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57) Abstractlz Provided is 2 process for the preparation of asymmetrically substituted biaryldiphosphine ligands of the formula
(I}, wherein R is C;¢-alky] or Cs.p-cycloalky] optionally substituted with one or more halogen atoms, and R’ and R’ are equal and
are selected from the group consisting of aryl, Csae-cycloalkyl and Cy.-alkyl, or R is Cs.pe-tyeloalkyl or Cy g-alkyl, and R is aryl
optionally substitated with one or more substituents seiected from the group consisting of halogen atoms, nitro, amino, C; -alkyl,
Cy.¢-alkoxy and di-C;.¢-alkylamino gronps, and each Cy.¢-alkyl, Cs.io-cycloalkyl, Cy ¢-alkoxy and &-C; ¢-alkylamino group it R*and
R optionally being substituted with one or more halegen atorns, fom 2,2°,6,6" -tetzabromobiphenyl by a sequence of brominemeta)
exchanges and subsequent reactions.
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of the PCT Gazette. (54) Title: PROCESS FOR THE PREPARATION OF
ASYMMETRICALLY SUBSTITUTED BIPHENYLDIPHOSPHINES RO

e
Pwh&%m@ﬁs@nﬁmﬂcﬁ@lﬁﬁmmmmﬂsapummmmmma efffiect of

oG NIRER MO AA0 .20 1 810,20 2 A0 3 R RUBEIEd FUMR Nrong~

group consis ary

18@5&13@@03%}1@1@@1:8@&@& pumddé’s@a@ab pmmmaﬂyrsumwmdm&ﬁﬂy
s RO SIS SR IR AR A OO e

atoms, nitro,"a i -a oXy an amino

hygongssaton s OLSed) m,cmsalm@moam& UGing- aikbxgmlﬂdxes.
di-Cr.5-alkylamino group in RZ and (% R optionally being substituted with
one or more halogen atoms, from 2,2',6,6'-tetrabromobiphenyl! by a

Aspgoesite oftbhomihednegahatipeichangtthamicsubffeqesnintantionse® methods

9) reparation of asym metrlcal sub
T e e R kidips g for the
plrmp@rcantmi ahproieeudae céffe&nﬁpbfmimmcmwlhcaaummpmdm add compounds
tric d ffects of the ‘wron |s mers. The
th%pé%%?eﬁ%i E«!fa%fégrto ) %re mg? oAt old in S%l? as%mf%e rfétrﬁy %evera}

Invention re proces e preparatlon

d@hﬁbsnlme dipaad fdiphzsphinetigaouly dndvwrandifichainetal cannpiexis example
o t P%l'ﬁ;f? oc | ds using
cc?rf%?gge%“ Q%:ymgngeﬁfrléﬂgza alytic rogenaaflon IS'one o#%e most
eff|C|ent and convenlent methods for preparlng a wide range of
compoun dln met ods for. 0
controc%% mole lﬁaa%&caiﬁlra |ty Pﬁg Sfceu?‘ AAChVE vetS Egor#g}(?l%js%@ﬁos and
Tb@fﬁﬁ’&lfalﬁrhem@mm@qdlay%m@%éﬁg&y Eﬁp@ﬂéﬁ%ﬁlm WO-A-
nthati eral di i S are common
N WA e PSS AL A MG B, fuorine
dDURNOS, WMSTISH\IAPHOS

In Pai, C.-C. et al., Tetrahedron Letr. 2002, 43, 2789-2792 the use of methylenedioxo and
ethylenedioxoe substituted biaryldiphosphine ligands for the asymmetric hydrogenation of
ethyl 4-chloro-3-oxobutyrate is described. Further examples for the preparation of biaryldi-
phosphines and asymmetric hydrogenation reactions using catalysts derived from biaryldi-
phosphine ligands are disclosed in EP-A-0 926 152, EP-A-0 945 457 and EP-A-0 955 303.
Usually both symmetrically and unsymmetrically substituted biaryldiphosphines are
claimed, though only examples of symmetrically substituted ligands are disclosed. With
only few specific exceptions, no general applicable synthetic route to unsymmetrically

substituted biaryldiphosphines and catalysts derived therefrom is disclosed.

Biary! diphosphine ligands consist of three different moieties, a rigid biaryl core, substi-
tuents to hinder biary] rotation and usually two phosphine groups with voluminous

substituents to complex a transition metal. Known examples of ligand systems
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15 Methods for the preparation of biaryldiphosphine ligands of the BINAP,
SEGPHOS and TUNAPHOS families are disclosed in EP-A-025 6634,
EP-A-850945 and WO-A- 01/21625, respectively. Furthermore
WO-A-03/029259 discloses a synthesisof a fluorine derivative of

SEGPHOS and. its use. 20 In Pai, C.-C. et al., Tetrahe tt. 2002, 43
havzsgmaesTin SYRSHIBR ARG RARR B JR5 Sora a0k HES?ER% SRR GERPS. As a rare

epbalﬁ{pﬂé IW@WMQSJIM&%@Wfﬂﬁﬂﬁ&rl@ﬁh@g@m{@tl@ﬁbﬂfyﬂhﬁbm-

4 -chloro-3- oxobutyrate s described. Further e Ies r the_p paratlon
3 SR HEGS e H" Eﬁﬁ%ﬁﬁ?@%ﬂ%@gﬂ% Sﬁi‘cﬁn
2mmiyﬁiﬁaﬁarwp&ﬂp&mxbyas&pﬂaﬁhmmémndsla@ﬁmsamlanaﬂaﬁtﬁmeﬁc
926 1 2 O 945 457 and EP-A-0 955 303. 25 Usually both

XEhEshiehly %nd unsymmetrically substituted biaryldiphosphines are
claimed, though only examples of symmetrically substituted ligands are

= AR RIS DN Ay i RS Ry RN EE gl subsind

blatalysis, deriteditbacebosmsdiscinsadphie a@ﬁdtﬁﬂhﬂﬁ@m@d@m&%bmad
conS|s ree different m tle r psti- tuents to
P bRt ATOThaTr HIRPRNG “3%5& lé%gﬁsais theFBtiminous
substituents to complex a transition metal. Known examples of ligand

systems 2 have mmetrlc substitution patte f the.core and identic
PO BTGB b O AR BV IR DO R LB Comtade hed to

ba%wmﬁm&@@&%ﬁgﬁﬁﬁilsahefr&ﬂlyléér?mnﬁﬂp&@q@huﬁpﬁf@rw’dﬂﬁcﬁ)iphenyi genera-
catalyst containing the ligand (S)-6-methox Z0- . ) )

555 50 HYEP%?%}%EE%E By I %ﬁ%@éyaﬁ SHBF B dinRosphine by

cendtiamericith exeass(EabAfBa v Bhestnpoakl QFA-HrdOAB rine,

B#alm d|phosph|nes with asymmetrically substituted_ biaryl core, but the

R SRS PRIRS BRI RE B FRREF SR oM AR RIS RO BTREC SPBR 5 gfagped to the
6%&[&&@&&@%'@9@[8@'& SlJb,SttﬂilmbiﬁJ& |@H@Q3w&9€3mm{$@ :Ho¢sponds, O.,

R D R R D e T
pﬂﬁdﬂ [thﬁjﬂﬁtmmp&dﬁbﬂ@hﬁsw ganey %i@ﬁ@&@@ffﬂiﬁfm&@h’ﬁﬁo [b]phosph-

failed to yield an asymmetrically substitut blar Id| ne by
ngo?e (B ;Xxospha?luo ene). Knowr unsuceess app es tg) ‘}L]he ?nventive ligands are

depicted in Scheme 1 below,

Here and hereinbelow the term “enantiomerically pure compound” comprises optically

active compounds with an enantiomeric excess (ec} of at least 90 %.

Here and hereinbelow the term “Cj.,-alkyl” represents a linear or branched alkyl group
having 1 to n carbon atoms. C;.¢-alkyl represents for exampie methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, sec-butyl, fert-butyl, pentyl and hexyl.

Here and hereinbelow the term “C;_p-alkoxy™ represents a linear or branched alkoxy group
having 1 to n carbon atoms. C,¢-alkoxy represents for example methoxy, ethoxy, propoxy,

1sopropoxy, butoxy, isobutoxy, sec-butoxy, ferf-butoxy, pentyloxy and hexyloxy.
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condensation with a second chlorodiorganylphosphine component, if a

osigledtasyine, 15 chlorine or bromine atom or a single meth@xt&ir2605/606064

dimethylamino group was attached to thes 6-position (Miyamoto, T.K. et
al., J. Organomet. Chem. 1989, 373, C8-C12; Desponds, 0., Schlosser,
Ml ©O190REMebs P ApARRAOR a5t 2 h e N9 ARMAES L BI8RBhine Tigands,

nucleo: philic substitution at the phogphorus atom and cyclization to afford

of at legstige %25 Here and hereippglgw the term "Ci_.-all%"cgg

a linear or bfanched alkyl group having | to n carbon atoms. Cl.6%alkyl
represents forexample methyl, ethyl, propyl, isopropyl, butyl ASobutyl,
sec-butyl, tert-btigyl, pentyl ang-hexyl. Hereand hereinbelgw the term "C
1.. alkoxy" represents a linedr or branched alkexy group 30 having 1ton
carbon atoms. Cl.6-alkoxy represents for example methoxy, ethoxy,
propoxy, isopropexy, butoxy.isobutoxy, sec-gutoy, tert-hutoxy,
pentyloxy and TIER200¢
Scheme 1: Uns ' \9] ¢ _
diphosphine ligands} X X/ 5 Br P(C6H5)2 Li Li H.C6¥i Br X 10 Li
P(C6H5)2 (H5C6)2P.i PR2Bsk [UC6HS] / RB¢Wd5 1B P(C6H5)2

(H5C6)2P PR2 with X < H, F, Cl, Br, OCH3, N 3)2 5 %ﬁﬁlaf-)re and
hereinbelo®Fdte "C3Y -cycloa&xg fepre nts a cycléaljphatic group
having &8
X _
A YW 7
axe '
\ .

R P(CH,),

(Hs(ffﬁ)2 PR,

t
CGHS

with X =H, F, Cl, Br, OCH;, N(CH3),

Here and hereinbelow the term “Cs-cycloallyl” represents a cyclealiphatic group having
3 to n carbon atoms. Cs.jg-cycloalkyl represents mono- and polycyclic ring systems such as

cyclopentyl, cyciohexyl, cycloheptyl, cyclooctyl, adamantyl or norbornyl.

Here and hereinbelow the term “C.cycloalkoxy” represents a cycloalkoxy group having
3 to 1 carbon atoms. Cs yp-cycloalkyl represents for example cyclopentyloxy,
cyclohexyloxy, cycloheptyloxy, cyclooctyloxy or cyclodecyloxy.

Here and hereinbelow the term “di-Cy.¢-alkylamine” represents a dialkylamino group
comprising two alkyl moieties independentiy having 1 te 6 carbon atoms. Di-C;¢-alkyl-
amino represents for example N,N-dimethylamino, N, N-diethylamino, N-ethyl-
N-methylamino, N-methyl-N-propylamino, N-ethyl-N-hexylamino or N, N-dihexylamino.
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3 to n carbon atoms. C5_,0-cycloalkyl represents mono- and polycyclic
ring systems such as cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl,
adamantyl or norbornyl. 25 Here and hereinbelow the term "C3.,;
cycloalkoxy" represents a cycloalkoxy gr&up having 3 to n carbon atoms.
C5-10-cycloalkyl represents for example cyclopentyloxy, cyclohexyloxy,

% W‘?e‘@%  SBXOH C SYHRY. SRR EIPRRC S ETERITBbeny] or
eaaRined Rl Bmine Sy GBH o anton

two alkyi 0|et|es independently havmi | to 6 carbon atoms. Di-Ci.6-a c

WW SBaferrepsaaiiy| w%b%%mm’rﬁrn@;—r
ngyl N-methylamino, N- methyl -N-propylamino, N-ethyl-N-hexylamino
or ,N-dihexylamino. 4 Here and h 'below the tarm "aryl" represents an
aromho group, preferably phenyl or naphthyl optionally being firrther
AP sHiviReB 0B MATS-ORl0PRBIIA™ digs, Rfopanol and
and/or optionally substituted Cis-alkyl, CI..-alkoxy or di-C1.6- alkylamln
%@Bﬁﬂ@ Here and hereinbelow the term "Cg-3-alcohols” represents
methanol, ethanol, propanol and isopropanol. Here and hereinbelow the
term "Ci3- oic acids" represents formic acid, acetic acid 10 and propanoic
Hiren neb ASTEERSIP Y RIS (e ot kaapisrRPiSHC renTaseut fouis Ame soetio acid
Mﬁ@g@gg&@sts great effort is spent to m3prave selectivity and
efficiency of artificial catalysts, particularly for the production of pintm=ting
compounds. 15 The technical problem to be solved by the present

CBYEREARIYAS iRuR'Quids-AdRe1NAM i LAcHAUIIEH 5 &!Eya@%@aﬁﬂﬁa yss,

biaryldiphosphines. A Rrffiw problem to be solved was fo esfablish said

Wﬁ@m@%ﬂ%%ammﬁﬁwmmmﬂmw

PP iRedeSOg %&%&%&Start with an
easily 20 available Compound and should contain Tew reaction steps,

allowing the synthesis of a wide variety of ligands, only depending on the

- THE RRHNRIE Sroblem to be solved by the present invention was to provide a method for

the tailored synthesis of a series of biaryldiphosphines. A further problem to be solved was
1o establish said process in a robust manner o provide suitable amonnts of ligands for the
pharmacenfical indusiry. Furthermore, the general concept should start with an easily

- gvailable compound and should contain few reaction steps, allowing the svathesis of 2
" . wide variety of ligands, only depending on the reaction sequence.

The problem could be solved according to the process of claim 1.

SUMMARY
In one aspect, there is provided a process for the preparation of asvmmetrically substituted

biarvidiphosphine ligands of the formula
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The problem could be solved according to the process of claim 1. 25
SUMMARY In one aspect, there is provided a process for the preparation
of asymmetrically substituted biaryldiphosphine ligands of the formula R 0
30 (R5zp P(R )2 4a wherein R' is Cg @rC o-cycla | optionallysubstituted
with one or more halogen atoms, and RZ and R3 are eth and are

Wﬂagmm@smag iSpeimkh R 4R

rﬁél s optionally substituted 5 w& one or more substltuems selected
t Bﬁﬁt&?ﬁ g ofhalogen atoms, nits, amino, CJ-6" C}-6' xy and
s 2% g?cwsqm B ignEiscien Gooniel @R ar Cand ARl

stitut ith %I?e C? re ts selected from the group consisting of
héfﬁ&‘é’ﬁ'%?g\#@ SRS FHEEIB €46 T hRRPURCES G AR sabeliuicd

eRith m%@wﬁmmmﬁwm SRR RNANN atoms,
bein substltLéé ge or.more halo en atoms_comprising a first

B @Vﬂf%n o 2By ARG o nSHer FRERBERIS: Br 20 is
agt=ged with OR, by bromine_MMtal exchange and subsequent metal

mxy exchange, followed by an ' slic |adon to afford a compound of
%ﬂﬁﬁtm@@f’g 10-C¥C 08% m§ y nally subsﬁmdp with one or
more substitnents selected from the group consisting of’ balogen stoms, nitro, amino,
Cis-alkyl, Cie-alkoxy and di-Cs-allyiamine groups, and
each Cy¢-alkyl, C.c-elkoxy, Gi-Cyc-alicyiamino and Csqe-cycloalkyl group in R? and
R’ optionally being substituted with one or more halogen atoms

comprising & first reaction sequence, wherein one bromine aiom of
2,2°,6,6"-tetrabromobiphenyl

Br Br .
is exchanged with-OR! by bromine-meta] exchanges and subseguent metal-hydroxy
exchange, foliowed by an alkyiation, to afford a compound of formula

1
Ry
0O Br

=

Br Br

wherein R’ s as defined above,

and further reaction sequences, wherein each reaction sequence comprises at jeast
one bromine-metal exchange and subsequent metal-substituent exchange with the
respective substituent, thereby exchanging the raspective bromine atoms with
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25 N Br Br wherein R' is as defined above, 30 and further reaction
sequences, wherein each reaction sequence comprises at least one
bromine-metal exchange and subsequent metal-substituent exchange
with the respective substituent, theretpexchanging the respective
bromine atoms with 4b substituents selected from the group consisting of

supetingeansasaitdiedioho tphnoupdic@kiEhikyhiisepbire and diarylphosphine,
I-Cs_u:cycloallcylphosphing. In another aspect, there is provided
Ggééﬁéij%%{g o?%%ﬁﬁl?%gﬁ' *'ﬁ'ﬁvﬁ?@agﬁ%jgf’%?%herein R'is Ci-6-alkyl

or C3_'o-ecycloalkyl optionally substituted with one or more halogen
Rlamsnaul R2.and B3 e aauakand.aie seldisddtem the group
consisting of aryl, Cs..i(r)-cycloalkyl and Cl-6-alkyl, wherein each aryl
moiety is optionally subgtituted 15 with one or more substituents selected
from the group consisting gf halogen atoms, nitro, ammo, Cis-aikkyl,
C4.6-alkoxy and di-C" c-alkylamino groups, or R2 is Cs-io-cycloalkyl or
Cid-alkyl, and R3 is ary aptionalpseRstituted with one or more
substituents select . nsisting of halogen atoms, nitro,
amino, 20 CF-6-alk é-alkoX (1 di-CF.6- 0 groups, andeach
C1.6-alkyl, Cie-cycloalkyl}; C4.6-alkoxy and di-C14-alkyl o group in R2
and R3 optionally beifRj stiﬂlﬁsd)yvith one or more halogen atoms. In
further aspect, there is provided compounds of formula 25 R\

wherein R' is Cy-alkyl or Cayp-cycloalkyl optionsliy substituted with one or more

halogén atoms, and

K’ and R’ are equal and are selected from the group consisting of arvl,
Cs.yo-cycloalicyl and C,¢-alkyl, wherein each aryl moiety is optionally substitted
with one or more substituents selected from the group consisting of halogen atoms,
nitro, amine, Cy¢-alkyl, C;.¢-alkoxy and di-Cj¢-alkylamino groups, '
or

R is Csqo-cycloalicyl or Cy4-alkyl, and R’ is aryl optionally suiasﬁm:ed with one or
more substitnents selected from the group consisting of halegen atoms, nitro, amino,
Cig-alkyl, Cyg-alkoxy and di-C,.s-alkylamino groups,

and each Cy.¢-alkyl, Cso-cycloalkyl, Cy.¢-alkoxy and di-C;.¢-alkviamine group in R2
and R’ optionally being substituted with one or more halogen atoms.

In further aspect, there is provided compounds of formuia

Br Br

wherein R’ is C;¢-alkyl or Cs.so-cycioalkyl optionally substituted with one or more
halogen atoms.
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VL 30 Br Br wherein R1 is C1-alkyl or C3'Q-cycioatkyi optionally
substituted with one or more halogen atoms. 4c In yet another aspect,
there is provided the use of compounds of formulal, RI0O 5 CR 12P
P(R3)2 wherein R' is Cl.fr-alkyl or C3.10-cycloalkyl optionally substituted
with one or more 10 halogen atoms, and R2 and R3 are equal and are

159aciagdaradhe giuR coRsisiag plaly.

SWC oIo Ik -alkyl,
wherein each aryl moiety is optionally su ésﬁscfe%l é&ﬂ Sﬁifﬁrﬁ‘?ﬁj

substituents selected from the group consisting of halogen atoms, nitro,
amino, Cl.6-alkyl, Ci.6-Blkoxy and di-CF.6-alkylamino groups, or R2 is
C5.je-cycioatkyl or Ci.6-alkyl, and R3 is aryl optionally substituted with one
or more substituents selected from the group consisting of halogen
atoms, nitro, amino, : ‘

groups, and each
di-C}-6-alkylamino groug 2C a
with one or more haloge for the preparation of catalytic active
complexes of transiti@h zﬁetﬂ’(ﬁrégerably of ruthenium, rhodium or

[# (%] H%% OF OPTI MBODIMENTS 25 Provided is a
process the prep |on3d7ﬂ§ SRRPoEhS, tuted with one or more

brlngdipaosphiard ligands of the formula RI O
R’ and R® are equal and are seiected from the group consisting of aryl,

Cs-so-cycloalkyl and Ci¢-alkyl, wherein each aryi moiety is optionally substitited
with one or more substituents selected from the group consisting of halogen atoms,
nitre, amine, Cy.e-alkyl, Ci¢-alkoxy and di-C, ¢-alkylamino groups,

or |

R? is Cs.po-cycloalkyl or Ci-alkyl, and R® is aryl optionally substitated with one or
more substituents selected from the group consisting of halegen atoms, nifro, amine,
Cig-alkyl, Cig-glkoxy and di-Cy.¢-alkylamino groups,

and each C,s-alkyl, Cs.jp-cycloalicyl, C,¢-alkoxy and di-C,.¢-alkyiamino group in B2
and R’ optionally being substituted with one or more halogen atoms,

for the preparation of catalytic active complexes of transitions metal, preferably of
ruthenna, rhodinm or iridivm.

DISCLOSURE OF OPTIONAL EMBODIMENTS

Provided is a process for the preparation of asymmetrically substituted biaryldiphosphine
ligands of the formula

1

B
0

W, L

®F PR,
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30 (0)2P P(R )2 WO 2006/002730 PCTIEP2005/006064 5 wherein R' is

w s gr C3-io-cycloalkyl optionally being substituted WithP%]xe{E(irr more

halogen atoms, and R2 and R3 are equal5and are selected from hezé)Pgﬁ‘Bm“
consisting of aryl, C5-io-cycloalkyl and Cp-6-alkyl, wherein each aryl

moiety is, pptiqnally, substjtuted with gne or more substituents, 5 selected
f‘%q%r%(%leigr%u%’ﬁ%?gtﬂ‘?g 6f“ﬁ§?6%0e ?Fgl,or’i’i??b‘,' ?‘iﬁﬁ&“&%ﬁ’é jrith one or more

Gti6gpikatomanadli-Cis-alkylamino groups, or R2 is C1.6-alkyl or

s-to-cy¢loalkyl, and R3 is ar ionally substituted, with one oy more
S Sl B e o Ohe BERRP SRS Ao ey cloalio and
anipd fcﬁi-@wejhl lfaelﬁmﬁa aile@atyl w@pd‘l iaﬁdm}aam)éﬁmie@ *FIQU@ﬁelk | 8NtheRCfbstituents
Ci:6- , Ct-6-alkoxy, di-Ct 6-alkylamino and Cs-ao-cycloalkyl groyp in
ﬁ%@y‘%ﬁ?‘o‘gﬁcﬁﬁgﬁ B%%&%%S?ﬁﬁ@&%ﬂ%ﬁ% S fofE ot it e-alkoxy
eaddiFSingatikiitsnigactionsequence, wherein one bromine atom of

2,2',6,6'-tetrabromo- 15 biphenyl Br Br f\ " 1ll 20 Br Br is exchanged with
4 by bromine-metal exchange and subsequent metal-hydroxy

eXabahgealtslowey hycadedkyjation 10 afford aptivnEop pebefifelp WaIRBe or more
Br.25 IV Br%r v%%}ain 'is as defined above, and further reaction _
583?15’51%%%%,5 R TSR P OHB P YRy tlnE 8 SR BU Grinino, Cre-alkyl,

Ci.s-alkoxy and di-Cj¢-alkylamino groups,
and each Cy¢-alkyl, Cy¢-alkoxy, di-Cj.¢-alkylamino and Cs.jp-cycloalkyl group in R? and
R? optionally being substituted with one or more halogen atoms,

comprising a first reaction sequence, wherein one bromine atom of 2,2°,6,6”-tetrabromo-

biphenyl

111

is exchanged with OR' by bromine-metal exchange and subsequent metal-hydroxy
exchange, followed by an alkylation, to afford a compound of formula

wherein R! is as defined above,

and further reaction sequences, wherein each reaction sequence comprises at least one
bromine—mctallexchange and subsequent metal-substituent exchange with the respective
substituent, thereby exchanging the respective bromine atoms with substituents selected
from the group consisting of hydrogen, diarylphosphino, di-Cy.¢-alkyiphosphino and
di-Cs.jo-cycloalkylphosphino,
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30 bromine-metal exchange and subsequent metal-substituent exchange
with the respective substituent, thereby exchanging the respective
bromine atoms with substituents selected from the group consisting of
hydrogen, diarylphosphino, di-Ct.6-alkylphosphino and di-Cs-,0-cyclo
alkylphosphino. 6 The bromine-metal exchanges mentioned in the instant

Tiisttosune-melpbexcaarige: owntithedha thy limse:amadiecinsmfethmyéspmﬁm out with'

talllc co und at tem eratur ow -
B B T S e Bt 14 SHrmROut 805 SeREroE below
—ém?@l(fhmprempmtbre Faimﬁaemdztakebla}w 7 bdC atratéasytdtnrosphibest 0 °C
S comprising a bla Iet whr h is permanently twisted around
(‘t‘ﬁgg ggoc SABENd

ave%w “atropisomers. Asymmetric
hydrogenatlon with transition metal complexes are preferably performed

L
tﬁﬁﬁf&ﬂlhdﬁn@ 6 cenfRel 2RIRGRS)Pboh dreid mvamwagwmm definrhetric
T T L IR T,

ammdhaudpgmbmllymm@mm {uxiipticed. Whatedore] hehmiddieatbpreciated
ring closure mentr ne in Schem | above can surprisingly be avoided by
% los # d, e b ly b ided b
pr X8 e rea lon sequences of the present process for

R\

the preparation of

wherein R}, R? and R® are as defined above, implicitly includes its atropisomers

®@p PE), ®@F 1),
I'*-S, and T'-R

if not otherwise specified, e.g. by indicating their positive (+) or negative () optical

rotation.

The undesired ring closure mentioned in Scheme 1 above can surprisingly be avoided by
the inventive process. The reaction sequences of the present process for the preparation of
compounds of formula [ are depicted in Scheme 2. The synthetic approach of Scheme 2
starts with 2,2°,6,6’-tetrabromeo-1,1’-biphenyl {(III), wherein one bromine atom of Il is
replaced by an alkoxy or cycloalkexy group. Compound II can be obtained by
condensation of 1,3-dibromo-2-iodobenzene (IT) according to Rajca A. etal,,J. Am. Chem.
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30 compounds of formula | are depicted in Scheme 2. The synthetic
approach of Scheme 2 starts with 2,2',6,6'-tetrabromo-1,I'-biphenyl (lll),

WO dReMIE’Hhe bromine atom of Ill is replaced by an alkoxy or RGEIGERR{P06064

group. Compound Il can be obtained by 7condensation of
1,3-dibromo-2-iodobenzene (11) according to Rajca A. et al., J. Am. Chem.

S T3E6/DE2 7302P 0V E R2005IQG0EHAHeC. ﬂiﬂ@ﬁnglﬁ l@ﬁﬂsﬂ?ﬁﬂnula Icanbe

cord to e 2 tailoring of I| ands of formula | ca ieved
A P S S SR e S0 s r g dciunts of
xgeaagerﬁmm diblysts basitoeagtions)(a to €). 5 Scheme 2: Preparation of
ligands | from 2,2',6,6'-tetrabromobiphenyl (Ill) replacing one bromine
atom with an organyl group Br Br 0 Br Br Br (R52P P(R3)2 1l V [a-3] [a-]]
$bhmhb22 Pz[qfhk{ldb:mﬂigﬁhd&{ @rdfx 22 ’[8;4]-{et2blrRetBizn (RATPR dMlacing one
B 3)2 1V V a- :% 15 R~ e-3] 0 (R~ZP Br 20 VIl R, R2 and R3 as
85“1“Be ereln temperature bromine-metal exchange;

[a-2] = 2 eq. low temperature bromir;g&metal exchange;
Br Br

Br B P oD
EIHI‘ (R-Z)z V (R )z [a‘ﬂ.
{d}
{a-2]
—
[e-2] :
®"),P {P(Rﬁz
[a-3]
fe-3]
I~
<w?_—v§\___>
(R*),p Br
VI

R, R? and R as described therein,

[a-1] = 1 eq. low temperature bromine-metal exchange;
[a-2] = 2 eq. low temperature bromine-metal exchange;
[a-3]=1 to 2 eq. high temperature bromine-metal exchange;
[b] =borane oxidation;

[e] =alkylation;

[d] =hydrogen quenching;
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[a-3] = 1 to 2 eq. high temperature bromine-metal exchange; 25 [b] =
borahe oxidation; [c] = alkylation; [d] = hydrogen quenching; WO

WO AeHINAR730 PCT/PP2005/006064 8 [e-1] = | eq. metal-alk§LHEP2005/006064

cycloalkylphosphine exchange; [e-2] = Zeq. metal-alkyl- or
cycloalkylphosphine exchange; [e-3] = 1 eq. metal-arylphosphine

ghangs; fedl aidyetergabanyphesphine exabagee. 5 In a preferred

odlment the first bromine- mei!)(!?tﬂxchangfaf fthe compound of
[ﬂn%u%@%lfl?@&ﬁl&flbﬂf Wf HeaHey Hi&Flithium at a

e Pe{%rﬁl&ﬁi%iﬂﬁ heaxdantemperature bromine-metal

exchange ") in a polar solvent to afford a metallated intermediate. The
[roftbmih gareestraraihy ehipe A& rried out by reacting the 10

metallated intermediate with a borane or organoborate, and followed by
reaction with a_peroxy compound in the pres nce of an lﬁ%l and/or e rt? formula

Talrairaforairs,qaRbodHE e %@{é‘h@ﬁ"@‘&%{ﬂ?@ ISR

i} @%@é%ﬂ@%ﬁﬁ%@@é&uﬂ%@[@ﬁf@&ﬁﬁ@ﬁﬁm ra.ttdﬁ@msmfeeberow ~40°C
organoborate is fluorodlmethoxyborane dletmaﬁhS ethe

(i pleoPS BB b SR A EF S KERL ATy o mefallaed
1%%&!1&@@5%1%%&&lﬁi&mrﬁ?&rﬁﬁy@ﬁémam@em?démmm

group conS|st|ng of hydrogen peroxide, per cetic

kR BB BRGSO RO Ly i

ﬁ!ﬁ”&ﬁ@ﬁlﬁmmet the-adkalirandiaaRadly stalithlicalitigdrottide, and the

reaction with the peroxy compound |s selected f om the g? Lg nsisting
Skriesion RLomedQyHTER a5 Ysyiay Fr?s TR %%’lasl%rred

embodiment, the base of the alkylatinn reaction is an alkali and/or earth

g}lak?? " drgdxg‘gb:dﬂgg;[le&dtgg gl};gr?e%goo Solggltg 8 1'1'(')%?11{&' ?‘%xygoran&: diethyl

ether adduct, triisopropylborate or trimethylborate, preferably in ethereal sofution.

In another preferred embodiment, the peroxy compound is selected from the group
consisting of hydrogen peroxide, peracetic acid, m-chloroperbenzoic acid and fert-butyl

hydroperoxide.

In yet another preferred embodiment, the alkali and/or earth alkali hydroxide in the
reaction with the peroxy compound is selected from the group consisting of LiOH, NaCH,
KOH, Ca(CH), and Mg(OH),.

In a further preferred embodiment, the base of the alicylation reaction is an alkali and/or
earth alkali hydroxide, selected from the group consisting of LiOH, NaOH, KOH, Ca(OH),
and Mg(OH);.

In a preferred process the alkylating agentis a C¢-alkyl halide, a Cs.jo-cycloalkyl halide
or dimethyl sulfate. Preferably the C.¢-alkyl halide is a Cy¢-alkyl bromide or Cy¢-alkyl

jodide, Particularly preferred the alkylating agent is iodomethane or dimethyl sulfate,

In a preferred process, wherein a further reaction sequence is carried out starting from
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and Mg(OH)2. In a preferred process the alkylating agent is a Ci.6-alkyl
halide, a C5_10-cycloalkyl halide 30 or dimethyl sulfate. Preferably the

WO gesIK3fA halide is a C-6-alkyl bromide or Ct.6-alkyl iodide FRIVEEANEHPO6064

preferred the alkylating agent is iodometBane or dimethyl sulfate. In a

preferred process, wherein a further reaction sequence is carried out
catartingdsost (/29 06/ B0RRE3 @drapTiE N2 0 050 06hd<d Burdtipaiuremeti exchange
%) mula N abO\{e, comgri%jansg %é% ngee‘?ige{iatu e bromzhne-metal C an&e dof
%t two bTomIR& GtehiS ARt Stibséqaent nfe %?PB'H%%SW BUERe FuAGRN YS! compouna o
faffordza compound of formula Rt 50 Br (R2)2P P(R3)2 10 wherein R is

as defined above, and R2 and R3 are equal and are aryl optionally

substituted with one or mo&\%ubstituents selected from the group

consisting of halogen atoms, gitrogamino, C1.6-alkyl, C1 -alkoxy and
di-C1_6-alkylamino groups, ahd each C1.6-alkyl, Cs_ o-cycloalkyl,

C1.6-alkoxy and di- C,.§ Naming/t

substituted with one or atoge

gtoms, and the remainiig
bromine atom of the corpe: . AV is replaced with hydrogen by
high temperature bromiré%rr ﬁ’r%ge and subsequent reaction with
a proton donor, to affor ula Rl 200 (R2r2P P\(R3)2 25
herein, R R2da d I;B are as %efined in compound V above. Provided is
B Brotess” %v?f% eﬁ? A Fafher reaction sequence is carried out starting

Kfamd 80rapasyneb akifarenargl bpéadimley sanprissdgrdtiovnéssn paraisibstituents
bromine-metal exchange .of. one hromine atom of.the aryl maiet

SERTRHING L B TSRO ML LA i SRin Ui, Oty

and di-Cy.g-alkylamino groups, and each C;¢-alkyl, Cs.jo-cycloalkyl, C;¢-alkoxy and di-

C;.g-ﬂlkyiaminb group in R? and R? optionally being substituted with one or more halogen

atoms, and

the remaining bromine atom of the compound of formula V is replaced with hydrogen by
high temperature bromine-metal exchange and subsequent reaction with a proton donor, to
afford ligands of formula

wherein R', R? and R? are as defined in compound V above.

Provided is also a process, wherein a further reaction sequence is carried out starting from
compounds of formula I'V above, comprising a low temperature bromine-metal exchange
of one bromine atom of the aryl moiety containing two bromine atoms and subsequent
metal-hydrogen exchange by reaction with a proton donor, to afford a compound of

formula



30 metal-hydrogen exchange by reaction with a proton donor, to afford a
compound of formula WO 2006/002730 PCT/EP2005/006064 10 RI O
WO 29p6/80278r Br wherein R' is as defined above, and a further ¥&#/EF2605/006064
temperature bromine-metal exchange ofltthe remaining bromine atoms
and subsequent metal-phosphine exchange, affording ligands of formula
I, wherein R'is as 10 defingd above, and R2 and R3 are equal and are
selected from the group cdqu\isting of aryl, C5.10-cycloalkyl and Cl.6-alkyl,
wherein each aryl moiety is ogiionally substituted with one or more
substituents selected from the group_consisting of halogen atoms, nitro,
amino, Cl-6-alkyl, Cl-6/a §-alkylamino groups, arg-each
Cg_6-alkyl, C5-jo-cycld . 7and di-Cl-6-alkylamino group in
5 R2 and R3 optionally be¥rg=s . [ 5 with one or more halogen

atoms. Further provided is alsg.gyprocess, wherein a further reaction
sequence is carried out starting from compounds of formula IV above,

velosrgn Sl gsadalefieadpiate rankdromine- metal exchange of one bromine

om of the aryl moiety,containing two bromine atoms and 20
e oI TS Loy e e P o UL A BB s ang
sobsepoenchefibphuialie whersig R s adidgfiipddbei foranth 4, lvherein R is as

10 4R e AL S oM S e PR TRELRR cpmicting ofary
R 2o HIR 22P B e-alkyl, wherein each aryl moiety is optionally substituted with one
or more substituents selected from the group consisting of halogen atoms, nitro, amino,
Cy¢-alkyl, Ci¢-alkoxy and di-C,¢-aikylamino groups, and each C;¢-alkyl, Cs.jo-cyclo-
alkyl, C;.¢-alkoxy and di-Cy.¢-alkylamino group in R* and R® optionally being substituted

15  with one or more halogen atoms.

Further provided is also a process, wherein a further reaction sequence is carried out
starting from compounds of formula IV above, comprising 2 low temperature bromine-
metal exchange of one bromine atom of the aryl moiety containing two bromine atoms and
20  subsequent metal-hydrogen exchange by reaction with a proton donor, to afford 2
compound of formula VI, wherein R! is as defined above, and a low temperature bromine-
metal exchange of one bromine atom and suﬁsequent metal-phosphine exchange, to afford

a compound of formula
25

ViE

30  wherein R! is defined above, and R? is Cs.jg-cycloalkyl or Cyg-alkyl, the Ci¢-alkyl or
Cs.1o-cyoloalkyl group optionally being substituted with one or more halogen atoms, and
a high temperature bromine-metal exchange of the remaining bromine atom and

subsequent metal-phosphine exchange, affording ligands of formula I, wherein R! and R?



10

15

20

25

30

30 wherein R' is defined above, and R2 is C5_lo-cycloalkyl or Cl-6-alkyl,
the Cl.6-alkyl or C5_to-cycloalkyl group optionally being substituted with

WO HReBF Hibre halogen atoms, and a high temperature bromihe &4 >/006064

exchange of the remaining bromine atoit and subsequent
metal-phosphine exchange, affording ligands of formula I, wherein R' and
aR23/cfiaeD 60027861 PC BN LopiNoeEgubtituind 6 Hafirar ooy subettucnts

' [ S 118 I re. ' S e
PO UM LINE ARG SRS iy
agldliafkoxpllestatdnC p®ukytad sashy faupelkahCeacieCib@kyl{; c-atkoxy and di-

5-la-cycloalk ; - Cl-6-al inQ. i
RS VS SOOI G i o

preferred embodiment, each low temperature bromine-metal exchange is

18 etk %@oﬁﬂ%%ag%%] %@J'ﬁ%é%@%%@ ﬂ@%ﬁé&@fﬁ%’&’é@&l&% carried out

Isopropylmagnesium chloride or m tributylmagnesate at a
withpeeagareibetsliic 40nthqueterablgdm thatyHithoiof, 80prop3d0@nedm ghloride or

B B ARl or 00

~#€mMoval of the last remaining bromine atom from compounds of formulae

R e i e S e e S
apréfaselyentipocienany dvothiniogdetraydfodxenange is carried out with an

organometallic compound such as n-butyllithium, tert- butyllithium,
isopropylmagnesium chloride or lithium tributylmagnesate, at a

Tiesnpweie of ticlakasmoigngleferablydivth &roan gerp@ngsaignidee V and VI,
Int of i ) -
a%}%%%%gg LneRLgany %@é@ﬁ%&%&%ﬁ%‘ P L, 2 OIS RIS CRA0ES IRetal

stituents attached to the biaryl moiety. In 20 most cases one
eeduivate it diigrsantipmenautalic tonpeimeibsoidonemb fephalesremetal

0210w, NG MSlRbL L AJNEIGHS &R e thivm, rers-
e?ﬁﬁ%;)ggfa%ure romine-metal exchange is carried out in a solution i, fen

butyititiiimy, tskpsnpyimapesiira dpivois an I wndiietdeagersiodirdemperature
oihzﬁ Qég{%g%l &%@%ﬁf Eﬁﬁ%%&é%raé BaPIAIPEORSISURL R of the organometallic

compound (1 to 2 equivalents) depends on the substituents attached to the biaryl moiety. In

most cases one equivalent of the organometallic compound is sufficient to replace the
halogen atom with the metal.
in a preferred embodiment the high temperature bromine-metal exchange is carried outin 2

solution containing toluene and/or tetrahydrofuran.

In a preferred embodiment the hydrogen donor is selected from the group consisting of
Cy.s-alcohols, water, non-oxidizing inorganic proton acids, and C.3-alkanoic acids.

Preferably the non-oxidizing inorganic prbton acid is HCL

Preferably, the reaction with the hydrogen donor (hydrogen quenching) is carried out at a
temperature in {he range of 60 to ~80 °C.

In a preferred embodiment the metal-phosphine exchange is carried out using a halo-

phosphine of the formula



Cl-3-alcohols, water, non-oxidizing inorganic proton acids, and
C1-3-alkanoic acids. Preferably the non-oxidizing inorganic proton acid is

wo W&O%-@%rably, the reaction with the hydrogen donor (hydr é: F2005/006064
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guenching) is carried out at a 30 temperla?cure in the range of-60 to -90 C.
In a preferred embodiment the metal-phosphine exchange is carried out
using a halo- phosphine of the formula WO 2006/002730
PCTIEP2005/006064 12 #%-1 VIIl, RAP"R wherein X is chlorine,pﬁ:ﬂwine
or iodine and both substitugq’gs R are equal and are R2 or 5 R3, wheérein
R2 and R3 are as defiRed aboRe. Depending on the intended substituents,

JRR 231 eRRoSRIRROL G IRL BB 45 S lat S FRIAIRERIIA R ual and are R? or
consisting of. halodli':\rylphosphlnes, halodi-(Cs-to-cycloalkyl)phosphines

Rhavheteini R paidicMipme dshimmssabiveach aryl substituent of the
halodiaryiphosphine moiety is optionally substituted with one or more
substituents selected from the group consisting of halogen atoms, nitro,

Reprnding loe-Hifryhtaiecuikbstuanisd He alankpaniing gfdbpfompinallis selected
£aeNe 841@’ bofikBralko PR A 1B N6 408: ¢8:10rcYel 88tk phosphines

group of'the*halophosphine of the"formula 15 VIl is substituted with one
orhekedhfogetllabrhesphiigreferred embodiment the halo- phosphine of

the formula VIII is selected from the group consisting of halodiarylphos-
phines and halodi-(Cs-to-cycloalkyl)phosphines, more preferably is

Eathranicydietinent pbsiedizriphosbjermeaisiphvaphpmally substituted with one
SRASIRRS AN PR TRINDE O BHOME YRS M RIRAR PRSP RIS hAHE, amino,
compounds of formula RI

C¢-alkyl, C;.¢-alkoxy and di-C;¢-allcylamino groups. Optionally each Cy¢-alkyl, Ci¢-alk-
oxy, di-C¢-alkylamino and Cs yg-cycloalkyl group of the halophosphine of the formula
WVIII is substituted with one or more halogen atoms. In 2 preferred embodiment the halo-
phosphine of the formula VIII is selected from the group consisting of halodiarylphos-
phines and halodi-(Cs_jo-cycloallcyl)phosphines, more preferably is chlorodicyclohexyl-
phosphine, bromodicyclohexylpbosphine, chlorodiphenylphosphine or bromodiphenyl-

phosphine.

Provided are compounds of formula

®)P  PR),
wherein R! is Cj¢-alkyl or Cayp-cycloalkyl optionally substituted with one or more
halogen atoms, and

R? and R® are equal and are selected from the group consisting of aryl, Cs.1e-cycloalkyl and
Cis-alikcyl, wherein each aryl moiety is optionally substituted with one or more substituents
selected from the group consisting of halogen atoms, nitre, amino, C;.¢-alkyl, Cj.s-alkoxy
and di-Ci.¢-alkylamino groups,



10

15

20

25

30

0251, (R),P P(R3)2 wherein Rl is Ct.6-alkyl or C3-lo-cycloalkyl optionally
substituted with one or more halogen atoms, and 30 R2 and R3 are equal

WO 2044t elected from the group consisting of aryl, Cs-to-cﬁ:ﬁ:géﬁ&ﬁog?( 6064

Cl.6-alkyl, wherein each aryl moiety is @gtionally substituted with one or
more substituents selected from the group consisting of halogen atoms,
omitro, amino, Cl.6-alkyl, Cl.6-alkoxy and di-Cl-6-alkytamino groups, WO

Rﬂ%qgéoqgﬁ)lgalﬂ%? HrB209R006R84 13 a??ﬁ)%%&@yl QuBEERAKWAR one or more

Cl-ﬁ-é‘ﬂyl, and R3 is ar%I optionally substituted with one or more
substisernis el entrd roaprtb A EIRBIL ORI SRt QB Mogeh RilEPm 3MiRtPe C1-6-alkyl,

aming, Ct8akkoh, Clulalkay #BgHdi-C .6-alkylamino groups, 5 and each
C&_G-aﬁ%l, Cs_lo-l?yélll&c;stlkyl, C§ 6-alkoxy and di-Ct.6-alkylamino group in _,
arReatiiCRaetofaly BeiogikybStvatakontnasddlt MiFeihaBmen R and

REBEH?&{W 8&{@\&%@@{@&9{&%&@9&%?@@Eam%eﬁgtmér Br 15 wherein

s Ct.6-allcylor C3_to-cycloalkyl optionally substituted with one or more
halogen atoms. Provided are compounds of formula R' 200Br " p V,

FRRERRIBAG A AR R GAlv er C3_to-cycloalkyl optionally
substituted with one or more halogen atoms, and
i

N

O
Q O Vi’
Br Br

wherein R! is C; ¢-alkyl or Cs_j¢-cycloalkyi optionally substituted with one or more

halogen atoms.

Provided are compounds of formula

®R?),P P(%z

wherein R! is C;¢-alkyl or Cz.jp-cycloalky! optionally substituted with one or more
halogen atoms, and

R? and R® are equal and are selected from the group consisting of aryl, Cs.je-cycloalkyl and
C;¢-alkyl, wherein each aryl moiety is optionally substituted with one or more substituents
selected from the group consisting of halogen atoms, nitro, amino, Cy-alkyl, Ci.s-alkoxy
and di-C;.¢-alkylamino groups,

or

R? is Cs.jg-cycloalkyl or C;.¢-alkyl, and R.3 is aryl optionaliy substituted with one or more

substifuents selected from the group consisting of halogen atoms, nitro, amino, Cy.¢-alkyl,
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R2 and R3 are equal and are selected from the group consisting of aryl,
Cs_to-cycloalkyl and CY_6-alkyl, wherein each aryl moiety is optionall

WO 2088t with one or more substituents selected from the B¢ 2005700606+

consisting of halogen atoms, nitro, aminéf‘Cl-G-aIkyI, Ct.6-alkoxy 30 and
di-Ct_6-alkylamino groups, or R2 is Cs-to-cycloalkyl or Ct_6-alkyl, and 1.3
(3 -atkopyiendifi-ShhsatiarbednmiehesdiPér more substituents selected from

t consisting of I i t ‘n R2
%o%%gg‘féb g@‘r@%‘b"z’%@o‘oé‘oé@?ﬁ s -%ﬁ?o@%ﬁﬁ%wﬂnwpmw iR and
i -cpteudily beinsswrsiintedmite an o mgbalagsR BRIl 0alkyl,

Cl_6-alkoxy and di-Cl_6-alkylamino group in R2 and R3 optionally being
substituted with one or more halogen atoms. 5 The invention provides
Theripweniitmairforidasi goRpaondy &fi formgiR2)2P Br wherein R' is C1$-alkyl

or C3-1o-cycloalkyl optionaII){ substituted with one or more halogen

atoms, and R2 is selected the group consisting of aryl,

C5-10-cycloalkyl and Cl.6-alkyk, wherein 15 each aryl moiety is optionally
substituted with one or more stituents selected from the group

consisting of halogen atgms i o, Cl.6-alkyl, Cl.6-alkoxy and
di-Cl.5-alkyl- amino'grps, a { alkyl, C5.10-cycloalkyVIi,

Cl.6-alkoxy and di-Cl.6-alkylamino §

substituted with one or morg kalog
compounds of formula RRQ,¥25Br

wherein R? is Cj¢-alkyl or Cs.yp-cycloalkyl optionally substituted with one or more

halogen atoms, and

R? is selected from the group consisting of aryl, Cs.jo-cycloalkyl and C;¢-alkyl, wherein
each aryl moiety is optionally substituted with one or more substituents selected from the
group consisting of halogen atoms, nitro, amino, C,¢-alkyl, C;.¢-alkoxy and di-Cys-alkyl-
amino groups, and each Cyg-alkyl, Cso~cycloalkyl, Cye-alkoxy and di-Cy.¢-alkylamino
group in R? optionally being substituted with one or more halogen atoms.

Provided is the use of compounds of formula

wherein R! is C;¢-alkyl or Caqg-cycloalkyl optionally substituted with one or rore
halogen atoms, and

R? and R® are equal and are selected from the group consisting of aryl, Cs.jg-cycloalky: and
C,¢-alkyl, wherein each aryl moiety is optionally substituted with one or more substituents
selected from the group consisting of halogen atoms, nitro, amine, Cy¢-alkyl, C.s-alkoxy
and di-Cjg-alkylamino groups,

o
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(P, )2P P(R3)2 wherein Rl is CI-6-alkyl or C3-lo-cycloalkyl optionally
substituted with one or more halogen atoms, and RZ and R3 are equal

WO 26f@08t838elected from the group consisting of aryl, C5-10-cFél6 &R #c064
30 Cl.6-alkyl, wherein each aryl moiety isSoptionally substituted with one
or more substituents selected from the group consisting of halogen

RAterds, @ﬁ?ﬁlﬁmiﬁmm&-alkyl, ﬁﬂcﬁfélk@xyylaj‘llﬂiditﬂ@ cubltidaadingth one or more
‘%%)Mi% (%S%&) 6/002730 PCTIER 005/ 6064 15 R2 is Ce-allcv
H5S () f’a%sﬁpa%%ﬂﬁ %@ﬁ*amﬁbgﬁu@a‘wfh ve-alicyl,
o, nito Ao, G 6 ol C16 “?"*’@@“’“"f‘?;“fm‘?"“am‘
atoms, nitro alkex i amin
retet ARt e e e Rt 16 Peaial S Subsituted with
odb&h;ﬁaﬁdwmmup in R2 and R3 optionally being substituted with 5

SIS ot e, 1 e Rl oL A S o

r@ﬂﬁﬁﬂiﬁkﬂSﬂiﬂdﬁﬁiﬂMlﬁﬁﬁm Sﬁﬁlfﬂm{gacﬂﬁcttﬁrﬁmmﬁéalsm&oﬂ sestals can be

0 enatl prefe symmetric drogenati

wh R R CRSTE §Ta0 LA SR P ARG, compound
c&{ﬁaﬁmﬁg ly: Teespardiiaisaointatiosduhikel s@@eﬁsymafamﬁ@ Hdycbdganatigned by

enanti lly pure compounds. Several Ies for raI

S A TP LD AP T AT P PR

solutions are disclosed in Ashworth T.V.etat. S. Afr J. Chem. 1987, 40,

183 88, WO 0O /2937 |ma Chem. 1994, 5

Gl P P B R A Gy S0 s and

cbmﬂmgﬁmm ua-mlsamtgmwtsmmﬁ Bak.pariicdladyy. pieftmed i98he0, 183-

bR T AR ‘éfeé e R

In a preferred embodiment the hydrogen pressure during hydrogenating is in the range of

1 to 60 bar, particularly preferred in the range of 2 to 35 bar.
In a further preferred embodiment hydrogenating is carried out at a temperature in the
range of 0 to 150 °C.

In a preferred embodiment, the compounds containing at least one unsaturated prochiral
system are selected from the group consisting of compounds containing a prochiral
carbonyl group, a prochiral alkene group or a prochiral imine group.

In a particular preferred embodiment, the compound containing at least one unsaturated
prochiral carbonyl, alkene or imine group is selected from the group consisting of o~ and
B-ketoesters, a- and B-ketoamines, o~ and B-kefoalcohols, acrylic acid derivatives, acylated
enamines or N-substituted imines of aromatic ketones and aldehydes.

Preferably the hydrogenation reactions are carried out with a catalyst solution in a polar
solvent like C;4-alcohols, water, dimethyl sulfoxide (DMSQ), dimethylformamide (DMF),
acetonitrile (MeCN), ethers or mixtures thereof. Preferably the polar solvent contains
methanol, ethanol or isopropyl alcohol or a mixture thereof. Particularly preferred, the

solution may contain further additives.
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In a preferred embodiment, the compounds containing at least one
unsaturated prochiral system are selected from the group consisting of

WO 2HGiIBIMYs containing a prochiral carbonyl group, a prochirdf &ifgeas/006064

group or a prochiral imine group. 25 In darticular preferred embodiment,
the compound containing at least one unsaturated prochiral carbonyl,

TalkeReRr invegigroislisselectéy fhenfoliewdre moodisiiingabmpiesd
(3-ketoesters, a- and 0-ketoamines, a- and 0-ketoalcohols, acrylic acid
derivatives, acylated enamines or N-substituted imines of aromatic

Hseiepessand aldehydes. Preferably the hydrogenation reactions are

carried out with sEtrataly tg%ﬁélon in a polar 30 solvent like C1.4-alcohols,
Exappleinhddiy? SUiraReG B G fethylformamide (DMF), acetonitrile

TiebdhyRieks @ mlxr,lﬂa@ﬁag,re@fnm@fmdﬁl;ﬂtﬁémntm’o@omm(ﬁdrﬁém& 24 kg,
methanol, ethanol or, |s alcohol or xt r icular

L} SeR T SO HTYE 8%8%&%%3 li(%"lner 7 34t eér'%n%ﬂ%g %@ tefrahiydo-
6 (EB2)Qa0RE064s 16.0hE)resERtfivkfiion IsdlluSGa@aspiiion of iodine
following non-limitin e les: E

AR b o D BB AL e 0L £ol PRt apgeed and

B4 Brelisesnelicizein m@sﬂ%moo%kgﬁéz@mmg/m}mmgycmm solation

e B el R e AR betore
Harbek &&é@%)day%@rwg@@fumm@mmmmw@yemmﬂ%}

eva orated and the residue dissolved in diethyl ether (1.0 L). After
&8 5 E?éﬁﬁ% solution 10 of sodium thiosulfate (2x0.1 L),
ggg@n!g@aa@r was dried over sodium sulfate before being evaporated

to dr ness. Upon crystallization from_ethanal (1.0 L 3. kg (91%

RV RGO N S Th aTF et b 500 16 B WAL 73 B

égﬁfé -8 561500 dealtiBalelii®id H1oT007 i 0i 84 81biAa, € 1997 HIQGHGBI2I
80 ): calculated (%) C 19.92, H 0. 84 found C 19. 97, H 0.80.

Example 2: 2,2',6,6'-Tetrabromo-1,1'-biphenyl
Example 2: 2,2°,6,6'-Tetrabromo-1,1’-biphenyl (I11)

At =75 °C butyllithium (14 mmol) in hexanes (5.6 mL) was added to a solution of 1,3-di-
brome-2-iodcbenzene (4.3 g, 12 mmol) in diethyl ether (0.18 L). After the solution was
stirred for 2 h at—75 °C, copper(ilychioride (9.7 g, 72 mmol) was added, and the reaction
mixtare was allowed to attain 25 °C over a 12 h period. Cold water was added to the

reaction mixture and the organic layer was separated. The agueous phase was extracted
with ethyl acetate (2x0.10 L). The combined organic izyers were dried over sodium sulfate
before being evaporated. 2,2°,6,6’-tetrabromo-1,1*-biphenyl precipitates upon treatment of
the residue with hexanes cooled to —20 °C, The product (5.0 g, 33%) is pure enough for
further reaction;

m.p. 214 to 215 °C;

H NMR (CDCls, 400 MHz): § = 7.67 (d, J=8.3 Hz, 4 H), 7.17 (¢, /= 8.0 Hz, 2 H).

Example 3: 2,6,6°-Tribromo-2’-methoxy-1,1’-biphenyl (IVa; R! = Me)

To a solution of 2,2',6,6'-tetrabromo-1,1biphenyl (47 g, 0.10 mol) in tetrahydrofuran
(0.56 L) n-Butyllithivm (0.10 mol) in hexanes (63 ml} was added at —75 °C. The mixture
was consecutively treated with fluorodimethoxyborane diethyl ether adduct (19 mL, 16 g,
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At -75 C butyllithium (14 mmol) in hexanes (5.6 mL) was added to a
solution of 1,3-di- bromo-2-iodobenzene (4.3 g, 12 mmol) in diethyl ether

WQG%‘E)”A‘ﬁer the solution was 20 stirred for 2 h at -75 C, PCT/EP2005/006064

copper(11)chloride (9.7 g, 72 mmol) was added, and the reaction mixture
was allowed to attain 25 C over a 12 h period. Cold water was added to
thd Orerd)iard i dduaguaodstid wiga it dadenwasl seridedBitinl)exnd A0BLsqueous

2X0.10 L). The.combined organic o
B e DO e el R B e 25 -
z:,sz 16760 Mthakropdotiq doigh@nd [ir)e%‘il@t@msambwﬁedtmbyit «ha5(#h@.10 L). The

led duct (9.0 3%) i
enoug %gﬁ urt Zf% gﬁagc%t%ﬁa ﬁ%ﬁ}%egdl%lt% ;ﬁﬂ“ﬁ%{ﬁ&ef‘%& %Fé%mm sulfite
K 19, :fh?eéb(@,‘ SedBi8 ldul f4te1and ¢Taforited. awomymaszaﬁeﬁmﬁmmﬁzed in

%?g?%%-gifletr g@ Fﬁ]ﬁi enyt?(P%nqggB(afS ﬁ) "#\l/’:g#;'g?%rofluuﬁn o | pgtassium

&)yﬂ@mi@mhminr((ﬁm ll)Zi nedkeres (G eoli)ivedy atfiddd Afierd €, wiver (0.50 L)

B R R R TR 4o psnic tayes

m@oerﬁno):i avsr(sodxanmdfmsmmmm@ﬂu@rmdﬂmdex(m leftamndi (0.10 L)
@9&1%3 , D). Th

mlxture wasg z%%w/%l%% ateﬁrg%q O2 ?/groiﬁlgrzzoallg ((e) ;eoalf)tlgrrld

enmaéf’éﬁﬁwlt%ﬁd’@thyl ether (3x0. 10 L). The combined organic layers were

o R S M Sy M e Aoyt =81

dineltiiy), Suboidde e zmgmw&mmﬂé’m@mm 5mL, 17 g, 0.12 mol)

R SRR Nl s A e

with diethyl ether (3x0.10 L) The organlc Iayers were dried over sodlum
fate g%/% produ ora;S *Colom é “%"a%%sp aﬁ% i 1%"2@% ijlfé’ enyl (Va;

@DenRi #0DRIHA S nRefifild, J= 8.3 Hz, 2 H), 7.3 (m, 2 H), 7.11 (t, J=

%&%‘—7 5 °C, n-butyllithium (0.10 mol) in hexanes (57 mL) was added to a solution of com-

pound IVa (21 g, 50 mmol) in tetrahiydrofuran (0.25 L). The reaction mixture was treated

with a 2.0 M solution of chlorodiphenylphosphine (18 mL, 22 g, .10 mol) in tetrahydro-

furan (50 mL). The mixture was allowed to reach 25 °C and treated with a saturated

aqueous solution of ammonium chloride (0.20 L). The reaction mixture was exiracted with

ethyl acetate (3%0.10 L), and the combined organic layers were dried over sodium sulfate.

Evaporation of the solvenis and crystallization from ethyl acetate (0.10 L) afforded 23 g

(71%) coioriess needles;

m.p. 224 to 226 °C (decomposition); _

'H-NMR (CDCl;, 400 MHz): & = 7.56 (dd, J=8.0, 1.3 Hz, 1 H), 7.38 (dt, J=17.0, 1.6 Hz,

2H),73(m,12H), 7.1 {(m, 6 H}, 6.99 (ddd, /=7.7,2.9, 1.3 Hz, 1 H), 6.8 (m, 3 H),

6.63 (d,/=8.6 Hz, 1 Hj, 3.01 (s, 3 H);

*'P.NMR (CDCls, 162 MHz): § =~10.1 (¢, J = 24.6 Hz), ~13.9 (d, /= 24.9 Hz);

C37H29BrOP; (631.49): calenlated (%) C 70.37, H 4.63; found C 69.13, H 4.60.
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Hz, 1 H), 6.96 (dd, J=7.2, 2.2 Hz, 1 H), 3.77 (s, 3 H); C13H9Br30 (420.92):
calculated (%) C 37.09, H 2.16; found C 37.10, H 2.03. 1V Example 4:

WO 2808877812, 6'-bis(diphenylphosphinyl)-2'-methoxy-1,1'-bipheffyF E2005/006064

121=Me and122=R3=phenyl) At -75 C, b8butyllithium (0.10 mol) in
hexanes (57 mL) was added to a solution of com- pound Na (21 g, 50

Eaaneies:tetamraigan(bhoiph iyt Bastarybdrebisisdionies RD= Me and
with @ 2.0 M solution of chlorodiphenylphosphine (18 mL, 22 g, 0.10 mol)
Rm"tétrai’h?&f"ﬁ‘l@ran (50 mL). The mixture was allowed to reach 25 C and

Ateaed Wit ismiualsd naauEomnshertutie (3 amvesiutied ordeo{6tRM bf com-
The, reaction mixt re e tract etate OL),,andt
QA A gD o TR L o AR A B BRI GE L) was
a(izﬂsgdsfh‘ﬂl /@ﬂtﬁil I @5@@ mﬁ@ﬁ?ﬁg@eé@? (028 Qdphaffetd€HLR)geous phase
71%) colgrless needles; m eco ion
S S G U 72 BB S rC oRRIosd O sy e
dH oA boﬁtﬁxﬁ%uﬂ@té"&c?oﬂe(mnfg Hﬁfaﬁcﬁﬁtédddh'}k%aﬂﬁaﬁoﬁ frodHicHlddymethane

8 (m. 3 H), 663 (d J 8.6 tiz, | ). 301.(5, 3 H); 30 "P-NMR (CDCI3,
(%‘E&dﬁ%) @18% %763ﬁ fisé”é '(d, J= 24.9 Hz); C37H29BrOP2

{32249 gatcutatae-ttapEsitbay H 4.63; found C 69.13, H 4.60. WO
2006/002730 PCT/EP2005 006064 18

|
AR, (bR D oo Tor ol Byl TS G B0 7.06 (0 7
-ﬂ‘% tptﬂmyb A8 @ ndatytithigra (50rm mtstl} ip. eeanes $30m Y W9S6.66 (dd, J =

added to a solution of com- pound Va (16 g, 25 mmol) in toluene (0.1 L).
7&?@?»4?51nﬁ@t %@%,{Sn%%nol (2 mL) was 5 added followed by water (25

1ploRd s @LgaBicNayey. was SenaRies=Tinegaapeons phasewas s Hz);

extracted with drchloromethane (2x25 mL) and the combined organic
NS AR SR o e B B e o 3,52

Crystallization from dichloromethane (50 mL) afforded 7.9 g (57%)
colorless prisms; i
Exampie 6: 2° 6—§)mmme-z-methexy-i I’-biphenyl (Via; R" = Me)

At =75 °C, n-butyllithium (25 mmol) in hexanes (13 mL} was added to a solution of com-
pound IVa {11 g, 25 mmol) in tetrahydrofuran (0.20 L). Immediately after the addition was
completed, methanol (2.0 ml) was added. After addition of water {0.10 L) the organic
phase was separated and the aqueous layer was extracted with ethyl acetate (3x30 mL).
The combined organic layers were dried over sodium sulfate before being evaporated.
After crystaliization from ethanol (25 mL} 7.9 g (92%) 2°,6-dibromo-2-methoxy-1,1’-bi-
phenyl was obtained as colorless cubes;

m.p. 93 to 95 °C;

TH-NMR (CDCls, 400 MHz): & = 7.67 (4, /= 8.0 Hz, 1 H), 7.38 (t, /= 7.5 Hz, L H},

7.3 {m, 4 H), 6.92(d4,J= 8.1 Hz, 1 H), 3.73 (s, 3 H};

C3H10Br:0 (342.03): calculated (%) C 45.32, H 2.95; found C 45.32, H 2.85.

Example 7: 2’,6~Bis(riicyciohexyiphosphinyl)-z-methoxy—i,1’-»biphenyl (ib; R! = Me,
RI=R’= cyclohexyl)

At—T75 °C, n-butyllithium (0.10 mol) in hexanes {63 mL) was added to a solution of com-
pound VIIa (17 g, 50 mmol) in tetrahydrofuran (0.25 L). After the addition was completed,
the mixture was treated with a 2.0 M solution of chlorodicyclohexylphosphine



m.p. 227 to 228 C (decomposition); 10 'H-NMR (CDC13, 400 MHz): 6 =
7.3 (m, 18 H), 7.15 (dt, J= 6.8, 2.6 Hz, 4 H), 7.06 (dt,J =7.3,1.7 Hz, 2

WO PeEI82788d, J= 7.6, 4.2 Hz, | H), 6.77 (d, J= 8.2 Hz, 1 H), 6.86 (RP2085/M6n64
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Hz, 3.1, 1 H), 3.22 (s, 3 H); 31p-NMR (CDE13, 162 MHz): 6 _ -13.1 (d, J=

. 17.8 Hz), -13.6 (d, J= 17.8 Hz); C37H300P2 (552.59): calculated (%) C

QL4 125 4 A). l@lmdlﬁrﬁ&ﬁﬁlﬁdﬁﬁiazlﬁﬁﬁﬁmpfﬂ@ mixture was allowed to reach

%St?u ”r?‘%ﬁ% é"’fﬁ?ﬁ% 8%5 ge{‘iév &%5&%15@ chigridr k10 L. The

softapouadchia il %@&m@m@(@wmraﬁd%%ﬁﬁm %%ﬁﬁl:ylayers were
er

er the addjtion w ethapol (2.0 mL) was added A
G ot T L S BISEELED DB A s PR PR aporation of
mmmﬁﬁﬁdmtemm%mhﬁsﬁégm&mm” : ?smag)es
com rs were dried over sodium sulfate before being
t%&%f ég(g%@fﬁﬂ&‘% from ethanol (25 mL) 7.9 g (92%)
‘a-zmmdw@fmbml Bbhpbgm\é@%ﬁ optﬁmdﬁg C@'H')leﬁ@v@%sﬁ 7.5 Hz,
93 t0 95 C; 25 'H-NMR (CDC13, 400 MHz 67 (d'J= 8.0 Hz,
(4B Bl mris IO LMD (G (3 . 00408 el T 395012 (o,
Fot;.CI3H10Br20 (342.03): calculated (%) C 45.32, H 2.95; found C
#45.32, H 2.85. Example 7:
ZPPBYRAComes AR HEEHii 2 S EiERy 2 1 Eifiphhyl (Ao R1E2AE1ZB0
BT RS ot Al I8 TOMSINOR 10,000 9163 463
mL) was added to a solution of com- pound Vila’(17 g, 50 mmd
tetrahydrofuran (0.25 L). After the addition was completed, the mixture
E@ﬁﬁ 1 M-SORILION Dk € W“
9 i W&%ﬁ%ﬁzoom%eﬁ Ly, %gmL 2?69&%91&% %Qgi I%ﬁ%ghm (VIIs;
ﬁ%ﬁﬁérgn Ty HBesik mixture was allowed to reach 25 C and
H@amwtb«mm{% @APRISH IA!LRREL ABTMANR SRR Psbidib of com-

The mixture was extracted with ethyl acetate (3x50 mL), and the
RS VEY Grhanfclfyeas Hdrbrahydrofuran (0.50 L). Afier the addition was completed,

the mixture was treated with 2 2.0 M solution of chlorodicyclohexyiphosphine (22 mL,

. 24 g, 0.10 mol} in tetrabydrofuran (0.1¢ L}. The mixture was allowed to reach 25 °C and

treated with a saturated aqueous solution of ammoniom chloride (0.20 L). The mixture was
exiracted with ethyl acetate (3x0.10 L}, and the combined organic layers were dried over
sodium sulfate. Bvaporation of the solvents and crystallization form a 9 : 1 mixture (v/v}
hexanes / ethyl acetate (50 mL) afforded 36 g (79%) colorless needles;

m.p. 100 t0 102 °C;

"H NMR (CDCl, 400 MHz): § = 7.61 (d, J= 7.8 Hz, 1 H), 7.38 {t, /=79 Hz 1 H),
7334 JJ=T73He, 1 H),721 (4, J=79,1.5Hz 2 H), 7.14 (dd, = 7.6, 1.8 Hz, 1 H),
696(d, J=82Hz 1H),3.72(5,3H),1.7(m, 12 H), 1.2 (m, 10 H);

NP NMR (CDC, 162 MHZ): 6 =—-13.8 (s);

Cyst3BrOP (459.41): caled. (%) C 65.36, H 7.02; found C 65.52, H 7.07.

Example 9: 6-Dicyclohexyiphosphanyl-2°-diphenylphosphanyl-2-methoxy-
1,1°-biphenyl (Ie; R' = Me, R? = cyclohexyl and R® = phenyl}

At 0 °C, n-butyllithium (25 mmol) in hexanes (30 mL) was added to a solution of
compound VIia (11 g, 25 mmol) in toluene (0.1 L). After 45 min the mixture was cooled to



dried over sodium sulfate. The diphosphine 43 g (74%) was obtained after
evaporation of 5 the solvents and crystallization form methanal (0.10 L%

WO 20808615 ss cubes; m.p. 220 to 221 C (decomposition); 1HA 8&‘5@ 5064
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400 MHz): 8 = 7.56 (m sym., | H), 7.4 (ig03 H), 7.16 (d, J= 7.5 Hz, | H),

7.08 (m sym., | H), 6.88 (d, J=7.8 Hz, | H), 3.66 (s, 3 H), 1.7 (m, 24 H),
152 (an @8 HY; NIG:ShReN MRYDRG S cheHMisphig: £49191(d, 3512 A5Hmpol) in
G AR AORR A AR A RIE SC Kflintles aqucons

147 EXample 8:
s¢R¥Broofetmmetinoxyhlotidei (femll) 2 didgefolrekiiplvogpiima et vegs Riparated.

e and R2 = cyclohexyl) 15 At -75 -butyllithy A0 mol) in_hexan .
M e e b S A TR orgaic
idpsra hyeteodrirahof@o6 turd frelfthetedditidreing s aporplett Crybetimatioe from

TR ) R AN O AR L R e hodoned fo

mgag@ CHML treated with a saturated aqueous solution of ammonium

chloride (0,20 L), The mixture 20 C ith,ethyl ace (3X0Q.10 .
U OIS Tar v aAet S0et o s 2 (o3 B
spvaRgretiopof: theseeisandigrysalizatiorfers), a .6 @) tereo(8iyz);

hexanes / ethyl acetate (50 mL) afforded 36 g (79%) colorless _%efdles;
Gripfh (85908 celquiaieg (DS 4 s Bound B2, |

H), 7.38 (t, J= 7.9 Hz, 1 H), 25 7.33 (t, J= 7.3 Hz, 1 H), 7.21 (dt, J= 7.9,

1.5 Hz, 2 H), 7.14 (dd, J= 7.6, 1.8 Hz, 1 H), 6.96 (d, J=8.2 Hz, 1 H%,,B. 2
Fxamply W07{rh m)t)ﬁziwsif@w{igkpsmﬁyéé%é}g?%&z‘mw -

RSB (PR UGS A L) foBBIPatt RO fisng!
Ié%%&?'y%q% 3 E,xam(éle 9: Welohbxyba Bneagls

ThesraTHR é’@}?ﬁﬁ%‘é‘&ﬁ &ﬁ;‘:’f @Sﬁﬁﬁﬁ@% %%wﬁg%%@@gepmaﬁve chromato-
g}a%h?'ﬁgfﬁgﬂ feaRiaiMerRehassysiob exandRa w4eAYR ALORE." OD 20 pm,
n-bu

yllithium (25 mmol) in hexanes (30 mL) was added to a solution of

- teompbilnahrr el wHERHIROFT ol (o) SaRG s R fgaterial 142 mg of

(MR WAHERAISDIBAMGI 2006/RA TBH BB RAENAAR/ARIEA 1 *-bipheny! and

123 mg of (-)-6-dicyclohexylphosphany}-2°-diphenylphosphanyl-2-methoxy-1,1"-biphenyl
were isolated. The enantiomeric purity of both compound was 100% (measured by HPLC

on an anaiytic CHIRALCEL® OD 10 pm column), the optical rotation of the (—)-isomer is
ap? (¢=0.5 in CH,Cl) =~1.4.

Example 11: (-)- and (+)-2°,6-bisdicyclohexyiphosphinyl-Z-methoxy-1,1’-biphenyl (ib;
R! = Me, R® = R’ = cycichexy})

The separation was performed as described in example 10. The enantiomeric purity was
99.2% for the {(-)-isomer and 96.9% for the (+)-isomer (measured by HPLC on an analytic
CHIRALCEL® OD 16 um column), the optical rotation of the (+)-isomer is op™ (¢ = 0.5
in CHxClp) = 16.4. '

Example 12: {(~}- and {+)-2’,6-bisdiphenylphosphiny!-2-methoxy-1,1"-biphenyl {Ia; R'
= Me, R? = R® = phenyl)

The separation was performed as described in example 10. The optical rotation of the
(+)-isomer is ap® (¢ = 0.5 in CHCL) = 6.0.
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20 -75 C and a 1.0 M solution of chlorodiphenylphosphine (4.4 mL, 5.5 g,
25 mmol) in toluene (25 mL) was added. The mixture was allowed to

WO 28600238 C A saturated aqueous solution of ammonium chT&ﬁ%Pfgﬁsm?f)%é

was added and the organic layer was sEparated. The aqueous phase
was extracted with ethyl acetate (3 x25 mL) and the combined organic 5

@mwgrqug@@ygtmu@wﬁﬁ&@efore being evaporated.

alllzatlon from methanol (50 m 6%0) hos
T IR AR pn FORET RS ﬁ%ﬁﬁ*@&é § bﬁﬁo Rl 29 Teand 1o
(14 ﬁa@éﬂ)@%gﬁr(ﬂ)lﬂang SM,abbﬂdage&fe(&J B834; 5. BM&C%@MVZQ ;HSQ: degassed
MHz 11 J=10.7H 14 J= Z); 1 7 P
eﬁk@eﬁl)éé TRhk 86*}%?’&%%“?? SOR L ﬁ%gﬂﬂ)%@"%ﬁ Ppepipy is carried out
d@ﬁ%@l&iﬂ@@‘(@W@K#b&ﬂ%@%ﬂ%ﬁpﬁ@@&oﬁ@@lﬁ@h&@p@me the
2-methoxy-1,1'-biphenyl (I

= cyclohe d R3
s S e A bt e S
0 D'eRAY alivcashmateaiartikbgrainit usfhp o akitR] stitientargrihaseaniieneric excess
column_used was CHI ALCEIJ(r) ?cgrﬂa b|Ie has agg
(BBAABAEIOL 3080 425 A 26 BTEPT FESH O
(+)-6-dicyclohexylphosphanyl-2'-diphenylphosphanyl-2- methoxy 1,1'-biphe
nyland 123 m

Exsrgriclfig ﬁé%%&épﬁ’mxfb&%ﬁg%lphosphanyl 2-methoxy-1,1"-biphe

n{(ﬁyh mﬁﬁﬁmﬁﬁ%’%@wﬁm@w@%ﬂﬁ %ﬁ)hi:ng@iﬁbﬂﬂrﬂ mi),(;@%hgand Ib
measured by ananalytic m,co t

s AL S B HBS N2 6 & o e i Bigassed

efRxasplantly. WhaBushing the autoclave with argon hydrogenaﬁan is carried out during

)-2', 6b|s icyelohe hinyl-2-met b| henI(I Rr—Me
1 2 S S O PR Semt L R AP S prmpirais e
r&\éﬁmpé@ﬁt@oi[ mﬂwmwméa esmhtmmmmﬁ ahdsm/

96 9% for the (+)-isome mea HPL on a
I}E‘f@_ ifodg“m’é% Slgg%bﬁ%aﬁar&e %ﬁco#]ﬁqﬂ ﬁ?lsbﬁﬁlg‘? iomeric excess

(deRAh(C ipbdexiE @.Hamans ﬂgﬁn; COrfzaainples §2:.1% ansh e of 86.7%.
(+)-2',6-bisdiphenylphosphinyl-2-methoxy-1,1'-biphenyl (la; Rn = Me, R2
= R3 = phenyl)

Example 15: (R)-Ethy! 4-chlore-3-hydroxybutyrate

In a 150 mL autoclave in an argon atmosphere bis{1-isopropyl-4-methylbenzene)dichloro-
ruthenium (7.6 mg, 0.012 mmol), (+)-ligand Ia (14.0 mg, 0.025 mmol} and ethyl 4-chloro-
3-oxobutyrate 98.4% (0.83 g, 5.0 mmol) is dissolved in degassed ethanol (36 mL). After
fiushing the autoclave with argon hydrogenation is carried out during 4 h at 80 °C and at

4 bar hydrogen pressure. Afier cooling to room temperature the reaction solution is directly
analyzed by GC for conversion {column: HP-101 25 m / 0.2 mm) and ee (columa:
Lipodex-E 25 m/ 0.25 mm). Conversion is 99.9% at an ee of 88%.

Example 16: (§)-Ethyl 4-chioro-3-hydroxybutyrate

In 2 150 mL autoclave under argon atmosphere bis(1-isopropyl-4-methylbenzene)dichioro-
ruthenium (7.5 mg, 0.012 mmol}, (+)-ligand Ic (14.4 mg, 0.025 mmol) and ethyl 4-chioro-
3-oxobutyrate (0.83 g, 5.0 mmol) is dissolved in degassed ethanol (30 mL). Afier flushing
the autoclave with argon hydrogenation is carried out during 3 h at 80 °C and at 4 bar

hydrogen pressure. After cooling to room temperature the reaction solution is directly
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The separation was performed as described in example 10. The optical
rotation of the (+)-isomer is aD20 (c =0.5in CHC13) =6.0

WO B6iB%86%730 PCT[EP2005/006064 21 Example 13: (S)-Ettyl F 2005/006064

3-hydroxybutyrate In a 150 mL autocla¥e under argon atmosphere RuC13
(5.3 mg, 0.026 mmol), (+)-ligand la (14.3 mg, 0.026 mmol) and ethyl
27491RaslEE @Dy dstomvalyimdESohEdiR tedha semh)etivheo (¢ammn:
mL). After flushing.the autoclave with ay. hydrogenatian is carried out 5
L&fﬂ%ﬁé’é Iéga?l‘élotgg éﬁ%’ﬁ Zﬁ? Bar hydi %%Zln@%gg%e?% ter%’oling to room
temperature the reaction solution is directly analyzed by CC for

conversion (column; HP-101 2? in /30.2 mm) and, after derivatization with

LT R %ﬁ?&?&g%ﬁ%‘k‘hlomeric excess (column: Lipodex-E
125 irF b 2w <Ganversion 6098 78srabinftencieBididot-outhenivpid 2.4 g,
(R)-Ethyl 3-hydrox rate In L autocla n . .
o A & R Do S RSy b npge acd 053
2 mehoRd ailulvebindegtated tdathanal (6 minp|pifaifsshisd thedugeciesd with
ethanol (7 mL). After flushing the autaclave, with ar ¢ Te]al
oA GOETEING 5 S RO SO AT et f g b8 BT aRe presaure
RGBS Ea0 Totempanairaththé reboeacsomsaiuiovipartd hndthgmsiiue

by, CC for conversion (column: HR-101 25 in 0, , . .
SRR P e B s et SO AYIEE) and enantomertc

thipedexeeaizinB da PMINdoBemiensiod §§%93189% et ah4dof
86.7%. Example 15: (R)-Ethyl 4-chloro-3-hydroxybutyrate 20 In a 150 mL
autoclave in an argon atmosphere

ischiRODEO PiAGanAthytibengirieddichloro- ruthenium (7.6 mg, 0.012

mmol), (+)-ligand la (14.0 mg,.Q.025.mmaeh_an -chlorosy .

B b PR 508 16 8y SRR el Rrnenium 2.6 me.
(80 3nhAf 6 lignid ik ampddtbwithaigod Byldrogetdtimine cinagic acid
aut during 4 h at 80,C and at 4 bar hyqr LCORM 1
%@%ﬁér#ﬁ%ﬁ%ﬁést lgsﬁ)e{]g%%% satution %%%éwzﬁéﬁ fgﬁ%?zed bym(ﬁ‘,gl Q1‘%3r antoctave
wRAvessioRydalymatisiFslaies i duingnhy drat 48 TCotumat SPipadevdpgen
pzrgsl'srtlaéeq}g e 00 "ii%g B S50 é%%%@c%%ea{h%’}@a%t%??é’{%um is evaporated and the
residue analysed by HPLC for conversion {column: Bischoff Kromasil 100 C8) and

enantiomeric excess {column: Nucleodex Beta-PM). Conversion is 34% at an ee of 66%.

Example 19: {§)-2-Acetylamino-3-phenyl-propionic acid methyl ester

fn a 15 mL autoclave in an argon atmosphere bis(1,5-cyclooctadiene)-rhodium{l} tetra-
flucroborate (1.9 mg, 0.005 mmol}, (+)-ligand Ic (2.8 mg, 0.005 mmol} and methyl 2-(M-
acetylamino)-cinnamate (0.10 g, 0.5 mmol) is dissolved in degassed methanol (6 mL).
Afier flushing the autoclave with argon hydrogenation is carried out during 15 hat25°C
and at 2 bar hydrogen pressure. After cooling to room temperature the reaction solution is
evaporated and the residue analysed by HPLC for conversion {column: Bischoff Kromasil
100 C8) and by GC for enantiomeric excess (column: Lipodex-E 25 m /0.25 mm).
Conversion is 100% at an ee of 93.8%.

Exampie 20: (R)-N-Benzyl-i-phenylethylamine

In a 15 mL autoclave in an argon atmosphere bis(1 ,5-cyclooctadiene)-diiridium(I)di
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Example 16: (S)-Ethyl 4-chloro-3-hydroxybutyrate In a 150 mL autoclave

wdIRRN RN atmosphere bis(I-iisopropyl-4-met ylbenzene)dichloro- 30

ruthenium (7.5 mg, 0.012 mmol), (+)-ligand Ic (14.4 mg, 0.025 mkfdiF45@06064
ethyl 4-chloro- 3-oxobutyrate (0.83 g, 5.0 23mol) is dissolved in degassed
ethanol (30 mL). After flushing the autoclave with argon hydrogenation is

RaEdIXdu(ing BH GrB0 Gumed) At)-bigandytir (DEO MIESE0PS AR, benzylamine
ing,t t jon solytign Js,directly, W .
T S e N O e D i RSB 2ot 0 memo s
@ishokvied HPlagEses melitagol(h elideed ftiotadfur Lipadesrs mjdiad A fter
. i0nQ.i % of 80%. Example 17: ;
O PN o S e Gy i L B0 °C and

518 (prsripinegaichitessnuth diienma@iemsglui 05 dirsol)y Ghiligeadad6. & conversion

el etylaminocinnamic acid (0.5 2.5 ) is
D O e G507 0 i ey Neeel.
AfyeieadzarBeenBiib G268k Convetsinmid 6008 A0L ansk 2050 bar
hydrogen pressure. After cooling to room temperature the reaction
solution is evaporated and the residue 10 analysed by HPLC for

Extanapdiobl (Sl Bisghbip Kenpietlilyl108i68) and enantiomeric excess

: .Beta-PM). ion is,100% at f43%.. .. :
B AR R bR P om0
shiesigish Qﬁé/@ié(Blméhe;ai oloelutipipand I6(6Y mg,%alm@snmo_n, benzylamine
. oL an -(IN-gcelylaming)-cinnamic
P L SO SR o
flirsaivgdie degrserdvaethianad (fomby andgeinetibfois] hart b U tipiRGuLs. 1A frer
L Aft ling t

e RIS O 5 GO BT A5k L uguag oc and

B9 i bdreeen presmitn Toslnranti GissoforoimdiibADPGR)eatitR0GC for conversion

@Qﬁﬁ@x‘ﬁ' MEHC 5XGRSS, (GPhimn, I x Beta-PM). Conversion is 34% at

an ec of 66%. Example 1@%@’\%&%% VIO pheny -psrg%?olﬁfgla%%‘%%%agd’
Boeieodex BeimEMUEEI0¢4n Gomigeivainb8pYicatan ec of 10%.
bis(1,5-cyclooctadiene)-rhodium(l) tetra- fluoroborate (1.9 mg, 0.005

mmol), (+)-ligand Ic (2.8 mg, 0.005 mmol) and methyl 2-(N-
Example 22: (R}-Dimethyl methylsuccinate

Bis(1,5-cyclooctadiene}-rhodium(]) tetraffuoroborate (2.1 mg, 0.005 minol) and ligand
(+)-Ic (3.1 mg, 0.005 mmeol) are dissolved in 5 mL degassed methanol in a 15 mL auto-
clave under argon atmosphere. Dimethyl itaconate (97%, 0.15 g, 0.9 mmol) is added via
syringe. After flushing the antoclave with argon, hydrogenation is carried out during I5h
at 23 °C and at 2 bar hydrogen pressure. The reaction solution is directly anaiysed by GC
for conversion (columa: HP-101 25 m/ 0.2 mm) and enantiomeric excess {colummn:

Macherey-Nagel, Nucleodex Beta-PM CC200/4). Conversion is 100% at an ee of 30%.

Exampie 23: (R)-Dimethyl methylsuccinate

Bis(1,5-cyclooctadiene)-rhodium{l) tetrafiuoroborate (2.1 mg, 0.005 munol) and (—)-ligand
Ib (3.2 mg, 0.006 mmol) are dissolved in 5 mL degzissed methanol in a 15 mL antoclave
under argon atmosphere. Dimethyl itaconate (87%, 0.15 g, 0.9 mmol) is added via syringe.
After flushing the autoclave with argon, hydrogenation is carried out during 15hat 23 °C
and at 2 bar hydrogen pressure. The reaction solution is directly analysed by GC for



25 acetylamino)-ci ate (0.10 g, 0.5 mmol) is dissolved in degassed
methanol (6 mL). After flushing the autoclave with argon hydrogenation is
WO 2049684 dUt during 15 h at 25 C and at 2 bar hydrogen presgﬁgmxﬁ%qsmw“
cooling to room temperature the reactio@%olution is evaporated and the
residue analysed by HPLC for conversion (column: Bischoff Kromasil 100
&m@@mmammﬁem QMBBXanﬁmmautxmude«eE@ﬁsmmmﬁ Macherey-

1{”35 k%@ s 'é’trg Wﬁ f‘ge??c%?/% mple 29 £ 0494,
- enzy p y y am|ne autoc ave N an ar on

atmosphere bis(1,5- cyclooctadlene) di(iridium(l)di WO 2006/002730
PCTIEP2005/006064 23 chloride) 98% (6.7 mg, 0.010 mmol), (+)-ligand
la (11.0 mg, 0.020 mmol), benzylamine (5.6 mg, 0.052 mmol) and
N-benzyl-N-(1-phenylethylidene)amine (0.21 g, 1.0 mmol) is dissolved in
degassed methanol (5 mL) and stirred for Ih at room temperature. After
flushing the autoclave with argon hydrogenation is carried out during 17
hat 30 C and at 5 50 bar hydrogen pressure. The reaction solution is
directly analysed by GC for conversion (column: HP-101 25 m /0.2 mm)
and enantiomeric excess (column: Macherey-Nagel, Nucleodex Beta-PM
CC200/4). Conversion is 100% at an ee of 29%. Example 21:
(S)-N-Benzyl-I-phenylethylandue 10 In a 15 mL autoclave in an argon
atmosphere bis(1,5-cyclooctadiene)-di(iridium(l)di- chloride) 98% (6.7 mg,
0.010 mmol), (+)-ligand Ic (5.7 mg, 0.010 mmol), benzylamine (5.6 mg,
0.052 mmol) and N-benzyl-N-(I-phenylethylidene)amine (0.21 g, 1.0
mmol) is dissolved in degassed methanol (5 mL) and stirred for Ih at room
temperature. After flushing the autoclave with argon hydrogenation is
carried out during 15 h at 30 C and at 15 50 bar hydrogen pressure. The
reaction solution is directly analysed by GC for conversion (column:
HP-101 25 m / 0.2 mm) and enantiomeric excess (column:
Macherey-Nagel, Nucleodex Beta-PM CC200/4). Conversion is 100% at
an ee of 10%. Example 22: (R)-Dimethyl methylsuccinate 20
Bis(1,5-cyclooctadiene)-rhodium(l) tetrafluoroborate (2.1 mg, 0.005 mmol)
and ligand (+)-lc (3.1 mg, 0.005 mmol) are dissolved in 5 mL degassed
methanol in a 15 mL auto-
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wo BiRYIsadded via syringe. After flushing the autoclave Witt%

clave under argon atmosphere. Dimethyl itaconate (97%, 0.15 g, 0.9

hydrogenation is carried out during 15 h gtt 23 C and at 2 bar hy roa%5

pressure. The reaction solution is directl% analysed by GC 25 for
onversion (column: HP-101 25 m 10.2 mm) and enantiomeric excess

é(i%’fﬁ%n: Macherey-Nagel, Nucleodex Beta-PM CC200/4). Conversion is

100% at an ee of 30%. Example 23: (R)-Dimethyl methylsuccinate

Bis(1,5-cyoloogtadiene)-rhodium(l1) tetrafluproborate (2.1 mg, 0.005 L

{md EROGEES TRIARE PSOPIBALO o G- DBAaIbY e dish Wi hesphine ligands

degasgsad faetiwdnol in a 15 mL autoclave under argon atmosphere.

Dimethyl itaconate (97%, 0.15 g, 0.9 mmol) is added via syringe. After

flushing the autoclave withka! gon, hydrogenation is carried out during 15 h

at 23 C and at 2 bar hydrogep pressure. The reaction solution is directly

006064

(column: Macherey- N§
60% at an ee of 24%.

( i ta-PM CC200/4). Conyersion is

273¢ PCT/EP2005/006064 25 Claims

1. A process for the prepagatj cﬁ{%ﬁ mmetrically substituted

biaryldiphosphine ligan the a5RI 10 10 (R2)2P P(K.3)2

wherein Rl ig Cl.6:alflcyl or C3-10-cycloalkyl optionally substituted with

one ¥ ?ﬁ%ihé?o%ﬁi %ﬁ,%ﬁ?@ﬁ#ﬁ?ﬁ?@%}%¥%@?@%@%@w or more
fromhilieggrospee)aigting of aryl, C -io-cycloal cyl and CI.6- wherein each

aryl gth%g#v |g optionally sybstitufed 15 with one or more substituents
selette e ?f?ié‘,ﬂi‘?@tﬁ? R arenmconmisingafmyl,

- Cr.6enlkyeyfel Siaiionnd Tid A&y, Orled MR GFPURSiety is optionally substituted

with one or more substituents selected from the group consisting of halogen atoms,
nitre, amine, Cy.¢-alkyl, Ci.e-alkoxy and §i-C; g-alkylamino groups,

or

R’is Cre-alkyl or Cs.jo-cycloalkyl, and R is aryl optionally substituted with one or
more substituents selected from the group consisting of halogen atoms, nitro, amine,
Cig-alkyl, Cy.¢-alkoxy and di-Cy¢-alkylamino groups, and

each Cy¢-alkyl, Ci¢-alkoxy, di-Cy s-allcylamino and Cs.io-cycloalkyl group in K* and
R’ optionally being substituted with one or more halogen atoms

comprising a first reaction sequence, wherein one bromine atom of
2,2°,6,6"-tetrabromobiphenyl
Br Br

Br Br
is exchanged with OR! by bromine-metal exchange and subsequent me{al-hydroxy

exchange, followed by an alkylation, to afford a compound of formula
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or R2is Cl.6-alkyl or CS_lO-cycloalkyl, and R3 is aryl optionally
substituted with one or more substituents selected from the group
consisting of halogen atoms, nitro, ami @ 20 Cl'6-alkyl, Cl.6-alkoxy and
di-Cl.6-alkyl o groups, and each CIS-alkyl, Cl.6-alkoxy, di-Cle-alkyl o and
C5-lo-cycioalkyl group in R2 and R3 optionally being substituted with one
or more halogen atoms cgiprising a first reaction sequence, wherein one

bromine atom of 25 2,2‘,6,é~'etge}bromobiphenyl Br Brlll ei BrBr30is

exchanged with ORI by broptine-metal exchange and subsequ
metal-hydroxy exchange;followeg=¥an alkylation, to afford a compound
of formula 26 Ri O B A R1 is as defined above, and
further reaction seque #Ch reaction sequence comprises at
least one bromine-metal exgharge and subsequent metal-substituent
exchange with the 10 respefiv substituent, thereby exchanging the
respeiclztir\{/agzIl (Drirsﬂne dg}&rg& \Igit‘r}esubstituents selected from the group
consisting o hyaar%gen shé &arylphosphino, di-C-6-alkylphosphino and
di-Cxibfaytbkyabadinosghiame?, Wherpnoeess ahctaimstquehesaiontipei fasht least
bromine-metal exchange is carried out with 15 eguivalent of .
S A A L S e R ey e e the
is casspetidvt withtausotahereoegahatypratehard fetiovecs dyireadttion witth
2 pery compaund 1 s PSRt Aan alkePagies sarthaaliphosphine,

ydroxide, and the

di-C;.¢-alkylphosphino and di-Cs.jg~cycloalkylphosphino.

The process of claim 1, wherein the first bromine-metal exchange is carried out with
one equivalent of n-butyllithium at é temperature below 40 °C, the metal-hydroxy
exchange is carried out with a borane or organoborate, and followed by reaction with
a peroxy compound in the presence of an alkali and/or earth alkali hydroxide, and the

alkylation is carried out with an alkylating agent in the presence of a base.

The process of claim 2, wherein the borane or organoborate is fiuoromethoxyborane

ethyl ether adduct or trimethylborate.

The process of claim 2 or 3, wherein the peroxy compound is selected from the group
consisting of hydrogen peroxide, peracetic actd, m-chloroperbenzoic acid and

tert-butyl peroxide.

The process of any of claims 2 to 4, wherein the alkylating agent is a C;¢-alkyl
halide, a Cs.p-cycloalkyl halide or dimethyl sulfate.

The process of any of claims 1 to 5, wherein a further reaction sequence is carried out
starting from compounds of formula IV, comprising a low temperature bromine-
metal exchange of two bromine atoms and subsequent metal-phosphine exchange, to

afford a compound of formula
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alkylation is carried out with an alkylating agent in the presence of a base.

ég&.‘s%gﬁorocess of claim 2, wherein the borane or organoborate is
iuoromethioxyborane ethyl ether adduct or trimethylborate. 4 PFREP2005/606064
process of claim 2 or 3, wherein the peroxgtompound is selected from

the group consisting of hydrogen peroxide, peracetic acid,
rn-chloroperbenzoic acid ang:25 tert-butyl peroxide. 5. The process of any

of claims 2 to 4, wherein the alky atg? agent is a Cl-6-alkyl halide, a
C5-to-cycloalkyl halide or dimetyl Sulfate. 30 6. The process of any of

claims 1 to 5, wherein a f reacti Fsequence is carried out starting

from compounds of form@la IV, somg 3 low temperature bromjne-

metal exchange of two batom d/subsequent metal-phoéfjhine

exchange, to afford a cor?g uhkd of fermula WO 2006/002730

PCTIEP2005/006064 27 ?b%r VP@&(R52P P(R3)2 wherein R' is as

defined above, and R2 and R3 are equal and are aryl optionally

substifthegeivilh' dnesatefiond Substieed R’ seié fditrequabengratiuryl optionally
consistj itr ' Ci.6-alkyl.Ci-6-alkoxy and . .
di-Cl.Z%%g%%ﬁg gﬁ%ﬁ%sﬁ, ilib"%gnsg’%%%? 3 %?E?}%‘?%%"ﬁéé?&%%ﬁ%ﬁ“mmﬁ of
Ci.6-alkdegearmicmicnirel yiminGigroliyin(3 2-alkekR andptict alhasiagiino groups,
substig ith-on re | tos, and the remaining.bromine ,
atom ofﬁgéa}%% %ﬁggln gp fﬁlrnmrlggg |s§ré0§]é'@e With a?l@ggg%]’éﬁ%égyﬁﬁﬂm group in R*
tempetadffe W@ﬁﬂﬂéﬁﬂhm slosiiintal avithawissequent hehgtionawith: and
DrotOQM&{a&ﬂ@@f&x&ﬂ%@%&%@é@%&ﬁoﬁﬁ of formula V is replaced with

hydrogen by high temperature bromine-metal exchange and subsequent reaction with

Q

& proton donoz, to afford lgands of formula

®H,F P®RY,

wherein R', R? and R® are as defined in compound V above,

7. The process of any of claims 1 to 5, wherein a further reaction sequence is carried out
starting from compounds of formula IV, comprising a low temperature bromine-
metal exchange of one bromirie atom and subsequent metal-hydro gen exchange by

reaction with & proton donor, to afford a compound of formula

1

B\
O
(<)
BrBr :

wherein R! is as defined above, and a further low temperature bromine-metal



I, 20 (R2)2P P(R3)2 wherein Ri, R2 and R3 are as defined in compound
V above. 7. The process of any of claims | to 5, wherein a further reaction

WO W§{461E8 is carried out starting from compounds of formulaPfkA/EF2005/006064
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comprising a low temperature bromine 2Z8metal exchange of one bromine
atom and subsequent metal-hydrogen exchange by reaction with a proton
donegdmafiood teomponing bf dorime EddiOad MbsddrBrvherdipisihas

defined above rther.lo ure bromine-met 2
200RTIT8 R 0 Bl T S ok ch LR e Sodrifia gbove, and K and
bronfheratamsl and sushsdegted fromt she hosphinesakicharigeyafhrgingcloalkyl and
ligands of fo 1 wherein R' is.as defin Ve an and R3 are

o ot s I PR S e S RGP i 56 8 B Spore

and sGhSimibnyls sefheneih fmmmygrmqjemﬁmsmmgmﬂig&@msﬂtm witth, G&no,

or mare 5 ituents selec au conS|st| I gen,

atom(qs ﬂfﬁ’a ﬁo {:%ax}éeng Ell%%%/ﬁén%%l y z:r%l% (%Calp’s

and %W@biﬁﬂﬁs&l (Eéaﬁemyylmalldﬂ~@156}&lkbnymgxduﬁxn-ﬂﬂmmﬁ10ptlonaliy
gro n R2 o] onaIIy beln bstltut d with one or more halogen

e process o any o |m§?“lt %mwhereln a further
reactlon sequence is carried out startlng from compounds of formula IV,

com ISI alow emperature b om e- metal eﬁr?&n e of one bromine.
. % %‘HF £ tla]uﬁ)s,é Q] & 191' {:tlon uc%% %s carried out

(o)

atom meta rogeh exeﬁ?éillﬁ y reaction wi
do nmtatﬁ@ﬁcdzmonm@mﬂmbéffmwéw cothprizimiRs ipatedpfonsitrs bromine-

above, f# a ow em rature b{é)mlne %al exctga (ﬂf% bromine

b
aton% ent m a?mﬁlosp ine exc ang ucoa ord ncxcglange y

of forsaution wzth a proton donor, fo afford a compound of formula VL wherein R’ is as
defined above, and
a low temperature bromine-metal exchange of one bromine atom and subseguent

metal-phosphine exchange, to afford a compound of formula

wherein R! is defined above, and R? is Csg-cycloalkyl or Cyg-alkyl, the Cp¢-alkyl or
Cs.o-cyeloalkyl group optionally being substituted with one or more halogen atoms,
and

a high temperature bromine-metal exchange of the remaining bromine atom and
subsequent metal-phosphine exchange, affording ligands of formula i, wherein R!
and R are as defined above, and R? is aryl optionaliy substituted with one or more
substituents selected from the group consisting of halogen atoms, nitro, amino,
Ci-alkyl, Ci¢-alkoxy and di-C;¢-alkylamino groups, and each C;.s-alkyl,
Cs.io~cycloalkyl, C.s-alkoxy and di-C;.¢-alkylamino group in R? optionally being

substituted with one or more halogen atoms.
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WO 868

Ri C 20 VIl (R)2P Br wherein Ri is defined above, and R2 is
05.10-cycloalkyl or Ci-6-alkyl, the Ci.6-alkyl or C5-10-cycloalkyl grou

being substituted with one or more halogen atomg,cé@%gﬂggé?%o“
high temperature bromine-metal exchar?@e of the remaining bromine atom
and subsequent metal-phosphine exchange, affording ligands of formula

91, wHeemResand Ry efslaigdited svverarrtiRiy v arypephringmine-metal
subgiigedhwith- aneeLM %%Wﬂﬁﬂﬁﬁ%&%&?&%&%ﬁ%%ﬂ °C,dpreferably

consisting of halogen atoms, nitro, amino, 30 Ci-6-alkyl, Cl-6-alkkoxy an

di-CinghsiRapeprho Y sap8Cakd each Ci-6-alkyl, C5-10-cycloalkyl,

C,.6-alkoxy and di-Ci-6-allrylamino group in R3 optionally being

substituted with one or more halogen atoms. WO 2006/002730
1pCTrmzoosooboso DI gnEeos hosbe oy bididnmogabie, Meprsiafmetal

each,jowiiemperalice PRS- Gl S1ARARORIS CANIREAE Wiltemperature of at

n-butyllithiim at a temperature below -40 C, preferably in the range of -40
to -deaet %) 76, Prafespble s tbe ameefadiafiis 45t 8 wherein the high
temperature bromine-metal exchange is carried out with n-butyllithium or
tert-butyllithium at a temperature of at least +0 C, preferably in the range

16f +3he puogess afamhelslaires§ i Bnyhsreiaithe Bydrezapidensnifrelected rom the
hydigaen dRRRSSEIRcis B NS B ORUPLERTSISNG Rbic asids

Cr_3-alcohols, water, HC1 and C1.3-alkanoic acids. 12. The process of
any of claims 6 to 8, wherein the metal-phosphine exchange is carried out

19Sing BAGRAOSPRING PG {X U2 Whelmih R MHbtalRphosphine exchange is carried

out using a halophosphine of the formula

P VI,
R TR
wherein X is chiorine, bromine or iodine and R are egual and are R” or R®, wherein

R? and R are as defined above.

13. The process of claim 12, wherein the halophosphine of the formula VIII selected
from the group consisting of halodi~(Cs.je-cycloalicyl)phosphines and
halodiaryiphosphines, preferably is selected from the group consisting of chlorodi-
cyclohexylphosphine, bromodicyclohexyiphosphine, chlorodiphenyliphosphine or
bromodiphenyiphosphine.

14. Compounds of formula

®H,p PR,

wherein R} is Cy.¢-alkyl or Csg-cycloalkyl optionally substituted with one or more
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wherein X is chlorine, bromine or iodine and R are equal and are R2 or
R3, wherein R2 and R3 are as defined above. 20 13. The process of

VORI 3 herein the halophosphine of the formula Vil sele e8P Ag064

group consisting ofhalodi-(Cs-lo-cycloalk§phosphines and
halodiarylphosphines, preferably is selected from the group consisting of
chlorbaiicggt sy isitbsphine,
brompeligygiehgyyiahas G LARAdiPREAVIRD S NNG Qlisti

3 o stine gha

bromodiphenylphosphine. 25 14. Compounds 0 ula R
(R2) X>-RreRejoalindrend Ri-salityb-aikytein ehieny olwatky ioptitemily substituted

substifgiednwith Sie-QBRE MNOsSRANPAR A HE &Eﬁ%%?%ﬁ%@alé%&g atoms,

halogen atoms, and R2 and R3 are equal and are selecte

consigtiry gty Cosalinbyclaakyrnand dsGileyhlintardim exctpary|

moiety. is optionally substituted with one or more substituents selected

from the group consisting of halogen atoms}, 5 nitro, amino, Ct-6-alkyl,
Cl-6-BkinGsansiiaileyhnsfanralbdreasR’ és Relisntisnalyyaibsiivgtdwith one or
Ct.6- j Lopti itut ith: e . )
o ot 1 B wom, i, i,

amin&;-CHbyalkyls @lcexalres yiabd otk yienaiy igromps, groups, 10 and
each > iQsCycloa 0X -Gl-6-alk j r .
dulr SRl Cangcyeloaliod Gk l,atlfé-ﬁ%ﬁgo e o% ﬁé@é%ﬁ%%%&g ‘Woup in B

in RZ and.R3 optionally being substitute
atomand B ophiesetisdsispreihstifatrd with one or more halogen atoms.

15. Compounds of formula

VI,

Br Br

wherein R' is C;g-alkyl or Cs.po-cycloalkyt optionally substituted with one or more

halogen atoms.

16. Use of compounds of formmula [,

i

=\
O
3
®),P PR,
wherein R! is Cp.s-alkyl or Cs.19-cycloalkyl optionally substituted with one or more
halogen atoms, and

R? and R? are equal and are selected from the group consisting of aryl,
Cs.jo-cycloalkyl and Cr.¢-alkyl, wherein each aryl moiety is optionally substituted
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15 0 VI, Br Br 20 wherein Rl is Cl-6-alkyl or C3_to-cycloalkyl optionally
substituted with one or more halogen atoms. 16. Use of compounds of

WO IBPHI T R1 25 (R~2P P(R3)2 30 wherein Rl is Cl.6-alkyl BF T/EP2605/066064

C3_jo-cycloalkyl optionally substituted with one or more halogen atoms,

and RZ and R3 are equal and are selected from the group consisting of

aryl, Wit ddayrivatiyiulst tGeBsaitdes tad Eeintba groamy bomsistingsof halogen atoms,
optiq ltituted ﬁ%@ #9006 T/EP2005/006064 31 with one

or mlc?r&éu}é/i%g%&?ﬁfss setected’ fré)ﬂr%%fﬁ%g(%pé% nas(i)lksﬁ rE%Ign lor’f%%%lé%sh atoms,
nitropamino, Cp.6-alkyl, C1.6-alkoxy and di-Ci-6-alkylamino groups, or R2

isC -to-cdclo_%% LafiG S-alkyl R3 issaryl optionally substituted with

one%r lg ofe %igs{li%%eﬁts slé}{gg:%gg ﬁ%%mlﬁthgaﬁuo E‘gﬂ%ﬁs‘{iﬁ%%g%gg%\é%lﬁh one ot
atonmsgriivehsivierds Clegalkyhntthe satkoxgoanthtitOifhaliigtamioms, nitro, amino,

groups, & h Ci '-?I:%I -lo-cyGloalkyl, Ct-6-alkoxy and
di-CEBﬁg&gé’lg%cfhso%% m%c%? ta(';)}'ﬁj ﬂ@%p |Ici>1r?a%§/0 B%?hg substituted with

one andworh Balogimiatoms:clonvatkptep asatiboxyf oatalyh aefirdamino group in R*
com s Of I fer of 10 ruthenium, rhodium or

iridiu%. O%Eté%%ﬁcq %%gl ssgor t?eégp%wm% ion %’Pgese{}?hﬂﬁ%ﬁi%?ﬁws’
subshitfetipbiphetiddipfoaishitiesiciive complexes of transitions metal, preferably of

ruthenium, rhodivim or iriditm.
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15

20

25

30

5 RI 0 (R2)2P P(R3)2 10 wherein R1 is Ci-6-alkyl or C3.10-cycloalkyl
optionally substituted with one or more halogen atoms, and R2 and R3
are equal and are selected from the grgp consisting of aryl,
Cs-10-cycloalkyl and C1-6-alkyl, or 15 R2 is Cs-10-cycloalkyl or
C1-6-alkyl, and R3 is aryl optionally gulgtijged with one or more
substituents selected from the group consisting of halogen atoms, nitro,
amino, C1-6-alkyl, C1-6-alkoxy and di-Cl-6-alkylamino groups, and each

C1.6:aliub fosriR-pvgleatkyh of a8 mikexnycand divdaf-alkviaminerashitnes
R2 and R3 optionally being substituted with one or more halogen atoms,
from 2.2',6,6'-tetrabromobiphenyl by a sequence of bromine 20 metal
exchanges and subsequgri reactions. 25 30

O

S ®HP PRY,
wherein R! is Ci¢alkyl or Cs.jp-cycloalkyl optionally substituted with one or more
halogen atoms, and
R* and R® are equal and are selected from the group consisting of aryl, Cs.jg-cycloalkyl and
Cy.s-alkyl,
or
R?is Cs.1p-cycloalkyl or C4-alkyl, and R%is aryl optionally substituted with one or more
substituents selected from the group consisting of halogen atoms, nitro, amino, C,¢-alkyl,
C;.s-alkoxy and di-C;.¢-alkylamino groups, and each C,.¢-alkyl, Cs.jg-cycloalkyl,
C;.¢-alkoxy and di-C;.¢-alkylamino group in R* and R’ optionally being substituted with

one or more halogen atoms, from 2.2°,6,6"-tetrabromobipheny! by a sequence of bromine-

metal exchanges and subsequent reactions.



