'n-\c/g
X; X,

Fe % Fe

o

R (F5), Ry (F6),

where
T, Ry, R’1 and v have the meanings given above, R, is H and X, is Cl, Brorl.

19. Metal complexes of metals selected from the group of TM8 metals with compounds of

the formula 1 or I” and preferably la to If according to any of Claims 1 to 14 as ligands.

20. Metal complexes according to Claim 18, characterized in that the TM-8 metal is rhodium
iridium or ruthenium.

3

21. Metal complexes according to Claim 18, characterized in that they correspond to the
formulae Il and Il '

AMeL, ), (A1MeL,)*I(E"), am,

where A, is one of the compounds of the formula | or I, preferably Ia to If,



E is the anion of an oxo acid or a conplex acid; and
the anionic |igands bal ance the charge of the

woxodanson state 1, 2, 3 or 4 of the netal. 22pCcEEP2105/052009
conpl exes according to Caim20, characterized in that
they correspond to the fornulae 1V and V, [A Me2YZ]
(1v), [ALMe2Y]+E1 (V), where Al is one of the

conmpounds of the formula | -@@-1"', preferably la or Ib;
Me2 is rhodiumor iridium Y represents Iwo ol efins or
a diene; Zis A1Br or |I; and E is the anion of an oxo

L representsyidensingias diffgsntimonaientate, aigsic pp ponieniglinandsord hiepeesents

.deﬁf&ﬁéﬂdﬁfe@m%n% BiioAie bmeHidricligaddd; t i on of hydrogen
on- car bon or _car bon- het er.oat om doubl e bond

1§ S GNP BERAET B AGIToh BSh fr] 7o iom e ABiepiata Oand:
ziCRRarPst, characterized in that the addition reaction
v e iR e B P eda e iRt BF st e

oxiddglioh ste®20, 122, 3 Ws& of the nmetal conpl exes according to

" @ HorrahERo 14 1P 2mfi, hagagANeoUS catal ysts for
preparing chira %anlc conpounds by asymmetric

thea?@mntql'sﬁnﬁbdﬁme aggatobthe xigatinstalg r1ban°» @4 of the metal.
car bon- het er oat om doubl e bond in prochiral organic

C I\? rr}é) oun drs . ) . L
22. Metal complexes according to Claim 20, characterized in that they correspond to the
formulae IV and V,

[A1Me.YZ] (IV), [AiMeLYT'Ey V),

where

A is one of the compounds of the formula | or I, preferably la or Ib;
Me; is rhodium or iridium;

Y represents two olefins or a diene;

ZisCl Brorl; and

E+ is the anion of an oxo acid or complex acid.

23. Process for preparing chiral organic compounds by asymmetric addition of hydrogen
onto a carbon-carbon or carbon-heteroatom double bond in prochiral organic compounds in
the presence of a catalyst, characterized in that the addition reaction is carried out in the
presence of catalytic amounts of at least one metal complex according to any of Claims 19
to 22.

24. Use of the metal complexes according to any of Claims 19 to 22 as homogeneous
catalysts for preparing chiral organic compounds by asymmetric addition of hydrogen onto a
carbon-carbon or carbon-heteroatom double bond in prochiral organic compounds.



