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bi dentate |igands The present invention relates to bisphosphines ‘as

bidentahfmhk%ﬂpds, a process for the production thereoflﬁgnggﬁﬂﬁg use. In

particular, e invention concerns. 5 bisphosphines of t .
structure (1). R4 PP~R1 x RR Enantioner-enriched chiral. . ligands are used
in asymretric synthesis or asymmetriclcatalysis. It is essential here for
the el ectronic and stereochenical properties of the 10 ligand to be

optimal |y adapted t0 e RALERIHA AR e d P A i nportant aspect
of the success of these " fanTlies of conpounds is aftributed to the
creation of a particularly asymmetric environnent of the netal centre by

t hese Ii@mﬂp%é%ba%B-in‘{»%r&t&i&ﬁSfeiaeasaeoeﬂﬁisb%@gﬂﬁ)irriﬁe&§l'a“ effective

transfer _of_ chirality, it 1s advantageous to ~con i exibility of
the |igafispiats ddaands nirBROCEPRi £ari Sheoprosdmctionetherecfduct i on.

Wthin thed amdiy fselhasphivaseieanhal Nkhe 5 h9aRdS orf YEebhEerABOSPI nes,
partlgylgpk%ﬂ{he phos gﬁgagﬁé, have achi eved 20 particular significance.

Bi dent’at &+ Q%Bh4ﬁﬁ6£ | G sIGREX AL 0B LERGAPIE, (Tle DuPhos and BPE |i gands
~used in - asymmetric catalysis. Ideally, therefore, a chiral ligand basic
skel eton capable of versatile nodification is available, which can be
varied within broad limts in respect Qf its steric and electronic
properties. Disclosed herein i "\*ﬁ’ skel Son anal ogous to that of
the existing phosphol ane ligands, but whjch cad/ additionally be varied and
used within broad linits and posd8sse®Rconparably good ' '

Enantiomer-enriched ‘chiral ligands are used in asymmetric
synthesis or asymmetric catalysis. It is essential here
for the electronic and stereochemical properties of the

10 1ligand to be optimally édaﬁted to the particular catalysis
problem. An important aspect of the.success of these
families of compounds is attributed to the creation of a
particularly asymmetric environment of‘the metal centre by
these ligand systems. To utilise such an environment for

15 an effective transfer of chirality, it is advantageous to

' control the flexibility of the ligand system as an |

inherent limitation of the asymmetric induction.

Within the family of phosphorus-containing ligands, cyclic
A phosphines, particularly the phospholaneé, have achieved
20 particular significance. Bidentate, chiral phospholanes
are, for example, the DuPhos and BPE iigands used in
asymmetric catalysis. Ideally, therefore, a chiral ligand
basic skeleton capable of versatile modification is
available, which can be varied within broad limits in
- 25 respect of its steric and electronic properties.

Disclosed herein is a ligand skeleton analogous to that
of the existing phospholane ligands, but which can
additionally be varied and used within broad limits and

possesses comparably good




5 Septenber 2006 2 catalytlc properties. |n particulsseptalibec?®§ed herein
I's an asymmetric, bidentate and chiral phosphine ligand systens for
catal yti-c purposes, which can be produced sinply and with high -
enantionmeric purity. These a"d other problens not otherw se specified but
arising fromthe prior art can be solved by a famly of chiral bidentate
bi sphosphi ne conpounds of the general 4ormula (1), the conpounds according
to the invention 10 having two chiral phosphine radicals bonded together

via an u d e ! According to a_first aspect, there iss provided
an enantr onerenri en at §phctus Cli gfeimhe gener al
paEarvEE l} egieto“e‘?ﬁ P EhhopHEEh Gt Lig Clliageerdh

fornula (i3, aR és,ymﬁ@l%r iR, Fiddn 1 r R3, R4,

i ndependent|y of one anoji her * den%?tg@ %%ﬁj 8@)1‘5}@]‘1 %h%s(p%nfBR)zha %‘%yal kyl ,

( C6- C18) - &¥§ emS(étprcm)taei!rsai:L«ylpuimQB) whet:hr ealy lbe Hrddhedd

-heteroar e) -aryl

(Cl- CP ?Jkﬁik'@gglgc%%‘ethér reﬁanf(%%ﬂ%:s}c(:pépféam«y| (C3.-C8) -alkyl -

(C3-C8) -cycloal kyl, . (C3-C8)-cycl oaI kyI (Cl C8) - al kyI or Rl and R2

and/ or . R@h@g n ene bri dge nono or

pol ysubst it ut e§ tecﬁéﬁ%% b&?igﬂnﬁy , %Gﬁea‘f’R?Flfeéﬁ =bgf- al koxy,

( C2- C8) - BFREAPE Kiiom (e Cbejoar ykt (:@?r Gd)scrvbdyby a family of
chiral bidentate bisphosphine compounds 6f the general
‘formula (I}, the compounds according to the invention

10 having two chiral phosphine rad:.cals bonded together via
. an unsaturated bridge. ' '

According to a first aspect, there is provided an
enantiomer-enriched bidentate organophosphorus ligands of

the generallformula (1),

R“\P/A\P/H1
1, 1, 0
R R

15

| wherein _

R', R?, R?’, R®, independently of one another, denote

(C1-Cs) ~alkyl, (C2-Cs)-alkoxyalkyl, (Ce-Cie)-aryl,

{Cq-Cys) —aralkyl + (C3-Ci1g)-heterocaryl,

20 | (C4-Cy9) -heteroaralkyl, (C;-Cg)-alkyl-(Ce-Cig)-aryl,

(C1-Cq) —~alkyl- (C3~Cys) ~hetercaryl, (C3;-Cs)-cycloalkyl,

(€1-Cq) —alkyl- (C3~Cs) -cycloalkyl, |

(C3-Cg) ~cycloalkyl- (C1~Cg) ~alkyl,

or R* and R® and/or R® and R* represent a (C3-Cs)-

25 | alkylene bridge mono or polysubstituted with

(C1-Cg) —alkyl, HO-(C;~Cg)-alkyl, (C1-Cs) —alkoxy,

(C2—-Cg) -—alkoxyalkyl, (Cs-Ci1s) ~axryl, (Cy-Cis)-aralkyl,

(crca_) —alkyl- (Ce-Cig) —axryl, (C3-Cg)-cycloalkyl,

| (Cy1-Cg)-alkyl- (C3-Cs) ~cycloalkyl or

30 | (C3-Cs)-cycloalkyl-(Ci—Cs)-alkyl, this optlonally being

linked to a polymer enlargement,




(C1-C8) -alkyl- (C6-C,8) -aryl, (C3-C8) -cycloal kyl, 5September 2006

(C,-C9)-al kyl - (C3-C8)-cycl oal kyl or 30 (C3-CB)-cycloal kyl - (C1-C8) -al kyl,
this optionally being Ilinked to a polyner enlargenent, 5 Septenber 2006

2a and A denotes one of the following structures OOOOXNgo Oo0oRR
wherein R denotes H, (Cl-Cs)-al kyl, ¢g6-Cl18) -aryl, (C7-C19) -aralkyl,
(C1-C8)-al kyl-(C6-Cla)-aryl, (C3- C8) cycl oal kyl

(Cl- C8) -ahdyh- G6R0ER): oyel o] ksHe fdmoﬁhgcsefoatkybs( Cl- Cs) al kyl, or the
link to a .polymer enlargement, and O NH, NR According to a second
aspect, there I's provided a chpIex contai ning_the ligands as disclosed
above with atfl east ne trang t|on metal . Accof'ding tona, third aspect,

~there is RAOf i g as discl osed
hoi nes re obt ai ned by
it g p ﬁe

above, ch#fradq@erifled in th respond
reacting ' ' g

nucl eof uge | €gvi ng griyups in i pr,esence of an organoret al | |n: base
According to a fourth aspect, Qhere is provided a use of . a conpl ex
conpound as di scl osed above as a catalyst for asymretric reactions. By

prepari ng}aenant I oner-enriched bidentate organophosphorus |igands of the
general WoPRErR (1), 4P P-R- (') k R2

R denotes H, (C;-Cg)-alkyl, (Ceg~Cis)-arvl,
(Cy-Cyo)~aralkyl, (C3—-Cg)-alkyl- (Ce—-Ciz)-aryl,
(C3-Cg) -cycloalkyl, (C3-Cg)-alkyl-(C3-Cg)-cycloalkyl,
(C3-Cg) -cycloalkyl~(C;-Cs) ~alkyl, oxr the link to a
.polymer enlargement, and |
" Q = 0, NH, NR.

According to a second aspect, there is provided a complex

" containing the ligands as disclosed above with at least

one transition metal.

According to a third aspect, there is provided a process
for the production of the ligands as disclosed above,
characterized in that the corresponding phosphines are
obtained by reacting LiP(SiMes)> with appropriate co-
.reactants provided with nucleofuge leaving groups in the

presence of an organometallic base.

- 'According to a fourth aspect, there 1is provided a use of

a complex compound as disclosed above as a catalyst for

asymmetric reactions.

By preparing enantiomer-enriched bidentate
| organophosphorus ligands of the general formula (I),




5 Septenber 2006 2b wherein R1, R2, R3, R4, indepérii®aptdinben?008ne anot hér,
denote (d-Ce)-alkyl, (C2-C8)-al koxyal kyl, (C6-Cl9)-aryl, (G -dy)-
aral kyl, (C3-Cl8)-heteroaryl, (Cg-d9)-heteroaral kyl, (Cl-Ce) -alkyl-
(C6-Ce) -aryl, .(Cl-C8) -alkyl- (C3-C18) - heteroaryl, (C3-CS)-cycloalkyl,
(C1-CB) - al kyl - (CS Ce)- cycloal kyl, (C3-C9)-cycloal kyl -(C1-C8)-al kyl, or RL
and R2 and/or R3 and R represent a (C8 C5)-al kyl ene bridge nono-or
pol'ysubstituted with (CL-C8)-al kyl, HO (C, -C8)-al kyl, (C, -C8)-alkoxy,
(C2-C8)-al koxyal kyl, (C6-Cle) -aryl, (C7-C9) -aralkyl, (C -C8) -alkyl-
(C6-C18) -whigtein(C3- CO) -cycI oal kyl, (d-Cg)-al kyl -(C3-C8)-cycl oal kyl,
(C3-C8) - cygd oalzky 3( kyl thlso i onal | eing Jinked to a
pol yner- en draie }5\ %@%ngn&&é{ #%f%‘?‘?%ﬁ gerg&fures 5
Sept enber Q‘Dﬁﬁ!e\?\eamd}ﬂBAQVaz-RﬁT/-ER%b@al&&l 3 (@—QlaD—QrQIR PcR-Cylerein R
denotes H, ) Ky ( 9
(Cl-C8) - al K &rf% c?lé?)‘ h?% %?%Ba@)@g ﬁzﬁ het8r¥abluiy1,
(Cl1-Ce) - aI Qﬂ%ﬂéﬂby&oﬂﬂn%arﬂ-&(C&Cﬁmwk*ylcéfﬂmd}&) al kyl, or the
link to a p@tgggaryg_nl A QLW PLcyOL5a ‘HB*C”'%WM XcY catwn corrpounds

QH,QIH
are obtained, . whiCh can be suctCessft used 1 n al ysi's for

10 the proElPahli . orlGanCe) coVBARLEY: TIGGS'CWIT#IFYE% «Iigands provided by
the invente®rr® camdl RX&n@fofakblatid R* preddH©O W Ced; o)) tdBpuatesst ul
hydrogenattl’ O{]dgz]; mono—-or polysubstituted with (C1-Cs) —alkyl, HO-
(C1-Cg) ~alkyl, (C;~-Cg)-alkoxy, {C;-Cg)-alkoxyalkyl,
(Cs—Cig) ~aryl, (Cy;-Cyo)-aralkyl, (C;-Cg)-alkyl-(Ce-Cig)-aryl,
(Ca-Cp) ~cycloalkyl, (Ci-Cs)-alkyl-(Ci-Cs)-cycloalkyl,
_((‘.‘;q-C.;.)*-cycloalkyl-~ (C1-Cs) -alkyl, this opt:.onally being
linked to a polymer enlargement,

and A denotes one of the following structures




m xtures of acylated E- and Z-(3-aminoacrylic acids ofSeptentier3d@d6yves
t'hereof, anong other things. To date, only a 15 few conpl exes have' been
success{d dagioagt ed for mxtures . of this famly of conp 039f5250 up to
now it has-been necessary to performan often conplicated purification of
the E/Z.m xtures before hydrogenation, so as to be able to react the
acyl ated E-(3-am noacrylic acids and de3| vates, 20 which can only be
hydrogenated with high enantioneric excesses, separately from

Z-conponents. ding to the inventgon prefer any correspond
to structu es = % : PN O R8 25
wherei n fi ‘ﬁ | nde nt ly of

one anot her dghot e P03/

(C1-GCs) -al%kyl, y ( { ( ko al kyI
(C6-C18)-aryl, ClHC8) al kyl - (C6 C18) - aryI R
(C3-C8)-cycl oal kyl, (C1-C8) al ‘Eyl (C3-C8)-cycloal kyl, 5 -

(C3-C8) - cydlexsliny| - (C1- C8) - al kyI or the link to a poI ynmer enl argenent The
| i gand Syiﬁt% q:%qsorl_fil n&:tq:sz ent(boﬂcbeﬁpl ;?'é b?sg%% d to a

pol ymer argenment . ‘The at“cdn be
pr oduced 1611 Eormaoyd v 4F 6t Buag bé’yg-epdlcatﬁeﬂ wyglpe&lmly fromthe | ow

nol eculsar -(welghy - &BE?PW'@?-—C&-Q:yé’.IYoJIHI ation, owing to ‘the link to the

pol ymer enlar enment,” and hus acceSS|bIe to the recycling_desired by
t he i nvent{Cant 5)-cycloa1ky1 (C1-Cs -alkyl, or the llnk to a polymer
enlargement : . . . , ‘

Q= 0 NH, NR, prev1ously unknown compounds are obtalned
Wthh can be successfully used in asymmetric catalysis for
10 the production of organic compounds.. Thus, with the
ligands provided by the invention, complexes or catalysts
can be produced for the successful hydrogenation of
mixtures of acylated E~ and Z-f-aminoacrylic acids or
derivatives thereof, among other things. To date, only a
15 few complexes have been successfully tested for mixtures
" of this family of compounds, and so up to now it has been
necessary to perform an often complicated purification of
the E/Z mixtures before hydrogenation,'so as to be able to
react the acylated E-f-aminoacrylic acids and derivates,
20 which can only be hydrogenated with high enantiomeric
. excesses, separately from Z-components. '

The ligands according to the invention preferably_ .
correspond to structures of the general formula (II),.

R PA 5
10 &

R

- 25 _
' wherein
A takes on the meaning given above,
R® to R!?, independently of one another, @enote




whi ch S ext rerrel y sinple but nonethel ess advant ageousseptémbin@006
|'i gands/ conpl exes can be enlarged in nolecular weight by linking to a .
pol ynerwenizasgegwent , and optionally heterogenised in th| 1\9%,30;262
enantiosel ective hydrogenation with conplexes or catalysts { ve been
thus enlarged in nol ecul ar wei ght can tEerefore proceed in 20 both a
honogeneous and a het erogeneous phase. ®Pol yner enl argenent: The pol yner
enl argenment can be freely selected within the framework of the invention.

It is Ii m(Ced’-‘adﬁ-etilhqﬂona-lclna((glll c_kgy ggl]@llder@jel_@gg -&h 1% ’ﬁ'ﬁ i cgbltl ity and
condi tions

costs, an ot eva|I|n technic

(retentlo caap%am]t%%’ %ﬁ%f gﬁ &16 7aT¥dme (Farfavh-awabicgbnent s for

cat al ysts(ﬁx'effsﬂn@/lkyf]r-omst—lﬂagprawlar(cg-Rqut.zc}Qg]_@é 1Angew. Chem 1997, 5
Hel v Acta 1996, ]% 1710f.; Kragl et

109, 1559 et
al . Ange\i/v 5. (§Otfb8 Eéﬁ'ggkyéchurlg et al., Chem Ber ] Recuei |

1997, 5130(03‘83k9f'0yq;61aﬁ1m1-a(cL—CAMgakaGhem 1997, 109, 773f.; Bolmet al. .
Eur. J. Gg. ckdem;nikd & & al, in Speciali ty Cheni cal s

224f . Sal vador| et aI%% aT%’ IXH‘%?%%*% ?}Pﬁ@?ry 1998, 9, 1479; Vandrey et
al ., Tet r‘!al)}rlled 35 Asgrmetry 1997, 8, 1529f.; ibid. 1997, 8, 1975f.

Togni - %ﬁﬁér sY§bems\\acoordisey tPAHEPDAVeAt6an5canl . J. Am - Chem
Soc. 1998thé£@foiQZEéf ttaeh e e 1996 37, -
3375f ; 98 415: ggrtucu}ég(rj% ab@@é‘b%@lg‘%igggg{é‘gﬂ‘é " Am Chem .
Soc. . 199 592§1F e EKRER §§eﬁ/eetaﬂlysmetrhamqannbe5prea&ceﬂ135f

J dalQEt ﬁ‘ Gmémbb P h ; | 1997
97, 489 :%mégéﬁ N o e B ﬁal:'se(ﬁl Veég adi1d, E‘-’°§EE§%5% g
"The Chem of - &eégHFccgfnppeBﬂsOoﬁp&m fhlevattpnehewing, to1989,

1289; Schelertinkt tel theMpolgnil. eR&ﬁb@éﬁEﬁE”‘and are thus
accessible to the recycling desired by the invention,
which is extremely simple but nonetheless advantageous.

15 The ligands/complexes can be enlarged in molecular welght
by linking to a polymer enlargement, and optionally
heterogenised in - this way. The enantioselective
hydrogenation with complexes or catalysts that have been
thus enlarged in molecular weight can therefore proceed in

20  both a homogeneous and a heterogeneous phase.

Polymer enlargement:

The polymer enlargement can be freely selected within the
framework of the invention. It is limited on the one hand
by considerations of practicability and costs, and on the
25 other hand by brevailing technical conditions (retention
capacity, solubility etc.). Some polymer enlargements for
catalysts are known from the prior art (Reetz et al.,
Angew. Chem. 1997, 109, 1559f.; Seebach et al., Helv. Chim
Acta 1996, 79, 1710f.; Kragl et al., Angew. Chem. 1996, -
30 108, 684f.; Schurig et al., Chem. Ber./Recueil 1997, 130, :
879f.; Bolm et al., Angew. Chem. 1997, 109, 773f.: Bolm et
al. Bur. J. Org. Chem. 1998, 21f.; Baystone et al. in -
Speciality Chemicals 224f.; Salvadori et al., Tetrahedren:
Asymmetry 1998, 9, 1479; Wandrey et al., Tetrahedron:
35 Asymmetxy 1997, 8, 1529f.; ibid. 1997, 8, 1975f.; 'Togni et




10 1998, 19, 309; Sharma et al., Synthesis 1997, 12175 Septdrutrec200Gnal
Pol ynmers" Ed.: R Arshady, ASC, Washington, 1996; "Praktikum der _
Nhkronolekularen Stoffe", D. Braun et al., VCH WI ey, VE|nhe|n11999) |t
is al SOV BMIY,d for the pol ymer enlargenent to be 15 F&HERP3EF162
pol yacryl ates, polyacrylam des, polyvinylpyrrolidinones, pon5|onanes
pol ybut adi enes, pol yi soprenes, pol yal kanes, pol ystyrenes, pol yoxazolines.
,or polyethers, or mxtures thereof. In an especially preferred

enbodlnent pol ystyrenes are used to construct 20 the_pol yner enfargenent.
Li nkers: 2bet feehmt heheRt udPCl-i Jaftf ankl @ nel (A 4%er SALY t€ta [inker

can be Inamrpométﬁﬂheahsnl Leker. ses 37, 633735@- awodogl/aras et ween | i gand

and poly uce Qr te 5 nut |n ractlons t t are
dlsadvantﬁaﬁgﬁgufﬁri rié@ﬁb € - be freely
sel ect ed Bwct, hesspermo skidlghed ;i rmtdérsmbn Jth%a.shouhémbe cmdmnhed ‘

Dol yoP) nbRaRer TBASERG SRECRaRE SHir 1 XIS G RBRS: He0mel- Haha.

Suit abl e Uankaer etcai.peChemnd Revg. 1997 t h#7 ) 1489 at Geekiefreretncek. nent i oned

above und th adj of, o o20l argene t" t hi amewor k of
t he |nven§?bn gP%QS gggl &Qgﬁ?ts QB%Q# fOTRUT ae (¥? I%ﬁthéée therefore
advant age@hgmySDWnaf Organic Silicon -Compounds™ W$1§E’pt é'mmh%w |

03/ 0849711963, FR9850246Runbalith die 01 ¥ Wi AHGL 0°RBBY A ccibilar. ©
preferabl{ Vi a In selected fromthe 2 _

958, 19, 309; Sharma et al. , Synt eszs 997 1 17 _
"Functional Polymers” Ed.. R. Arshady, ASC, Washlngton,
1996; "Praktikum der Makromolekularen Stoffe", D. Braun et

al., VCH-Wiley, Weinheim 1999).

it is élso preferred for the polymer enlargement to be
15 formed by polyacrylates, polyacrylamldes,
polyvznylpyrrolldlnones, polysiloxanes, polybutadlenes,
polyisoprenes, polyalkanes, polystyrenes, polyoxazollnes
.or polyethers, or mixtures thereof. In an especially
preferred embodiment, polystyrenes are used to construct
20 the polymer enlargement. ' '

Linkers:

Between the actual ligand and the polymer enlargement, a
 linker can be incorporated. The linker serves to create a
distance between ligand and polymer to reduce or eliminate.
25 mutual interactions that are disadvantageous to the
| reaction.
The linkers can, in principle, be freely selected by the
person skilled in the art. They should be selected
according to the aspects of how well they can be coupled
30 to the polymer/monomer on the one hand and to the ligand
on the other hand. Suitable linkers can be found e.g. in
the literature references mentioned above under the
"heading of "Polymer enlargement”.
Within the framework of the invention, these active units
'35 of formulae (I) to (IV) are therefore advantageously bound.




b) (S| R2- O)n n= 1 10000 5 ¢) -(CHR CHR- 0) n- n=1- 10000septBmbef 2008- n=1- 20
€) Z-(X),- n=0-20 f) (Xyn-Wn=0-20 g) Z-(X)n-Wn=0-20 10 wherein R
denot esWd)oi/(@lwiB)-al kyl, (C6-C18) -aryl, (C7-C19)-aralkyl Cl- C8)
-alkyl) 1-3- (C6-C18) -aryl, X denotes (CG C18) - aryl ene, XCHERGHO2LG2%y| ene,
(C1-C8)- al kenyl ene, ((C1- Oe) -alkyl)1l 3--(C6-C18) -arylene, (Cr7-Cl19) - 15
aral kyl ene, Z, Wdenote, independently Bf one another, -C(=0 0O, C
(=ONHO0 -C( =0-, NR 0, CHR CH2, C=S, S, PR Oher preferred conmpounds

that can e t!:hedpaiy’melrk@rﬂaﬂ‘ éﬂ f wing di,agram .20 O O1 HO
giam @V\Eli'éci:ﬁ? dd %g:l- %ﬁ%‘&d’ﬁ? AHLI -0

OH HOA 4
| i-H 25 wﬁ% %a?‘% 53%c€¥°m[ 50 9BPUPS] a-s~ s lia - 30 CHa CH, CH3 35
OH OH CHa\) / HO 5 Sept eniSdr{R3P06 - o ' -

b)_ | - (SiRz~0) - . n=1-10000.

5 ¢) - (CHR-CHR-0) - n=1-10000
a SRR 6 I E | n=1-20
e 1 Z~ (X) a-  n=0-20
C£) = (X)n-W n=0-20
-g) . 2= {X)n-W | n=0-20

10 wherein ‘
R denotes H, (C;-Cs)-alkyl, (Cs~Cig)- aryl (C7-Cy) ~aralkyl,
({C1~Ce) ~alkyl) .3~ (Ce—Cig) —aryl, '

8 X denotes (Cs—clg)-arylene, (C1-Cg) -alkylene, (C1-Cg) -

alkenylene, ((C3~Cg)-alkyl); ;- (Cs-—C;a)-arylene, (C7-Cyg) -

15 aralkylene,
4, W denote, independently of one another, -C(—O)O-—
-C(=0)NH-, —C(-O)—, NR, O, CHR, CH;, C=8, 8, PR
’_Other preferred compounds that can be used as llnkers are
_shown in the follow:.ng diagram: '

20 S |
o o -
' ' NH,
B ‘(I:H’ : <|:H, c;., “ ' o | |
o ,“"'?"" , H—Si—o—»éi-;u S A I o
25 cH, & &, o | oy | o,
OHO O i
: : Gf—‘lo‘l—' ?I- .sln-u
30 _ CH, 1 CH, éﬂa
' | . : | B
Yy . a
. /_< >—’ / _< >‘—‘
35

Q\—L‘ /—Q—’




WO 03/ 084971 PCT/ EP03/ 02162 7 However, |inkers such sSepgenther 2008 - bi phenyl ,

1, 2-ethylene, 1, 3-propylene, PEG (2-10), a,cu-siloxanylene or
1,4-ph%ﬂ%&§ne as well as a,w 1, 4-bisethyl enebenzene or 5 |inkers obtainable
from si W&ot the general formula IV are especiall y“b"ﬁ’@?@\"]%@ RRR

T Lg ~g HIRO-f. 1RO Jn 1RH (1V) R Me, Et ~n=0-10 These can easily be bound

to any doubl e bonds present in the pollynmers and suitable functional groups
of the active 10 centres under hydrosilylation conditions (overview of the
hydrosilylation reaction by Gima in The Chemstry of. Oganic Silicon '
Conpounds, 1989 John Wley & Sons Ltd., - 1480 - 1526). The size of the
pol ymer &ewsrtedivenkinkens dspelfasabl g-bd, 4’5 hinhenyt edl sdcathydenee
actual catalyslodfrened PEEIT2.0PH) 0N, A0l sy poharggd |igand and

; . .

transition netal di ssolves_in tLe solvent to be used, so work can be
per f or med iATPRITBNRRA BB sWRhAsAS ¥n@FoldiiserHryl eRePeRERBRe P at al yst

used iss prgieEP bt Aeh8hDE e£PoR 0 NOBRAGRRO T i1t gbhergne. As a result,
negative effects,___which occug g a rg&urt of the phase change of the

i C
subst r at &9 HrfiuRre BPREFIRIEYNBEES8XTPd th the use of heterogeneous
catal ysts, can be avoided. The pol yner- eplarged |igands can have an
aver age nol ecul ar wei ght inﬁhS t hef¥ ange 1,000 - 1,000,000, . preferably
3
|
R

5, 000 - 500, 000, particular@¥ prefarably g 000-- 300,000, g/mol. It lies .
within the framework of tHE ‘r@e%

(D) YHe ag e- menti oned conponents
‘of the polyner-enlarged- catB ysts BI) to®Iv) (polVmer, 1inker, Iigand)
can be o o o

R:Me, Et

n=0-10

These c¢an easily be bound to any double bonds present in
the polymers and suitable functional groups of the active
10 centres under hydroéilylation conditibns {overview of the
- hydrosilylation reaction by Ojima in The Chemistry of
- Organic Silicon Compounds, 1989 John Wiley & Sons Ltd.,
11480 - 1526). | | -

The size of the polymer enlargement should preferably be
15 calculated such that the actual catalyst (formed from
oﬁtionally polymer-enlarged ligand and transition metal)
dissolves in the solvent to be used, so work can be
- performed in a homogeneous phase. The polymer-enlarged
complex/catalyst used is preferably therefore a _
20 homogeneously soluble one. As a result, negative effects,
which occur as a result of the phase change of the
substrates and products otherwise necessary with the use
of heterogeneous catalysts, can be avoided. The polymer-
enlarged ligands can have an average molecular weight in
25 the range of 1,000 - 1,000,000, preferably 5,000 -
500,000, particularly preferably 5,000 - 300,000, g/mol.

It lies within the framework of the invention that the
above-mentioned components of the polymer-enlarged -
catalysts (I) to (IV) (polymer, linker, ligand) can be




5 September 2006 WD 03/084971 PCT/ EP03/ 02162 8 conts septeratter #9061 i n
accordance with the knowl edge of a person skilled in the art to achi eve an

opt i murWVP&a9849an. - Conbi nation of pol ynmer enl argenment W -l i gand
In principle there are two ways in which |inkers/ligands &g} gggféﬁg%ttached

to the polymer enlargement: a) the actiyeé unit causing the chiral induction B
(ligand) is bound with an attached linker or directly to a nononmer and
this is copaolynerised with other unnodified nononers, or 10 b) the active

uni t caus‘?q{@:’%mﬁdomtruillnmcacoor@argﬁld&lthstp@qmoméagg blfnl%er or
can

directly de d: . p PoI S according, to a) or

opt i onal II{/ béé%rée%%g%& Jé%d%% copol%‘?‘é"edaw ‘?ng‘f‘%r IEBLFAATS, which

al so exg ibit the active units causing the chiral induction (ligand) or .
whi ch do Wakien ‘?ﬁ@mlmeprendIaEI@nent|W1&hsmﬁk¢@/1ggahae nunber of

| i nkers/|igands per nononer in the polynmer that as ‘many as possible of -

t hese catmi )@trﬁéi%lécﬁhéﬁel@fést%l % );,29, I}ﬁ mgﬁrfgﬁ acgfilg prodated in a. »
€ .

convers)| on per ymer ed as a

| t t
Pgsﬁlrr?‘r &?’}H%g Herchad dto nehe vﬁpmﬁé'laréamc@emmﬂd be sufficiently
spaced apdrt sthé hﬁitﬁréaﬁiﬁoé?aﬁhsﬂﬁ?ai: A 1ﬁf,_f nfg[;}é%g?égf@tlvm (TOF,

selectivity) i.s sed 25 or ete avol efore,.
t he -di st ance Jﬁe{gf%‘gﬁ Feth ﬁ'Fké:?"éFPFB&ﬁdé-lmetm@Ipdlmtl)skml d bein the
range of 1- 20marmmrandum:.s e 66pBNYmerdS P RATH otfilifs. In an. -

advantageous Qﬂ?ﬁ t hose positions in the polyner or nononer 'to be
pol erEI’I sed th l?%é‘b‘?rf +fO9hctionalised, or allowan existing

f unctiPon&i t y the bae:tlve unit causing the chiral induction ( llgand)
is bound with a linker or directly to the f:.n:zshed
polymer. ,
Polymers according to a) or b) can optionally be prepared
and block-copolymer:.sed w1th other polymers, which also
15 . exhibit the active un;ts causing the chiral induction
- {ligand) or which do not exhibit them.
In principle, it is also'true for the number of
linkers/ligands per monomer in the polyfner that as many as
pPossible of these catalytically active uniﬁs {ligands)
20 should be accommodated in a polymer, so that the
' conversion per polymer enlargement is :anreased as a
‘result. On the other hand, however, the ligands should be
sufficiently spaced apart so that a reciprocal negative
o effect on the reactivity (TOF, selectivity) is m:.nlmlsed
25 or completely avoided. Preferably, therefore, the d:.stance
between the linkers/ ligands in the polymer should be in

the range of 1-200 monomex units, preferably 5-25 monomer
units.

In an advantageous embodiment, those positions in the

‘30 polymer or monomer to be polymerised that can readily be | o
functlonallsed or allow an existing functionality to be |
used for the link, are used for attachmg the ST

.linker/ligand. Thus, heteroatoms or unsaturated carbon
atoms are preferably suitable for constructing the link.




used for the link, are used for attaching the |inkerd$éptpier 20PAus,
het eroat ons or unsaturated carbon atons are preferably suitable for

constr Hﬁggbpf link. 5 Septenber 2006 WD 03/084971 PCFQEQS%QQ
e

t he cas ne /polystyrene as pol yner enlargenent

exi sting aromatics can be used as connecting points to the

| i nkers/1igands. Functionalities can Be readily attached to these
aromatics, preferably in 5 3-, 4- or 5- position, particularly preferably

in 4- posidite @s@%ﬂsseizréhé?%&gs%&@@ié €SI ghey- en'i‘a‘ﬁ%\é%{em;he' s

al so- advapt ageous al,rea functi onal I sed nononer “i nto

m xture toobhe" fﬁW@#%TlEéﬁ egﬁﬂtﬁﬁgbéﬁ&mﬁF§Q§rﬁéﬁ/b@gﬂﬁ&dtésthe
fgnctHmuﬁammeﬁtﬂﬁbrpd$ﬁﬁh t8 the pPahyemsAnegaider ?ﬁﬁc%&bﬁ@@ﬂﬁ%ﬁéon
bar - ont SRR AT Bl arRed By BRes it 188, protpeobis i
pol yacs ylfa-tes4—amrai+ opgsmumonr pamﬁc@mmmy IoréSepab3gntin a-t he mononer
conmponent e_linker or.the actiye unit can be

“1i nked bé?ore or aﬁ%g %g p8k Phgngm?rﬁﬂQﬁ¥ﬁa§P§m§F§IEh ester or anide
bond. Pol§ewewaneckt ats pallgoe pdvantiagecerst tar enjox eé egabhi red@yconst r uct ed
in such afmati&aahgaaaﬂ%shge Efeof el MLAA0 Y ThE S otk e TRy ' | AN

units are also present ers/ I can t en-a
t hese post®foke bend whar ésnkylre{tlﬂ-éﬁndﬂt@é‘-lv%lrifum'eienabh.ylbs linked to

the fLOCipRoebiti 88 ERAChOTISEgRShACLILAN dilk ﬁ*?l@ﬁ%i‘ﬁt.on Feaction by

hydrosilyl ati on condjtions (overV|eM/of t he
ginmain sy opudtghiec fox thds EIRRRFRISATE989d. JDANAW | ey &

Sons Lt d.hydééiky-, 15@ba-chloromethyl- or para-amlnostyrene
- derivatives.

In the case of polyacrylates, an acid group'or'ester group

"15 is present in the monomer component in each case, to whlch
the linker or the active unit can be linked before or
after the polymerisation, preferably via an ester or amide
bond.

Poly51IOXanes as polymer enlargement are preferably

20 constructed in such a way that, in addition to

' dimethylsilane units, hydromethylsilane units are also

. present. The ;inkers/ligands can then also be attached to

these positions by a hydrosilylation. These can
preferably be linked to the functionalities under

25 consideration in the polymer under hydrosilylation
conditions (overview of the hydrosilylation reaction by
Ojima in The Chemisﬁry'of Organic Silicon Compounds, 1989
John Wiley & Sons Ltd., 1480 -~ 1526).
Suitable polysiloxanes modified in this way are known in

30 the lite:ature ("Siloxane polymers and copolymers" White

- et al., in Ed. S. Patai "The Chemistry of Organic Silicon
Compounds® Wiley, Chichester, 1989, 46, 2954; C. Wandrey
et al. TH: Asymmetry 1997, 8, 1975).

Combination of linker with active unit:




Sui t abl e pol ysil oxanes nodified in this way are knomSepten-&@rZGﬂé literature
("Sil oxane polynmers and copol yners" Wite et al., in Ed. S Patai "The.
Cheni st O @¥08®7gani c Silicon Conpounds" W/ ey, Chlchestepﬂrk , 2954;
C. Wandrey - et al. TH Asymetry 1997, 8, 1975). Conbi nation o |n er wwth
active unit: 5 Septenber 2006 WO 03/08ﬁ%71 PCT/-EPO3/ 02162 10 That whi ch -
applies to the joining of polyner to I'nker/Iligand, is synonynously -
applicablgmto the attaching 'of ‘the I|gand (active unit) to the linker.
Thus, thel?hieERight appkias to the anlmglmfslgsmgme§ Rieef erably take

pl ace vi al:he]t@fpm ARAQ0r 1 6€ 0 ti such as C=O, CH2, 0, N,
S, P, Si a" er -] t Bi oggﬁg%YgI ngss} é?%% %ﬁi’i? &P %ed@"d'cﬁfé%lng |
preferabl V- b %gf+9%R€d (agEivet wniiti)c fio ditve hikkéations, silylations and
addi ti ons to doubl e bonds being carried - 10 out. Those |inking nethods

al r eady dEEuSJbEHeIDlﬁhérpétggcﬁﬁbne: ggéyfﬁe(enl %genent 2L t he.
e 5§57 em

nono | nlts particularly preferr

Commure C“l%%% taks eﬁiaéﬁewalmemtmspmcemmﬁhem Soc.

1996, 118¢uﬂc5tsﬂqnate1taaedsaahLaht c_b99b 80 1§§ Ett; 9.3,7 gg Chem
1998, 21,5 W9%§£$ 1997b 09, 773; 1 358;

Tet r ahedr on: %hﬁﬁdg S, apdpe h?%?‘%ﬁ 1@9MmezbémdsTetrahedron .
Lett.. 19%?e@®:ab5149bemgnunkea99&r sthi8lfi dat{ .ﬁg@ Qggﬁgﬁg&gy 1996,
Tet ranedr o Sosoh dndShhai tiRhe ¥8 disde ponas

Tet ralh%edron 1994 3 PRSI i e fond SY@HEt canzdedh Lett.
1991 29%75: Tetrahedron Lett. 1990, 31, 3003; Chem Conmun. 1998,
2435; Tetrahedron Lett. 1997, 38, 2577). 25 The production of a

polyﬁEr @Mdﬁéﬁihﬂkiﬁﬁmhé¥ﬁ68§1Qiready described in the prior art
: for the polymer enlargement of the monomeric active units
are particularly preferred (WO98/35927; Chem. Commun ‘
1999 1917; Angew. Chem. 1997, 16, 1835 J. Am. Chem. Soc.
15 1996, 118, 7632; Tetrahedron Lett. 1997, 38, 1527; Eur. J.
- Org. Chem. 1898, 21; Angew Chem. 1997, 109, 773 Chem.
Commun. 1997, 2353; Tetrahedron Asymmetry 1995, 6 2687;
ibid 1993, 4, 2351; Tetrahedron Lett. 1995, 36 1549;
Synlett 1999, 8, 1181; Tetrahedron: Asymmetry 1996, 7,

20 645; Tetrahedron Lett. 1992, 33, 5453; ibid 1994 35,

- .6559; Tetrahedron 1994, 50, 11321 Chirality 1999, 11,
745 Tetrahedron Lett. 1991, 32, 5175; Tetrahedron Lett.
1890, 31 3003; Chem. Commun. 1598, 2435; Tetrahedron

_'Lett 1997, 38, 2577).

25 The production of a polymer—enlarged 11gand system or
catalyst for the purpose of the invention can also be

-carried out, in pr1nc1p1e, according to the spec1f1cat10n
in DE10029600. '

o Ligands of the general fdrmula (III) or (IV)
30 ' ‘ ' | |

R - R - R

¥ )P:> i  ROm¢” A AN or W

"R’




catal .yst for the purpose of the invention can al so bes Separbeezb06ut , in
principle, according to the specification in DE10029600. Ligands of the

genera (rrr)y or (1V) 30 RR A PP (lIIl) RO,
'O RR 8{3%@&-& ---------- 5 Septenber 2006 WO 03/08 5%8%0%@303/ 02162

11 wherein A and Q have the nmeaning in claiml, R = Hor R and R
i ndependent |y of one another in each ddse, denotes (Cl-C8)-alkyl,
"HO- (C1-C8) - al kyl, (C2-C8)-al koxyal kyl, 5 (C6-C18)-aryl, MClQ)-ar al kyl,

(G -CB) - %EEWE C6 C18)-aryl, (C3-C8)-cycloal kyl,
(C1-CB) - C3- C6) - cycloalkyl or (C3-C8)- cycloalkyl (Cl- CB) al kyl, are
al so prefAeraF@d havigatde glearingtincclaém L1 IR an@ (dv/)Rshemd@d above, in

whi ch R igg endtiiBlly ¥ WL ahSEnaEOPK! atzﬁrt:aéwt Yendfedl PheTY;

are extrerrel¥ referred Structures I n wherern

is (CltCesls éklylﬂrl(déof:i@;-%)yrallwl.bewzzyrca)aﬁalqonwmmm ch Qis
oxyges Or(dklgcm)\mﬁw n (d3- tcf'11§) TR ky1 et Wl*crﬂ QD1 L ?@5-2?1(85’5(5

tert.-but en quorenyI enzyl”, _are SO e>z<?remely 15
pr ef. erreof\é?'Tf:ré’DT‘F’@éﬁ’uﬂ%ﬂéﬁt1 %?h‘ e)o e I nifeamGed nCyisd @R IRohIQF i f

possi bl e; (mees,eséy@ldsramaygnwpmeraqumjr idve dl6o peawesrdy of fornul ae
Enl)a eto (lL ands odf rheé‘ esrtarq;é/tulp Ss?ffl?n eaa?%?nesyo%né}gé:‘pen}en}_nof >90. %
which R is methyl, ethyl, propyl, iso-propyl, tert.-butyl.
10 or phenyl, are extremely preferred. Structures in which Q
is oxygen or NR', wherein R* is (C;-Cs)-alkyl, (Cg&hﬂ)-aryl
or benzyl, and those in which @ is oxygen or NR‘', wherein .
R' is methyl, ethyl, propyl, iso-propyl, tert.—butyl,
rhenyl, naphthyl, fluorenyl or benzyll, are also extremely
15 preferred. '

The ligands according to the invention shown should, if
. possible, possess a high enantiomeric purity. The ‘
compounds of formulae (I) to (IV) should preferably
. possess an enantiomeric enrichment of >90 %, more
20 preferably > 98%. '

- Another aspect of the invention pfovided relates to
complexes containing the ligands according-to the
~invention with at least one transition metal. Palladium,
platinum, rhodium, ruthenium, osmium, iridium, cobalt,

25 nickel or copper, in any catalytically relevant oxidation
| stage, are suitable as transition metals. These complex
compounds are obtainable in solution by simply adding the
ligands according to the invention to metal complex
precursors, with which the person skilled in the art is
. 30 familiar.

In another form, the inve_ntion'als‘:.o relates to a process
for the produetion of the ligands according to the
' _invention, wherein the corresponding phosphines are
~obtained by reacting LiP{SiMe;), with corresponding co-
35 reactants provided with nucleofuge leaving groups in the




20 preferably > 98% Another aspect of the invention pgepnthed2t0€] ates to
conpl exes containing the |igands according to the invention with at |east
one traM¥Q®¥BHIHet al . Palladium platinum rhodi um rut hpaiiFys@se um .
iridium cobalt, 25 nickel or copper, in any catalytically relevant :
oxi dation stage, are suitable as tran élon metal s. These conplex
conpounds are obtainable in solution bji Sinmply adding the |igands
according to the invention to netal conplex precursors, with which the

person skBHes¢ncs Pﬁeaartorgmn&ﬂetahltcabasén anehviemdg 1%, t Bechnyent i on
al so rel ategy tg-a g ces r pr petion e Ilgands according to
the invent ?Jon Wne%gl o] ﬁlelf%oré‘gﬁgpbn pﬁﬁsgihengs‘ e C%’Bt]a?nﬁﬁeéy
reacting ESP(tQPNE?E?QWﬁtQﬂdrI@slp@ﬁGLng co 35 reactants provided W|th
nucl eof uge | eaving groups in the 5 Septenber 2006 WO 03/ 084971 '

T 03 e g SRR O BEL, "
or gano%et §|e|a]c(s§ aag’éthﬂ?@q ﬁ%?&/ﬂ’@ﬁl@;‘ng h@sbalngent e iokd tei vee dof atRe

pr ef er abl ystrﬁcltﬁﬁébeéf\l\llgtﬁbd ehcgwéefggéﬁgaﬁ bha! O%a%t qe7 . é&ve of the

structure%a(c%&,‘ grou l ustrat ed above otjen
posi ti one 5’8%% s°’6ft¥ﬁef§‘?¢u‘é?-llﬁ§§1§|$0\mf t&tﬁe net hod of

produci ngs&rycoupesf shioeml.i gands according 10 to the invention will be
descri bed bel ow by way of an exanple. For .the sake of clarity, maleic

anhydri degpde AY re selected in-the_il]ustrations, wthout thereby
i mpl yi ng aﬁ% ?‘S‘é?ﬂicﬁ owg‘o?r MGING (39T rof Bhe Liggess Accaunding ocedur e

i s tolPeatP &heehuvention 18 ldnibe hissaribed covloh ByPhasPHMerd n the
presence gkafple. For the sake of clarity, maleic anhydra.de
derivatives were selected in - the illustrations, without

thereby implying any restrictions or limitations for A.

_ - In general, the procedure is to react an enantiomer-~
- 15 enriched sulfate with a phosphine in the ?resence of'a
' strong base to form the monophospholane. In another
.Yeaction step, the phosphorus-carbon bond is split w1th
the aid of an alkali metal and converted to 511y1
phospholane by adding a halogen 511yl compound. In the
207 following step, the silyl phospholane is reacted with 2, 3-
‘dichloromaleic anhydride or a 2,3-dichloromaleamide
derivative to form the bisphosphqlaﬁé.

" The diol is converted to the dimesylate in the presence of
o a nitrogen base and then converted to the phospholane in
25 ‘the presence of Li,PPh,-THF ( Tetrahedron Asymmetry 1991, 2,
. 569~ 592)

-




strong base to forn1the nmonophosphol ane. | n anot her 3 %satdimben286ep, the
phosphorus-carbon bond is split with the aid of an alkali netal and
convert yl  phosphol ane by addi ng a hal ogen silyl In the
20 fol | ggubgg”?tb?p, the silyl phospholane is reacted with '2'8%?’8%2‘62
di chl oromal ei ¢ anhydride or a 2, 3-dichl oromal eam de derivative to form t he
bi sphosphol ane. The diol is converted tb3t he dimesyl ate in the presence of-
a nitrogen base and then converted to the phospholane in 25 the presence
of Li 2PPhz-THg, (Tetrahedron Asymetry 1991, 2, 569-592). 5 Sept ggber 2006
WD 03/ 084971 = /EP03/ 02162 '\é@ OH MolsOVs Li 2PPh R~/ \| P- Ph JOH Et 3N

0

OMs R The sp is al bt ai néd by reacting t kP 59b |fate -
wi th H2PPHRi n tfe p.esence of an al drrdEHh}—%A Chdt—Poc.
1999, 121, 9899-990@,, F3 REWN-O HZPPh --~- EjP-Ph .0~ KH R 5

Anot her al ternative Ppreparation of the phosphOMge i s achi eved by reacting
the cyclic sulfate with- phenyl phosphine in the presence of buty1mithiun1_

.R 1. BUU THO phddPflblane is also obtained by reacting the cyclic
sulfate with H,PPh in the presence of an alkali metal
‘hydride (J. Am. Chem. Soc. 1999, 121, 9899-9900).

B R
Qo H,PPh
s ———| Jp—Ph
Jd o KH :
' R
'R
(1)

~ 5 Another alternative preparation of the phospholane is
achieved by reacting the cyclic sulfate with
phenylphosphine in the presence of butyllithium.

B R
3 2 o 1. BuLi’
AL LU
N
0o O 3 Buli 2
R
R
(1) (2)

After splitting the Ph-P bond with elementary lithium, the'

10 P-silylated compound 1s obtained by adding trlmethylsllyl _
chlorlde.




g -,- P—Ph 3. BuU OO R (1) (2) After splitting thsefimierlet®d with
elenmentary lithium the 10 P-silylated conpound is obtained by adding
tri met hMOs310#971chl ori de. 5 Sept enber 2006 WO 03/ 081971 Q’fﬁp&%? 62 14
RR 1. Li P-Ph --~P-tns 2. Me3SICI RR (3) An alternative synthesis
route involves the reaction of the cygljic sulfate with lithium
bis(trinmethylsilyl) 5 phosphine (Organonetallics 2000,. 19, 250). Instead
of the nethanolysis of the phosphorus-silicon bonds described by Burk et
al., it has proved advantageous in the synthesis of the |igands according
to the.invention to performring closure by adding nethyllithiumto form
the 10 trinethylsilyl-substituted phospholane. 9 R O C-1. LiP(Si Me3)2
P-tns p 2. McLi RR InRooth reaction routes, Rthe formation of the -
trinmethylsilyl-substitutfed phosqhegane in mesgtformis observed as a side
reaction. - . - -

P—Ph — P—ims -
{ 2. Me,SSiCl /
R R

(3)

An- alternative synthesis route involves the reaction of

the cyclic sulfate with lithium bls(trlmethylsllyl)-

5 phosphine (Organometalllcs 2000, 19, 250). Instead of the

methanoly51s of the phosphorus-silicon bonds described by

Burk et al., it has proved advantageous in the synthesis

of the 11gands accordlng to the invention to perform ring
closure by adding methyllithium to form the -
10 trimethylsilyl-substituted phospholane.

ﬂ\\m :

0\ /0 1. LIP(SIMG::.,)2

S P—tms
CI 0 2|weu 4
K 7‘ R

In both reaction routes, the formation of the

trlmethylsllyl -substituted phospholane in meso- form is
observed as a side reactlon




5 Septenber 2006 V\D 03/ 084971 PCT/ EP03/ 02162 15 | n 3 Septériber 22UNQ St ep,

the reaction of silyl phospholane wth a 2,3-dichloromaleic acid = -
deri vaty place anal ogously to a coupllng reacti e et al
and 5 KWr(l)ﬁll NG 6 (Chem Ber. 1974, 107, 117; J. a(r%grré{mgﬁéﬁ 1986,
302, 259). O C R OYF O R P-tms 30R RPO R The purification of
the |ligand takes place by the formati 38 of the netal conplex. Here,
surprisingly, it has 10 been found that a conplex is obtained in optically
pure formfromthe diastereoneric mxture of the |igand-netal conpounds.
The conpounds of the general fornulae (1) - (1V) can be used as |igands
for conpl ex conpounds I, N asgnnetrlc 15 netal -catal ysed reactions (such as

e.g. hydrbgerBei Salloniaeoesery| i readaionngEneblylaphpsphodiane at i on,
cycl opr opagighi &nz, Bya&embrba\hu@&c haedrd d&efi@aéi%stak@édhg%g ations,

hydr ocyanat i dr ocar box tions, aldol reactions or reactlon)

They are %%?f?%ﬂ?ﬁiYthOasG RHADS Freaskinrt PE cFeagkei 8s alsuiangd| e
-conpl eSesKipaihgcetaaly dichehe @Gerer @97oy nuba, (M 7; cont drgaldcawEs

ggggrdbggség% Seég;g$?éb0§%%élfornulae (ry - (IV) as | i gands, 5 Septén?er

The purification of the ligand takes place by the
formation of the metal complex. Here, surprisingly, it has

10 been found that a complex is obtained in optically-pure'
form from the diastereomeric mixture of the ligand-metal
compounds. |

The compounds of the general formulae (I) - (IV) can be

, used as ligands for complex compounds in asymmetric,

‘15 metal-catalysed reactions {such as e.g. hydrogenation,
hydroformylation, rearrangement, allylic alkylation,
cyclopropanation, hydrosilylation, hydride transfers,
hydroborations, hydrocyanations, hydrocérboxylations,
aldel reactions or Heck'reaction). They are particularly

© 20 suitable for asymmetric reactions. |

Suitable complexes, particularly of the general
formula (V), contain ligands according to the invention of
formulae (I) - (IV) as ligands, '




16 [ MPyLzSq]Ar (V) wherein, in general formula (V)sSdtehareo2@dd a rret al
centre, preferably a transition netal centre, L denotes the sane
di ff er ewo o3meer7gi nati ng, organic or inorganic |igands 5 !qu&]gfﬁ%
bi dent at e or ganophosphorus |igands of fornulae (I) - (I acco g to the
I nvention, S represents coordinating sol vent nol ecul es and A represents
equi val ents of non-coordi nating anions; 16yherein x and y are whol e nunbers
greater than or equal to 1, and z, g 10 and r are whol e nunbers greater
than or equal to 0. The[mppob,yat+ z + q has an er limt set- by the
coordi nation centres avail able At the netal centres,” it being unnecessary

rdi pation ons .to occupi ed. Conpl ex conpounds with

for all t

an oct ahe f‘égg’BSeﬁﬂogfg g@?‘a é’mlat&)ra%dﬁﬁPOtﬁ§e§dwﬁtt@tlr atenitae, or o

;squar eE maeﬁerabmydanah:anslsﬁﬁar e tidl Céhn:@‘-lel?l §0d3ﬁ0$ﬁb§ ctrﬁeedﬁar@é?rund: he -
ransitio in_each.case, are preferre sum o z + ¢
is less t aga%?ke%§§# CogrgﬁﬂaFﬁgﬁé(ﬁﬁﬁﬁ%ﬁ?d%ﬁpbﬂﬂﬂganﬁ§'ﬂ#g | ex .
como@d?a@@cBrdﬁngtes bhdentatet |ocnga1wp1&b§ph@i-ubea§gaﬁ?% :@ a:c at Flm gr

ion, pre nsi Lon, partieular of pal | adi um

o EoRRata8 (SRS U00) SBELEAS NS e 1nbRak i8Ry Gl or "

pl at i num rho rum ru m osmu or copper
in any ca?e'%m?seatsycraeréwantmm @Fa‘-tlmntstm:gbacﬁ]se@ﬁnaen GepEsustyi th -

fewer thagghous18RES! oEeRbRE i Lh one or two
nmetal centres ar a(r)tlcu éQ%&grle a?‘ﬁ!'he et ﬁgigﬁ 3'be ‘
occupi ed 35§ ¥aP; 8u§“~ﬂ§?§$ ﬁ?@ﬁﬁeé‘n&’f&nlmsembftaoréd hngamdsq_ of these
CompIIeX canfosndgeakRoldl hifiberd0 g didd &1 oBhadniol g i ene
particularly cyclooctadi ene, norbornadiene, part | cuI arly " ethyl ene

and cycl e et ato trif| uoroacetato, acetyl acetonato aIIyI
met hal | quﬂgé %uxin %a}’t cal 4rfyhas an upper limit set by the

coordination centres available at the metal centres, it
being unnecessary for all the coordination positions to be
occupied. Complex compounds with an octahedral, pseudo-

15 octahedral, tetrahedral, pseudo-tetrahedral or square-
planar coordination sphere, which can also be distorted
around the transition metal centre in each case, are
preferred. The sum of y + z + q is less than or equal to 6
in these ‘complex compounds

20_ The complex compounds according to the invention contain
at least one metal atom or ion, prefera.bly'a transition
metal atom or ion, particularly of palladium, platinum,
rhodium, ruthenium, osmium, iridium, cobalt, nickel or

copper in any catalytically relevant oxidation stage.
] :

'25' Complex compounds with fewer than four metal centres are
. preferred, and those with one or tw6 metal centres are
particularly preferred. The metal centres can be occupied
by various metal atoms and/or ions.

Preferred ligands L of these complex compounds are halide,
30 particularly Cl1, Br and I, diene, particularly
cyclooctadiene, norbornadiene, olefin, particularly
- ethylene and cyclooctene, acetato, trifluoroacetato;
acetylacetonato, allyl, methallyl, alkyl, particularly




5 Septenber 2006 WD 03/ 084971 PCT/EP03/ 02162 17 rmethgéptamikr 8006y | |
nitrile, particularly acetonitrile and benzonitrile, and al so carbonyl and

hydri d ' ds, Preferred coordinating solvents S are '
parti c&vglr(ﬁéygflri et hyl am ne, al cohols, particularly net hiﬁa?f@ﬁ’az’éz
aromatics, particularly benzene and cunene. Preferred non-coordinating

anions A are trifluoroacetate, trifludfonethane sulfonate, BF4, ClLO4, PF6,
SbF6 and BAr4. Different nolecules, atons or ions of the individual

conponent gethv P add ke, ¢ 'ggﬁ | he lgﬁ i.ndi\ dual , conpl ex
corrpounds.eArr%ngat.heé?%ﬁgtgiﬁggég%t %%é’?del coérr]ir)hr%xa%% B&R:Es’;ﬁ'e ounds of
the | REP(E?%?@}JJtW1Qyp@ndr§1§DeTO@rIMy1 wivel drydiPidepildgamds.a | i gand of
formulae (1) - (IV) according to the invention. 15 The preparation of

these met pteféiand COSRhSHa IR0 WA d Aok PLAGSCLT BRIy |
reaction of ,a netal, salt or _a_correspgndi ng pre-conpl éx Wt e fﬁands
of the gEFFERYINiRe acalrphols,vpantiaianinmethanedl andand conpl ex

conpoufd antmdEi @) AbALEL U1 AA HRMzAnS JH dukdhsalt or a corresponding
pre-conplex with the ligands of -the general fornulae (1) - (IV) and ‘
subs*equenﬁrigol at i on. Exangl.es qf the .mretal_ salts are_netal chlorides,
brooni des,  ~ T o UEs, PRYARPAERI NGt Anlops axe ekt lnaropsetate.

hexaf | uor betflydroms tnahe ssull €onafteOBIOr glleg, 25, peshbryospacshe} es or
triflates, particularly of palladium platinum rhodium:. ruthenium

osm um i fHif Lckel. or er . | es, of .t he pre-conpl exés'

are: Q/c?iégf:%&gé&%%g%jé%ﬁ:%%}lgﬁm ?h'ﬁo%‘rsi %%p&coﬁﬁ c%ﬁ[%ﬁ eHepart m 30 i odi de,

5 Sept enbeprp@@Ents M, P, L, S and A can be contained in the : :
10. individual complex compounds. ' -

Among the ionically constructed complex compounds,

compounds of the [RhP(diene)]*A” type are preferred,
wherein P represents a ligand of formulae (I) - (IV)
according to the invention. | '

15 The preparation of these metal-ligand complex compounds
can take place in situ by the reaction of a metal salt or
a corresponding pre-complex with the ligands of the |
general formulae (I) - (IV). In addition, a metal-ligand
complex compound can be obtained by reaction of a metal

20 salt or a corresponding pre-complex with thé iigands of
the general formulae (I) - (IV) and subsequent isolation.

Examples of the metal salts are metal chlorides, bromides;
iodides, cyanides, nitrates, acetates, acetylacetonates,
hexafluorocacetylacetonates, tetrafluoroborates, |

25 perfluoroacetates or triflates, particularly of palladium,
platinum, rhodium, ruthenium, osmium, iridium, cobalt,
nickel or copper. -

Examples of the pre—corhplexes are:

Cyclooctadienepalladium chloride, cyclooctadienepalladium
30 iodide, ' .




o) 03/ 084971 PCT/ EP03/ 02162 18 1, 5-hexadi enepal | adi sigemérhizr RS,
1, 5- hexadi enepal | adi um i odi de, bis (dibenzylideneacet one) palladium bis
(acet onMQ@ YWY 7pal | adi um (11) chloride, bis (acetonitril pyrepdd@géum (11)
bromide, 5 bis (benzonitrile) palladium (11) chloride, bis (benzonitrile)
pal l adium (I'1) brom de, bis(benzoni tl’li$) pal l adiun(11) iodide, bis (allyl )

pal I adium . bis (nethallyl) palladium | yl pal | adi um chl ori de di ner,
met hal |yl pal | adi um chloride 10 diner, tetranethyl ethyl enedi am nepal | adi um

di chl ori dé; Srberacienerahiadiuti ahioepdkl, ad; BRI A QT HRpal 1adium

tetranet h)iloab_mél epgd o

t et ranet h¥)l et hyl ened,l %ﬁ?ﬁﬁ%ﬁ%ﬁ%ﬁ@gﬁ%m%%m adi enepl at i num -

chl ori de, P¢¥dPGEEC: ahiadien{ 58) dehlbxridexagdi enepl ati num chl ori de,

1, 5- hexadb&s&ab&tbﬁirﬂt.@ﬂé 1 ;81e) platinum - potassium
& Pa&ﬁ;ggﬁgg%%&r Eac.')cn um(l) chloride diner,

(ethyl netri.chl oro
nor bor%ad?) ﬁggﬁ{} nﬁ‘ﬁ)%@l@% IMRMEET ) Zghloi“aldegadl ener hodi unt( 1) chlori de . -
ﬁ| (rjrerd tb;s((ben;zbeﬁydzﬂtﬂ)é DEAd;t\%ﬁl h d )de " . | |
ydri doca ane r0|um chl ori de,
bi s(cycl o%c?gétgel%@(f'htoﬁfgﬂfg f{;@‘ig lelOQSdlars(cycl ooct adi ene) r hod| un( 1)
Let E af | uobégda&ivl)ﬁakxa@chlbf@(r@éLﬁﬁéi] DeL Y hl'])latd #fmate,
i s(aceto o) erchlorate,
bi s(aiﬁt oﬁ??ﬁl ggic% q'&%a%#e&g%é cgar'\'.‘ﬁr:‘li ‘F; ﬁ?éﬂﬁ&ﬂﬂ)&%’dﬁht@lmde .
bi s( ac8t ofLEer} e@?@ﬁ@ﬂ%h@ylmﬁdﬂ&hinép&ihé&ﬁum dichloride,
ot Sﬁi? L@?E’eﬁ‘f‘%ﬂeﬁ?ﬂﬂ%le%%&%ﬂ. i LR v g stepm de.
{etiam hylethY1ened1am1nepa1ladlum diiodide,
tet_:ramethylethylened1am1nepallad1um dimethyl,

o cyclooctad:.eneplatlnum chloride, cyclooctadieneplatinum
15 iodide, 1, 5-hexad1enep1at1num chloride,

1,5-hexadieneplatinum iodide, bls(cyclooctadlene)plat:.num,
potassium (ethylenetr1chloroplatlnate) '

cyclooctadienerhodium(I) chloride dimer,
norbornadienerhodium{I) chloride dimer,

20 1,5-hexadienerhodium( I) chloride dimer,
' tris( trlphenylphosphane)rhodlum(I) chlorlde,

| hydrldocarbonyl tris( trlphenylphosphane} rhodium( I)
: chlorlde '

bis (cyclooctadiene)rhodium (I) perchlorate ,'

25 bis(cyclooctadiene)rhodium (I) tetrafluoroborate,
bis (cyclooctadiene) rhodium(I) triflate,
bis(acetonitri 1ecyclooctad1ene) rhodium(I) perchlorate .
bis{acetoni trilecyclooctadiene)rhodium (I)
tetrafluoroborate, _

30 bis({ acetonitrilecyclooctadiene) rhodium(I) triflate,

cyclopentadienerhodium(IIT } chloride dimer,
pentamethylcyclopentadienerhodimn(III) chloride dimer-, :
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(cycl ooct adi ene) Ru(n3-allyl)2, ((cyclooctadi ene)Ru)2(acetate)4,

((cycl oped prisiIe) RU) 2(trifluoroacetate)4, RuCl2(arene) i BEPo3/02162
~tris(triphenyl phosphane)rutheniun(l1) chloride, 5 ' :

cycl ooct adi enerut heniunm(1}t) chloride, Cl2(arene) dimer,
cycl ooctadieneiridiun(l) chloride dine bls(cyclooctene)iridiun(l)
chloride diner, bis (cyclooctadi ene) nickel (cyclododecatrlene)nlckel

tr|s(norbeépgmgbatgaggnemgaqﬁB Lat! qgrbonyl ni ckel (1'1) -10°
acetylacekgnate & er tr| ate (arene)copper per chl or at e,

(ar ene) coppEYCLPP 8 lagskat®)sar bonyl . The conpl ex conpounds.'

bﬁsed on Qroeyeuoaeted&etﬁ)amf (t&aflmaﬁddaﬁemntmcp@ﬁwnéarl y from
t he .group

Pd, . Pt _and n ead :
catalystsdeeEantEesd§é&ﬁg§ﬂ¥%ﬁﬁﬁﬁpQ§R%)?EFEeBéggd#¥3(ﬁhi ‘re netal's
of.the5netgbﬂbecebd&embtuuhﬂﬂmumuz&]ycm10ﬂ1ahe 0sQlp (afrenld), dGmeRh, Ir, -

Ni e COIRQU re particularly . sui t abl e
|n the astﬁ@Pchagée%' gen {Eﬂ 1?5%33'€£%F§6r C=N-bonds, in. which
t hey exhbhsﬂcwngboa¢anﬂkmn¥dxumubblehlorndeeé;m&md in asymmetric.
~hydrof ornyl ation. In particular, it proves advantageous here that the

1 gands ObiEheRaRELAlad BRIl ) | i ¥pabaBCREiRie ipl Ly aapt ed

st ericall el ectroni ca articular substrate and the
cat al yt i c trdsdmicghogwians kel « m%«ab tgtéeearbe@mlabmwselwn

Cbrregponqbaqu@b@gb%gﬁxgontaln at | east one of the conplex conpounds
according to the invention. 30 As already indicated, the use of the-

conplexes or cat al ysts .accor di ng Eo t he i nvention |§1particu1arly
~ (arene)}copper triflate, arene) copper perc

(arene)copper trifluorocacetate, cobalt carbonyl.

The complex compounds based on one or more metals of the
metallic elements, particularly from the grdup of Ru, Co,
15 Rh, Ir, Ni, Pd, Pt and Cu, can already be catalysts or can
'~ be used to. produce catalysts based on one or more metals
of the metallic elements, particularly from the group of
Ru, Co, Rh, Ir, Ni, Pd, Pt and Cu. All these complex
‘compounds are particularly suitable in the asymmetric
' 20 hydrogenation of C=C-, C=0- or C=N-bonds, in which they
exhibit high activities and selectivities, and in
asymmetric hydroformylatien. In particular, it proves.
advantageous here that the ligands of the general formulae
(I) - (IV) can be very well adapted, sterically and
25 electronically. to the particular substrate and the
catalytic reaction owing to their simple, broad
adaptability.

Corresponding catalysts:contain at least one of the
complex compounds according to the invention.

30 As already indicated, the use of the complexes or
catalysts according to the invention is particularly
suitable for the hydrogenation ofrE/Z mixtures of
prochiral N-acylated P-amincacrylic acids or their
derivatives. Acetyl, formyl or urethane or carbamoyl




sui tabl e for the hydrogenatlon of E/Z m xtures of proasdpterstier BMCy| at ed
P-am noacrylic acids or their. derivatives. Acetyl, fornyl or urethane or
car bano¥yP B8/0&88pt enber 2006 WO 03/ 084971 PCT/ EPO3/ 02162 FErn¥R fo@féﬁi ve
groups can preferably be used here as the acyl group. In principle, the
l'i gands and conpl exes /catalysts are u d in a way known to the person
skilled in the art in the 5 formof transfer hydrogenation ("Asymetric
transfer Qﬁgdrogenatlon of C=0 and C=N bonds", M WIlls et al. ,
Tet r ahedr t939°‘19§9cano;>xﬁﬁ4&abmas3b&rmsed heengfe it Hy goggnat i on
cat al yzedgbyus hlral ruthenium conpl exes” R Noyori et al. Acc. Chem Res.
1997, 30, 97; 10 "Asymmetric catalysis in organic synthesis", R Noyori,
John VWI & Sons!ég§m1Ybrk 1994, p.123; "Transition netals. for organlc,'-
Synt hesi s n Rrifgipde, cthecligands, azwc@;rmxememmnystw%&e Wted?,

p. 97, "Cormraehﬁwmeowrﬁsumhé b J bg Pfaltz,
A 1Y rin vﬁe?%bﬂ )1%&93)1 ut %anggl §5‘ t:Bir'%ceed

to Sg
convent i oha ttzﬁité? XfirFf?& n 1(hé’*smfes;:c chwansderoper at'e
ei t her b)l'l}r@dctvgﬂ;a!atamrbﬁn RO Bndr gg;gnbg@,aso-r fgeé hydrogenation. In

e e RIS At U e e o v
The cat al%nﬂfsemrfaf@rméyationnedthama bye'd}ﬂﬁil’sfué‘ﬁehﬁlﬂhcat ed above,
boror « RIRBRE RINPRER' o 4118l R st e, Faomed el 0 ro
10 b prisEmEnsi @ atalysisain. bydanden synedsigias " The. tRepegat ure during
hydr ?glegﬁﬁlﬁﬂ vg;g@éﬂh@oﬁ@' ofibf0voskCN1582L |G #2520, PY ogeeds
e’l for organic Synthesis" Ed. M. Beller, C. Bolm,
Wiley-VCH, Weinheim, 1998, vol. 2, p.97; "Comprehensive
Asymmetric Catalysis® Ed.: Jacobsen, E. N.; Pfalfz, A.;
15. Yamamoto, H., Springer-Verlag, 1999), but it can also
' proceed conventionally with elemental hydrogen The
Process can thus operate either by hydrogenation with
hydrogen gas or by transfer hydrogenation.

In enantioselective hydrogenation, the preferred procedﬁre

20 is to dissolve the substrate to be hydrogenated and the
complex/catalyst in a solvent. The catalyst is preferably
formed from a pre-catalyst as indicated above, in the
presence of the chiral ligand, by reaction or by pre-
hydrogenation before the substrate is added. Hydrogenation

25 is then performed at 0.1 to 10 bar, preferably 0 5 to
5 bar, hydrogen pressure.
The temperature during hydrogenation should be selected
'such that the reactlon proceeds sufficiently rapidly w1th

| the desired enantlomerlc excesses, but side reactions are

30 avoided as far as possible. It is advantageous to work at

' temperatures of -20°C to 100°C, preferably 0°C to 50ecC.
The ratio of substrate to catalyst is determined by
economic factors. The reaction should be carried out
‘sufficiently rapidly with the lowest possible

35 complex/catalyst concentration. However, it is preferable




the desired enantiomeric excesses, but side reactionsssgegemttrates ded as far
as possible. It is advantageous to work at tenperatures of -20C to 100C,

pref er afioyesfdgiob 50C. The ratio of substrate to catal yStPfd"ilquﬁ"?{fT ned by
e r

econom c factors. The reaction should be carried out suf apidly
with the lowest possible 35 conpl ex/catgl yst concentrati on. However, it is
preferable -5 Septenber 2006 WO 03/084971 PCT/ EP03/02162 21 to work with:
a Substrate/ catalyst ratio of between 10000:1 and 10:1, preferably 1000:; 1-

and-50: 1. tPhwovkewdtht be st tetR4PPst | 8204 Ut %&Mﬂ% 11
advant age at rr o] inab5 ne rane reac or.
The conti %ﬁgugao%ér %%?ﬁ%%&ﬁ%o@ﬁﬁe% nilt his apparatus, in addi ti on

to batch and sem - continuous operation, -can be carried out in the

cross- f | ofhef pserafi Ghmmng-erﬂ)ame@slib@ddgnd,ﬁ Iddnipstt ot (£ g 1), as.
desired. i8vBa e rlbedln pr nC| le in the prior
art - (E g| negrl %gggég%eggeﬁdoﬁwﬁoée%%ra e, CREE 4_ V"éhtaherl ey,

Hei nendnnefibyane 13gackor \\Aive aontimioys dimerahd.ebmrth%ﬂ:yrﬂﬁat ry 1999, 10,
923- 928) b8EiB160fR! eR4GA a I e.in a 15 .
menbr ane Feag%or it has ttg%gjél%t ﬁ&rraﬁg?zgqiere %&?{aﬁ‘ﬁha@l S Bne
hand, . f or CBREIBYEUS| pREREHIPHe Cfghshﬁ ezjiltmdtdmtelms:ﬂuéae:msw-fflwen“y

hi gh T et efif LlopatteRambtde f(#id.ne Ay gy -sM A GE4 %9_5[2%%:}/ aldyst sodt hat -
e perio

there is i sfactor cti,vity in the reactor over
Wi t hout cgﬁ%gex?gat3¥ygﬁ g to be continually added, V\:hl chis
di sad¥@nt Bgehusrécesst barﬁfalrms aife \deit b %&Sﬁﬁﬁ&&%@é GRE}9RL0691) . In

addi ti on, }:lﬂﬁ %g{:al useed rrustEP have an appropriate t turn over
frequencyi 0 gtlg SOV Er FRIRESSR/Rt %ﬁFGPFH'ét:Lons. Ed.

R. Weatherley, Helnemann, 1994, 135-165; Wandrey et al.,
Tetrahedron Asymmetry 1999 10 923-928).

For‘a complex/catalyst to appear suitable for use in a

15 membrane reactor, it has to fulfil many different
criteria. On the one hand, for example, it should be

- ensured that there must be a sufficiently high retention

capacity for the polymer-enlarged_complex/catalyst so that
there is satisfactory activity in the reactor over a

20 desired period, without complex/catalyst having to be
continually added, which is disadvantageous from the point
of view of process economy (DE19910691). In addition, the -
catalyst gsed must have an appropriate tof (turn over
frequency), to be able to convert the substrate into the

25 product within economically feasonable periods.

In general the B-amino acid precursors were ﬁrepared in
accordance with specifications from the literature. For
the syntheses of the compounds, guidance can be taken from
the general specifications by Zhang et al. (G. Zhu, 2.

30 Chen, X. Zhang J. Org. Chem. 1999, 64, 6907-6910) and
Noyori et al. (W. D. Lubell, M. Kitamura, R. Noyori
Tetrahedron: Asymmetry 1991, 2, 543-554) and also Melillo
et al. (D. G. Melillo, R. D. Larsen, D. J. Mathre, W. F.
Shukis, A. W. Wood, J. R. Colleluori .J. Org. Chem. 1987

35 52 5143-5150) . Starting from the corresponding 3-




25 product within econom cally reasonabl e periods. | re gaaiter 2¢d8e n--am no
acid precursors were prepared in accordance with specifications fromthe

| i teratwionzs9yn the syntheses of the conpounds, guidanc ken from
t he general specifications by Zhang et al. (G Zhu, Z 3§’ézeé?%§ﬁ32hang J..

Org. Chem 1999, 64, 6907-6910) and Eﬁéori et al. (W D. Lubell, M
Kitamura, R Noyori Tetrahedron: Asy ry 1991, 2, 543-554) and al so
Melillo et al. (D. G Melillo, R D. ‘Larsen, D. J. Mathre, W F. Shukis,

A. W Wokletdcabtbokollhtlesqr ithé C'Qﬁréa'egﬁbéﬂﬁfa%eﬁ%mi%g%%)- Starting
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ket ocar boxyratres> PHetFESYER M iFHIORKER BESLRERe anshisbhsamusnteact i on
wi t h amoacvimtiohat Fhentyshiogegsyion ao¥bahé08. cahebay doRRatd@negr oduct s -
can be co ree -am ci.ds measures. known to the person

skil | ed 5@‘% Phgm%irl? %%%3308’ L BaFnes ?fx"é ogathg) pergom,skiljed

f r anewdr kinf thgearhydanadogonisx the dhefou-amigoeacsdkar.ged pol yners refer to -
the fact that individual polyners of different origins are polymnerised

t oget her wHERLA! ; : ' f the, 10 nongners in the
polynerareégfgoegésggLie.o%%l?ﬁgsﬁg%ﬁgﬁégégﬁ?ﬁﬁd?ﬁfﬁuFﬁg framewor k of the
i nvent i onPel¥hersepdarged polymens gmefer borthecfaet thatts causing chiral
i nducti onjihdiganadal apg | rd3 j ' Le_ . .foLmsw Qi her '
nononer s J(Sr thﬁt thege igand?fgrd eﬁ?ga%%gcﬁg%i&?gjsaﬁréx?’g? y‘r?rgeg.ﬁ'%éﬁrrer by
met hods kho#RERET: ABtOBLOGK PRlymers . Rardemimixbunesobft kbeunits

sui t abb e honomeBohiNMehies Pollghed’ Areeld1kHMPHssPpibe person skilled in the
art and can be freely selected by him. The procedures is preferably such

oot viver PRLTEE Cehladehien? witrih e ‘Blandvork ot LR invehtion
refers to the fact that one or more active units causing
chiral induction (ligands) are copolymerised in a suitable
form with other monomers or that these 1igands are
15 attached to an existing polymer by methods known to the
' person skilled in the art. Forms of the units suitable for

copolymerisation are well known to the person skilled in

‘the art and can be freely selected by him. The procedure -
is preferably such that the molecule in question is
20 derivatised with groups capable of copolymerisation,
- according to the type of copolymerisation, e.g. in the
case of copolymerisation with (meth)acrylates, by
attaching to acrylate molecules.

Methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl,

25 sec-butyl, tert-butyl, pentyl, hexyl, heptyl or octyl,

' together with all their bond isomers, can be considered as
{C1-Cg) ~alkyl radicals.
The (Cl—cg)-alkoxy radical corresponds to the (C;~Cg)-alkyl
radical, with the proviso that this is bonded to the

30 molecule via an oxygen atom. o
As (Cz-Cg)-alkoxyalkyl, radicals in which the alkyl chain
is interrupted by at least one oxygen function are meant,
wherein two oxygen atoms cannot be joined to one another.
‘The number of carbon atoms gives the total number of

35 . carbon atoms contained in the radical.




according to the type of copolynerisation, e.g. in thgsegasitrados

copol ynerisation with (neth)acrylates, by attaching to acrylate nol ecul es.
Met hyl., propyl, isopropyl, n-butyl, isobutyl, P I
tert- bt}?f?}(’%%g#tqyl hexyl heptyl or octyl, together V\/i%?lﬁypﬁtg?r bond
| somers, -can be consi dered as (Cl-Q9)-al kyl radicals. The (Cl-C8) -al koxy
radi cal corresponds to the  (Cl-C8)-al k% radical, with the proviso that
this is bonded to the 30 nol ecul e via an oxygen atom As

- (Q2-3) - aikm%@;,k%m&@@h@hﬁ:ﬂdbd‘ﬂ&%t@&ﬁbﬁyl:h%ﬁ?f Qﬂdﬁ éﬂ&érEBt ed by

at Ieastotpne oxy en functlon are nmeant wherein Xygen at ons cannot be
joi ned t this shass hﬁlr’(ﬁhrhtﬂﬂﬂ%oﬁ% gheemqhe@ttl@t dnnunber
of 35 car@mswimmntﬁbn&dffarbhﬁ: BdtoMs, - - 5 Sept enber 2006

WO 03/ 08 1 PCJ/ EPO3/ 02162 _ 23 A al kyl ene bridge is a carbon chain |
with thrg@' %W/%P?: %‘t‘%ﬁsdeﬁﬁ?:%b%% q?‘%)é?%d“%‘h‘deﬁrt o the nolecule in. .
quest i%n pohn‘lsuhs?.iﬁ'ee&nglﬂuahaﬂ:&:geﬂw &ﬂﬂﬁdcfﬁ'ﬁadi@&lge&@ﬂtﬁiﬁﬁi@ be
nmono- or ysubstitute ns and/or rad C ning N, O,
P, S or éé g?oné g’h%ge 5r3w85‘ﬁ'| i}ﬂ%ﬁl R IBAT I RELY G‘a?‘yﬁhe type

ment i onedraxbioval avf ngheneype mem:mdned raemé\ehwmgoaﬁel Brt hire Q:h.ﬁl n or
bei ng bo u t hese het erpat ’

- Cycl oal ky n%g%@%:ﬁg%ﬁ%p%ﬁ \écyc Tolft >71n OE%%n]P?Fan?y&Poﬁ&%/l

cycl oheptmlﬁ!%wl%aVsae@ne dfietbeseahaterndtams uted Wi th one or nore

hal ogens and/or radicals containing N, O, P, S or Si atons and/or can have

N Old;ﬂ(ré(;al-@é?ff&?(bﬂobﬁ‘fcgrl' &&a:gméy@foﬁrapyi ' cfeloButytS, 4-Piperidyl, 1,
cyc 0pentyl cyclohexyl or cycloheptyl radicals etc. These
can be substn.tuted with one or more halogens and/or
radlcals contalnlng N, O, P, S or Si atoms and/or can have
N, O, Por s atoms in the r::._ng, such as e.g. 1-, 2-, 3-,
15  4-piperidayl, 1-, 2-, 3-pyrrolidinyl, 2-, 3-
| tetrahydrofuryl, 2-, 3-, 4-morpholinyl.

. A {C3-Cg) -cycloalkyl- (C1~Cg) -alkyl radical refers to a
cycloalkyl radical as set out above, which is bonded to
the molecule via an alkyl radical as stated above.

20 (C1~Cg)-Acyloxy within the framework of the invention means
an alikyl radical as defined above with a maximum of 8 C
‘atoms, Whlch is bonded to the molecule via a COO—
function.

(C1-Cg) -Acyl within the framework of the invention means an
25 alkyl radical as defined above with a maximum of 8 C
atoms, which is bonded to the molecule via a CO- function.

A (Cg-Cyp) -aryl radical is understood to mean an aromatic
radical with 6 to 18 C atoms. These include in particular
compounds such as phenyl, naphthyl, anthryl, phenanthryl
30 or biphenyl radicals, or systems of the type described
above annelated to the molecule in question, such as e.g..
indenyl systems, which can optionally be substituted with
(C1—Cg) —alkyl, (Cy~Cg)-alkoxy, NRR (C1-Cg) —acyl or.
(Cl—Cg) -acyloxy " '




“tetrahydrofuryl, 2-, 3-, 4-norpholinyl. A (C3-C8)- cychgaitsier @5 C8) - al kyl
radical refers to a cycloal kyl radical as set out above, which is- bonded

to theW@®P¥®BM7® via an alkyl. radical as stated above. 2fctgEhofedhsAcy! oxy
within the framework of the invention nmeans an al kyl radical as defined _
above with a maxi mumof 8 C atons, vwn? I's bonded to the nolecule via a
COO function. (Cl1-Ce)-Acyl within the Tramework of the invention nmeans an
25 al kyl ﬁlcal as defined above with a maxi mum of 8 C atons, which |s
bonded toAt Erridcaraliyd aaBcalingsi an (ColyeD6atls) rad@idal Ahsaby

under st oottot @hekadletALRld & [edEs .. 18 C atons. These |nclude
In particular: conpounds such as(p é%?laﬁggxé%léicéznhryl, phenant hryl 30

or blphenéI E ?|§€|Or systens of the type.described above annelated to -
the nol ecth 45 nCYueSEteTeayth adical wibhinythey framewortk ohf cEhe ' :

optlonalIynben&&bﬁtrb&@%%\ﬁdfh £{31eLB) 5 %%kYB§O%§$ﬁﬁ?é§¥g§%é¥a NR1R2,

(C1-C8 Cl C8 | oxy._5 Septe

PCT/ EPG3/ é%?%‘?q‘l 4T1R (é?’%f@} 3 %91 18 @i atbmss whiech c&irﬂ)anasyl

radi cal bbetetoatomsheuhl a@ylee .Iéhilt::(- '2s) digedy

(C3-C18) - heh roihy#agg& ﬁ? h§$§§%nem8§¥ g# 6% |nventﬁantP8fers

to a five-, |x- é"l’aégl%a ofERcasi dgr sPstedfuryko 18 C .
at ons, mhﬁ@ﬁhceﬁtérms2~heﬂe@gannﬁEWchh-asze 03- ﬂhléﬁggn Rxygen or sul fur:

|n the ryn argicukar, ,adical s.su “furyl, such as 1-,
?yﬂai'ﬂ 5= 2 hidryl5- .6 C#“lﬂdﬁ}ﬂ-dﬂ -24-3. 4 5., 6.

rro
7 i nab $§| ‘ByraZ°1YlO 8- pyﬁazoﬁﬂ;miﬂazd&yl5 aﬁrﬂﬂiﬂy!L qﬁﬁﬂdﬁﬂﬁ91,
qui nol | nybhenghenanabbydl Bl 319 %o, %, SapPrbyLamdiny, are

considered as such heteroaromatics.

-

Al(Cr<hg)-heteroaralkyl means a heteroaromatic system
corresponding to the (Cy-C;g)-aralkyl radical.

15 Fluorine, chlorine, bromine and iodine afe.suitable as
© . halogens. (Hal).

PEG means polyethylene glycol.

The term enantiomer-enriched or enantiomeric excess w1th1n
- the framework of the invention means the proportion of an
20 enantiomer in a mixture with its optical antipode in a
range of >50 % and <100 %. The ee value is calculated as
follows:

([Enantiomer1]-[Enantiomer2})/ ( [Enantiomerl] +[Enantiomer2]}=ee value

The naming of the complexes and ligands adcording to the

. 25 .invention contains, within the framework of the invention,
all possible diastereomers, the two optical antlpodes of
any diastereomer also being included therein.

The complexes and catalysts descrlbed here determine, with
their configuration, the optical induction in the product.
30 .It goes without saying that the catalysts, when used
racemically, also yield racemic product. A subsequent
resolutlon of racemates then yields the enantiomer-




‘ éohéidéred as such heteroaromatics A (C4-Cl9) - het er oag sdpkerben2fés a
het eroaromati c system corresponding to the (C7-Cl9)-aral kyl radical. 15

Fl uori neo os/b84971i ne, brom ne and iodine are suitable as peragensiet Hal) .
PEG neans pol yet hyl ene glycol. The term enanti oner-enriched or enantioneric
excess within the framework of the inggntlon means the proportion. of an

20 enantiomer in a mxture with its optical antipode in a range-of >50 %
and <100 % The ee value is calculated as follows:

([ Enanti cmyrighddrmndoces 2apat hEn Howieorar,| )tHfwnahé i paee2pF=eaeval ue The

Cont at ns. S T Ehorfeadd e, VAR BRRSE ISR phe.re

di astereoners, the two optical antipodes of any diastereoner also being
i ncl uded NAG¥ rouweRs coapheprotent ivat ary:sm delszt i &ed here deterni ne,

Wi th  theddnwaidi SRE ALY Oﬂsehhgnog.fn&ﬁ@al a @Jgﬂﬁﬁﬁf%hfogr ﬁgct 30 It

goes w thout saylng that the cat sts, en use ent ca al so yield
racemit mRkRELiON @bseytEngen, @§@F‘§t-l Elh%fquab@vmmgscanehEyl eI ds the

enant i omaﬁf@mwrmaﬂeﬁonlé@ 9/ Q&&%%a%ﬁﬁf&?ﬂ %ﬂﬁ%g\fe 1f<§htege

product s a Ve this_is part of the genera

per son slﬁqgcf'eoecfcfv Vﬁéﬂaﬂyl NBREyIAéF-S’l&’psZne QR ot@E®i ve groups that are
conventionally used - in amno acid chem stry for the 5 protection of .

ni t r ogen BHeoriki tdiwtiipé | ﬁm‘iégeﬂaésbeltl&a tiirC WIS Yad@mheéRbegdren this

capacity:q I cet pht.hal.yl, Boc, Alloc, Z, Fnoc, etc.
The Ilteraeﬁnrleryre 6}? %%’ét%%{‘sg ih hﬁe I&I} ChfsHT®r e  deered to be :
contained in the disclosure. 10 Wthin the framework of the invention,
menbridhe Widdtimrthe framework of the invention, membrane reactor

means any reaction vessel in which the molecular weight- |
‘enlarged catalyst is enclosed in a reactor while low
molecular-welght substances are fed into the reactor or -
can leave it. The membrane can be integrated directly into
- 15 the reaction chamber or can be installed outside it in a
' separate filtration module, in which the reaction solution.
flows continuously or intermittently through the
filtration module and the retentate is recycled into the
reactor. Suitable embodiments are described in W098/22415
20 and in Wandrey et al. in Jahrbuch 1998, Verfahrenstechnik
und Chemieingenieurwesen, VDI p. 151 ff.; Wandrey et al.
in Applied Homogeneous Catalysis with Organometallic
‘Compounds, Vol. 2, VCH 1996, p. 832 ff.; Kragl et al.
Angew. Chem. 1996, €, 684 f among others.

25 Within the framework of the invention, a polymer-enlarged
- ligand/complex means one in which the molecular weight-
enlarging polymer is covalently bonded to the ligand.




means any reactlon vessel in which the nol ecul ar wei gh$eptenitiea®®d cat al yst
i's enclosed in a reactor while | ow nolecul ar wei ght substances are fed
into theyg gamysh or can leave it. The nenbrane can be |ntq9rated directly
into 15 the reaction chanber or can be installed outside F¢TERBH21&epar at e
filtration nodule, in which the reaction solution. flows conti nuously or
intermttently through the filtrationZfbodule and the retentate is recycled
into the reactor. Suitable enbodinents are described in W98/22415 20 and -

in VﬁndreMegbrgbtlbﬂSJ%Qr@wg1dfgﬁ& alrfahrenstechnlk and
Cheni ei ngeni eurwesen, VDI p. 151 ff. Wandrey et al. in Applied

anngeneogé Ca aI SIS W th Crganonetalllc Conmpounds, Vol. 2, VCH 1996 p.
832 ff 0] aws a Mg ans Feaqos wstheéaaa—enmrﬁxgunane:rm 25

Wthin t by emamafataf 1t AR ivIMAE EHred ygeg,uﬁ 3" 46d o lygand/ conpl ex
means- one,. Ln @h hhﬂmg nol_ecul_ar ight- en ng yier i$ ctovalently
bonded t o* TRE“PF gGRaMPST Sépté‘mi'é’rhgm W%t@?mg?& PG;W s/ 02162 26
Descri Pt i agitatotrhériian mﬁacdﬁﬁJcHaﬁEEWB ﬁn”ﬁ&@iéﬂﬁnrgipﬁﬁf with dead-end -
f||trat|og01 ZHE §§Str%% 4% q} ferre V|a a punp nto the reactor:
chamber 3; h m&y ¢hi 6 a§@¢ Bpreactashct or
chamber, $wbstidateoh avet feurshl \MH]itnl;tf rmowaﬁaiaéﬁlér req, rtoduct 6 and.
unreact e e e Yy, .l ow nol ecul ar i subst ances 6 .
are fil tgsrléggg%é%rgua Et t];ffé'(ilrir.'reL ecg/aeﬁls ¢ ng e‘% oﬂ%mgeﬁg'ﬁoﬁane reactor
Wi th cross-flow 10 f||trat|on Here, the substrate 7 is transferred via the
punp 8 i {9t he shewat admephreme gfeadhor withhirdsssploant, cat al yst 9 and

SRRy S e ol i
or chamber, in which

solvent, catalyst 9 and product 14 are also found. By

means of the pump 16 a solvent flow is set up, which
~ passes via an optionally présent heat exchanger 12 into

15 the cross-flow filtration cell 15. Here the low molecﬁlarf

weight product 14 is separated off by means of the

membrane 13. High molecular-weight catalyst 9 is thén

passed back into the reactor 10 with the solvent flow,

optionally via a heat exchanger 12 again, optionally via
20 the valve 11.




15 the cross-flow filtration cell 15. Here the | ow N4 gepidnatier 2008 ght
product 14 is separated off by neans of the nenbrane 13. High

mol ecul Qg yis@dyy catalyst 9 is then passed back into th?@%ﬁ*’b‘#& W t h

the solvent flow, optionally via a heat exchanger 12 ag ly via
20 the valve 11. 5 Septenber 2006 WO 03/084971 PCT/ EP03/ 02162 27

Exanpl es: General Reactions of air-sedditive conpounds were perforned in-
an. argon-filled glove box or in standard Schl enk tubes. 5 Solvents -
tetrahydr Bkafple§THF), diethyl ether and dichl oronet hane were degassed and
purified by means of sol vent-drying equi pment (lnnovative Technol ogi es) by
fiItratioQ throggh'a colum filled with activated al um nium oxi de; :itoluene
and penta e additionally 10 freed of oxygen by a colum filled with a
copper catalyst. The following exanples serve to explain the invention.
They. are Reactmoasyoﬁaﬁlmﬂsemkﬂtiteréﬁﬁﬁ@@@asaweke”bBQZd%heéaﬁm@&ﬁ 1

R R -2, t | - Rhasphol 15 t of BuLi (8.9
it 16 W oohEoherh SO BRI S G dnEe FERd A by Sf'l(sy_g
p?ep¥ggh?§9KVﬁ§t$1nes At 4 2?%178tﬁészgfﬁcgzltgena ain
S
o |75 ¢ ene cuhithantybR AhedRl L BFLELSE b priRaE 17

added vi aS& V@&Hngrxlaﬁdeﬂwépmﬁnﬁ|tﬁnnqvaﬁiwnwmechneﬂdgﬁpssttnrlng at  25C
for 3 hougsitBetobs ROGH of Wdifin Jfﬁfé%uvgitﬂ Elibabddd m) via -

syringe, tge m xture i,s cool ed agail n, d stirring is
cont i nued®OYBLRE YW OXige it kol ?§QQNQPQuPen¢ﬁp%dweéﬁtaﬁdstdpwmikyf in vacuo

and the f:eed of oxygen by a column filled w1th a copper catalyst-

The following examples serve to explaln the 1nventlon.
They are not in any way intended to represent a
limitation.

Example 1: (R,R)—Z,5—Dimethyl-l~phenyl-phospholene

15 Ome equivalent of n-BuLi (8.9 ml, 1.6 M. soclution in n-
hexane) is added slowly to a solution of 1.57 g
phenylphosphlne {14.3 mmol) in 100 ml of THF at -78 °cC.
This is then stirred for a further two hours at room

_ temperature. After cooling again to -78 °C,'ohe equivalent

20 of the cyclic sulfate 1 in 10 ml of THF is added via a
cannula and the reaction is allowed to‘end-by stirring at
25°C for 3 hours. Before adding a further 1.2 eq. ef n-
BuLi (9.8 ml) via syringe, the mixture is cooled again, n-

- BuLi is added and stirring is continued overnlght For the

25 work-up, the solvent was drawn off in vacuo and the
residue taken up in 5 ml of water and extracted with 50 ml
of methylene chloride. After the phase separatlon the
solvent is removed and the re51due is dlstllled in vacuo.

An almost colourless syrup is obtalned in a yleld of 71 %
30 (1.95 gq).




.'re5| due taken up in 5 m of water and extracted w th $8egigmbeo00fet hyl ene
chloride. After the phase separation the solvent is renoved and the

resi due W eb/mis7hl ed in vacuo. An al nost col ourl ess syrup,,i ined in a
yield of 71 % 30 (1.95 g). 5 Septerrber 2006 WD 03/ 0849719’@‘?‘%3?@}@2162

28 BPo.7 = 105C, 'H NMR (CDC13): 7.51-7,45 (2H, m arom H), 7.35-7.30 -
(3H, in, arom H), 2.70 (1'H In, CH-p) Z2831 (1H, at, Ha-CH2), 2.22 (1H, -
M CH P) 1 97 (1H, §§t uﬁ% (1H, 'M Ha CH2), 1.34 (1H, at, -
Ho- CH2) | 7 3HE9adC: o8 3J>€H€lg)197osmz»7 B, (T, Tm]l Kepm Omf9 (3H,

dd, CH3, 33 3B- 1. 3 NMR (in CDC13): 137.'7 (d,
b0 C 1360 232 H'j;v Redn g £ 450 IR G e ms,(, «
Para- ), 1%7. Ha1¥H2)nei%a emapms GHHP), 2699 ((@, @2 HZI:%@ .
36.8. (s, -CK-IZ)'L,mBSHg-(tma) CH P34 13guP nl0y _&2)4 I—iza%) f3§b 1|5 1Jc p—

S

G, O

8.6 Hz) g Jc3 33,4, Hz °°¢ WRGEH N CDCL3)
10.9; ClZHfgb 119%@ E-B'a’f'rp T e/ 91 HZ) -79 (3H, 44, cH;, 3, , =
(R R-2,5- Iﬂnﬁthzi Jgglﬂevhylﬁh ¥l 1hgagho ccC g 0 the
speci ficat bom% 55 Iga Telt)rahgi]} on: @%Déff'lggig 2 9-"-9925‘
3.06 g (15.9 e 4;1)' wb@hy@rthpheny?acppospnel anﬂd)rl approx. |
100 .m THELZS. Gak.'en p&raeobn.t «5,‘_a|:yer5;at(|4{en{g]g1 ui vaé]eggg él thiumare
added. The @xéﬁurezas stirr 23211%9) e{héght e r§ It %glr
suspe on_'l ara r e | uht¥us | ulld, ag eqy, ents

nfb B Edd= 0% usPH) @ Tarduld, agH-2 od ksl
of . chtor ot rihet ki | he8 ( $946CH)>-Par dJsbevBy 6a8id9] at1 Qf (&m@g?ia syri nge.

Towar ds t Hg.end gf3 lherea reac_,tll on sol yti on becones al nost
col ourl ess ce[ﬂe sol uti oi ?’l 5 cf)%te?\lf[ Vet edPriMiaddd CPPEOI20BWIi ts

vol ume anocltzﬁe"P PA®&-@37dted lithiumsalts are filtered off. After .
conpl ete evaporation, the residue is distilled under

Example 2: (R,R)-2, 5-Dimethjrl-—l--trimethylsilyl—phospholane .

-+ 15 According to the specification by Burk et al.
(Tetrahedron. Asymmetry 1991, 2, 569- -582), 3.06 g (15. 9
mmol) of (R,R)-2,5- -dimethyl- l-phenyl-phospholane in
approx. 100 ml THF is taken at room temperature and 2. 5
equivalents of lithium are added. The mixture is stirred

20 overnight. The resulting deep-red suspen31on is separated
-_from the lithium using a cannula and 2 equivalents of
chlorotr1methy151lane (3.46 g) are slowly added at 0°C
u51ng a syringe. Towards the end of the reaction, the
o reaction solution becomes almost colourless. The solution
3 25 1is concentrated in vacuo to 60-70% of its volume and the
'prec1p1tated lithium salts are filtereqd off After
complete evaporation, the residue is distilled under
reduced pressure and the silyl compound is obtained in e
yYield of 1.43 g (48%) as a colourless, liquid compound.
30 The **p-NMr spectrum discloses the presence of two species | o
in a ratio of approx. 3:1. Based on an evaluation of the

NMR signals, it is obviously the desired chiral 911y1

phospholane and the corresponding meso-compound.

Isomerisation reactions of this type have already been

35 descrlbed by Burk (Tetrahedron: Asymmetry 1991 2,




| réddced pressure and the silyl conpound is obtained imSepterybiceR@60f 1.43 ¢
(489 as a colourless, liquid compound. 30 The 31P-NWVR spectrum discl oses

t he pr two species in a ratio of approx.
evalua?ﬁ@nﬁgFg%he NVR signals, it is obviously the de3|5%§%@W?ﬁéyn3|lyl

phosphol ane and the correspondi ng neso-conpound. |sonerisation reactions
of this type have al ready been 35 descPPbed by Burk (Tetrahedron: Asymmetry
1991, 2, 5 Septenber 2006 WO 03/084971 PCT/EP03/02162 29 569-592). Since,

n the subggasen 'eaabEoniH ithe MANOIAR & CaBPRNA LS onl’y one
di ast ereoner_. sta I ses out, this I soners could be used -for
t he nucl eébﬁhl%om@&ewoﬁnmﬁ%@te:prcrrblry separdiaghergomers = 72-80C; "'H-NI\/R

CDC13 6 20
a5, AR Hnelm, CHIB miRiihne of rdaddrChndd Hhad (0

(in CDCL1EPT: fhe liu?ae%iléllmﬁa ctipm withoutgpyiey semmratiom. 10 (s,
rresoCHZ) 33.6 (d, CHP, 1Jc,P = 11.4 Hz), 31.3 (d, CH P, 1Jc,P = 7.6 Hz)
, 30.55(d, meso-CHP, 1Jc,P = 7.6 Hz), 23.4. (d, neso-CH3, 2Jc,P = 30.5
Hz), 22.8 (d, CH3,.2Jc,P = 30.5 Hz), 18.0 (d, CH3, 2Jc,p = 1.9 Hz), -0.2

(5 (GBS 2Rade b (b, 0 S0 () o BlEg” - L0010

3: (RR- QHE}DITBZSryl 1St (6Hety| SHy Y| - phzepho‘u aisd (CH3)a, sthypion of 9.50 g

of tris(tgi ) e 0 of 13, e added
1.05 eq. %fﬁEl\jé? 8 éRQOmWH%ASWH ordtio Fn egg%)élov(\f&qﬁ% '
t enper at uFBCLg:; rW (4 1 §HR, c O Pnueﬂl BvEZ M gBE - &t rﬁ)orﬁnzt)enﬁgra‘iure and
the sghvent,i pekbepu;proygdeunger cpaguuny, Thejqeg | up with
300 m  of etpe? and éﬁe eqU|3aFent g? t h& c cﬁ& g#@atgalg%;d%ed 6.83 ¢
in- ) P, Jcp = 7.6 HZ), 0.5 (d meso-CH-P, Jcp = 7.6 HZ ' 23.4

(d, meso—CH3, %Jc,p = 30.5 Hz), 22.8 (d, CHs, %Jcp = 30.5

Hz), 18.0 (d, CH3, %Jc,e = 1.9 Hz), -0.2 (d, Si(CH3)s, *Jcp =

11.4 Hz), -1.8 (d, meso-Si(CH3)3, “Jc,p = 10.5 Hz); *P-NMR

15 (in CDC13): -53.1 (meso), -54.5; CoH;PSi (188,322);

Example 3: (R,R)-2,5-Dimethyl-l-trimethylsilyl-phospholane

To a solution of 9.50 g of tris(trimethylsilyl)phdsphine
(37.9 mmol) in 300 ml of THF are added 1.05 eq of MeL1

20 (28.4 ml, 1.4 M solution in ether), slowly, at room
temperature. Stirring is then continued ovérnight at room
temperature and the solvent is then removed under vacuum.
The residue is now taken up with 300 ml of ether and one
equivalent of the cyclic sulfate is added (6.83 g in

25 100 ml of ether) dropwise to the lithium salt solution. -
Aftexr three hours, 28.4 ml of MelLi solution are again
added to the reaction.mixture using a syringe. To complete
the reaction, the mixture is stirred overnight. For the
workup, the solvent is removed in vacuo and the residue is

30 carefully distilled in vacuo. A colourless, mobile syrup
is obtained in a yield of 70% (5.0 g). |

Bp,, = 93°C; H-NMR (CDCl3): 2.54-1.20 (6H, m, CH-P, CH,),
1.25-1.15 (GH: m, CH3): 0-20_(9Ha d; Si'(CH3)3, SJH,p = .4.2




IR

25 100 m of ether) dropwi se to the lithium salt sol ubiseptembeki2D@d t hr ee
hours, 28.4 ml of NeLi solution are again added to the reaction mixture

usi ng aweysiosge1r To conplete. the reaction, the n1xture#é%§ﬁh :
overnight. For the workup, the solvent is removed in vacuo and t e residue

is 30 carefully distilled in vacuo. g%lourless, nobil e syrup is obtained
in ayield of 70@6(5 0 g). Bp20 = 93C, "IH- NVR (CDC13): 2.54-1.20 (6H, m
CH P, CH?& 1, 25 15 (6H, m CH3), 0.20 (9H, d, S|(CH3)3 JH P =42 35
Sept enberiboe V\My(esumcm/ EOF 00162CBD, H) o +36-BVREzHiN 362613)

40 1 (d &2, Hz 8. S, 2),, .3 (d,_CHP, .1Jc,p = 11.4 ~
ég C@r %T%l P‘E l)"h/‘éHz‘}cg’ 22% dH 231433%% (d-'GHH-B. Hz), 18.0

Ed g B%Jlt Ph GlI'IJZ)Hz)ZZ 8. 2d(dcnjs;(ms;r,r§ 2005PHz) 1118 l07)(a SENMR 5 -

I n 1 24.19;9 1 a

2, 3- B|$ R) 215 di met hyI % 28 %grﬁcf']l’zﬁm EIJe "anh%rjdr?dngccorPd‘Wto t he

speci f Pl PAensiGd <3 ; acst@Bﬁemtls@r,szzj)o 1974, -107, 117-122) 450 ny

(2.4 nnDI) of the diastereoneric mxture of the silyl conpound 3 were

added dropwi se using a syringe over a period of 15 minutes to a solution
of .200 ng of . 2, 3- dichloronaleic anhydride (0.5 eq.) in 5 nm of diethyl

et her then 15 kept -78C overnight. The dark . .

r eddi sh- bromig?ygltgéug ?Flﬁ {Br Eimgir 5 a‘é@%@ﬂéhmbbapbﬁlﬁnw&ﬂmm vent. by
bag * fil tanhydirided then dried. Yield 190 ng (49% . In the NVR of the

i sol ated conpound, only one diastereoner of a C2-symmetrical compound is -

Wi o, vadSeriataly & he E3:LT2 ﬁ%?f&%?“tefeifpré%i%?eﬁ”‘éﬁi’hi'gké'm‘?“%i@ﬁt?id or
the cdt r &sPthhdi HQ7 di bkTe123hedb0 pood2cds miwl) of the |
- diastereomeric mixture of the silyl compound 3 were added
dropwise using a syringe over a period of 15 minutes to a
solution of 200 mg of 2,3-dichloromaleic anhydride (0.5
€d.) in 5 ml of diethyl ether at 0°cC. The mixture was then
A_15 kept at -78°cC overnight The dark reddlsh‘brown crystals
‘ that precipitated were isolated from the. solvent by bag
flltratlon and then dried. Yield 190 mg (49%).

In the NMR of the isolated compound, only one diastereomer
of a Ca~symmetrical compound is found. This is the proof .
20 - that the corresponding meso-silylphosphine, which was
added to the reaction in a deficiency, either has not
reacted or the corresponding diastereomeric products do
not crystallise out. With this observation, a partial
: racemisation in the synthesis of the (R,R)-Z,S—dimethyl-i—
_25 trimethylsily;-phospholane can also be simultaneously
Vruled out. Its use should lead to diastereomeric
bisphpspholanes after phosphinylation, and these were not
detected.

‘*H-NMR (cnc13) 3.32 (2H, m, CHy), 2.49-1.25 (10H, m, CH-P,

30 CHz), 1.22 (6H, Ad, CH3, *Jue = 20.4 Hz, *Jpx = 7.3 Hz),
1.07 (6H, 4d, CH3, Ju» = 10.5 Hz, 3Juu = 7.2 Hz); YPc- -NMR
(in CDC1;): 163.7 (s, C=0), 37.7 (s, CH;), 36.9 (s, CHa),
36.6 (m, CH-P), 31.5 (s, CH-P), 20.5 (m, CHi), 16.9 (s,
CH3); *'P-NMR (in CDCl3): -2.2; CigH00sP; (326,307);




not crystal Ilse out. Wth this observation, a parti al5 Semaarer 8246 on in the
synthesi.s of the (R R-2,5-dinethyl-1 25 trinethylsilyl-phosphol ane can
~al so beweiossoaneously ruled out. Its use should | ead tpcfigpsi/grigpneric
bi sphosphol anes after phosphinylation, and these were not detected. 1H'NWR
(CDC13): 3.32 (2H, m CH2), 2.49-1.25 (10H, m CHP, 30 CH), 1.22 (6H,
dd, CH3, 3JH, P = 20.4 Hz, 3JH H=7.3"Hz), 1.07 (6H dd, CH3, 3JH P = 10.5
Hz, 3JHH=7.2 Hz); 13CGNWR (in CDC13): 163.7 (s, .C=0), 37.7 (s, CH2),
36.9 (s, CH2), 36.6 (m CHP), 31.5 (s, CHP), 20.5 (m CH3), 16.9 (s, 31
CH3); P-NMR (in CDCl13) -2.2; Cl6H2403P2 (326 307); 5 Septenber 2006 . WD

03/ 08497 iym co S ction of

the |i ga#féﬁig]t%ﬁ%s %@%ﬂ@%&gs FBRE ﬁ#ﬁ' ﬁ 5%? bf{%?‘f'b phol ane are
di ssol veaviith Lal'Q(GﬁD)aﬂBFHE and sl owy added at approx. -20C to a solution
of ane equival ent of [Rh(COD)2]BF4 (236 ng). This. is left towarmup to '

room temejoatzdg’ e(oaryb %&ﬂamedof %né, m%}dﬁhggpﬁg | BN Y fsomf@%@ ,gi tate

sl owt forms wash tw ce ter be d of f.

10 1H ét ﬂ%ﬂ?j@n FFJB??J"J()QI-ﬁd@?ﬁr?t agpg:oxs 1-30(°g4to br), =CH), 3.07
2H, - 5 d , 3JH,

( in, sﬁ‘ll:d@:r.,cm'2 d&F ohe'SQecﬂ-:ﬁviieﬁEGOH %@BHn!’Elﬂ—'fl Fzé?'ingg i i _p

= 19.5 Hz, H=7 _
7.1 Hz); %é%\ﬁ?t% M?’%'bé{%rfep d@°mlssmme{fﬁ1=u€§c?n§6@t1tmﬁdc£@ a108.5 15
(=CH), 94 \Ett=EH)90 4iimd (Kﬂbﬂﬁr?)préglﬁlﬁﬁtecbﬁ&ﬂy?&ohs( Swhid . i86.4 (s,

?ﬁﬁ) cocné‘? 5("&? 8'\1( %ﬂ‘theﬂhﬂ%l‘l?&er[gﬁ%&gpﬂéésﬂe&%%f(g’ SSSS Zanbgrlng(l\)/g

10 'H-NMR (acetone-dg¢): 5.85 (2H, s(br), =CH), 5.15 (2H,
s{br), =CH), 3.07 (2H, m, CH-P), 2.67-1.50 (18 H, m, CH-P,
CHz), 1.57 (6H, dd, CHs;, *Jup = 19.5 Hz, *Juy = 7.0 Hz),

1.23 (6H, dd, CH3, Jur = 16.0 Hz, >Jyu = 7.1 Hz); YC-MR
'(in acetone~d¢) : 165.1 (m, C=C),160.1 (m, C=0), 108.5
15 (=CH), 94.9 (=CH), 40.8 (m, CH-P), 38.0 (m, CH-P), 37.7
 {s, CHz), 36.4 (s, CHy), 32.8 (s, CHy), 29.0 (s, CHy), 17. 6
(m, CH3), 14.1 (s, CH3); 3'P-NMR (in cnc13). 63.8 (A, Jp,mn=
151 Hz, [Rh(P-P) (COD) 1BFy) ; '




WO 03/ 084971 PCT/ EP03/ 02162 32 Exanple 6: Hydrogenat$ seden@endiobi ons:
Cat al yst substrate: 200 1; 1 nmol substrate, 15 nl nethanol or THF, 25C,
1.5 barwaysivssgan. THE Met hanol Substrate t % ee / t % eeCh/EPiSenpL e)
(sampl e) conversion conversion Methyl 2°h 95.5 (R) 0.5 h 84.0 (R -
acetam do cinnamate 100 %25 8 6 h 95.$ (R 1 h 87.4 (R) 100 % 50- % 24 h
95.5 (R) 2°'h 88.9 (R 100%908 Dimethyl 0.5 h 80.4 (S)1h29(S) :
itaconate, 20 %20 %1 h 79.1 (S) 2 h 4.1 (S) 50 %55 %2 h 73.3 (S) 4
3.1 (9 Ss; %Y%r%g%%f-é%'ér 2006 WO 03/ 084971 PCT/ EP03/ 02162 33
Exampl e 7: Fwdrogenatrons of D-amino acid precursors -Condi tions: 0. 005

nol  cat dlopalitidrfs MR talpSt r at §ubsEr5.t@ entl.l bﬁ,{[}ﬁgsdrogen 25C

?‘ﬁbiéb"’-‘f Sl Vré% FZ@%@@ @eéﬁhﬁr&éioe%t Vo' B3 emcavbigomh.

THF -  |Methanol
Substrate , t [ ee / A = % ee /
' | (sample) | : | (sample)
o conversion : conversion.
|Methyl 2h  |95.5 (R) |0.5h - [84.0 (R)
' acgtamido- ' o '
cinnamate 100 % - |25 %
6 h 95.5 (R) |1 h 87.4 (R)
100 % | 50 %
24 h 95.5 (R) |2 n 88.9 (R)
100 % - 90 %
{Dimethyl 0.5h 80.4 (S) |1 n 2.9 (8)
itaconate = , : -
20 % | 20 %
1 h 79.1 (S) (2 n 14.1 (s
50 & _ 55 %
2h - |73.3(s) |4 n 3.1 (8)
100 % , 100 %




MEOH 69%e (S) 4%e (R) AcNH COREt THE 63%e (S) 36%Sertdfiber0MEOH 97% e
(S) 99%e (R) AcHH THE 99%e (S) 98%e (R} Et MOH 81%e (S) 68%e (R
AcNH Cq,gby@Mg,,Septenber 2006 WO 03/084971 PCT/ EPO3/ 021p2rpo3/63188 ™. 1.
Enant i oner-enriched bidentate organophosphorus | i gands of the general
formula (1) R&A Pi PPR R3 R2ti> 5 wherein Rl, R2, R3, R4, independently
of one anot her, denote (Cl Cs) - al kyl ;=1 C2- C8)-a| koxyal kyl, (C6-C18) -aryl,
(C -Cl9)-aral kyl, (C3-Ci e)-heteroaryl, 10 (C4-C19)-heteroaral kyl, -

( C1- Ce) - ablawiplel7 O)ydpbyénat { 6asCof- Bl—h)ﬂlﬂdl%cﬁds)?f@éﬁfeaﬂl
(C3-Ca)-cycl oal kyl, (C1-CB)-al kyI (C3-Ca)-cycl oal ky

C3-C8 QS l.kyl - ( al k / or and R4 represent
é (C3- %sy-ligﬁaﬁﬁﬁieq% éﬁ% inﬁetﬁﬂyﬁ ryghﬁiﬁwwﬂfeﬁuvaﬁ& tegcy- cef al kyl
HO ( Cl1- C&).alndy Isol&En€a) 1 - hhi(ohydrogéa- Cos5°al koxyal kyl, (C6-Ci.s) -aryl,
(Cr7-C19)-aral kyl, (Cl-Cs)-al kyl-(C6-Cls)-aryl, (C3-Cs)-cycloal kyl, .
(C1-GCs) - al kyl - (C3-Cs) - cycl oal kyl or 20 (C3-C8)-cycl oal kyl - (C1-Cs) - aI kyl,

thi's optionally being ~linked to a polymer enlargement, and A denotes one
Of t he fptHown a3 SttHetdres
Substrate Solvent |[Catalyst _ [Rh{{S, S)~-Me- .
| (Example 4) (DuPHOS) (COD)}BF4|.
P MeOH 85%ee (S) _ 78%ee (R)
ACNH  COEt THF - 82%ee (S) 73%ee (R)
MeOH 69%ee (S) 4%ee (R)
ANH  COEt | THF 63%ee (S) 36%ee (R)
OBt MeOH 97%ee (S) 99%ee (R)
" AcNH THF 99%ece (8) 98%ee (R)
®\_ |meon 8ltee (S) 68%ee (R)
AcNH __ COFE ' '




0. ORI ~~ I\ NI/ XOOp QR 0 R 25 wherein R denot®sepfttmt{e€2008a) - al kyl ,
(Ce6-Cls)-aryl, (Cr-C19)-aralkyl, (C-C8) -alkyl- (C6-G8) -aryl, -
( C3- Cs W@ P¥PHATKy| , (Cl-Cs)-al kyl - (C3-C9)-cycl oal kyl, 5 Bepmeobez1c2006 WO
03/ 084971 PCT/ EP03/ 02162 35 . (C3-C8)-cycloal kyl -(Cl1-Ca)-al kyl, or the link

toa - -- polymer enl argement, and Q =38, NH NR 2. Ligands according to
claim 1 -5 characterl sed in that they correspond to the general fornula
(), R, ~ ~PR7 (11) Ro Re h6 wherein 10 A has the meaning

gi ven m%%“i‘ﬁ'l RS to R12, independently of one another, denote -
(Cl1-Ca)-al kyl, HO (C1-C8)-al kyl, (Cl-Ca)-alkoxy, (C2-C9)-alkoxyal kyl,
(C6- Cla) -laryl Eﬂa@ﬁzmr-@;&ﬁiw&d bigé &l I, '
(C3: Ca) - cyc|og,1 %:Bﬁjhcaé ~al k n%)t- é&ydfacé‘g?ﬂgjféﬂ?fw o
(C3-Ca)-cyclo ’@qﬂ‘% G| ggpera rfPFn'E“-!lahk ¥b a polyner enlargenment. 3.
Li gands according to cI aim1l and/or 2, characterised in that 20- the
pol ymer enl argerment is formed by polyacryl at es, polyacrylam _des,, o
pol yvi nyl pyrrolidinones, polysil oxgﬁ\s ythladl enes, polyi soprenes,

!

. R F'F !
. | :
' wherein . _
R', R?, R?, R!, independently of one another, denote
(C2-Cp) -alkyl, (Cp~Cs)-alkoxyalkyl, (Ce~Cie) —aryl
-~ (C9~Cyg) ~aralkyl, (C3-C15) ~heteroaryl,
.10 . {C4~Cig) ~heteroaralkyl, (C;~Cg)-alkyl-(Cg-Cig)-aryl, _
(C1-Cs) -~alkyl-(C3~Cis) ~heteroaryl, (C3-Cs)-cycloalkyl,
(C1-Cs) -alkyl-(C3-Ca) -cycloalkyl, |
(C3-Cy) -cycloalkyl- (C1-Cg) ~alkyl,
- - or R' and R® and/or R® and R? represent a (C3-Cs)-
15 - al]-cylene bridge mono or polysubstituted with
' (CJ_—Ca) -alkyl, HO- (Cl—CB)—alkyl (C3;-Cg) —alkoxy,
{C2-Cg) —alkoxyalkyl, (C_s—Cm) ~aryl, (C7-Cis) -'aralkyl .
(C1-Cg) —alkyl- (Ce-Cyg) ~axyl, (C3-Cg) -~cycloalkyl,
(C1-Cs) -alkyl- (C3~Cs) ~cycloalkyl or -
20 ' (C3-Cg) -cycloalkyl- (C1-Cs) ~alkyl, this optionaliy be:i'.ng
linked to a polymer enlargement, | H
‘and A denotes one of the following structufes

25 _
' wherein
R denotes H, (C;-Cg)-alkyl, (Cg-Cig)-aryl,
(C7=Cyg) ~aralkyl, (C1-Cs) -alkyl- (Cg-Cig) —arvl,
(C3-Cs) -cycloalkyl, (Ci-Cg)-alkyl-(C3-Cs)-cycloalkyl,




| polry'él kénes, poI ystyrenes pol yoxazol i nes or pol yet heseptanben86ur es
thereof. 25 4. Ligands according to claiml1, 2 and/or 3 characterised in

t hat t hgy o3kgobound to the pol yrrer enl argement via a |i pkerepsgbagted from
the group a) -Si(R2) 30 b) (SiR2-0) n- n=1-10000 5 Septenber 2006 WO

03/ 084971 PCT/ EPO3/ 02162 36 «c) (CHR—C%? On- n=1-1000 0 d) -(X)n- n=1-20
e) Z- (X)n- n=0-20 f) -(X)n Wn=0-20 g) Z-(X)n-Wn=0-20 wherein R
denotes H, (Cl-Cs)-alkyl, (C6-Cle)-aryl, (C7-C19)- aralkyl,

((C1-C8)-al kyl()eraIGﬁythﬁ)al@dyw (CX*deh%BBylLCGo@l&h@mdxﬂeeto a

Cl- C8) - al kyl en 10 _al kenyl.ene, -
g(C_l _CZa) al Kyl O?Ly?‘? r&}g}‘g é aﬁd\/\li Cl19) -aral kyl ene, and Z, W

i ndependent | y (pf= dhe NEipt RRL , denote -C(=0)0, C(=ONH, -C(=0-, NrR, 0,
CHR,. CH21 C=S, S, PR 5. Ligands accor di ng to one or nore of the above

g;?glrr;s/st 45 qu{%%‘f.%'ég‘g*@l{‘gak glﬁ;‘r a honogeneously jso_l ubl e -

acCcor characterised in that the
aver age nol ec haractehised n-netbat-al ysts isin 20 the range of 5,000 -

300,000 g/ ol . I'Zey %&PPQépaﬁa%Q' Eﬁet 8eﬂ@§a@f fBYfupd [Pg)above clains,

characterised I n
\%ﬁ F g/ v
10 s

- wherein
10 A has the meanlng glven in clalm 1,
) R® to RY?, independently of one another, denote
(C1-Cg) ~alkyl, HO-(C1-C5)-a1kyl.- (C1-Cg) ~alkoxy, -
(C2-Cg) ~alkoxyalkyl, (Cs-Cig)-aryl, (C;-Cy9)-—~aralkyl,
(C1-Cg) —alkyl- (Ce-Cig) —aryl, (C3-Ca)-cycloalkyl,
15 (C1-Cs) -alkyl- (C3-Cs) -cycloalkyl, |
{C3-Cp) —cycloalkyl-(C1-Cp) -alkyl,
~or the 1ink to a polymer enlargement.

3. Ligands according to claim 1 and/or 2,
characterised in that
20 the polymer enlargement is formed by polyacrylates,
' polyacrylamides, polyvinylpyrrxolidinones,
polysiloxanes , polybutadienes, polyisoprenes,
polyalkanes, polystyrenes, polyoxazolines or
polyethers or mixtures thereof.

25 4. Ligands according to claim 1, 2 and/or 3
~ characterised in that ' '
they are bound to the polymer enlargement via a
linker selected from the group
a) ' -Si(Rg)-
3¢ b) - {SiRz2-0) -~ n=1-10000




t hey correspond to the general formula (111) or (1V) 5XpteRbR OGP (111) R O
. PPall OR (IVV RRRPORR OR wherein A and Q have the neaning in claim
1, R WOW38849R, |t, independently of one another in eachcgapgsndgnotes 30
(C1-C8)-al kyl, HO (C1-C8)-al kyl, (C2-C9)-al koxyal kyl, 5 Septenber 2006 WO
03/ 084971 PCT/ EPO3/ 02162 37 (C6- C18)-agyl, (Cr-C19)-aral kyl, -
(C1-C9)-al kyl - (Co-C18) -aryl, (C3-C9)-cyc|oa| kyl , o
(C1-C8) - al kyl - )CS C8) - cycl oal kyl or%%éCS C8) - cycl oal kyl - (Cl C8) al kyl. 5 8.
Li gands accordi'ng to claim7,” 'l ePlsed in thal-Roocaw be nethyl,
et hyl, propyl Q)i so-propyl, tm@xyn_butyl or phenyl %_2 I gands accord| ng to
one or nore of the above cI a 10 characterise hat Q is oxygen:-or
NR, wherein ﬁ can be (Cl- C%mcaﬁ (C6-C18) - amyO 30 benzyl. 10. Ligands*

according to dide or more of t-He{)a,bm/e claims, & chargcsgrised in that 15 Q-
i s oxggen or I%? wherein R anap SJrTEt hyl, ethyl, " propyl, iso-propyl, '
tert.-butyl, phenyl, naphthyl enyl or benz‘}”F 0-2¢. L| gands accordl ng *
to one or rmré"h@ﬂfqlﬁe above clains, characterised in that 20 the corrpounds
Of, f ormul.ae (IR) d‘éﬁc(t'e\g }pos‘%‘e %3?‘&13@1 (CG—Cla)-ary]_ (CT-Clg)—
: aralkyl, ((C1-Cg) - alkyl)l..;; (Cs-Cm)-aI‘Yl |
o X denotes (Ce- -Cig)~-arylene, (C1-Cg) —alkylene, (C;-Cs)—
-._10 - alkenylene, ((Cl—Ca)—allcy1)1-3-(Cs-—Cm)—arylene,
(Cs-Cy9) ~aralkylene, and _ , _
Z, W, 1ndependently of one another, denote -C("O)O-
-C(~0)NH- —C(—O)-. NR, O, CHR, CH@, C=8, 8, PR.

o 5. Ligands according to one or more of the above cla:.ms,
15 4 characterised in that

they are a homogeneously soluble cetalyst.

6. Ligands accordihg to claim 5,
characterlsed in that
g the average molecular wea.ght of the catalysts is 1n
20 the range of 5,000 - 300 000 g/mol.

7. Ligands a.cc_:ordix}g to one or more of the above claims,
characterised in that -

they correspond to the general formula (III) or (IV)

25
A ? \ 4
P - ApA
() RO B R NauoR' (V)
2 | - § % .
RA | ~ RO RR g
wherein '

A and‘ Q have the meaning in claim 1,
R* = H or R,
- R, independently of one another in each case, denotes
30 (C1~Cp) -—alkyl, HO-(C1~Cg) —alkyl, (C;-Cg) -alkoxyalkyl,




enanti oner enrichnent of >90 % preferably > 98% 125 Sépdarpiee2008ont ai ni ng
the |igands accordi ng to claim 1 - 11 with at |east one transition netal.
13. CoRrpd Bxsa@At @i ning the Iigands according to .claim 2érdkpnsidaiedV th
pal I adium platinum rhodium ruthenium osmum iridium coba , hickel
or copper. 14. Process for the producg%,?n of the ligands according to
clains 1 - 11, characterised in that the correspondi ng phosphi nes are
obtained by reacting LiP(Si Me3)2 with appropriate co-reactants provided 5

Sept enber ZOOGCSMWWBJME’WlEE’OakQZ A, 38 wi t h nucl eof uge | eavi ng
groups in the prese an. o nonetal ] ¢ e. 15 Process for. the
production of ﬁ’r 8 ?1%%’1 ggéré’rﬂg artYJ"cIJé'? i —cyeloallenby act eri sed in
t hat the corre(snectslj Hglkﬁrlr—rtﬂ&h&&)%d:yd:pb@}smlnai- of claim 14 are reacted

"with the corre _d_r_r |vat of the structures of group A
according to . 3ar-ﬁ#1,gyfgpi h‘%g’ggéﬁga{: IWlach case bei ng 10 posi-ti oned

on the free valencies of the structures shown in group Ainclaiml. 16..

Use of5a9corrpIIel>gamﬂq)m:adcngdtpgcﬂamﬂ di,m 12 or 13 as catalyst for

asymret ricre }]%{]& ofnarconpl ex conpound according to claim 12
-13 15 as gtd e]?%sreysfnmre%lrar ¢ hydrogenation, hydrofornylation,

rear rangenent R asraryrbe e YYD | ehhyleyprropnrdpanao-@wowl;lr okerglation,

hydride transfigftyy 656 thRESy1 hydroborati ons, hydrocyanat i ons, ‘

hydr ocar boxyl ati ons al’'dol Teactions or Heck 20 reaction.

9. ' Ligands accord:.ng to one or more of the above claims,
10 characterised in that ' -
Q is oxygen or NR‘, wherein R* can be (Cl-CB)-alkyl,
(Ce-Cig) -aryl or benzyl. '

10. Ligands according to one or more of the above claims,
characterised in that :
15 Q is oxygen or NR', wherein R' can be methyl, ethyi,
propgl_, iso-propyl, tert. -—butyl, phenyl, naphthyl,
fluorenyl or benzyl.

11. Ligands according to one or more of the above claims,
characterised in that ‘
20 ' the compounds of formulae (I) to (IV) possess an
' enantiomer enrichment of >90 %, pref‘erabl-yr > 98%.

12. Complex containing the ligands according to claim
1 - 11 with at least one transition metal.

13. Complex c:ontaining the ligands according to claim
25 1l - 11 with palladium, platinum, rhodium, ruthem.um,-
osmium, iridium, cobalt, nickel or copper.

l4. Process for the productlon of the 11gands accord:.ng
to c¢laims 1 - 11,
characterised in that .
30 the corresponding phosphines are obtained by reacting
LiP(SiMe3), with appropri\ate co-reactants provided




18. Use of a conpl ex conpound according to claim12 arsepBmbes?d8t al yst for
asymmetri c hydrogenation and/or hydrofornylation. 19. Use according to
cl ai m Y80 03/989%Uhar acterised in that an E/Z nixture of preciiEPed/g216¢ acyl at ed
0-am noacrylic acids or derivatives thereof is hydrogenated. 2.0. Use
according to one or nore of claims 17 3819, 30 characterised in that work
I's perforned by hydrogenation w th hydrogen gas or by transfer,
hydrogenati on. 5 _Septenber 2006 WO 03/084971 PCT/ EP03/02162 39 21. Use
accordi ng to cf:fnirleeiugef heaying: greumsesin cheiypiresencei of wirf h -
hydrogen gas, ehpiasietaBeleiBagBat hydrogenation is performed under 0.1 to
10 bar, 5 preferably 0.5 to 5 bar, hydrogen pressure. 22. Use according to -
claim 21,1 chaEg acteri 8%(,1 [ r%%hatr rk.is perforned at tenperatures of -20C ™
to 100C, Tt efhMASF 0FO% oFRBPredussiops ofaddi di iunands oaccordinge of the
above clainms tid ecladis charagtigerised in that the substrate/catal yst ratio
i's selgected beé een thOOO' 1, ang 10: 1, preferably 1000:1 and 50:1. 15 24. *
Use accordi ng S RE? 1B ChAE above clainms 16 - 23, .- characterised
in that the céthe yoirsrespoeding redimethyleilnashdfeiés of

claim 14 are reacted with the corresponding dihalogen
derivative of the structures of group A according to
_ | claim 1, the halogen atoms in each case being
10 ' positioned on the free valencies of the structures

shown in group & in claim 1.

16. Use of a complex compound according to claim 12 or 13
- as catalyst for asymmetric reactions.

17. Use of a complex compound according‘to claim 12 or 13
© 15 as catalyst for asymmetric hydrogenation, -
' hydroformylation, rearrangement, allylic alkylation,
cyclopropanation, hydrosilylation, hydride transfer
reactions, hydroborations, hydr0cyanations,
hydrocarboxylations, aldol reactions or Heck

.20 : reaction. | .

18. Use of a complex compound according to claim 12 or 13
as catalyst for asymmetric hydrogenation and/or
hydroformylation.' '

'19. Use according to claim 18,
- 25 characterised in-that
an E/Z mixture of proéhiral, N-acylated
B-aminocacrylic acids or derivatives thereof is
hydrogenated. ' '- ' -

20. Use according to one or more of claims 17 - 19,
30 characterised in that
work is performed by hydrogenation with hydrogén gas
or by transfer.hydrogena;ion. -




5 September 2006

WO 03/084971 PCT/EP03/02162
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15

21.

22,

23.

24.

39

Use according to claim 20, in so far as 1t relates to
hydrogenation with hydrogen gas,

characterised in that

hydrogenation is performed under 0.1 to 10 bar,
preferably 0.5 to 5 bar, hydrogen pressure:

Use according to claim 21,

characterised in that

work is performed at temperatures of -20°C to 100°C,
preferably 0°C to 50°cC.

Use according to one or more ef the above claims.
16 - 22, '

characterised in that

the substrate/catalyst ratio is selected between
10000:1 and 10:1, preferably 1000:1 and 50:1.

Use according to one or more of the above claims
16 - 23, ' '
characterlsed 1n that

the catalysis is performed in a membrane reactor.




