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Process for the preparation of asymmetrically
substi tuted biaryl di phosphi nes Preparation of

weneostoozrser i cal |y pure conpounds i s inportant POT/EP2005/006065

i nprove the effect of pharmaceutically active

conpounds and to restrict unwarted side effects of the
"wrong" isoners. The invention relates to a process

PR6 cdsh forithe paépiration of aaameBidally3ubititatddshiaiyitdRthosphines
bi aryl di phosphi ne |igands and transition netal

conpl exes thereof for the hydrogenati on of unsaturated

hiral ec : . .
LS of EOROHRHSINAD o5 o iR TPt Ry Gt offectof
phatneoanteall g adtiverbhpdandsoandpo egatdt ngwanted dide reéfogte obthe “wrong”

enantignerically pure con‘poungs. Provi di.ng et hods,f?r
1998 Y- d8f dweption redateio aRIPERsy %rth%mepfﬁﬁl‘?fyofﬁsymmemca ly
PARSIRCAMLL b A0, SRR P B0 EATRDU S L RSP lor
hydropeatation ofremiantratgd pfeehraladontiophdsysiigsaid caapidxes.
famlies are comonly known with their trade nanes,

for exanple BINAP, CH RAPHOS, DI OP, DUPHOS, SEGPHOS

. X | P f .
ARG BORlo he PRI AL gyt ot
T8 havité range af enaditissledsaly pure Efnpe1GidS. IH68iding methods for the
EP- A- 850945 .an -0 1/ 21625, respectively.

Birctn Gt £ Oiblo s BB 6 B imebe B aLAcy f eifamgwnds and compounds

QT idids BLplhy ah intedingBEANIHRnARE inls§nUeSe cHemiSi®Y. Several
C-C et ?ﬂl ﬁ iI/'etrahedrngnLett. 2002,1 Egn 27809- 2%§?tﬁgera :

dipbogrthinedigapd éamidiies ars comineniy khesme viithXheis ripdet namesefor example

B SRR Dabk PU ORGSR Pros:

descri bed. Further exanples for the preparation of

bi aryl di ﬁhosphi nes and asymmetric, hydrotgtenati on
Mestlads dersthe preparatian af bigrddipbesphing lizaads of the BINAP, SEGPHOS and

PLANCHORMAARAL B iGN T, BRE Bo8 B6EIA AL E50BHS B, 8801121625,

respectively. Furthermore WO-A-03/029259 discloses a synthesis of a fluorine derivative
of SEGPHOS and its use.

In Pai, C.-C. et al., Tetrahedron Lett. 2002, 43, 2789-2792 the use of methylenedioxo and
ethylenedioxo 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.

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

substituents to complex a transition metal. Known examples of ligand systems

CONFIRMATION COPY
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Usual |y both symmetrically and unsymmetrically
substi tuted biaryl di phosphi nes are cl ai ned, though

woriog/oaeranpl es of synmetrically substituted | iPerEB2085/@06065

di scl osed. Wth only fGMISpeCig%C exceptions, no
general applicable synthetic route to unsymetrically
substi tuted biaryl di phosphi nes and catal ysts derived

hhes wr@#;m §ubﬁti§5i,0_@3f@ﬁ§>rngi0£ ﬂgp! cog g}ddégﬁiquphqsg]?jng groups. As a rare
%Qﬁﬁf)l%yg-A-tO?hﬁ)ﬁ?g 'd{sgl%%?sﬂaéé o Oe?ﬁaéf g)f'dro nra{iclg% %f egh@rﬂl:hloro-

core, substituen rota

Bsoxablityrdt¥ymsivigasqabilyie carteiity the lidand{SHBLmatsxy-5,6"-benzo-

substituents to conplex a transition metal. Known . i

&arbi(dipherylphogpliao)sbiphemi nEhe(Splerielis ebiginsd with an egantiomeric
os,he core and identical phosphine groups.

%géetgggéaéfgpée%(}g‘npl e WO A-02/ 40492 di scl oses asymetric

hydr ogenati on of ethyl 4-chloro- 3-oxobutyrate, using

a catahyst containin%,the l.igand (S)-6-nmethoxy-5'

5 6 _
BBctbod 248 a0 VE) th-BRARGT pHaUR PO BISS B AR Topiscally substituted

pibsof 36 e Bistsdl SRR P B RIHIEITHERRR o broad
rapdte ©ff Hiffeeant wsynmmatsicalbe sutistiatédbistybkiphdsphied lipamisy |
core, but the disclosed synthetic principles are not
suitable to produce a broad variety of different

. y . . . Li

R Ry tE, PP U ARl BB HORILS b3 Staclo had to
bt avetcoinp ke deictad in Scheajeol. Autyst’ atiplenpiptiosphirtve-bittepbiphenyl genera-

s, depi.ct ed . C 1..An . . . . .
%0 fiiglshstide SSRGS 2199 B ompHERYIY YbHiisd biapgiphospbine by
cOARNERnatith 4 fdcbrdl pmerddii&gﬁlﬁ%mﬁmmrhﬁ&@h{, ¥f a single fluorine,
substituted biaryldi phosphine by condensation with a
shlovine orbiooriaiitomga singie msHioxs or dimeihidamino growp wiam gftached to the
£l uornine,..chlqari brop ne at or ' t
oS BN PR B S e B e i, R0 38 i T Dfends, 0.
ShhivaeeR ™ML, JT0KsanblneRIChem) 1999, 36T\ @3FY. Thetempod@BUindergd . nucleo-
8-12; Desponds, O, Schlosser, M, J. Oganonet. Chem
pbidig subgitutionst yhe phesphasnpaforand syelizagion tqefferd Ji-benzo[blphosph-

indole (9-phosphafluorene). Known unsuccessful approaches to the inventive ligands are

depicted in Scheme 1 below.

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

active compounds with an enantiomeric excess (ee) 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 example methyl, ethyl, propyl,

isopropyl, butyl, isobutyl, sec-butyl, fert-butyl, pentyl and hexyl.

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

isopropoxy, butoxy, isobutoxy, sec-butoxy, fert-butoxy, pentyloxy and hexyloxy.
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substitution at the phosphorus atom and cyclization to
afford | -benzo[ b] phosphi ndol e (9-phosphafi uorene).

w&emenoarasuccessf ul approaches to the inventi VRCT/EBRNE606065

are depicted in Schenme 1 bel ow., Here and herei nbel ow
the term "enantionerically pure conpound” conprises

optically active conpounds with an enantioneric.e
(Sehf)m@i énsqce%ﬁgﬁﬂ a1 0ChER sy GYasaly TR Ged Aphpeiie ligands.
" Cl- njﬁlkyl" represents a |{near or branched al kylx

group aving 1 to n carbon/atons. O 6- al kyl

Qr exanpl e pye e , propyl ,
yl, isob /' tert-b
. Here Nrfel ow the ter
represents aylki

"Cl- al ear or branche X}y,
grouBBrha |eﬁ)%)21 to n car bonLE'latLgrrB Cl- 6-al koxgﬁ@)klo '

represent s\for exanpl e nephox et hoxy, propoxy,
i sopropoxy, Nout oxy, iso toxy, c- but oxy, r/~but oxy,
pentyl oxy an exyl oxy/Schenme 1: success

approaches to asymetrically substituted di phosphine
| i gands. Here ang hereiribel ow the ter_

" C3-n- cycloa " &
hawngSto
represents

cycl opentyl, cy-lohrx' cycl ohept ooctyl,
adamantyl ~or noﬂboﬁﬁ? DrHer e and (¢ ﬁéﬁé?nﬁéIOMIthe term

" C3-n- cycloalkoxy" represents a cycl gal ko g@&g&

havi ng 3 HRQ bor_at ons. C5-10-g¥cl oal %

represents f exarrp cyc IdﬁéLB 0X cycl ohgxyl oxy,
00

cycl oheptyl éxy, cycl tyl oxy or cyclodecyloxy Fbre
and hegei nbel ow the term"di-C i-6-al kyl am no"
repregents a dial kyl am no_group _conprising two _a

ependent |y 6 carbon a
am no rey S y exanple
' o, , 1 V-di et hylh\gm i V-et hyl -
yl g P (H,C),P PR,
net hyl -|\fpropyl am no, |V-éf yl -i V- hexyl am noor L
lgyﬂgthﬁy#qglgg(ﬁgﬁe 2 below the term"aryl"

represents ah aromat’i ¢ up, preferably phenyl or

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

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

Here and hereinbelow the term “Cs_-cycloalkoxy” represents a cycloalkoxy group having
3 to n carbon atoms. Cs.jp-cycloalkyl represents for example cyclopentyloxy,

cyclohexyloxy, cycloheptyloxy, cyclooctyloxy or cyclodecyloxy.

Here and hereinbelow the term “di-Cy.¢-alkylamino” represents a dialkylamino group
comprising two alkyl moieties independently having 1 to 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-dibexylamino.
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napht hyl optionally being further substituted with one
or nore hal ogen atons, nitro and/or am no groups,

w@naboe278pt i onal | y substituted Cl-6-al kyl, Cl-PcHER®RY006065

or di-Cl-6-al kyl am no groups. HKere and herei nbel ow t he
term " Q‘-al cohol s" represents nethanol, ethanol,
propanol and i sopropanol . Here and herei.nbel ow t he

143

Hererand heredntelqo fisi terma camyl TeprepRnbs ahATematic goupRretgrably phenyl or
acetl i iR nitro and/or
SERHLE oB PP Wl GRS E e il o PR, 1S, nitro andio
Adtner @bupsahad/ysépgiongliyeaibsttutedr@, ¢-alk @pEng-alikoxy opdieies-alkylamino
selectivity and efficiency of artificial catalysts,

p@vps-cul arly for the production of pharnmaceutically

i nteresting conpounds. The technical problemto be

sol ved by the present invention was to provide a

Heidwd Hebsintidbew tlad teom &6, _syleohelsT mpoesernts sethiassl, ethanol, propanol and
bi aryl di_ phosphines. A further problemto be solved was
tsoP@Pedl i sh sai d process in a robust manner to

provi de suitable anounts of |igands for the

phar maceutical industry. Furthernore, the general o
tlercat heséinbelolw sheatetm (Cy ralianaia sidy” mepedsentd fasmiorgidagetic acid
and shoul d c:gnt ain few reaction steps, allow ng the
FHPIBERYC B9y wi de variety of |igands, only depending

on the reaction sequence. The probl em coul d be sol ved
according to the process of claiml. Provided is a

Eoosidening the highestgreeqeairal andrefBeicntagting of przamey, i.e. natural catalysts,

bst it ut ed bi.aryl di phasnhi: Lyi g )
E%Jﬁaﬁgﬁfoﬁl HGFQF@: tﬁ rnégro: s%%gtb i Fﬁg&ie@%@%q;f SHE;*&&?I gglia}?'ﬁs, particularly
@ ith@ pRIdLYt L éFSihiarbid ROt vl Iy interesting compamkdal ogen at ons,

and and R3 are equal and are C5-10-cycl oal kyl or
G -6-al kyl,

The technical problem 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
to establish said process in a robust manner to provide suitable amounts of ligands for the
pharmaceutical industry. Furthermore, the general concept should start with an easily
available compound and should contain few reaction steps, allowing the synthesis of a

wide variety of ligands, only depending on the reaction sequence.
The problem could be solved according to the process of claim 1.

Provided is a process for the preparation of asymmetrically substituted biaryldiphosphine

ligands of the formula,
1

N\

0
O O I,

®),P PR,
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or Ris Cl-6-alkyl or C5-1 o-cycloalkyl, and Ris aryl
optionally substituted with one or nore substituents

W@ edoem023d81 f rom t he group consi sting of hal ogenPEr/BABN5/006065

nitro, amno, Cl-6-alkyl, d -6-al koxy and

di - C1- 6- al kyl am no groups, and”each Cl-6-al kyl,

G -6-al koxy, di-Q 6-al kylam no and C5-10-cycl oal Kyl
wheein Rnis-caalkyl Rg Copr-pystrallis} %@pmﬁélyssyb%tmeé%@l QR tOF more

r e, hal ogen atons, conprising a first reaction
@@g%%‘naéé%v&?gr ein one bromne atomof 2,2',6,6'

R? efid Rbaenagbilnndnyd Ci.s-@xsoakybedCii-alkyhydr ogen by

brom ne-nmetal exchange and subsequent netal - hydr ogen
@xchange by reaction with a proton donor, to afford a

o un f_for T r '
SRRl on O o, AERT I BRELR WBARHER 1t gne or more
apstitiend seffected fivu the lehduparohsistinggf Halspehracms) @fird, amino, Cy¢-alkyl,
exchanged wi.ith ORlby brom nenetal exchange and

Surabkgirand ﬁ’é@&ﬁ‘@]#y%‘%&%/g@k%éﬁ e, followed by an

at | , ot o r€eca ¢ g iop2 3
BRI G P RO R HTRRHDE A GBI o B and R
sptipmailg ésingwhbstdnted wdthlone eactorohalegapumome, conpri ses at
| east one brom ne-netal exchange and subsequent
nmet al - phophi ne exchange with the respective phosphi ne,
LRBHEANG £ )N 2040 sdiendeS SRERI iR RORd ol MW6ld-tétrabromo-
di aryl p%osphl no, di-Cs- o0-cycl oal kyl phosphi no or
biph@iyl6- al kyl phosphi no group. The bromi ne- et al
exchanges nentioned in the instant invention may be
carried out with the required amount of the respective
organonetal I i c conpou r;t%r a tenperature below -40 C
("I ow tenperature ' i exchange") or at_a
tenperature of at 111

Br Br

is exchanged with hydrogen by bromine-metal exchange and subsequent metal-hydrogen

exchange by reaction with a proton donor, to afford a compound of formula

Br

Br Br

and a second reaction sequence, wherein one bromine atom of the aromatic moiety of the
compound of formula IV containing two bromines is exchanged with OR! by bromine-
metal exchange and subsequent metal-hydroxy exchange, followed by an alkylation,

to afford a compound of formula
1

R\
O

(0 V

Br Br
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("high tenperature brom ne-netal exchange"). Chiral
bi aryl di phosphi ne |igands conprising a biaryl skeleton

wWoRi06/003731 per manent |y twi sted around t he cent r BET/EP2005/006065

car bon-car bon bond have two atr.opi sonmers. Asymetric
hydr ogenation with transition ﬁetal conpl exes are
prefer afJI y perfornmed with one of the atropi soner es and
whetethR| isyas fgfingdeabok®i ral auxiliaries. Therefore,

?fbd?ﬁlu“ﬂglb\%ﬁ%?ogﬁrﬁﬁ@%g txﬂé@%‘in Abh 1 g US)B%? nEQ%Ar#@'@QQ% 1845t one

Brogife-mri o) |ek6ﬂah%¢/ amdmibts}éiﬁl&nﬂ thétabphiahisosxehangefwithahe respective
ot herwi se specified, e.g. by .indicating thellar positiv
phospiine y gEchanging ﬁhq Tesneciiys hiogne AhE Wiba diardghosphino,

BB R A 5 B PR o BB s, The

reactlon sequences of the present process for the

g&éltlon of conpounds of formula | ~are dep |c§ed in
1pe-mpfal exghengesPentignsd dnibe 1nttantinventonmay fe cyried out with
bel
YebSyfred anfnll gﬁnﬁ%@%&*@ SR it SRR o below
Gﬂhfm(mdwltd:ﬂlpﬁaﬂurdiﬁonmwamamﬂ exohange)l enstat tempemfure of at last 0 °C
di bronp-2- iodobenzen ), according to Rajca A
?mgéll tempgratyse brospasHn éxce*&f’%‘é% ) 118, 7272-7279.
According to Schene 2 tailoring of |igands of formula
I can be achi eved by nodification of the order,
Chacttianyldiphnsphiae hgmda iedmprising albéaryl sketatent whish m@e@mtasenﬂy
asic tions

Rrigied g IS s S faRaraph S po gt Blves W P isfings Apppmetric

ABOYénalibh With'teRki@ich Rkt REmMPIRES AR préferibI pdiformed with one of the
h@gr%gean R2 and R3 as dgl?crlbed]p?klt:ﬁere}lyr}S [a-1]

1
@tqopwqmrpsamleqmomléy forbes ehirahewsliarsse Rherghore, it should ‘be appreciated

that any reference to ligands of formula
1

N\
0

=0 |
®),P PR,

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

2 3 E
P(R z
(R )ZP ( )2 (R2)2P P (R3)2
I’’-S, and “ I'-R

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

rotation.



[ a-2] 2 eq. low tenperature brom ne-netal exchange;
[ a- 3] 1to 2 eqg. high tenperature brom ne-neta

wexwhaomgar [b] = borane oxidation; [c] = al kyl BE€T/BP2005/006065
[d] = hydrogen quenching; [e-1] = 1 eq. netal -al kyl -
or cycl oal kyl phosphi ne exchange; [e-2] = 2 eq.
nmet al - al kyl - or cycloalkylphosphlne exchange; [e-3] =
Theandesizedtingclpbyh osplionel iexchangd;abbye eaqmuafrémgéjd e avoided by

glgnbﬂ%%ﬁméen ta;octp%reﬁlﬁqr: lgegpt:?&n qh ﬁir og %tgle %Eetasg eqrﬂcegﬁ gor the preparation of

é{ﬁldg GFF OWuY&elefE Wbpiblei hpsm}neaz W@?ﬁtﬁ&ﬂﬂ @pb@lcﬁw S6heme 2

nperature brom ne- net a exchange

@tambvah 232:5@@ rietrabhmof lo] Huphaenyl (R aWheraingye pramion aW@EOf s

IS _carl d,out Ireac ton on K
magpaﬁaizm% ripoung e P B EY OR0 RN & 3-dibromo-2-
Bbé}% @@Va%coﬁ[rfgf 18 TeaYA tdh a1 Y o0 aHend 8BE 196, 118, 7272-7279.

ecteg rromt he group conS|st|ng of C1-3- alcohols

)Amt@ﬂmgrto iBchatnel 2 taitoging of ligands ©f @rmt@;nl ear psachigygd by modification

al kanoi,.c acids. . Pref abl [
%‘F @5 rcreﬁﬁ:tkﬂnaﬁmggﬁaaxr? andequivaient gﬁlgﬂ@% g))rfagc%xﬁ &%ﬁl ey 5 basic
f&@ﬁ&kﬂﬁt&k}h t he hydrogen donor (hydr ogen quenchlng)
Is carried out at a tenperature in the range of -60 to

-90 C. In a further preferred enbodi ment, the
g;:l?etr%ee CI;TE %ﬁtﬁg thﬂ?gglg(?sng 01{1 %e@’gtgfr}?llgrgg%gm‘ﬁ@r\}mﬁSﬂﬂgg@ﬁcmg one

Sﬂﬂﬁh@h@ﬂtwﬁhﬂyﬁmgﬂlI|th|un1at a tenperature bel ow
-40 Cin a polar solvent to afford a netallated inter

BrBr

Br Br
111

[a-1]| [d]
1 Rl\

ato X Watol-Naly
[b, c] [e-2]

Br Br Br Br ®R? )P PR’ )
IV | \% I
[a-1] | [e-1] [a-3]
R‘\ [e-3]
0

(R»,P Br
VI
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medi ate. The foll ow ng netal - hydroxy exchange is
carried out by reacting the netallated internedi ate

Wwowaok/0ee7Bor ane or or ganoborate, followed by reRCI/EP2005/006065

with a peroxy conmpound in the presence of an al kal i
and/ or earth al kali hydroxide, @and the al kylation is
calrrized o_yt with an al kyl ating agent in the presence
&', B babR’ dndexcpbesdf thened enbodi nent, the borane or
rganqgborate is fluorodi methoxyborane ethyl ether
Jerdlicd, < FO ey eV TBrtAL SHOHRHERy | bor at e,

7581 enad. Yow &n%e?ﬁﬁ%roﬁﬁle%ét@fbxch&g’épm her preferred

enbodi ment, the peroxy conpound is selected fromthe

da-dlip ldor?sigs highgemperatnde bigerinpmetst eyehanger aceti ¢ aci d,
hl gr oper benzoic acid and tert-butyl hydroperoxide.

m:'\ Veg’o%t%é(fa%&l’eferred enbodi nent, the al kali and/ or

q@}"ihaﬁi #ldn; hydroxide in the reation with the peroxy
conmpound is selected fromthe group consisting of
\[A1eH, hNdijﬂenlqﬂﬁl}Cth-l)Z and Mg(OH)2. In a further
referred enhodi rent h se kyl ati on
ﬁ%’ji £ilof F&e@}?ﬁ&?ﬁ%’i (fycg)ﬁgsyp ?ms ah?{’%é%%ﬁ % d hydr oxi de,
églz%ﬁ;zeal. Hepnalihe- & SePalksthosphingexthangePH, NaOH, KOH,
and (OH)2. I'n a preferred process the
ARy Fat o gnetiemylPhesphine exehageky | hal i de, a Cs-
o-cycl oal kyl halide or dinethyl sulfate. Preferably
the Cl-6-al kyl halide is a C*-al kyl brom de or
Th agirdfyired atibodimeRy thid romne-lyydpo geheanxckahge lo€ thel dopipatindigf formula

S s o o TS Al S bl °
(61 ch 6% %é}n?&&uﬂ %h}iﬂéim‘é‘taﬁ Bx AR 9 (PP POEr Qflvér@.r"ll*’ﬂél Bl1Mving metal-

abov conprising a |l ow tenperaturé brom ne-neta
dwdivapy exdfanghis caenad ot by réaction withatprownaledos tafferd @rsompound of

T o PS8 R(E Lo bt 07 0 @ compound of

Preferably the hydrogen donor is selected from the group consisting of Cy.3-alcohols,
water, non-oxidizing inorganic proton acids, and C;_s-alkanoic acids. Preferably the non-

oxidizing inorganic proton acid is HCL

More preferably, the reaction with the hydrogen donor (hydrogen quenching) is carried out

at a temperature in the range of —60 to —90 °C.

In a further preferred embodiment, the bromine-metal exchange of the second reaction
sequence of the compound of formula IV is carried out with one equivalent of n-butyl-
lithium at a temperature below —40 °C in a polar solvent to afford a metallated inter-
mediate. The following metal-hydroxy exchange is carried out by reacting the metallated
intermediate with a borane or organoborate, 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.
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wherein R1 is Cl-6-al kyl or Cs- o-cycl oal kyl
optionally substituted with one or nore hal ogen atons,

wapae®R27and R3 are equal and are C5-10-cycl oal RgT/EP2005/006065

G -6-alkyl, orR2 is C5-10-cycl cal kyl or Ci1-6-al kyl,
and R3 is aryl optionally substituted with one or nore
sbstituents sel ected fromthe group consisting of

Hagqngﬁnrred embodinient, the boranemr oggangberaeyis flugragimethoxyporane ethyl
foalk Cl- 6
SHieg g oo R SRS ki A BT B Birfppotion.

group in R2 and R3 optionally being substituted with
one or nore hal ogen atons. Provided is also a grocess,
vhenether prefeme lsmbodisngnt.i tbmp@ezqm@?meounﬁ ig aglegteditromtthe group

ToRu R AR TRAER el DO Bpn AT B Rrv-buoy

b{yafgpeﬁ,xﬁteom of the aryl noiety containing the ORL
substituent and netal - phosphi ne exchange, to afford a
conmpound of formula wherein RL is as defined above and

£§’i@n§§/ﬂ¥8 e%:(r%sd e @l&éﬁg*}éﬁkaglgagg/g% %icnﬁlll %ldl’l h%r&}%md'e I1n the reation

et e @H@)S[Sflcbﬂﬁ)edn&\lstshleetﬁ& fiokn fie Tgﬁodpaddﬁgi@ﬁnglI)D]D@H NaOH, KOH,
Preferably the conpound of fornmula VI is than reacted
iGr(QHpa 23 MetPhat ure bromi nemetal exchange and a
subsequent et al - phosphi ne exchange, to afford |igands

of formula wherein RL and R2 are as defined above, and

3 aifertleer prefopred embodiynent) detbasedEidie alktylationeeamtiomiy an alkali and/or

SUbﬁa%ﬁP §e¢éw§s en?@?fggd o 52%1 oqp 1ngr1>§ﬁ§h§&ﬁ§§z&, KOH, Ca(OH),

Nflé( -6 al kyl am no groups, and each Cl-6-al kyl,
Cl-6-al koxy and di -Cl-6-al kylamno in R3 optionally
bei ng substituted with one or rmre hal ogen atons.ln a

ﬁ{rl g{;ﬁ%‘;{r eg%grgbﬁgsg;@ge&k&gﬁgé Q%e 1S ae r%%{(?ltﬁjaﬁlﬁe a Cs.jo-cycloalkyl halide
or dimethyl sulfate. Preferably the C;.¢-alkyl halide is a C;.¢-alkyl bromide or C,-alkyl
iodide. Particularly preferred the alkylating agent is iodomethane or dimethyl sulfate.

In a preferred process, wherein a further reaction sequence is carried out starting with the
compound of formula V above, comprising a low temperature bromine-metal exchange of
the remaining bromine atoms and subsequent metal-phosphine exchange, to afford a

compound of formula

®),P PR,

wherein R! is Ci.¢-alkyl or Cs_jgp-cycloalkyl optionally substituted with one or more
halogen atoms, and
R? and R? are equal and are Cs.jo-cycloalkyl or C;_¢-alkyl,

or
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with an organonetal | i c conmpound such as
n-butyllithium isopropyl magnesi um chloride or lithium

W@ piobioy7Bagnesat e at a tenperature bel ow -40 ET/EP2005/006065

preferably in the range of -60 to -90 C. In a

preferred enbodi nent each | ow t19n'per ature

brom ne-netal exchange is carried out in a polar

R ¥ €5fio-cyioailed abCy.s-atkyl,andRids 4rst opttopdilp substitutedriwish one or more
repoval of the |ast, remai ni ng bronine atomfrO{n .

ORI INRRISSeIRCRd R e &P 1P SANRURE Cf BlORF QoM g, amino, Cisalkyl

@&%E&?y Lafdh Qflg[htrl]k}rlgﬁ%i ﬁ&lﬁgpndi tions for the

r i £
hal'ogen-netal exchange. I'n this reaction sequence, in )
andreefteCr.edkghbogiationy, ditCie-4kylogino andtGy 1c-exdhalkylkerpep in R” and

ied out .Wth talli d h
Coantipnaint peini sl ¥ Th o o o helogsR alagnes um
chloride or lithiumtributyl magnesate, at a

tenperature of at least 0 C, preferably in the range )
dirodidedis-al® aroTese, waseinta fuftherreaation sequescals dagried out starting from

I RO R ————

GRS BPorRRE afY bF @byl mbielytOnRiHaQREIRY dubstiteenRay itbtdl phosphine
sufficient to replace the hal ogen atomw th the netal.

|exchangecp effordia eorppelnderftiommda hi gh t enperature

brom ne-netal exchange (s carried out in a solution
cont ai ni ng tol uene andRG\r tetrahydrofuran. In a
preferred enbodi nent the t al - phosphi ne exchange is
carried out using a hal gphosphi ne of the fornul a
wherein X is chlori i e=ox_ i odine and R are
equal and are R2 or

and R3 are asvyj

def i nded above. Depa g on I nt ended
substiruents, the ha o? osphi/ne of the formula VII is
sel ect ed R"),P Br

wherein R! is as defined above and wherein R* is Cs.jo-cycloalkyl or C,¢-alkyl, the
Cs.10-cycloalkyl or C;¢-alkyl groups in R? optionally being substituted with one or more

halogen atoms.

Preferably the compound of formula VI is than reacted in a high temperature bromine-

metal exchange and a subsequent metal-phosphine exchange, to afford ligands of formula
1

R\
0

(<7 L

®)P PR,

wherein R' and R? are as defined above, and R? is aryl optionally substituted with one or
more substituents selected from the group consisting of halogen atoms, nitro, amino,
C¢-alkyl, Cy¢-alkoxy and di-C,.¢-alkylamino groups, and each C.¢-alkyl, C;.s-alkoxy and

di-C;.¢-alkylamino in R? optionally being substituted with one or more halogen atoms.
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fromthe group consisting of hal odiaryl phosphi nes,
hal odi - (C5- 10- cycl oal kyl ) phosphi nes and

wh 00600276 C1- 6- al kyl ) phosphi nes. Each aryl noi ePgT/8P20051606065

hal odi aryl phosphi ne noi ety is optionally substituted

with one or nore substiruents éilected fromthe group

consi sting of hal ogen atons, nitro, am no, Cl-6-al kyl,

0 aprafeicekymbotimeht, €ch-laividginpenatuve ‘glromjps-memtekdmagd: jp carried out

%gghh@lc%rﬁgmq?%qﬁéi)p cmgwu{gk %ﬁﬁg nﬁ)&tgb%égﬁal X l ik m@gléesmm chloride or
flﬁ’ﬁlﬁm tﬁbMyimé c ?éé@ 8t 4 fet |%)%ijatlfﬁ‘etb'@lo@s}rl%(f)‘rc LS8R/ 1ﬁgﬁé‘ran§e of —60 to

In“a p rred enbodi ment the halo phosphine o
PBG°Corqua VIl is selected fromthe group consisting

Lfg)? (ﬁgﬁ{&r hl nﬁiq] anecringl}g?l}tgre&ré?@,eaxﬂpggl exchange is carried out in
9.1 o%%glv%mc g&@&ém %ﬁaﬁhhgfeuah;(dmfuran

brionodi cycl 6hexyl phosphi ne, or odi phenyl phosphi ne or
br onodi phenyl phosphi ne. Provi ded are conpounds of of

| Ch C3- 10- | |
gyt U Fem R E fr R A ASTD o R g TV 25
Qi%ﬂlcﬁa iAREhéRRe A BqEssaliffarest RERicRTohditioN$To Bddvdlo g%)h-metal
-6-al kyl, or R2'is C5-10-cycloal kyl or G -6-alk

mdhme i In this yéactipn sespuandey isaprefarredteatbodimentghe h@llogﬁbm@tal

ﬁéf' gﬁ lijse{;ltgﬁ% oeLﬁl%s?lb]ggn cgr[%%@ &%&19 8%8&1?1}%” ubﬁta%pz%ugylhthmm tert-
ek 1Bihidm, lscﬁ)r?kﬁh‘lhgﬁesﬁm Qlﬂl@tl@é or lahdlne&ﬂiﬂlt}@xlragn@bieyht a temperature
Cl-6-al ko - al kyl am no and C5- 1o-cycl oal kyl

Pfotijsastiy p@ﬁf%rabiy in e s o£0 et 4y’ G s emoynkef the piganometallic

cg% ggrrl] & j&?}lg efﬁtsa \ghgg@héiis r?H g&@ﬁfg%&g? Eﬁ%@h]g&go HeBiaryl moiety. In

%sl Qasey choequiydlan iof dreadrizynoimetiltie cormpdsidiis slmfﬁdlen/c tolreplace the

one or nore, Eal ogen_ at oms.

halogen atom with the metal.

In a preferred embodiment the high temperature bromine-metal exchange is carried outin a

solution containing toluene and/or tetrahydrofuran.

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

halophosphine of the formula

X
I

P VII,
R~ "R

wherein X is chlorine, bromine or iodine and R are equal and are R or R?, wherein R? and

R? are as definded above.

Depending on the intended substituents, the halophosphine of the formula VII is selected
from the group consisting of halodiarylphosphines, halodi-(Cs.jo-cycloalkyl)phosphines
and halodi-(C,.¢-alkyl)phosphines.

Each aryl moiety of the halodiarylphosphine moiety is optionally substituted with one or

more substituents selected from the group consisting of halogen atoms, nitro, amino,
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The invention provides conpounds of fornula wherein Rl
is Cl-6-al kyl or C3-10-cycl oal kyl optionally

wa@ewsiiet ed with one or nore hal ogen atons, aPdI/B22005006065

C5_10-cycl oal kyl or Ci-6-al kyl, the C5-10-cycl oal kyl
or Cl-6-al kyl group in R2 opti dRal | y being substituted
with one or nore hal ogen atons. Provided is the use of

dorgeakyld€:.ohlkboy and di-Uhealsylamiio groupst Optigh#dis eagh Ci.6-alkyl, Cy.6-alk-

C3-10- | kyl j | tit d.wit
RN IR -
G 10sub¥GiuRA Wivh oY oretorl@haldeih atodds. FPa pieferred embodiment the halo-

C5-10-cycl oal kyl or Cl1-6-al kél , and R3 is aryl ) )
qhospiniag of/the fitrarila Vilds seleeted Bam the gravpeonsiging afinaladiarylphosphines

%%b%%io%%@%@@y@%ﬁ]&?&ﬁ%ﬂﬁﬁgI_nzcgrlgEgeg%gblgﬁ%glggrrg)d?éy%ﬁexylphosphine,
Hrofdd e abifeadygmo' i8¢, @HRSodi epHiHe 6-tabiaplliphenylphosphine.
C1-6-aIZoxy, i - 1-6-a|ky|a%?%gqgh CS-A-cycIo&Iq%p P
group in R2 and R3 optionally being substituted with

e ar .more hal oge for the preparation of
g@tf’%@% fie ngiﬂo\l}ré(%cogr?gltﬁg@sla of transition netals,
preferably of ruthenium rhodiumor iridium Said
catal ytic active conplBxes of transition netals can be
used for hydrogenating, eferably asymmetrically
hydr ogenati ng, of a conpound containing at | east
oneunsat ur at ed prochyt at\ systerr\ Preferably the
products obtai ned ./ i cally hydrogehating
are enantionerical | Ads. Several exanples
for general applicable i or the preparations of
catal ysts and cat al yﬁgz)sfol up(p"gs are disclosed in
Ashworth, T. V. et ar.’s. Aff. 3. Chem 1987, 40, 183-
wherein R! is Ci¢-alkyl or Cs.j0-cycloalkyl optionally substituted with one or more

halogen atoms, and

R? and R are equal and are Cs_jo-cycloalkyl or Cy.¢-alkyl,

or

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

and each Cj¢-alkyl, C;.¢-alkoxy, di-C;¢-alkylamino and Cs.jo-cycloalkyl group in R? and

R? optionally being substituted with one or more halogen atoms.

Furthermore provided are compounds of formula

1

N\
@)
(<) v
Br Br

wherein R! is Cj¢-alkyl or C;s.j0-cycloalkyl
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188, WO 00/29370 and Mashima, K. J. Og. Chem 1994,
59, 3064-3076. In a preferred enbodi nent the hydrogen

w@e@sso7el duri ng hydrogenating is in the rangePOI/ER2005006065

60 bar, particularly preferred in the range of 2 to 35
bar. In a further preferred entlddi ment hydr ogenati ng
is carried out at a tenperature in the range of o
1dyfioGally furthepsubfmteddviéintiedénTeote haldgen emmsounds

contai ning at | east one unsaturated prochiral system
are selected fromthe group consisting of conpounds

o il EHtidd pRoRAQINRundPsfIBANhIagr OUp, a prochiral

al kene group or a prochiral imne group. In a
particul ar preferred Rybodi nent, the conpound

contai ning at | east one
carbonyl, alkene or imjie group is selected fromthe
group consisting o oesters, a- and

b- ket oam nes, a- \ols, acrylic acid
derivatives, acyl axe ] #r N-substiruted Mh nes

of aromatic ketones-an Tydes. Preferably the

hydr ogenati on react @ ¢ carried out with a

cat al yst sol ution ihggngéﬁr sol vent |ike

Cl-4-al cohols, water, dinethyl sulfoxide (DVSO)

dwheseinyR fis Crrenalkerk oy Enmicycloalkiybeptionally sybstitutgd with jgae gr more

r.1.0 xt ereof. Preferably the polar sol vent
3g%£§%ﬁgﬁﬁgﬁﬁgnol, et hanol or isopropyl alcohol or a

Xk @5 §,-byutoatiof or Rl talloly the Cy. gesefoatityb dr Ci.balkgbgiotp émR> optionally
may contain further additives. The present invention

i being yubstituted sytihone oraners helagematomtSn- 1 i mi ti ng exanpl es.
Exanpl es: Exanple 1: |, 3-D brono-2-i odobenzene (11)

Di i sopropylam ne (0.14 L, 0.10 kg, 1.0 nol) and

Prdvidied isathe bsnafasompodndLofiformula4 kg,

1

A\

o
(4 I’
®),P PR,
wherein R! is Cy¢-alkyl or Cs.jo-cycloalkyl optionally substituted with one or more
halogen atoms, and
R? and R® are equal and are Cs_jo-cycloalkyl or C;¢-alkyl,
or
R? is Cs.10-cycloalkyl or C¢-alkyl, and R? is aryl optionally substituted with one or more
substituents selected from the group consisting of halogen atoms, nitro, amino, C;¢-alkyl,
Ci¢-alkoxy and di-C,;.¢-alkylamino groups,
and each C,¢-alkyl, C;.¢-alkoxy, di-C;¢-alkylamino and Cs.jp-cycloalkyl group in R? and
R? optionally being substituted with one or more halogen atoms, for the preparation of
catalytic active complexes of transition metals, preferably of ruthenium, rhodium or
iridium. Said catalytic active complexes of transition metals can be used for hydrogenating,

preferably asymmetrically hydrogenating, of a compound containing at least one
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1.0 nol) were consecutively added to a solution of
n-butyllithium (1.0 nol) in tetrahydrofuran (2.0 L)

wa@r@eloawanes (0.64 L) at -75 OC After 2 h at PGBEER008006065

solution of iodine (0.26 kg, g mol) in
tetrahydrofuran (0.5 L) was add d. The solvents were
evaporated and the residue dissolved in diethyl ether

(ubsfiutajed pibctaral spasdnn yeferably the ppodustpabsaisedlioy said agymyhetrically
i um t hi osul f at.e t he gani c | ayer was

j}yggqsge{}%}g}g %%W%OE%PF% yeplﬁéF%IPBmggjlr °hg evaporated to

dryness. Upon crystallizati on fromethanol ( 1.0 L),

colorless platelets 0.33 k? 919 were obtained; mp.
Rpveral eoonpdss forgenaral (appiitable methodafoy thepreparatims (Oé catglysts and

(%éab%ﬁ‘}l““@aﬂ aE%F’ﬁ?%é“(WSEngﬁ 5ov, & L5, aPP T Gl 1987, 40, 183-

11%89Wo bo29o 8t a@mﬂhmazﬁz J. Org. Chem. 1994, 59, 3064-3076.
. 6,6 -Tetrabromo-1,1"'-biphenyl (IT1) A -75 C

butyl I|th| um(14 rmol) in hexanes (5.6 nL) was added

oty B Ba e PRI RS RAEEody ho rane of

V@R GOt bak f;ﬁﬁuflﬂ)drlﬂpt’éfeﬁ*ed-lﬂ heGangeaifiReto (351beenl ori de (9.7

%ﬂ 72 rmDI was added, and the reaction m xture was
|a<fuﬁherm§efﬁt%femb2@met Ixdspgenating 1§ aEIGd Mt alcpicmpREtwe in the

Vi%? e reaction m xture and the organic
y%r was separ ated. The aqueous phase was extracted
W|th ethyl acetate (2x0.10 L). The conbi ned organic
| a d [
égé&{;?fg%/r\gé gm (r)(léerneg? %/L?er CEOEI?RO&IBdI 0 %ﬁqlillta;ﬁ{ng agfefﬁ%‘rg%ﬁnellsar‘}grated prochiral
hoPrk @él diﬁe& thé Bhsifingl ST ohipolisiteontaidt hiral
l%g)s(%nes co e gﬁ%ﬂ% Se1 glrgf)dugfl@(%g 09 3 n/gaproc e
puartenghgrogp, & pmclilwd talkene gwapor o proainimal inineg grouQ 15 C, 1H
NVR (CDC 3, 400 MHz): d = 7.67 (d, J 8.3 Hz, 4 H),
7.17 (t, J 8.0 Hz, 2 H).

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 a- and
B-ketoesters, a- and B-ketoamines, a- and B-ketoalcohols, 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 (DMSO), 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.

The present invention is illustrated by the following non-limiting examples.

Examples:
Example 1: 1,3-Dibromo-2-iodobenzene (II)
Diisopropylamine (0.14 L, 0.10 kg, 1.0 mol) and 1,3-dibromobenzene (0.12 L, 0.24 kg,

1.0 mol) were consecutively added to a solution of n-butyllithium (1.0 mol) in tetrahydro
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Exanmple 3: 2,2',6-Tribrono-1,1"-bi phenyl (1V) At -75
C, butyllithium(0.10 nol) in hexanes (52 nL) was

w@omemo1761 a sol uti on of PCT/EP2005/006065

2,2',6,6'-tetrabrono-I,I|"-biphenyl (47 g, 0.10 nol) in
tetrahydrofuran (0.50 L). Imediately after the

s GV B0 B 10AT el (o AP T3 T, §5plbton offodine
2\AH) HEH ﬁi@ﬂ%&ﬂﬂlréﬂ@ ﬁﬂyﬁfﬁyﬁdde@)’ﬁﬁe S¥RFents were evaporated and
extracted with diet et her (2x0.10 L). The conbi ned

dlhg awa@eldagselvgd \M&dl@thd’i pther @\ek). Adttr waslsio frdther 186 equeous solution
Lésfl Sgallll glgteg%(giig gcla !g_}g;clgltcltlg?qsm ngr%:ogwghw fate before
400%;)51%3&1 0 ??%ng@sc' é}ﬂi%ﬁ?: _ysgﬁliia&gﬁ%ro%th}[;&l z'lvB (Iag&%r?ess platelets

13k@(971/b)zwelﬁoﬂi)a,n?ed42 (tt, J = (dd
729 = 7.8, 1.8, 0.7 He, 1H),718 J =
9%‘6%%@ 7.12 (dd, J = 8.1, 0.7 Hz, 1 H); O

gﬁsgﬁvg% Qéﬁ@%? g%o @308 Lat %d(d( e 20, 81, T0# (t8jl~— § PHAD H):

BBl b361n80)2ea1a11kte&(/%b C119:92, phe: 8% foauhC 18197-HNE30. At
-75 C, butyllithium(0.10 rml) i n hexanes (63 nL) was
added to a solution of conpound IV (39 g 0.10 nol) in

kAP E 916 Kt obnbo-1. FOBpRLHEA) v Y hoxybor ane

consecutively treated w tRh
et C utpidithivmd ¢ mnidlPimhexadds (§,6 ALY @asradded t@a 3o0lGtidh of

SR 0t ok DO o i gl P Attt the solution

WS stif@@ fdranh B XI3HCE chpser(IBbklbAlE @e gV A llﬁn?dl)qndé added and the
hydr ochl oric acid (d.l L and extracted Wi t'h hyl

aeardion pmxira was yllovigddo afaini 29§ oveyarizd peipdr @omlsvader was added to

(B g0 Mo 3RA YRERT L SPaPlor Th PPN B8 wes extracted

Wih ethilyacersd (@x0.10d9. "dhés&ﬁﬂlbiﬁéﬂ drgasic MBlehyWers dkit® ¥V él&odium sulfate
%fozrg blél)ng evaporated. 2,2°,6,6’-tetrabromo-1,1’-biphenyl precipitates upon treatment of

the residue with hexanes cooled to —20 °C. The product (9.0 g, 33%) is pure enough for

further reaction,;

m.p. 214 - 215 °C;

'"H NMR (CDCls, 400 MHz): & = 7.67 (d, J = 8.3 Hz, 4 H), 7.17 (t, /= 8.0 Hz, 2 H).

Example 3: 2,2°,6-Tribromo-1,1’-biphenyl (IV)

At —75 °C, butyllithium (0.10 mol) in hexanes (52 mL) was added to a solution of
2,2°,6,6’-tetrabromo-1,1’-biphenyl (47 g, 0.10 mol) in tetrahydrofuran (0.50 L).
Immediately after the addition was completed, methanol (10 mL) was added and, after
addition of water (0.20 L), the organic phase was separated and the aqueous layer was
extracted with diethyl ether (2x0.10 L). The combined organic layers were dried over
sodium sulfate before being evaporated. Crystallization from ethanol (0.50 L) afforded

35 g (91%) 2,2’ ,6-tribromo-1,1’-biphenyl as colorless needles;

m.p. 95 to 97 °C;

'H-NMR (CDCls, 400 MHz): 5 =7.69 (d, J=8.1 Hz, 1 H), 7.64 (dd, J=8.1, 0.7 Hz, 2 H),
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bef ore i odonethane (7.5 n., 17 g, 0.12 nol) and
pot assi um hydr oxi de powder (6.7 g, 0.12 nol) were

w@oemwseersi vel y added. After 1 h water (0.50 L)PGEEP2005/006065

added and the product was extr%§;ed wi th diethyl ether
(3x0.10 L). The organic Iayers re dried over sodium
sul fate and evgéorat ed. stallization form ethanol

(7g421@t, Uy &8,f69 Hadl B5, @2? J29.8 b18P17d8% 1dihdd 3 (Ad./= 7.6,
; N MHz): d = 7.67 (d, J =

g %Pﬁi%}@ﬁéfﬁ =’¢.918’Hz,)1 H, 7.3 (En 4 H),

(-@I&BQ (390.90)8calcii@ted %{y 363373 (.81; Buill C BIHHOB66.0

2.03): calculated (%9 C 45.32, H 2.95; found C
45. 32, H 2.85. Exanple 5:

' 6-Bi j h | ph - - ' -bi
it AR ARG feRg! S Prer
ARSI, bty lRufr0(01®D mel) )in hé]xdﬁes(@ﬁ&ﬁLX was md)ad ws séldti@dof
to a solution of compound Va

t@mpghg&b](&j‘é{?& &0 1ome 1@}etrahy@r@fur@rh@ %ng) tTh@ ﬁﬂlme was consecutively
%@S{gﬁn ﬂ?&rﬁﬁlrﬂgtﬁ(%% 1e’t1yf éﬁgg%ﬁugg(l? i%L ﬂ’@é 950 moD), a3.0M

quill&)mbl)utmﬂ of ﬁidimhy@dﬂfxwed% (IO amd)30%T: i@emsdiyﬂr@gewq&:romde

owed to reach. 25 C and treated with tur ]
a(a@a&ué ngnoukq laﬁl)o?"h%rf?ﬁﬁmrumw 3yas a!sut(fglzig ?{ghydrochlonc

gf (prl% 8& Gitn Wi dehy19{bY (3 88 £ E} %@%&%@ﬂ&l rganic layers

|ne organic layers were dried over sodfum
sméré &laehed‘limil alil pHomphoussolutdn@f sqdief)sulfits (OO &),reigd over sodium

L o 2B o AL SR S BURLEY Mg 20,
%%%og%&r@%/ﬁfegnmﬁe ?7 5ip9n)17 4g1 U‘l@'\‘ﬁol %&assi@ﬂ h%‘ii))ude%owder 6.7 g,
]0 1—]9 mol).vge (;mssguhvelﬂadd)e @ﬁ@gl Ivyatey (@5¢ L93W|a§ addled}qu the product
was ex{raéteg wﬁ}l dngthyl e@lrlgr (%0. H% L).ll‘he og'égmc layers were dried over sodium
sulfate and evaporated. Crystallization form ethanol (0.10 L) afforded 25 g (72%) as
colorless cubes; |

m.p. 93 to 95 °C;

'"H-NMR (CDCl3, 400 MHz): 8 = 7.67 (d, J= 8.0 Hz, 1 H), 7.38 (t, /J=7.5 Hz, 1 H), 7.3
(m, 4 H), 6.92 (d, /= 8.1 Hz, 1 H), 3.73 (s, 3 H),

C13H10Br,O (342.03): calculated (%) C 45.32, H 2.95; found C 45.32, H 2.85.

Example 5: 2°,6-Bis(dicyclohexylphosphino)-2-methoxy-1,1’-biphenyl (Ib; R = Me,
R? = R® = cyclohexyl)

At —75 °C, n-butyllithium (0.10 mol) in hexanes (63 mL) was added to a solution of
compound Va (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
(22 mL, 24 g, 0.10 mol) in tetrahydrofuran (50 mL). The mixture was allowed to reach

25 °C and treated with a saturated aqueous solution of ammonium chloride (0.10 L). The
mixture was extracted with ethyl acetate (3x50 mL), and the combined organic layers were
dried over sodium sulfate. The diphosphine (43 g, 74%)) was obtained after evaporation of

the solvents and crystallization form methanol (0.10 L) as colorless cubes;
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20 H); 3 1P-NMR (CDA 3, 162 Miz): d = -9.9 (d, J =
12.1 Hz), - 11.5 (d, J = 12.2 Hz); C37H540P2 (576.79):

w@aloebased (%9 C 77.05, H 9.44; found C 77. 17pCHEB2028/006065

Exanple 6 :

(2' - Brono- 6- net hoxy-1,1"-Di phenVI - 2-yl ) di cycl ohexyl pho
sphine (Via;, RL = M and R2 = cycl ohexyl) At -75 C,
rEnlpu 290 £ 22 Whidecormpositedn)); i n hexanes (63 nl) was added

Eﬁi FoaG Bk 40 pBTSR ) safin b e g @ /=75 s

I e tg gat a
o e O o o P o ST 50 Mgy 24D 12
CBQLH)nDI) mtetrahydrofuran (0.10 L). The mxture vvas

aq'a"“eg e NR-EATon DT JLT gziv“&iz'3<81 159ty BHo
anﬁ e coﬁéo?%(?t gﬁorlg%%%sl@a%% ng?'gt r| e v1e7rl’%s% f'um

sul fate. Evaporation of the solvents and
crystallization faor m xture (v/Vv) hexanes

eEwnp'&&et(%.r%rmwn@ytwmpﬁelupb@ua %W)yycaaheawmphme (Via;

ed| 02 C, 1H NMR (CDCl 3, 400 MH): d
- é?ﬁm égﬁ’hwy} H. 7.38 (t,(J—79Hz 1)H)

7A837 X ‘tC, nibutylfitl8uneiA0.10 nhd)l) 1n7h€23n¢sc(63 mlL)-wag.added toma sdiutlon of

8° ﬁg&lnd }/aq)gg 4 80 49 “{01) 1n§eﬁgﬁhydi rafl'{F)SQ égégerltﬂﬁ %(?.Hlmi yas

Hompletsd-th/Rixi6fehad trehfd Wit b 2. 0dvrsohiod off %Morodlcyclohexylphosphlne
C25H32Br’'OP (459.41): calcd. (%9 C 65.36, H 7.02; found

283524 g,10700m0l) g)(mh)girqfuran 0.10 L). The mixture was allowed to reach
%ﬁué %1;(1:({ %er'ag ewﬁ%?g th?atﬁlaqyewg ?ot@n&ﬁl ogh ha%l(l%’/l:Ch orr]gl%f@aO L). The
“miXt@eYak extracted with ethyl acetate (3x0.10 L), and the combined organic layers were
dried over sodium sulfate. Evaporation 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 to 102 °C;
'H NMR (CDCl;, 400 MHz): & = 7.61 (d, J=7.8 Hz, 1 H), 7.38 (t, J=7.9 Hz, 1 H), 7.33
(t,J=73Hz, 1 H),7.21(dt,J="7.9, 1.5Hz,2 H), 7.14 (dd, /= 7.6, 1.8 Hz, 1 H), 6.96 (d,
J=82Hz,1H),3.72 (s, 3 H), 1.7 (m, 12 H), 1.2 (m, 10 H);
31Ip_NMR (CDCls, 162 MHz): 8 =—13.8 (s);
C,5H3,BrOP (459.41): caled. (%) C 65.36, H 7.02; found C 65.52, H 7.07.

Example 7: 6-Dicyclohexylphosphanyl-2’-diphenylphosphanyl-2-methoxy-
1,1’-biphenyl (Ic; 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 VIa (11 g, 25 mmol) in toluene (0.1 L). After 45 min the mixture was cooled to
—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 reach 25 °C. A saturated aqueous
solution of ammonium chloride (50 mL) was added and the organic layer was separated.
The aqueous phase was extracted with ethyl acetate (3%25 mL) and the combined organic

layers were dried over sodium sulfate before being evaporated. Crystallization from
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At 0 C n-butyllithium (25 mmol) in hexanes (30 nL)
was added to a solution of conpound Via ( 11 g, 25

worwb/poa7an t ol uene (0.1 L). After 45 m n the nm RCUER200&806065

cooled to -75 0C and a 1.0 M saqal ution of
chl or odi phenyl phosphi ne (4.4 nﬂ§ 5.59g, 25 mol) in
toluene (25 nL) was added. The m xture was allowed to
mﬁ?thanoi 55(11n14)\gs‘§ﬂ U9 gt(8e’on dipbosphinesiroialesoeubgsinoni um
c 0 Q was added and the organic | ayer was

Jé\(?fé’dl(ﬁ I¢TLaqueous phase was extracted w %/h et hyl

5 L ampk
r| egﬂgvéﬁé%oé%%[ sufjlzf3 a?? gg??r]g?%eﬁ% ngpdoqug?{eﬁ) I, 3 1),
CIBNIMR (CDali, a62 MIQMH%&HOE (d, 36 1) Hg)gvéﬂ) (9 g— (IBBQHZ)
dlphos h|ne as col orl ess cubes: 70.t0
B coinrs o0 6 B, BL80: fend s TseTH 4.
-79Hz 1H) 3.23 (s, 3 H; 3 1P-NWR (CDd 3, 162
MHz) : d = - 11.3 (d, J = 10.7 Hz), -14.0 (d, J = 10.8
*‘E})amﬁﬁ BHEAORRd (-B)GGI-HiQ;)clolie&yl]lhloqbl&dly(-%-dfplﬁﬁyliﬁns;Irluno-z-methoxy-
50, found C 78.5 43. Exa b and

(1»3 b@@%&@oﬁex%ﬁ%s‘pﬁ&ﬂ%exﬂa é‘rﬂ}}eﬁﬂ sphi no- 2- e

t i)
e bitoRIEAYlc dSep et i s RBaili gt BY B el
i dt@matb graphanging aehisal istationayphase. The cdunmatsggwap@yﬂRALCEL@ oD

bt T 0 D e
45 R S O A s

einidcb@y -rng.oﬂ.(—)-lﬁl-dahyeﬂlghexy}phosphanytgl aﬁphenylphosphanyl 2-methoxy—

o Ftphens! rore B iain e satomet vy o P GREERb e 1 0%

e'agﬁffcsi;{)?/ ?ﬂ{gg (%% _?sc@l@ﬂ%%ﬁm :l'r?]?ﬁl turih); @1@61)&031

ana t he opti cal
ft@ta@&)h of thef (—}-seméer )s-dsO(e* 0i59n QERCL) =-1.4.

Example 9: (-)- and (+)-2°,6-Bis(dicyclohexylphosphino)-2-methoxy-1,1’-biphenyl (Ib;
R! = Me, R? = R? = cyclohexyl)

The separation was performed as described in the example 8. The enantiomeric purity was
99.2% for the (—)-isomer and 96.9% for the (+)-isomer (measured by HPLC on an analytic
CHIRALCEL® OD 10 pm column), the optical rotation of the (+)-isomer is ap’? (¢=0.5
in CH,Cly) = 16.4.

Example 10: (R)-Ethyl 3-hydroxybutyrate

In a 15 mL autoclave under argon atmosphere RuCl; (1.5 mg, 0.007 mmol), (—)-ligand Ib
(4.3 mg, 0.007 mmol) and ethyl acetoacetate (0.15 g, 1.1 mmol) is dissolved in degassed
ethanol (7 mL). After flushing the autoclave with argon hydrogenation is carried out during
15 h at 50°C and at 4 bar hydrogen pressure. After cooling to room temperature the
reaction solution is directly analyzed by GC for conversion (column: HP-101 25 m /

0.2 mm) and, after derivatization with trifluoroacetic acid anhydride, enantiomeric excess

(column: Lipodex-E 25 m / 0.25 mm). Conversion is 98.3% at an ee of 86.7%.
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24 (C=0.5inCH0A2) = -1.4. Exanple 9: (-)- and
(+)-2",6-Bi s(di cycl ohexyl phosphi no) - 2- met hoxy-1,1"'-bip

whesglo7Bb; R1L = Me, R2 = R3 = cycl ohexyl) ThePCT/EP2005/006065

separation was perforned as desléri bed in the exanple
8. The enantioneric purity was '99. 2% for the
(-)-isonmer and 96.9% for the (+)-isoner (nmeasured by
HRta@ple 130 (Driathyl 4-chlorpRAehogyhut@ate0 mm col um), the

Ciﬁta@alg)%u%c onﬁg eéfgjgge?z&( gl)niﬁﬁl%?elj1s(lét-lﬁ%rop}ﬁ-4(-methyﬁ)erslzene)dichloro-
SultidaxyRsing 002 hﬁmﬂ) 15)-ITharlcqeA 2\ieg, O3S ALY AR cihy 4-chloro-

at nosphere Ru 007 nmol )
(34°8°Wa1@ (083 gsrﬁb rylmgh ds @SWYedal@éleé%ﬁééé @t?x@no(l 0_[1511@ after flushing
ot o RSO SRRRE dPLATR AR A et b

|y dEcieh lp%i;s@éi Aftef ¢odlingd B ﬂﬂ)oﬁi teﬁ@@ﬁt@e ¢hetteadtiddablution is directly
hydr ogen pressure. After cooli n(ﬂqgto roomtengerature

tanalyzediby Génfos spmteirw (colugny: FBR-1G1 3mm 498 andef(gplumn:

GAPUELE 98 o PO KBRS, (B e 4 L0 @0E, o Ler

efivatization™w tr| uoroacet’i c aci i de
enanti oneric excess (colum: Lipodex-E 25 m/ 0.25

my) . Conversion is 98.3% at an ee of 86.7% Exanple 11:
(ESWIHQP N-4Aestyl-bphenylglag k‘}ﬁoutyrate In a 150 nL

QHtaq] rﬁﬂ%u%ﬁ% 11‘?519 ﬂﬁ%@g};&gene) bgnzene d1ch]]%)r-mthen1%1]} (2.6 mg,

brs(T-1 sopropy or or ut heni um

@OOS&nﬁﬂ)I), (Hf)di@and m& 2 ing26.006 mn(ldm o mzv-a@e@%nnmlmamw acid

831 2 e sttt rotonel Gyl Afieg ASshind the sutoctave

fois RicBR LY Be g@f&httl@ﬁ |1@éﬁ%1é’él &.ﬁ dakidgen 5 hyAu09enal P50 bat hydrogen
carried out during 3 at 80 C and at 4 bar hydrogen

pressugr A ftenfacdingdo mqnn@ntpc@ratum rthe meaptéonsgolutontis evaporated and the

rrgsa}gtel a?nra]llyse(ll Ht l}ﬁﬁ,d for convers101¥ (column: Bischoff Kromasil 100 C8) and enan-

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

Example 13: (5)-2-Acetylamino-3-phenyl-propionic acid methyl ester

In a 15 mL autoclave in an argon atmosphere bis(1,5-cyclooctadiene)-rhodium(I)
tetrafluoroborate (1.9 mg, 0.005 mmol), (+)-ligand Ic (2.8 mg, 0.005 mmol) and methyl
2-(N-acetylamino)-cinnamate (0.10 g, 0.5 mmol) is dissolved in degassed methanol

(6 mL). After flushing the autoclave with argon hydrogenation is carried out during 15 h at
25 °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%.

Example 14: (S)-N-Benzyl-1-phenylethylamine

In a 15 mL autoclave in an argon atmosphere bis(1,5-cyclooctadiene)-di(iridium(I)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-(1-phenylethylidene)amine (0.21 g, 1.0 mmol) is

dissolved in degassed methanol (5 mL) and stirred for 1h at room temperature. After
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anal yzed by GC for conversion (colum: HP-101 25 m/
0.2 mm and ee (colum: Lipodex-E 25 m/ 0.25 nm.

w@ewse025B80Nn i s 100% at an ee of 80% Exanpl e 1PCT/EP2005/006065

I V- Acetyl -L-phenyl al anine In a_15 nL autocl ave in an

argon at nosphere bi s(benzene) di2€nl or - r ut heni um (2.6

nmg, 0.005 mmol), (-)-ligand Ib (3.2 ng, 0.006 mmol)

dhdhidg thevawdodbyd with atg)m ¢1iydmgatiatioads’s cbr(ied 6@ dypring.15 h at 30 °C and at

%%bk%og%@%gug% ée lglﬁc’.,g ?1 gthe}s@@ égﬂ.h/q éhyﬁé for conversion
g@(gﬁfnﬁdHPufOI%ﬂnV% rind) a8 eﬂ“%t@ﬁeﬁ@@x@éss P8R Macherey-Nagel,

rogen pressure. Aftér cooling to roomtenperature
ﬂ‘hfelafodax BetrPBIoCU2004). Conearsipo isat (936 anah ¢enad 10861 due
anal ysed by HPLC for conversion (colum: Bischoff
Kromasil| 100 C8) and enan tioneric excess (col um:

%ﬁ'rﬁl@% a(r)tﬁuﬁml 1 feyRustiaitd S 34% at an ee of 66%
cet yl"am no- 3- phenyl - pr opi oni c acid

i@ ya- cwétwtadmne&ﬂmhum(lhn@tr@ﬂmcav rat@ (3 magdbPP5 mmol) and ligand

T RSP P s SRS A kg . s
(c?av% uBer Qﬁ&pgtrﬂmﬁlllére 3D%ehefB micl:onate (97%, 0.15 g, IO)9 mmol) is added via

(N-acetylam no) - ci nnamate (0. 10

@vssgﬁ wdter flusltiag thesatpohave v Roirgos hﬁyogemtmrls f:arugﬁ phgluring 15 h

0F S B b B R O ERERIAN B BN et by G
Abt @nveRn (86luinth: HPOIO It Z5MRE 0 hhir€) %Henmﬂﬁﬁdrmrbxcess (column:
solution is evaporated and the resi due analy

PbechereyrNaghMpdeasiex Beta-BM{CCUA), @PPV‘F(F’@%%WO"/!L eﬁyﬁmof 30%.

and by GC for enantionmeric excess (colum: Lipodex-E
25 m/ 0.25 mm). Conversion is 100% at an ee of 93.8%
Eeaniple 164(R)BimeiiyBmathylsukeiphteny| et hyI am ne In a 15

[T E TR W ——
()-ligand Ib (3.2 mg, 0.006 mmol) are dissolved in 5 mL degassed methanol in a 15 mL
autoclave under argon atmosphere. Dimethy] itaconate (97%, 0.15 g, 0.9 mmol) is added
via syringe. After flushing the autoclave with argon, hydrogenation is carried out during
15 h at 23 °C and at 2 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 60% at an ee of 24%.
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98% (6.7 ngy, 0.010 mmmol), (+)-ligand Ic (5.7 ng, 0.010
mol ), benzylam ne (5.6 ng, 0.052 nmmol) andi V-benzyl -

WO gdospbasay| et hyl i dene) amine (0.21 g, 1.0 mmol ) PCHEP2005/006065

di ssol ved i n degassed net hanol 515 m.) and stirred for
I h at room tenperature. Af t er f Blishi ng the autocl ave

W th argon hydrogenation is carried out during 15 h at
Laimsand at 50 bar hydrogen pressure. The reaction

solution is directly analysed by GC for conversion

(colum: HP-101 25 m/ 0.2 mm) and enantioneric excess

(jcol ( e@@& f"&h@/hﬁl@éi stitie@B22Pidthhosphine ligands
éc')nve%lrrgs}io%ér\{g?&sﬁfllg 1‘;/0 at ﬁl27)1]?10ee of 1%25%@6@?(12@ e 15: fphosp s

(i f) eDihedotmyilamet hyl succi nat e

Bi s(|, 5-cycl ooct adi eng) -rhodi un(i) tetrafl uoroborate

(2.1 ng, 0.005 mmI)Rﬁqd ligand (+)-1c (3.1 ng, 0.005

mol ) are dissolved in@ nL degassed nmethanol in a 15

mL auto cl ave under argon atnosphere. D nethyl

itaconate (97% 0. A O\ .9 ') is added via

syringe. After fl @ ocl ave with arg[on,

hydr ogenation is ca 6 t ddring 15 h at 23”C and

at 2 bar hydrogen presisure 3The reaction solution is

directly anal ysed R GE f8(R9pnversion (colum: HP-101

25 m/ 0.2 mm and enantioneric excess (colum:

Macherey- Nagel eqgex 4 oo} S
e 10056 R Qe R B RO ptopAly s MR G or more
met hyhlsp&catomiseard s( |, 5- cycl ooct adi ene) - r hodi unt( 1)
tetratl uorgborate (2.1 , 0.005 nmmol) apd. (-)-1igand
I b (@?znﬁir&?atﬁmel AT Egﬂ‘é”@?‘?ﬁ%ﬂl?é l-ﬁﬁﬁ“éfler degassed
met hgﬁol in a 15 nL aut ocl ave under argon atnosphere.

thyl

D ne itaconate (97% 0.15 g, 0.9 mvl) is added
vi a Rylis @gealkyl 6reCs.ficyslonlkyl, abRAist avgl eptionally substityted, with one or

5 s SopstimsEB i St shin S Runo B G o fitro, amino,
dir e@/ﬂ%ﬁl@’ﬂ%&#&ﬁﬁoﬁ)’aﬁ%ﬂf@[ - OB RBufSohdim:  HP- 101

25 m and “enanti omeri’c excess (col um: _—
each Cy.¢-alkyl, C;¢-alkoxy, di-C;.¢-alkylamino and Cs.ip-cycloalkyl group in R® and

R? optionally being substituted with one or more halogen atoms,

comprising a first reaction sequence, wherein one bromine atom from 2,2°,6,6’-tetra-

bromobiphenyl

Br Br

Br Br

is exchanged with hydrogen by bromine-metal exchange and subsequent metal-

hydrogen exchange by reaction with a proton donor, to afford a compound of formula
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bi aryl di phosphine |igands of the fornmula, wherein Rl
is d-6-al kyl or C3-10-cyc|oa|k§ﬂ optionally
substituted with one or nore hal ogen atons, and R2 and
R3 are equal and are C5-10-cycl oal kyl or -6-al kyl, or
R2 is G -g-al kyl or Cs®b-cycloalkyl, and R3 is aryl
optional ly substituyte \VWth e or nore substituents
sel ected fromthe 4 ' '
nitro, amno, Cl-6
di - C1- 6- al kyl am no Ot and each Cl1-6-al kyl,

Cl1- 6- al koxy, di-Cl-6-alBylBarm no and C5-10-cycl oal kyl
group in R2 and R3 optionally being substituted with
one Qhd AREQNAFERGBA séueBe, wHRPEM bid Bi@nfnd htoRi of tR&&bhfaflc moiety of
sequence, wherein one brom ne atom from . .
2, 2" 6 &mposind alf farmold heenthining tep dinemipss isgxchanged with OR” by

hydr ggen. by hroom pe- net al .exchange d,.subsequent

ot a Ry BinE e e R e ang R iy ATV SROMGR followed by an
donorkyificaf foffbrd a coppemitobrhglanul aand a second
reacti on sequence, wherein one brom ne atom of the
aromatic noiety of thelconpound of formula I'V
cont ai ni ng two bromi ned i s exchanged with OR1 by

bromi ne-netal exchange fhd subsequent et al - hydr oxy
exchange, followed py g ation, to afford av
conpound of fornmnul 2 N el as defined above,
and further reacti\ erein each reaction
sequence conpri ses e Yo brom ne-nmetal exchange
and subsequent netal-phgphh e exchange with the

wherein R! is as defined above,

and further reaction sequences, wherein each reaction sequence comprises at least
one bromine-metal exchange and subsequent metal-phophine exchange with the
respective phosphine, thereby exchanging the respective bromine atom with a diaryl-

phosphino, di-Cs_jo-cycloalkylphosphino or di-C;_¢-alkylphosphino group.

2. The process of claim 1, wherein the bromine-hydrogen exchange of the compound of
formula III is carried out with one equivalent of n-butyllithium at a temperature

below -40 °C.

3.  The process of claims 1 or 2, wherein the proton donor is selected from the group
consisting of Cy.3-alcohols, water, non-oxidizing inorganic proton acids, and

C,s-alkanoic acids.

4.  The process of any of claims 1 to 3, wherein the bromine —metal exchange of the
second reaction sequence is carried out with one equivalent of n-butyllithium at a
temperature below —40 °C, the metal-hydroxy exchange is carried out with a borane

or organoborate and subsequent reaction with a peroxy compound in the presence of
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respective phosphi ne, thereby exchanging the
respective bromne atomw th a diaryl phosphi no,

wa@leeoewtw3cycl oal kyl phosphi no or di-C -6-al kyl phOEpP1008006065

group. 2. The process of claim1, wherein the
br om ne- hydr ogen exchange of t hé conpound of fornmula
Il is carried out with one equival ent of
n- bugnyhlkali idion erthalkdnparatide, ant dieclkylationGs carrietiogt with an
process, of clainms, 1 or 2 rein the proton donor is
sel eRk¥lgtng aernt Hbthﬁlp&’(?ﬁn({‘?oc#;’i fng of Ci-3-al cohols,
wat er, non-oxi di zing i norgani c proton acids, and C
-3-al kanoic acids. 4. The process of any of clainms 1
50 3Thewecesisofchemt wiierein thedoraneox otgangleorate, isHloromethoxyborane
secon cti,on seguence.. s carrie t with one
equi Q%er‘% er@figp]q HEHSAPFIRR A SF &511%3}?@8?@4 ure bel ow -
0 O0C, the netal -hydroxy exchange is carried out with a
borane or organoborate and subsequent reaction with a
ber oThe poopswidlaims ¢ee Spwhersincthe perany adtappyndsia g¢leeted from the
earth al kal i. hydr.oxi.de, and the al kyl ati.on | Led. .
out - B1OLR STt Do v en B e AL e Ry PG acid and
bas e serbbutygydesRe@sge.0f cl aim 4, wherein the borane or
or ganoborate, is fluoronethoxyborane ethyl ether
adduct, triisopropylborate or trinethylborate. 6. The
ocess. of cl ai ' e d

P anEpRes ol ol phefhpos i S dp R ARGtk
per okalit, a Pk Reeldatkyd bialide or difnethybgpéfaenzoi ¢ aci d and
rt-butyl hydroperoxide. 7. The process of any of
clainms 4 to 6, wherein the alkylating agent is a

1-6 i <195 | i i :

oty PG s of Bafs P PARARh Pl rhitBpfbequen i camiod out
7, Wstattimgrwith thecompoundetiormnlaségompcisings: lowrteinperane bromine-

metal exchange of the remaining bromine atoms of the compound of formula V and

subsequent metal-phosphine exchange, to afford a compound of formula

®),P PR},

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

R? and R? are equal and are Cs_jp-cycloalkyl or Cy¢-alkyl,

or

R? is Cs.jo-cycloalkyl or Cy-alkyl, and R is aryl optionally substituted with one or
more substituents selected from the group consisting of halogen atoms, nitro, amino,
C.s-alkyl, C1.¢-alkoxy and di-C,.¢-alkylamino groups,

and each C¢-alkyl, Cy.¢-alkoxy, di-C;¢-alkylamino and Cs.jo-cycloalkyl group in R?

and R® optionally being substituted with one or more halogen atoms.
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starting wwth the conpound of fornmula V, conprising a
| ow tenperature brom nenetal exchange of the remaining

whe@rioms3at ons of the conpound of fornula V anBCT/EP2005/006065

subsequent et al - phosphi ne excginge to afford a

compound of formula wherein R1“Ts G -6-al kyl or

C3-10-cycl oal kyl optionally substituted with one or

Qor eThapwogess oétaoyref clamas Rv ’én’dlemn arﬁetﬂmq medctiom geqierce is carried out

g Hgtaﬁif@ ﬁ%%%l E p(gu:ndg%)f 20%“%*’ COM% g lé)w Eﬁmperature bromine-metal

opt i @ﬂﬁ‘i'ahg M%&H{n@@td‘mbht&&?yl%m@?ﬁ%nﬁﬂﬁﬁé tHoUBRY substituent and
selected Tfromthe group consistin hal ogen at ons,

ni t r oletadiphosphingiexehagigkyto, affgr@aaompw}ndaﬁdoanulg
6- al kyl am no groups, and each Cl-6-al kyl, Cl1-6-al koxy,
i-Q 6-alkylamno a Cs-io0-cycloal kyl group in R2
and R3 optionally beiny substituted with one or nore
hal ogen atons. 9. The pr@cess of any of clainms 1 to 7,
wherein a further re [ equence is carried out
starting fromco Nl a Vv, conpr|3|ngv? | ow
tenperature brom RN Vge(ﬁ one brom ne atom
of the aryl noiety C e OR1l substituent and
nmet al - phosphi ne ex%gzpl t/o afford a conmpound of
formul a wherein R1 2 s:%%flned above and wherein R2

' S C@v’h@r ﬁiﬁi Rak i¥tind at %gn@lw!ﬁ)ﬁlen} #{y S g?%lg%ﬁ#l% ! % (jilkyl the

groups in optiona i tut
WI t h O@ Eb@cy@loalkyﬁ or Ga}-alghg@upsie, R atioaultybdiyg substituted with one or
brom ne- et al exchange of the remai ni ng brom ne atom
and W%@%%‘Wta tfAYh tenperature metal - broni ne exchange
m th gmaeg Y| FHROHR 1ABtaB BRbhA S S Hhe renfidthf Bfdihb dRRHISnd
subsequent high temperature metal-bromine exchange with a diarylphosphino

substituent, to afford ligands of formula
1

R\
0

() :

®),P PR,

wherein R! and R? are as defined above, and R? is aryl optionally substituted with
one or more substituents selected from the group consisting of halogen atoms, nitro,
amino, Cj.¢-alkyl, C;.¢-alkoxy and di-C, ¢-alkylamino groups, and each Cy.¢-alkyl,
C,.¢-alkoxy and di-C,.¢-alkylamino in R? optionally being substituted with one or

more halogen atoms.

10. The process of claims 8 or 9, wherein each low temperature bromine-metal exchange
is carried out with an organometallic compound at a temperature below —40 °C,

preferably in the range of —60 to —90 °C.
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wherein Rl and R2 are as defined above, and R3 is aryl
optionally substituted with one or nore substituents

wa@eloeobmal from t he group consi sting of hal ogenPer/@rBN5/006065

nitro, am no, Cl-6-alkyl, C1-6E§Ikoxy and di -d-
6- al kyl am no groups, and each - 6-al kyl, C1-6-al koxy
and di - Cl-6-al kylamno in R3 optionally bein
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preferably in the range of -60 to -90 C 11. The

process of clainms 8 or 9, wherein the high tenperature
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at | easied OubDGingd kileptadsplyink of tHecfomarige of 0 to +40 OC.

12. The process of any of clains 1 to 11, wherein the

nmet al - phosphi ne exchaé@e is carried out using a

hal ophosphi ne of the ﬁbrnula wherein X is chloriyg,

brom ne or iodine and'R-gre equal and are R2 or R3]

wherein R2 and R3 are as definded above. 13. The

process of _claim.12, wherein hal o sphi ne, of, the, 3 .
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hal og? ,(FR? AR &Xiehaddadoy@hosphi nes and

hal odi aryl phosphi nes, preferably is selected fromthe

group consisting of chlorodicycl ohexyl phosphi ne,
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the group consisting of halodi-(Cs.jo-cycloalkyl)phosphines and halodiarylphos-
phines, preferably is selected from the group consisting of chlorodicyclohexylphos-
phine, bromodicyclohexylphosphine, chlorodiphenylphosphine or bromodiphenyl-
phosphine.



