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Process for the preparation of optically active

et henyl phenyl al cohols The present invention refers to
WO 2081 H8¢ss for the preparation of optically aREVER008/003374

al cohols of forrmula or its.mirror image, wherein Rl is

unsubstituted or substituted heteroaryl and R2 is

or su ituted aryl . b as Tetrl
Procesf i M iteptasonal cadfeal esive StbSmlpBA afchholte
presence of specific platinuntnetal conplex cat al ysts,
t: I . rise .
The pré b et Sh e SR, SR C i Parea§R O bR Bly gty alcohols of
formulgnt agoni sts bei ng useful anti-asthmatic,
anti-allergic, anti-inflanmatory. and cytoprotective
therapeutic agents. Leukotrieng antagonists are chiral
conmpounds. One oR! t hei t prom neqt S epresent atives
i s nontel ukast, the phy3 ] actiRie fopm of which
is the (R stere0|soner formati on of the chiral
center of formula | is a>key step along the route to
the final |eukot ri ene antagoni st as the hydrogenati on
: : for [
or its nf?IfrOII Prﬁagg%ﬁét%&l st S&%&ﬁggﬁ%ﬁﬁgétg{@d?ﬂ%ca rgle anﬁl rI{b I8 ggenyl or
substmgqa w} by amnﬂwgg@ll[yéwdmnam the gcmiq:spympog ketogesain the presence of
specxﬁ&ﬂ)lﬁﬁﬂnﬁh en e RS mplsdELR4 ﬁ@tﬂaﬁﬁumry}uﬁteﬂﬁ%r d .
hydr ogenati on cat al ys s fol by optical resolution
is not the nethod of choice. The reason is that the

Formulall eémpn@esbﬁm&dnediaﬂéﬁ @orehé preb@rah(dﬁj bﬁ&ﬁﬁ&h@ﬂe grtAEtnists being useful

en before
anti-asth G ARl TP - GG hmTiny i A Poroicet Bl eRrutic agents
Leukothmmqatstme lobiral Qomm)uad&e Ome o teiit mus paovdinent representatives is

montellg!fégggr%ﬁd&%’g d’g‘?cdmgt'\e% fb orthlof! %ﬂ?r e, @%{eré(ﬁ? %n?ﬂéjﬂ)%atlon of

. can tal ne t1ron O
the chiralygentes 9 ﬁmrwéa kistaokryssten Qlﬁn&thsur@m sartherfinal lowlsotmiene afitagonist as

the hydf‘dyeﬁétionrcﬂ’dﬂ@ EotdespORdThS ketdtd ﬁtﬁﬁllﬁrﬂeﬁogﬁéﬁﬁea  way that the alcohols
ivati For, exanpl e EP

7.an
obtained grsorRsa S Siriched of BUE. Asdhoe Feiase aﬁm@%&m @gBaic bond,
hydrogaradoxERxm sﬂtﬂﬂaﬁﬂﬂyﬁdgbﬂan&m %thlystd @él(kfwd@lecﬁy @ﬂﬁhl ©861uf6n &fnot the

method%f %H&Qé IeI r Nk gﬁg e(%f?{i gn % C(s rpéDl xgegté r?tegtydro ge21ate<.!i simul-

rane r|va VES
tmeou5§pwdh at pvancbefons the petn Srowp. ﬂhcnefore itas a ooy challengeatoieirfiogm the

hydrog&@fatibi| sétﬁ 1ﬁ‘ﬁ’{§‘f@5c§jse%gvé: éﬁén{ étgﬁﬂle% gp.needed,
| & tal

ci al for conmerc UC I on. ytic

Itis kn(t"Y‘b&?t he cﬁWPB’Q‘@rF&tfPUﬁm?é C&'h b@ ﬁ@lamﬁﬁ bV@@@WUf’@ pf the corresponding
ketonesGAittRdtBicRD TS hrABGRS 0 thitA rré'ﬂﬂc?hg' Ats A28 bdand Rerivatives.

ror xRS R oo d g AL L en e e

and EP OHBD §17 edditionallydésaribes apphication odfB-chlorodiisopinocampheylborane
(“DIP chloride”). If borane derivatives are the reducing agents, specialized and expensive

facilities for the handling of these awkward and costly reagents are needed, especially for
commercial production. Catalytic transfer hydrogenation is another approach for obtaining
substances of formula I as disclosed in WO 2006/008562. However, this kind of reaction results
in moderate yields and low robustness of the reaction, while relatively large amounts of
expensive catalyst are required.

Consequently, there is a high need for a catalytic asymmetric hydrogenation by which cheap
hydrogen gas can be applied in standard, large-scale production units.

The object described above is achieved by the process of claim 1.
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expensi ve catal yst are required. Consequently, there

is a high need for a catalytic asymmetric
wolwayisgsaat i on by which cheap hydrogen gas camCIB&EP2008/003374

applied in standard, |arge-sZzale production units. The

obj ect descri bed above is achieved by the process of

After rg.{n?é gﬂ#sé Hlﬁsflfé:g%sasl it éé?'i’rﬁTnt%E'zt\}/ll gl?%glfltt{!ﬁta?%szseﬁellsp%qgﬁng\‘tﬂemndesued
ethenybbyfgﬁgq:naﬁg)@ (s(g:@@ﬁmppgﬁpq@@gl gmwgly found that it is
possibRAB Ipk&pard Sptitang a§thls‘epdlécﬂio|ﬂs%ﬁfoﬁﬂ&lﬁd that it is possible
to prepare optically active alcohols of fornula or its
mrror image, wherein RL is unsubstltuted or
substituted heteroaryl and R2 j@H phenyl or substituted
aryl, by asymmet i'c_hydrogepatihn of.a ketone of
formul a wherein R1™and RZ arg as dWeéfi nRd above, with
hydrogen gas in the pr esof a pl ati num(bet al
conpl ex catal yst conprisimg~a chiral phosphine |igand,
wherein the platinummnetal is selected fromthe group
consi sting of ruthenium rhodiumand iridiun and the
or its riftof ﬁha@" QHRIINR ' id @R0Bstitete@br Sstitttell terbhs/1 BAd R®(s phenyl or
%el wherein each R1 1 is phenyl, 4-nethylphenyl,
S“bﬁugpg Bilnet hyl phenyl, furanyl or cyclohexyl:; each RL2 is
yasyimynhn@cgbydrog‘éna&oalolfylkemhe61[fo$mld<oxy; and wher ei n(a)
each Qis nitrogen, and each R13 is Cl al kyl or Cl-4
al koxy; or (b) each Qis =CR14- , R14 being sel ected
fromthe group consisting of hydpogen, fluorine,
chl orine, brom ne, |iodine and ClH alkoxy and each R13
is ClL 4 alkyl or G atkoxy % th 6 is =CH, and
both R13 groups toget her a nnlety Bf & mul a
-O(CH2) -0+, whereinn ap integer froml to 6; or
(d) each Qis =CR15-, and each R15 together with R13
bound to the sane

wherein R' and R? are as defined above,
with hydrogen gas in the presence of a platinum metal complex catalyst comprising a chiral
phosphine ligand, wherein the platinum metal is selected from the group consisting of

ruthenium, rhodium and iridium; and the chiral phosphine ligand is of formula

R
=
|
13 \ PR“
2
RIS PRll
i X 2 (111)
A~

or its mirror image,

wherein

each R'' is phenyl, 4-methylphenyl, 3,5-dimethylphenyl, furanyl or cyclohexyl;
each R"? is hydrogen, C,_4 alkyl or C,_4 alkoxy;

and wherein
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benzene ring and together with said benzene ring form
a ring systemselected fromthe group consisting of
wonagssiskene, tetralin, 2,3-di hydro-benzo[l, 4PATarRee8/003374
unsubstituted or substituted benzo[l, 3]dioxole, and
N- et hyl - 2, 3-di hydr 0- benzo[ |, 4] oxazi ne. Here and as
follows, the term"platinumnetal" neans the group
Z@I I transl tion nmetals ruthenium rhodium palladium
QIS ir98Nand pl ati num Here and as fol | ows, the

Iter nhnd}ach&?l'kwcl;]l_‘l ﬂk%'lg)rl@l_‘udlld@{ﬁbeod to rrerim any

i\near ghedis r ai nin .to n
O bR ireCR Eor bt Pt M el Soydhe e
c onphydregeng floopse, shivhinasbroeting liodia¢ fyd Ci_palkpyy,,
i sop UIRY butyl , ~hutyl, tert-buty\,
pent YT, éQl }sléi)er?t(t’/'r“ }llgﬁ (Htc%lyﬁ %g@&’?p neopent yl
(9, Ze@hr%tshﬂfpiropyl) hexyl , isohexyl (4-nethylpentyl)

and jhepdih re? graﬁsgfo%bmgi YormtehﬁoI Hffo@nula’ al koxy"

nmeans _a up_conposed | roup as defined
abovel ﬁ(gHgm (Bx’y‘@léeﬁe‘ét'b%apllﬂtﬁé?f fEfV“i %n@T e coval ent

E!)n deachi] & eCRI>asarfdalacR WS tolgbthet Qitlegb&ﬁ{d: tbUheshme
rin
ol Seeen g 8 ResMermin Spdd o e ot Arths wafayen.

t wo @lecledafréaylthe groupeofiistingad fkmphthaleas,getralingel y. Here
d i ne,

ol opra s e d 2GR (RLAGRRed BEARR P! ! e

phospaizakl Fidigaelss sod Methil- &3rdn€ydrprbenglldﬂ0?(a$)ne-

configurati on are: "P-Phos" wher ein Qis nit rogen

Here aQR& 9s foélogg t?le term pqat%]h%n glr;:(tjal means t?le r!,?éurﬁ%ﬁl transmon metals

rutheniued, rrmmmhypauadmnoﬂ; oshiisdadirfdiern vhe blasiptimno) - 3, 3' - bi pyri d
ine "Xyl - P-Phos", wherein Qis nitrogen, RL 1 is
3, 5-di net hyl phenyl and R12 and R13 are nethoxy, i.e.
Here aﬁd 2s foblo@/s; theteranet 1h.oa<11¢y12|? igito- e m{@r%@@ommtmyllmhml branched
r "
alkyl gP&L?J?ég)tﬁ'teaEﬁ}l%% t? dt Qq:’o -5941 nggalrm vher ngﬁmses
groups el @g(ylethiyl ¢thyl, propyl 1sopropyl bu?/ 1, 1sobuty1 sec- butyl tert-butyl pentyl,

isopen®i &- nfétl'g'lbdt?ll) JRITBERON(R; ﬂdﬂnetﬁylﬁfdiliy(ﬂhé}@‘l h%l&ﬁ?l@'—ﬂl@th?ﬁmntyl)

i no bi pyri di ne; phep", wherein IS
andtheE , RL 1 is phenyl, R12 |s hydrogen R13 |s
nmet hoxy and R14 is hydrogen i.e

Accorangy, tgﬁ [F%I‘rhql\zy %%é ep Pé}m ﬁ S%H Pgbmfiky'l %&‘c&%ea@ defined

above arsd ;N @cmermtomyh pheskiyy a sipgle qosalhy&mmgen

Here and as follows, the term “substituted benzo[1,3]dioxole” means a benzo[1,3]dioxole ring
which is disubstituted at position 2 with two halogen, two C_4 alkyl or two C,_4 alkoxy,

respectively.
Here and as follows, the term “halogen” means fluorine, chlorine, bromine, iodine.

Examples of chiral phosphine ligands of formula III, in (R) or (S) configuration, are:
“P-Phos”, wherein Q is nitrogen, R'"'is phenyl and R'? and R" are methoxy, i.e. 2,2',6,6'-
tetramethyoxy-4,4'-bis(diphenylphosphino)-3,3'-bipyridine;

“Xyl-P-Phos”, wherein Q is nitrogen, R'" is 3,5-dimethylphenyl and R'? and R'? are methoxy,
1.e. 2,2',6,6'-tetramethoxy-4,4'-bis[di(3,5-dimethylphenyl)phosphino]-3,3'-bipyridine;
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R13 is nethoxy and R14 is hydrogen, i.e.

6, 6' -di net hoxy-2, 2' - bi s[di (3, 5-di net hyl phenyl ) -
wophessisid3ao] - 1, 1 ' - bi phenyl ; "Bl MOP", wherei n @CIr&P2008/003374

=CR14- , R1L 1 is phenyl, Rlz4and R13 are nethyl and

R14 is methoxy, i.e.

« ~d bt ]

Tol-P2 l(%)ss RS HIQ?XS él’tl%ﬁ rﬁlﬁyfs @%mﬁg}m&{g 23'18%{ \/\E‘lé(? g nﬂ%%]édloxy, i.e.
2,2',6, ctﬁélamethom‘*ﬁ 1bss[dg( meémlfmhenmszn lnyhﬁégbmynm is
“MeOBiphepry wabdiRb4d s'=€Rh‘5Ld'R¢Q§ hehyl€R'? is hydrogen, R" is metlhoxy and R" is

oA AR A T

“3'5'- MeE-SM@tD@lphep ’RMieteSn led =ogeh;, RRLS 3i Sdﬁ‘ﬁétﬁﬂpker@m CR'RJrﬁhydrogen
R is BBy A R yofragen. e spm PSR B R b
phOSphmO]I-l I -blpbﬁrpyﬂ,enyl "Bi chep", wherein Qis =CR14- ,

“BIMdP" SvHeY, hgg)ngMBll@ll '1§plﬂ:¥19f f9hd KB 3rd thelf§h d Ra'nig methoxy, i.e.
5,5 dx@e@oxuﬁ%@ﬁ/ﬁetzargethﬂr%z hieglinhsnelrbosphinoptli kidjpheny;

The comﬂb'uﬁ@ adrein @h@b@l{ﬁ—; R¥NED SN, RS? qﬂB@lfo en:_\sllﬁl id mefhoxy and R
is hydrﬁgg},}él eﬁf%l%méetho%f—i Sgbls[dlﬁl f%ranyl)phosp% no?l 1 -blpheln)s;l
“Cl-M&QBiphkpYe tvhgtei?QAs =aiRS {-giRIhBphEIOR FHE Agdrogdn, R is methoxy and
R"is c%@ﬁrpﬁm{:n&g dlgeﬁgg&;%gge} ndslchl%r\é\)h%%elﬁ (ﬂ%epglagkls;?g}nog St)lphenyl

“Blche.pb, rgm@ is +CB. ‘-, R''1s cyclohexyl R is hydrogen, R" is methyl and R' is

hydro%@nq %'(?’-Sﬁg%?py bpaﬁgﬁgcmx gﬁos | le'i) ﬂglyb' ph;?_)Z/l
“Biphenip” plersieR is Zh& ' meh memdg%t Hehydpgen, @ (@mq zL' *i

hydrogenS$i.e. 6,6"-dimethyl-2,2'-bis(di henylphosphmo) 1 1-b1 hen%l
en

“Cl1 Tur&*]]l’gp bJ 2 dff,fé)n 6%&"?{?% @P lgo en)d,h%r é§ y oggn, apglt oéble together are
—O-Chphenyl.¢. 6Ri'Dis(gipghedylphesphinahd, HaidthyRdedicagbiphenylar e

“c2 T‘f‘%&%' a‘)(hgl éﬁ] lls rp oSr}}hl el}y]S dllﬁ%dr g%a‘c’ﬁ’ Bgﬁ’z%[ /to%ether are
—O—(C[‘Ii),ZS@d,l leﬁ(dnllzn'éls mb&nmh@qphw) 6, iy diondigenzo[ e-gJfl ,4]digdocine;
“C3-TurePRGEN Wheremé ik SOHLIROURBheIOR BQE RylRdZed, 906 Bgff'er'art@gether are

0-(CHS b 8 dririniiecnlpborsine) 7, odibyiioe € hihsmneel it Sigronine
“C4- TudePbbs”@Mbﬂ%lte iseCH-CR! T phBask 2 191\43 E ¢h, Ghd Both@tP together are
ro

—O—(CQJ)é— ?eCl‘il’q% lgs@lp%epysflgﬁgspbr%?% 7, ga B(%etr s e

enzo eé’]dloxecme
“Cs- TlﬁleBhSS(’ dW}hhmeQpheﬁfbh-l Rd)isPhenyl, R' is hydrogen and both R13 together are

-0-(C 4)5 d%;w ]%if-%% c@éﬂﬁx ﬁ) rﬁgng)@ %I]'une alrxc étf%?zr:]%)nadeca-
1(1 )2i( 18fexaenes phenyl, R12 is hydrogen "and both R13

“C6- TJ&BE&S’SeWhé‘feﬁ (9.6 (=@hlﬂ—21{6" her%)yl &R "% is hydrO%en and both R*"? together are
o-(chong i e B ephnsB0. b e Seledion-di-
benzo[a,c]cyclododecene;

“Binap”, wherein Q is =CR"’-, R'! is phenyl, R'? is hydrogen, and each R'? together with R
bound to the same benzene ring and together with said benzene ring form a naphthalene ring
system, i.e. 2,2"-bis(diphenylphosphino)-1,1'-binaphthalene;

“TolBinap”, wherein Q is =CR"—, R'! is 4-methylphenyl, R'? is hydrogen, and each R'*
together with R"? bound to the same benzene ring and together with said benzene ring form a
naphthalene ring system, i.e. 2,2'-bis[di(4-methylphenyl)phosphino]-1,1'-binaphthalene;
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"Bi nap", wherein Qis =CR15- , RL 1 is phenyl, Rl12 is
hydr ogen, and each R15 together with R13 bound to the
wogaisa3Bazene ring and together with sai d benPEREPRI0RH03374

form a napht hal ene ring systiem i.e.
2,2 bis(diphenylphosphino)-l -binaphthalene'

“X}’IBln-EEt 1&152 IIQS” i yg%?hgt;]hyipl@ﬁy . 1s FHilgrotge Af sach R"
togethgy with &1@%@ n‘d hegamgdenzane m@éﬁ@gmhﬁgvdmmd bgmenenng form a
naphtthehb ringis st OB NZE N hid) i (5,9 din@thy e h IFPHIBhinb 119, 1 EYimb Sithalene;

“Hy-Bigap’, whewin Q8 56K Ty BohisrAhenph Bebisitudrogeny andigachyBh taggther with
R? bonmd to)(hé &mabenzemhﬁhgaﬁtl fagether Wth3aid, befZenk rixfghform a tetralin ring

SyStemfo ‘w@iﬁhﬁﬁo%’!}lﬂﬂ’gfig I?Kgr Ea’me bgggeﬁz ring and

“SynpanSg,ewhmmantdrF(s‘&l ¢, REng phenyt,iR'§ i loydno gennaphédeh IR P eogether with

RY bo{u'ld"Q) tﬁé’ %@%eﬂzgﬁe rlrrlT% a%d i Eﬁtgﬁg’ th sgxd enzene rrn% form Ian2a3p djhydro-

benzo[ﬁéﬂ@ﬁ@ne ﬂﬂgﬁﬁtﬁlapl €. 2nhSrBitetrabydep- g(dlphqnylphoslguno) 5,5'-

b1(benid’ﬂ13f4 dIOXIEé,)Z | s hydr ogen, and each R15 together wth
benze W th

« ound g .and toget her
SegPhOS, AN T ooy it BBl R frhSeroRsnsyndt s R together with R
bound & i slnne bethzehe Ay phd)ﬁig&tm:e)mth&aﬁi bedizéred g foim a benzo[zl ,3]dioxole

ring syst@}ﬁhpg X5 bmiﬁ%ﬁ@ %13 &f@gwﬁéﬁfﬁ?@g)%hnd to

“Difluerphosi awbex@m@emgCRl ﬁgRarld ph%éi RBris hydrbg&aladd bmhzléﬁeogether with
{
R"? boﬁr{(ﬂg tﬁ@%ﬂ@b%zg’néjﬁﬁﬁl ﬂ{ g%gl[ Witg éllg(?'%g% 1 ny h g p%% £ ;ﬂﬂuoro-

benzo[é 3@10“61‘: pseﬁzséfm,e ffq! 3» r2rréﬁ)tfa ugeypRoBIs(diphenytphasghing)-4,4'-bi-

(benzoFl(,:ﬁllﬁ)xo]e)Rl 1 |s phenyl, R12 is hydrogen and each R15
(to the

er, W.t u nzene rin
The °°E“8§‘é‘%‘ﬂ Shelgip ’§a| genge f‘?epl}elnhlgifaolrsrhy rogen, and eac R together
with RBehozmﬂ to, tBf darox bezené rigg ayd ’tagaither wéth said benzene ri gg form a 2,2-di-

methylﬁerﬁ o ]ﬂ(oq(' rﬂ@’ é}g %9@ ) )2’,5 ‘hy?g ls( 1) os;)>h1no)-
SRl 472 A

erein
4,4'"-bi(hemeof 3 Mﬂé@en and each R15 toget her with R13 bound
“Solphb@’ WhBreRAIBs BERZENR 'Y s l?ﬁthzqgﬁ;/d}%gTrWah t]ea;ﬁ]' RS t%gether with R

forma. 2, 1 uor obenz
bound {o, tHé Segﬁg@@%%nq 3lég and together with said benzene ring form a N-methyl 2,3-

dihydr®2béhz3|[ 1, Zoxhthe, &Lfel NV @tifaethyt-Rj2s 6 di- wﬁeﬁy&@hmrmé(a%eﬂylf}hosphmo)

' nzol I, 3],di oxol e); The conpound wher ei n S
88'bl(h%ﬁfg“?]e L phenyl, R12 is hydrogen, and each R15

“XylSolghpst, mermnmsm%mm ig hStdme&nal;&xebyﬂnRézne hydrogegagd each R'
togethe} Q@tﬁgbe Bo%\ﬂc{% tﬁ@k?ﬂ%’ﬁé}?gﬁ] nﬁ# ngd eme{awtlth said. benzene ring form a V-

I 0XO0

methyl-g bdx@yd@-bqr@pﬂaﬁggmme, Be 5N,J‘6-|dgtpgl’|hpjh%,ﬂy3 @h@gphydtoa7-7'-bls[dl(3 5-
dimethyipHemyDiph Sphz]-818' i @eR20P! @)oxazine).

Particularly preferred are phosphines of formula III wherein Q is =CR'>~, R'?is hydrogen, and
each R'® together with R'> bound to the same benzene ring and together with said benzene ring
form a naphthalene ring system. The use of “Binap” has proved particularly advantageous.

In another preferred embodiment the herein disclosed platinum metal complex catalyst further
comprises a chiral diamine ligand of formula
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" Sol phos", wherein Qis =CR15- , RlL 1 is phenyl, R12

i s hydrogen, and each R15 together with R13 bound to
woRhs/1sie benzene ring and together w th sai dPOEMPRIVS/003374

ring forma N-nethyl-2,3- difhydro-benzo[l, 4] oxazi ne,

i.e. N,

-dinethyl -2, 2", 3, 3" -t &,Nahydr

ino) 8,8 - bl(benzo[l 4]

1, 7' bi s(di phenyl phosph

I@)é%/ISolphos",
wherein Qis =CR15- , hylphenyl, R12
I s hydrogen, and each lher mnth R13 bound to

ach g
s RO e ap%asmtsaﬁpaoeg%aw@gra SIS fEB et o
alkyl, or. pheny] d)dtlonally substituted with one or more C,_4 alkyl or C;_4 alkoxy groups, as

these 1@?}‘5{%&' enyY?‘ﬁﬁoer i no(]qnégé&%os&ecmlﬁ gﬁ@l‘rg%?ggnne)

Part|cularly preferred are phosphines of fornula |11

The tel‘t‘t'f| e&}%’l(ﬁlll@l*’ 5 m%devstd&lgo Infeal YiHRY Sf‘bw?&lﬁ ﬁﬁﬁ@teﬁeb'soups such as

geéther with RL3 bound to the sane benzene ring q
cyclopfqubt%r@lp wivbieyslopantyb syeRBexylgreesph Aot eoEBARY > and related

groups! kut@h aS YIsd &58vethéntioned efoupBbeiap Turftas sobsev@ed with lower alkyl
bttEartlcularly advantageous In anot her preferred
SubstitdentS,di ment the herein disclosed platinum netal conpl ex
catal yst further conprises a chiral diamne |igand of

mrany O P BUORLE Pl ik 0o 8 SrE MR LN AR PR
conﬁgwntawy ordpATRSIN ANg us@b@) nd6Se canfignratien for DRENE o 4

“DAIP@W bvhefeuCR_%s IpRopy1; I O 4PBydrésent REFR 'Y anaam‘@ §res¢1mx§rpheny1
favaoura ﬁ on tE chenn%efectlv ty of the
ie. 1,1 bas(drm n eyl gapyignedianing gndye” ynder st ood to

“DPENIE a/herain R'6 aid Ri°ciye phenybaind el s gtscan@ﬁyaugm 8. 1,2-diphenyl-
ethle%lcloBropyl cycl obutyl, cyclopentyl, cycl ohexyl,
YIeGt ﬁyl norcaryl, norpinanyl, and rel ated groups,
such as the above-nenti oned groups being further

o TR P R AR T B o

particularly in (R) and (S) configuration for DAl PEN

In a papithldrer{tBditherdNR’ {s% KeterbeyHlic @réu ¢ fBrhd@a DPEN:
"DAI PEN', wherein R16 is I sopropyl; R17 is hydrogen;

and R18 and R19 are 4- nethoxyphenyl i.e.
l,1-bis(4- nethoxyphenyui 3- hyl -1, 2- but anedi ami ne
and "DPEN', wherein R16 ald are phqn%I; and R17

and R18 are hydrogen, i.e _
1, 2- d|phenylethylenedlaﬁineblln a preferred embodi nent
the chiral diamne ligand of formula IV is "DAI PEN'.

In,a particular_enmbodinment, Rl is a haterpcycllc group
whereigR faﬁflr?u tagether form a moiety of formula —S—CR’= , with the proviso that the

sulfur atom is directly bound to the carbon atom in position 3 of the pyridine moiety;

or alternatively R® and R* together form a moiety of formula —~CR’=CR®-CR’=CR®-, with the
proviso that the carbon atom attached to R? is directly bound to the carbon atom in position 3 of
the pyridine moiety;

and each of R’ through R? is independently hydrogen or halogen.

Also particularly, R? is —C¢H4R®, wherein R’ is selected from the group consisting of halogen,
C\4 alkyl, branched and linear C,4 alkenyl, Cs_¢ cycloalkyl, phenyl, Ci_4 alkoxy, C,_4 alkylthio,
carboxy, (C,—4 alkoxy)carbonyl, (C,—4 alkoxy)sulfonyl, ~T-O-R', wherein T is branched or
linear C,_g alkanediyl and R'° is selected from the group consisting of hydrogen, methyl,
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wherein R3 and R4 together forma noiety of fornmula

-S-CR 5=CR6- , with the proviso that the sul fur atom
woO0i2808¢i3t8et | y bound to the carbon atom i n posi PCBAEP008/003374

the pyridine noiety; or alt€fnatively R3 and R4

together forma noiety of fornmula -CR 5=CR6- CR 7=CR8-

substitutewgﬁah ﬁxb@{)ﬁﬂdﬁﬁhﬁh entyh %u%"i‘{n%@ 8ﬁ£rﬂm s%i)gtﬂﬁa:ﬁ%eé&l Fiilridinyl-

poSi t

methy}, ﬁ@bsp\w%pmhnﬂmlwl sahalté@éﬁllwlf Gretaiyl sigfstifutedsCis acyl, (Cis
alkoxygfzws&@m c&asétwtebx%eg%chaﬂwhg%ﬂ ar?'oi?ca?@dﬂ YR Hay be located

rein i s sele d” fromthe group
at any@%?ig?%?f pBFn)ﬂé’I"ggen G - alkyl, branched and |i near
C2_4 al kenyl, C5_6 cycloal kyl, phenyl, G _4 al koxy,

G, 4 Kyl h' b b [, (Cl .
re i S B 4 o e e RRRLS3) BBl chi
containhing etleastiond daultda beod idcated cit ﬂbOposstIMfahe earbbn ohain.Heéor example,

the terg)r“q‘%'p éfﬁ’éﬁ%{)%d% Qg §F’Lg:‘fxr%§ eff?ﬁtng'yll'- fe'tﬁ gf‘gﬁog 1 enyl prop-

stituted %/ tut e
2'enyls%rmﬁth)tlmpéd? -gif) 2pd butygylr '@FW met hyl , subst i tuted
pyri di nyl net hyI substituted silyl, Cl acyl,

Here a(l%as%pltgute ‘g%hwli(%aj kox@(car bo%mpﬂs %{ﬁ (bg aFéut y1 group as

defined abdvecat ad satfuxadwmnﬁﬂaeti bgna sﬁﬁglé b@vamém bghd.ri ng. Here
and as follows, the term"C2 p alkenyl" is to be
understood to nean a carbon chain containing at | east

Here apdes tdlomiscthisderth T(€c atabicbxy)caghonypomeansancapioxtytie acidresten derived

from acdf@,! dlkarlo? 'Wh?(gxgﬂ‘ghﬁbe i @arto? ancﬁ;[?de‘f“‘oﬁg E th& ?e!l%r“ ée3 alkoxy)-

groups such eny t henyl,” prop-
carbony} d@mm%woup%sq%taﬁw%hwcg en Yl ethayy ey, psoque( onyl,

isoprop#XyRardblyl a§ut5@ilda%’tﬁmyl chQe&EIﬁbp(Qy_zﬁhd%r"ﬁWu&d)dy@arbﬂﬁﬁ ns a

group conposed of a yl group as defined above
and an sul fur atom|inked by a single coval ent bond.
Here ahi® hefollodsathe ftaind ‘G@s., alkoxyysatfonyl’ G amaléddus xy dheaedo(d, ", alkoxy)-

carbongf’a%ﬂsde?cn&%ﬁ l&ﬁéyé é)ﬁqcte&bfog Fﬁ?on% acqg t %tglglglé{?é% 8}" %6§:(i)xﬁic acid ester.

I near
exanple, the term"(C al koxy)- carbonyl™ conprises

Here afll 98/ R5Hlo9MCihe 3mTRLBM R nRem foxel'(‘q‘?ffé%@%k%ﬁ%w carbon atom directly
pr opoxycar bonyl | SORs OPOXY ony but oxycarb I

linked 30 theoxygs by TaRa Rr mstatwﬁéa@bedwe rlrel.easta%an teroatom or
carbonf 4bbrh @pEondl iefotrRinga dyClic ring 8y dtens Xhé&ruby. Qﬁ‘ﬂhxplésffor “substituted

methyf 36 PO LAY SR U b ety PPN e R om@fdatpheny'-
dimethytsilyhmisthypk ymethyl, hersii@rymdteyl e4-amdhers/bbndilaxysnethylg(4-methoxy-
pheno{)gfng%hf g?%ét{i&%@ﬂ?ﬁwgthy{ %rt—Bl].rQ)x%%ﬁﬁll %- Eérﬂ&ly?oxymethyl siloxy-
methyl, 2-methoxyethoxymethyl, 2{/2 2-trichloroethoxymethyl, bis(2-chloroethoxy)methyl,
2-trimethylsilyl)ethoxymethyl, benzyl, diphenylmethyl, triphenylmethyl, tetrahydropyranyl,
3-bromotetrahydropyranyl, tetrahydrothiopyranyl, 1-methoxycyclohexyl, 4-methoxytetra-
hydropyranyl, 4-methoxytetrahydrothiopyranyl, S,S-dioxo-4-methoxytetrahydrothiopyranyl,
1-(2-chloro-4-methylphenyl)-4-methoxypiperidin-4-yl, 1,4-dioxan-2-yl, tetrahydrofuranyl,
tetrahydrothiofuranyl and 2,3,3a,4,5,6,7,7a-octahydro-7,8,8-trimethyl-4,7-methanobenzofuran-
2-yl.

Here and as follows, the term “substituted ethyl” for R'® means an ethyl group which in
position 1 is directly linked to the oxygen of the -T—-O—R '® moiety while said ethyl group is
substituted in position 1 and/or position 2 by at least one substituent wherein the substituent is
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linked to the oxygen of the -T-O-R 10 noiety while

al so linked at | east to one heteroatom or carbon atom
woopisiienskly formng a cyclic ring system ther @0¥/EP2008/003374

Exanpl es for "substituted nmefhyl" are nethoxymet hyl,

ethoxynethyl met hyl t hi omet hyl, r -butylthionethyl,

linked (t@ ARy ighRIp by GirboH-darbBH, Qﬂ%}i%&é?&tomb @ﬁ%bﬂﬁ SiXOR EHd//br carbon-

selemv(nz geﬂé] B@ﬁﬂﬁ%yﬁn@&)ﬁ%ied@t t no %@ngﬁ?ﬁy l-lzg-cg%roethoxy)ethyl

-metlﬂd-ﬂ&ﬁétﬁﬂﬁdﬁb@lﬂﬂiﬂéjﬁy] Ide:rQywif?Eﬂhyl, 1-methyl-1-benzyloxy-2-fluoroethyl,

2,2,2—t51 15?) g}ﬁz %@%%9%@%& I2 Cp%ertx)yllse eny?{egletl )g}t)ql?)glri]i}/lh allyl.

2-trinethylsilyl)ethoxynmethyl, benzyl, di phenyl net hyl ,
Here a&{l EPH}WS%%E&J(T “stuﬁgtﬁtﬁtﬁﬁ%g r, % means a r}?'l Igroup directly linked

onotetra 9pyr an

r ot ni opyr
to the gxygen ﬁéﬂ}?cﬂ‘d Xmmet)q, \ﬁl@qrﬁg)gm ggqngh Wubgyp@dyu least with halogen,
nitro, é‘_ﬂﬂkﬂ%ﬁ ?}Jlﬁ&wj ERhAPRBYS 2R Ybstituted phenyl” are 4-chlorophenyl, 4-meth-

0oX xytetrahydrothlopyranyl,
Oxyphiny QH‘gilﬁ’l“dfﬁlthﬁ@"tyﬁyl phenyl ) - 4- met hoxypi peri di n- 4-yl ,

1, 4 d| oxan-2-yl, tetrahydrofuranyl,
dro hlofuga

Here ap8 48 B6Ysohg G 8rufidenet fork st ngicoan som i
directlp lhakmbtbllhanxy@ny)lf thd—{eT—eO—aR]a ety anfl svdsch tshadditionally linked to at

least ond SR fitubedt O&Q‘fﬁt %Xg? Exam p?ésqopeﬁig&n%&dﬁ&enﬁ(l” QM H} MEL é/genzyl

I'n positi

3,4-dimgqthex yoenzylrnitrapenpyly %ngwb@n@tlhirha@bewhu% 3%@9@@@%4 -Cyano-
benzylI m- esylbd2M, 4 Mﬂ‘l&bb@@ﬁ PVIOZI lbdih?&roLmIbeﬁﬂﬂa cycloheptene—S-

1L, rgpRy f"'dtbq%gﬂﬂ"lw?@’eyﬁe“b‘aﬁt Bxyls 15%3?%&15%@@ '?iagfra?fhoxwhenyb
phenyl@eathontrigd- l“nedeyﬁhldi}d))meIlaylHM%bm&phebm}dbMpheﬁyb]ﬂiphawlmethyl

tris[4- ({4%' glcﬁllléP Ehlct)l]ie i elg%ph?%@]mgéﬁﬁ%r{sﬁi kﬁ) %open%/%lo%l))%}tleﬁv}]methyl tris(4-

benzylgpxynhehyl[)methybéhﬁmlda@oé{llagﬂmetlm-l)phem]blsﬂ methoxyphenyl)methyl, bis(4-

methoéﬂﬂ%{?ﬁn%(tl %’%}ﬁéﬂloypﬂ%’l‘}?’éﬁ’éﬁi‘ﬁ% le%{)? %’gﬁﬁ{y}wb*oxoanthracene -9-yl.
tert- butyl and al lyl. Here and as follows, the term

Here an& d@ﬁillbwdt 2C] t@'hﬁ‘l‘byndnf Rﬁ%m&hehﬂfﬂ@J—R@ﬁﬁM&y comprises 2-
i E{'P{l | ox%]g,[en of the -T-O-R 10 noi ety,
pyn “Wﬁ’é?' Ay e Iﬁ@ﬂv{m‘? EYIEOY ¢ uted at 1east with
hal ogen, nitro, CI _4 al kyI or C _4 al koxy. Exanpl es
Here a]ic? bs { %18@? lVeltjé E&%M é?d a)?'ﬁﬁ{nﬁlhﬁ%hgf;’quﬁg rl'leans s @ ca carbon atom which

Fox ’p
is direqthy linked to tm@sterm)f tabTLOLBE emowésnmd which is @tm)tlcrmamém&ed to at

least oﬁ@&ﬁ)@ﬁtu?éd%ipnmﬁ rdud. %f&s&bye fok H&ﬁguﬁ&dtﬁﬁdwﬂ@mypﬁs N-0xy-3-

he nnlety and which is additionally link
‘nahyk%PX?mP%ééﬂnﬁﬂé’substltuted phenyl group. Exanpl es for
subst ituted benzyl" are 4-nethoxybenzyl,

v S B RO E R TS0 ety B Wi s iy

linked to the oxygen of the ~-T—O—R 0 moiety and which is substituted with substituents
independently selected from the group consisting of linear or branched C,_; alkyl, C,_; alkoxy,

benzyl and phenyl optionally substituted with one or more C,_4 alkyl or C,4 alkoxy. Examples
for “substituted silyl” are trimethylsilyl, triethylsilyl, triisopropylsilyl, dimethylisopropylsilyl,
diethylisopropylsilyl, dimethylhexylsilyl, tert-butyldimethylsily, tert-butyldimethylsilyl, tert-
butyldiphenylsilyl, tribenzylsilyl, tri-p-xylylsilyl, triphenylsilyl, diphenylmethylsilyl and tert-
butyl-methoxy-phenylsilyl.
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4- phenyl benzyl, 4,4'-dinitrobenzhydryl, 10,

| -di hydro-5 H-di benzo[ , J]cycl oheptene-5- yl,
worsan3ky| di phenyl net hyl , PCT/EP2008/003374

(4- met hoxyphenyl ) di phenyl net %yl , di (4- met hoxyphenyl) -

phenyl met hyl , tri (4-methoxyphenyl) nethyl,

Here ahé ab foll’oWsOfHéRE‘ﬁﬁ‘ aeyk ) R0 edh AN BRJupMerived from a saturated
tris] |chlorophthal|n1do)phenyl]net

I,
or “nS%tPTaéf[d&a(m"d%S;ﬁéWtoi 016 GamRa At ?%twplﬁ%ﬂos(éw acyl” are formyl,

acetyl, qﬁﬁﬁiahbS’P(Wlﬁﬂéd -¢ngsi.hyl , [3- (i mdazol -
thyl)phen;F?%is(4 nmet hoxyphenyl ) net hyl , bi s(4-
nethoxyphenyl)(l pyrenyl ) met hyl, 9- phenylxanthene 9-vyl
Here aadds SljpantHe-tath SsubatitubdaCenacyd” for R '"Heweansathelaad group as defined

above (@1 A&qg§\itbs'ﬁptﬁe& Wi{‘ at 'Péégl! (ﬂle@ﬁhﬁﬁﬁ&‘% 1rgieﬁ9r§de§gl§ sél?%tg{i' ?rom the group

1 Ses
conSISmganym pldkyk hqugen,mno ChHe plkoy dpta@nailulsubsmuted Methuﬁnerryl phenoxy,

phenyl (ﬁiﬂi%ﬁﬁlw Hflﬁﬂnﬁé/(f with 'E%Js BFH&YA Cl 'kglﬁéﬁem ﬁal@g&f" laR@1-adamantyl.

directly |inked

Examplqs @ “Pét“i%‘?de?yé AR WFi2cPx9-3 paalwleqeaﬂa¢h%9/rora¢qﬁkleéwhk9roacetyl
mchloﬁiacét@ﬁfﬁlﬁﬂwlﬁaédﬂﬁsiriﬁh'éhﬁﬂmeﬂ)ﬂ'xb'ﬁhewl| m@ﬁl@bdpaceﬁm heasP)aRetyl,

ridiny
4-chlofeRhayIaSy, PR aRoNR: hOTorehianey b ad-EE i mgRont sads-
mantylfermml,' $oleshaxtybtie2-eaoyly bénzbyl; 4RibOnytbenrs yharsi 2,4J6-tginatipylbenzoyl.
which is directly linked to the oxygen of the -T-OR
10 moi ety and which is substituted with subsgltuents

Here apd g& frdlosisntheyierse [*aibséaitadr(Gms @ xylcethonybrier Bt i mepnsfa (Ci alk-
oxy)calrl!ad'h%'ial o%[) ak H@ﬂﬁ&%’oo@e wRerginkhé C, ChikadoPdrdAX¥WhictPR ¢ ddrived is

substltgtfg M gﬁpasbpn@u%gtlg%gglg g;}elga%h& sgg : f?o-nng J%;grpppjpwlstmg of
halogeaj Cy} alk&l subk i fubdRl slﬂ)yﬂ S’dehxénssdlfdn@t h'ydﬁ | ﬂmehyl optionally substituted with

one Ort&l{ioié% ﬁo g%é’r@bﬁlgli(bf hnFo&e%{(Ex} ﬁo Iglrﬁ(g%?rgpyg rIEXarlnples for substituted
“(Ci4 akkm(ylcalnbnaylﬁyilrs94ﬂuor@rylmﬁh0w06rhmyh912sl trydhloroethoxycarbonyl, 2-tri-
methyltsﬁ?ﬁaﬁ%s(% ‘ﬂ) r%’héﬁ%e%ié g&ﬁ*l@ﬁ?%?‘éaﬂﬁcfjgh grﬁ())/q %eenﬁloxycar})o?yl
benzylawamnﬁ/b M;metﬁ g wfcgthow, 1*éhraﬁt<hozazaahenyl)methoxy-

carbonfyp|(?-%Ybﬁ)ph’éﬂﬂ)ﬁ1@ﬂh8ky(@rb(§1yﬁ§ﬂ/d (4-hioplitH9 1) FRMbX yeatbasyl |
group derived froma saturated or unsaturated
carboxylic acid of 1 to 6 carbon atons. Exanples for

Here ah@as follaos| theaelm fm‘yhybcarb@@ﬂ’j/fqr Ri? ﬁﬁaﬂimbarbdmilhc acid ester derived

from a@sﬁu%é{l?l?)g tdongqu su%g&ﬂu%? %O oty m(%rg a}é: y?l‘@ Fllé(axy, halogen or
nitro. Ajeexaveple &0 \aeylmhycmkbqrwl” Ie}sutropheadxwatbonat | east one

substituent independently selected fromthe group
consisting of C]-4 al kyl, hal ogen, ,oxo, ,C al koxy
1

In a prefgrred gabp b &¢ it 94 feTmuac Yoy R 2B dogethesfigmy p moicty of
formul@ pURéa@RP-)Cgl#@{th b ehchiolf R eBugh Rﬁl%rlﬁdepfénééxﬁw hydrogen or

halogeg anr(]iyl{ —é'] ﬁl Wherein R 1 PCd in?kogfgcarbonyl or -T—-O-R'®, wherein T is
branched or linear C,_g alkaned1yl and R'O is hydrogen or substituted methyl; and R’ is located
at position 2 of the phenyl ring.

In a more preferred embodiment R' is of formula V, wherein R* and R* together form a moiety
of -CR’=CR°~CR’=CR®—; R?, R® and R® are hydrogen; and R’ is chlorine; and wherein R? is
—C¢H4R®, and R® is —=T-O-R'® wherein T is —C(CHj3),~ and R'? is hydrogen or substituted
methyl selected from the group consisting of tetrahydropyranyl, methoxymethyl and ethoxy-
methyl; and R’ is located at position 2 of the phenyl ring.
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Exanpl es for "substituted G acyl" are

2- 0x0- 2- phenyl acetyl, chl oroacetyl, dichl oroacetyl,
wonrnescisisroacet yl, trifl uoroacetyl, PCT/EP2008/003374

tri phenyl net hoxyacetyl, net-HOxyacetyl, phenoxyacetyl,

4- chl or ophenyl acetyl, 3-phenyl propanoyl ,

Ina mést%&@ﬁ&i é’rﬂg&llmegt ﬁl Q' dﬁ&ﬁﬂdl@&ﬂ%ﬁ%{h R* and R* together form a moiety

adamant yLf or o noyl , benpzo
of fonaulﬁ h&%?@éh—ﬁ%{w ' B R e : hydBat A K iablsriafand wherein
2 is - @gHERA, hadR? i rhethbﬁymbowb@ﬁd Todited af @snailkpwm@ phBo ¥ing, i.e.

methyL%ﬁ Tt s e arnSuna e RpRa S Brihrk g pree

is derived is substituted with at | east one

The ca%zﬂgs?tchx% BE Qﬁta#n@g %?%[115@81%1@ %iﬁ aﬁz ﬁeaﬂs Lfglg l%&l?urg Welfﬁ sFlected from

the gravprepasisting ¢fcnfy11themiuﬁy lrhoq@mtw liridipm;, othgreiny suitablst qouuteelans are for

examplé {HloRNE b%mf‘&@rx%dg% f&tt@hwxjoborgge freRd ki RXYarsdhdeOBER fluoroantimonate,
nitro and fl uqren ampl es for substitute 4

hexaﬂléqrpggb@ﬁp alg, H?S’ﬁ%h oraé‘fcg tgﬂpq)rgg}egmp% qxi)@;gyggrg%qqypl(vent with a suitable
amoun? o2 thé-phbsphim el @@t ToNywed Bpivplation of the complex formed.
2-trimethylsilyl ethoxycarbonyl,
2- benzenesulfonylethoxycarbonyl
In addhioopthﬁseewjﬁhlﬂ)e)selm dfomtteniuing rrhqdioma‘ribinmypreferably comprise at least
one st g’h{ @%ﬁ%ﬁé X aﬁ)aH% Héngzi)t(nggg%ﬂ% or aliene In a preferred embodiment the
stabllqlgg Heandop ﬁgnyq%yhﬂy ddyexst qmtgdper@nﬂorbomadlene phenyl or p-cymene. The
thus sthitipéd ﬂh@@hm |rﬂdﬁl§lPWsQ%‘Yéast JiRP1aMblasulé 94 Adzmonal

t.he ter |l .oxycar bo neans ca
stablllzaleg lig qg.mla lﬁiogé eﬁpl(yﬁgtaor@g adﬂﬁRi gﬁqe. gﬁlrpg]ﬁsépf §pci"(1 po ar molecules
are acsorigile,tdimethylsutfbxidaaditiethyifoemthide anldiyibthylafhind. koxy,
hal ogen or nitro. An exanple for "aryl oxycarbonyl" is
4-ni trophenoxycarbonyl. In a preferred enbodi nent Rl
Alternatsvety, thieeatalyst coh bmmpeted iR3ita honRhetphgsphiver ligandsamd the salt of the
platindt?tﬁ {rn%EIaY ﬁ?éaefirféﬁ%l)@e 'P% e%%éeﬁ% rePax%H Gy ﬁ?&ﬁoﬂft}dgﬁhosphme

i I'S |ndepen ently en’ o
ligandggnd salts ofpytiaguaum, ghedisnmoRgidiun mguarmenbwya&glmdr@y deggribed
above orl which atdsuitablegir&uisol cbmplixas sitdichs JRuCLEsH;),¢ _8

al kanediyl and R10 is hydrogen or substltuted nethyl

and RO is |ocated at position 2 of the phenyl ring. In
Optionallpthe prepafadon efitherdamdysirent bdPerfamet] ih dienpresendt of a chiral diamine
wherein R3 and R4 together forma noiety of-CR
5=CR6-CR 7=CR8- ; R5, R6 and R8 are hydrogen; and R7
is chlorine; and wherein R2 is - C6H4RO, and R9 is
Ina part}_cugrg' ﬂrgfewéﬁ reﬁibﬁdl}_nérﬁ theq(aﬁ’Hs §)rl2thelﬂﬁxci‘1h5}3i]toth'e %h@éﬁﬁﬁl{&%ﬂd is

stltute sel ected fromt
“Binap ot 1§ chige diﬂam@w%r%il’ow dma|paﬂrﬁélﬂ4fbsdgfﬁ€em9|en&>ﬁélment this
ruthenRiheotiprex bathlysiip {(SiBind RECBYSHDAIPENS bhd QR)-Bifdp Rmb (R)-
DAEéﬁfnw ring.In a nost preferred enbodinent Rl is
mula V, wherein R3 and R4 together forma nolety

L._.

ligand.

A suitable preparation method of the “Binap” ligand is disclosed in D. Cai, J. F. Payack, D. R.
Bender, D. L. Hughes, T. R. Verhoeven, P. J. Reider, Org. Synth. 1998, 76, 6-11. The isolated
[Binap RuCl, DAIPEN] catalyst can be obtained by reacting [RuCl,(Cg¢Hs)]2, “Binap” and
“DAIPEN” in dimethylformamide followed by re-crystallization from dichloromethane and
diethyl ether (1:10).
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of formula -CR 5=CR6-CR 7=CR8- , R5, R6 and R8 are
hydrogen and R7 is chlorine; and wherein R2 is - C6H
WORS(8/13n32R9 i s net hoxycar bonyl and | ocat ed at PO®&IPRI08/003374
2 of the phenyl ring, i.e. -ndt-hyl
2-[3-[(E)-3-(2-(7-chl oro-2-qui nolinyl)ethenyl)phenyl]-
The caga‘l?s’f WyWAdh@@ ﬂ?@l@trgactlm ?mﬁl%}@@/s%'bh SR BistAvaPinal fiﬁﬁbmsolvent or

di ssol Vi ngl a suitable salt of the platinumneta
altemnagiyely the.eatalystmay, ke prepaisd éo#& st i ng of of rut heni um
rhodiumor iridium wherein suitable counterions are

Thecol s S TSP Rl TG bERABibe roup of the phosptine igand
to a resimxidlyaer-bauntd caaipdteof thesdahd aerpaptioudpheddyantageaisifor sitnple

: g j thanesul fonate in a polar solvent with a
punﬁcg{ﬁ?'ié%%lggggr@%t of the phosphine ligand foll owed by

i solation of the conplex formed. In addition, these

Bases 23plicahlk $n BRI Jrésenf invEhiRSE inkile P SHHEMRS orighhid 'bH§Qs The bases may
preferably conprise at | east one stab|I|Z|n gan

be expegseqd bysthg gengrabiosmuly MY séersin Mois agadindt mPtﬁIg%f one equivalent of an
alkalin@le@ftl ile®d, £1H00d4 ARPdrok @rdiipaﬁlkbk}zgﬂbg | ¢a@lﬁfk@lldté hydrogencarbonate

or one ﬁﬂgwezhex%?’fl/%ﬁ‘{rﬁé%gd SUShESE R S05:ca2bRAL B RGO, KoM, CsOH,

LiOCHia Na@ICH), Na@EH (€3, KGRI}, KOGHGH 95, KOTECH))s MasOCOCH3, K,COs,
d f | yent

Nazccf‘ G%deg{ggbgﬂgggg baEXU‘gA'té&Q{‘\?elg, G%glrﬁagﬁi&é ecu%e‘iﬁc%rterz-

butylamm gimathylpainey dlﬁh}ﬁfa}mml maﬂmséammenﬁteﬂwlmmmﬁm@hﬂﬂaedlamme

Most préfefbyk 2000&:s, 05 8F RADEVRI¥ed dd¥ascat al yst can be
prepared in situ fromthe phosphine |ligands and the

salt of the platinumnetal as defined above.
As solV¥ngf s afdry liqlideob@hewligh cas dt@ﬁcﬂp@ﬂedeédfarﬁé and datfliRtichmponents

h ' d d | t h
may b PRk Tgrbler S SRERR sl o Stho b R dnd xytene;
halogeopatedvaroniatizrheydsadattwins sugir asmhicxobemam@neﬁpew@cﬂuam, aliphatic
hydroJa QF g&éﬁpﬁ A)&Ea]ne é%@l llla}fo etnﬁéd@l SR)%EIEHOhQg\mﬂfastd?&l?romethane
catal yst ¢ or ned esence of a
and dighilerepthend; |e§msuc r@s d‘%‘é)flteﬂ@al taqrwdmferfa@r 2-apteyisrahydmafuran;
alcoholsRcl 84 fethandl, EtHahSIND LHdsadbl, butahil Qﬂ%ﬂg&l"h‘l’cdhbg MHafbgeRated

n e chiral
alcohOEaSP?f g%? 2 sﬂfhﬂ sethangi cgﬂ%ﬁlﬁﬁ%ﬁ?m@m? fﬂcr%% Syabi s ethyl acetate,
methylmﬂtatmd(,\aﬂﬁbmtoneSar{d((ﬁgzﬁnﬁ sql vEustehtdibimgAeRicddtomB duch as

aceton t[(17 5 e?l%ﬁf rngl,T%dé aﬂd' d1 hgfllz‘l\lllllfoxuclje l’fh%%gfvgmgr gl%ge @é\edoaﬁone as

hap ose
mlxturg or t—‘wo-phgsa(skstem with men,ctgnn nixtures dfiat leest, twp soRents optlonally in

co?b;&?gh?@gf‘g?tgg PreferiBd sH9Ents Felmixt¥8l Bf hatdRated GrorRatic Hydrocarbons
and alcohols

Optionally, the reaction mixture may contain a Lewis acid such as scandium(III) triflate,
bismuth(IlI) triflate, yttrium(III) triflate, copper(I) chloride, copper(Il) chloride, magnesium
chloride, aluminium chloride, iron(III) chloride, cerium(III) chloride, lanthanum(III) chloride,
neodymium(III) chloride and samarium(III) chloride. If a Lewis acid appears as hydrate, this
hydrate compound may be applied as well. Addition of Lewis acids may enhance both the
enantioselectivity of the reaction and the stability of the catalyst.

Optionally, the reaction can be carried out in the presence of a phase transfer catalyst such as an

ammonium halide. Examples of such ammonium halides are tetraethylammonium bromide,



10

15

20

[Binap RuC 2 DAl PEN] catal yst can be obtai ned by
reacting [Rud 2(C6H6)]2, "Binap" and "DAIPEN' in

woabesa3ksR f or mani de fol | owed by re-crystalli zaPCoOMAPRIVSID3374
di chl or omet hane and di et hyl-1@8t-her ( 1:10). The cat al yst
may be added to the reaction m xture as such or

tnethy%eﬁ%?ld ng)nhﬁn @hl%HHE #PEBASY, Ql:t’t‘zﬁflftylaﬂrincﬁlllﬁrﬁ rcﬁﬁ)tn'd\é Qkaﬁfal;d'ﬂﬁammomum

prepared in sit he cataly
bromidg andl ts@awl91ﬁﬁronwﬁ iRfigs; TEB ag%b%?rl fquagtor %@dra&l@#%puseful
Addltl@ﬁ of Fl@as@ angtBi cieall/$t9 1A HaOe @ pbSisive effERoYiITRE sdpatfidn of the product
atalysts of this kind are particul arly advantageous
‘or sinple purification of the product. Bases
appllcable in the present invention include inorganic
The arﬁ‘&ﬂ\et ?)g gx%frﬂggon%%%?w&-gﬁl (?%s?f%@’%}{n?sewﬁﬁ %éﬁ%ﬁ&g{ pﬁﬁuxtng %nd can be at
a molam maticenglativa tethe cofal ysh (SN &lomEOQsh e hOGBRQIL, oranere préferahly from
500:1 Rys0,600¢1 9r oup, al koxy group, carboxylate,
ydrogencar bonate or one equival ent of carbonate. More
specifically, applicable bases include NaOH, KOCH,

The hy@?(%‘énahd)m&ess"d@m tw@iﬂl&ﬂlﬂa B&EAIded CECGHGERSIpR

pressufS @ IPOATDLPRERS BRI V@ i3k DS ﬂsc%@miﬁ? ﬁ@&%rka”d

Advarttagebtnly,.yll Oy, idipaetiduydr 2rtb @€, bad bt usyd.aflienshemoselectivity appears to
| am ne or triethyl enedi am ne.
be ge"%ﬁ“ﬁ%%‘!‘\g%&%a %‘QXCSZC(B or NaOH is used as base.
As solvent, any inert liquid solvent which can

The hyQir§gQ€91|aM§n Pe!a@n&{%é}ﬁéﬂ% SarABlo @3k q)(l,\y %} el‘é%f@@ [B?ﬂ;e?atﬁ?&‘ RE examplary
used. Applicable sol vents |nc u

temperalRE SANEEHHHEMs AN G 120 Sehee S’HE‘? 84 f@ﬁ@eraﬁ‘gﬁ&gﬁml&d"c and

100 °Q@aad®idstprefifeddak baipe ffome M0 as t6dboobenzene and
trifluorotoluene; aliphatic hydrocarbons such as

pent ane and hexane; hal ogenat ed hydrocarbons such as

The redétodnl tome degiendnen difteretit dadtons dide iementalgstHeading ubhteawperature and the
e . .

hydrogé %E%Llie Ig?c?r% o;édgfl% ﬁe{%{ﬁéﬁ)&xﬁg @E mplet C%m a Spenodr?g rt]lgfe’ within a range
from aeftewanmpteszo pRVep henrs %Gt’gh‘éﬂysand benzyl al cohol ;

hal ogenat ed al cohol s such as 2, 2, 2- trlfluoroethanol;

carboxylic esters and | actones such as et hyl acetate,

nmet hyl acetate and val erol actone; and organi c solvents

cont ai ni ng heteroatons such as acetonitrile,

di met hyl f ormam de and di nmet hyl sul foxi de. The sol vents

can be used al one; as m xture or two-phase systemwth

water; or in mxtures of at |east two solvents

optionally in conbination with water. Preferred

solvents are m xtures of hal ogenated aromatic

hydr ocar bons
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and al cohols. Optionally, the reaction m xture may
contain a Lews acid such as scandiun(l11l) triflate,
wonbesmatd3gl 11) triflate, yttriun(ll1) trifl atePCT/EP2008/003374
copper (1) chloride, copper(-l13)- chl ori de, magnesi um
chloride, alumniumchloride, iron(ll1) chloride,
Examﬁﬁg' um(l11) chloride, |anthanun(l11) chloride,
eodym un( 1| Ié chl oride and samariun(l11) chloride. If
The foljowisig examples fapherdHustente tysinyention byt arepad inteedaddapisning in any
way. may be applied as well. Addition of Lew s acids may
enhance both the enantioselectivity of the reaction
and the stability of the catalyst. Optionally, the
The strueuze andiste@oclixenistay of the cottipatisort ligangrds asnédlonfs: a phase
transfer catal yst such as an ammoni um hal i de. Exanpl es
of such ammoni um halides are tetraethyl anmoni um
' [ ammoni um chl ori de (TEBA),
oride, teth:&butyl anmoni um
-l odiide,, TEBA has been
. s ddl%‘? on of phase
hav t?Ue effect on the

h punt of the
ar| ith the

ar ratlo relative to

found to be particular
transfer catal ysts nm
separation of the 0 cz@d

ket one of fornula ubst ate) vy
react or vol unme and T3
the catalyst (S/C) from100:1 t ()0, 000: 1, or nore

preferably from500:1 to 20, 000 The hydrogenati on
process according to the invgntion may be carried out

at at nospheric pressure or superatnospheric pressure.
Typi cal pressures are from1l to 100 bar.

Examﬁ@\lassrﬂﬁﬁ@kﬁk)l (By- BQZ-KZ—&BQ&O-Z Qu%hgfzfgé’t'h@ﬁ l‘iégﬁg]?ﬂlﬁﬁpen-l -ol
A suspgpo pE (O ehaopr Sasimoligy enebp B b T

commdreiatly iaositabbafromdibest Iethstial Lad., Ningbo, rClﬁh@)\/xat@O mL toluene was

s P A e BTN LA PR o

was added|drope/isg, ovend0 misutep while keeping @eannemg@mpemtumtmom After
stlmn%"f?)r G hotP8: d-Baet 'tﬁénreﬁétfﬁ rqﬁd?lﬁ@%sqlrm inkd % g@&LQﬁ 9f 400 mL

ke the cataly | oad |ng eratu e an

aqueoqénamra@raﬂmmcs@gqﬁo@twmép T8¢ tworphasegpixtusn thusphtained was stirred
for 1 h6@fm|eﬁ§&6 thesolvdIgyis @ﬁth@fmdgnﬁﬁur\ﬂl saftd.n a r angEi fr Iom aTh

nutes. to sever our.s or S es e
e sep i et elebo s PEd RED HMER DU n AL OGP Braied in
vacuurb td a golanrecsf ASnhEnTlesh, egaih i7fin L btetomitrdawere added and the mixture was

" concentrated in vacuum to 75 mL. After repetition of the last procedure, the resulting slurry was

directly used in the next step.

Example 2: Synthesis of methyl 2-[3-[(E)-3-(2-(7-chloro-2-quinolinyl)ethenyl)phenyl}-3-
oxopropyl]benzoate

The crude slurry of example 1 in acetonitrile was treated with methyl 2-iodobenzoate (44.6 g,
0.17 mol), triethylamine (35.6 mL, 0.254 mol) and palladium acetate (0.36 g, 1.7 mmol). The
mixture was degassed and heated at reflux under nitrogen for 6 hours. Then, the hot solution
was filtered through cellulose (Solka Floc®) to remove any precipitated palladium. When the
filtrate cooled to ambient temperature, the desired title product crystallized from solution. After
one hour at ambient temperature, the suspension was filtered. The filter cake was washed
consecutively with 130 mL acetonitrile, 100 mL acetonitrile/water (1:1), 100 mL water and
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way. The structure and stereochem stry of the

conparison ligand 1 is as follows: 1 Exanple 1:
woSyesiizeskzs of PCT/EP2008/003374

l-[()-3-(2-(7-chl oro-2-qui nrdldinyl ) et henyl ) phenyl ] -2-pr

open-1-ol A suspensi on of

S R BT o
(53 g, %Mugfmraﬂ toﬂb@bénzlﬂl%b@e O@qu)lellh 400 nL tol uene vvas

'H NMIeganpRes with QPQ)QSO”Vﬂ? B (Manf1d'i 6 Qep?d). Vi Nyl magnesi um
chloride in THF ( 115 nml, 0.18 nol) Was added dropw se

over 30 m nutes while keeping the internal tenperature
at <10 C. After stirring for 1 hour at O- 5 0C, the

reagtign mi xture.was slowad 0
Examb &85 b 90 iatistead Bl CL o7 Kof aViniistois hygpgzenation of
methyl M?’ﬂfié)Sb(MIethﬂoeo-ﬂFumnohnﬁl)ethehMeayl]G—exb;fropyllbhabate
to ensure the solvolysis of the magnesiumsalts. The
separated organic | ayer was washed two tines with 500

The examplgstiete 6aand Chicehmere performedauyhigh thoughpul eatalysis sagening (HTS)
using é‘HTSEﬁQﬁ‘nat&géﬂr&ﬂr{g 1ob] A68L ORI IrlcCanded &sﬁﬁﬁ%gd §?xﬂy§ R€orkflow.

ure was. concentrated [n vacuum t
All reaighs Wit SRTTBRTEHE 12K Kol pemel ity Blsard e
reacton(@HPYliThe atHofe HS"Sd)vasrpdrfme&xﬁ a glo@p bokxanpl e 2:
Synthesis of methyl 2-[3-[(
(Zy 3-(2-(7-chl oro-2-quinolinyl)ethenyl)phenyl] - 3-
Procedyxeofor epgmpleed 1@ ate eXbmplarilylshesyruon gxanipledanpl e 1 in

A stocr(egahaaﬁ bt gkﬁaﬂ@@ m{cﬁgg . et W@an&t Jl%:gg%gthgﬁg R?G(Z@a&ﬁxogn 0.08 mL)

was Prﬁmedpm St batien {iel. Fhegolventavanfismpleplyeremoxed pder reduced
pressutd@a M&%ﬁﬂﬁ)n%@hd"ﬁ@%@ﬂe%ﬁetﬁﬁfﬂ HSX[(E')'IQQQ (Wchfdi’&-@fhlflﬁ’dhr@l)-

e 3L U S L 85 Dy we st
The sopaht was compléebnreiosed uhderatduced (pl‘&dur’ea sadiﬂiid&iﬁle Stock solutions of
potassii.\m%cﬁ‘taw ig’wgt&zp%ﬁglngn%gl ! IO(L b? n%%% H{e%l{yZ&F& {Zrﬁgoemum
chlonidehe 2 queprank (GO04mmof in 0.86 eal.) W’tre aﬂd¢d Ematiakibewied was filled with
toluené’\@tﬁh %QOt%PO(ﬁﬁﬁl‘étdf ) %L%&é}emdn#h@fé%tm gdfn%lrg g%qgexg%xrged four

itrile/water (1:1), 100 ter
times "ﬁ‘E PR Prespusisedq & bagingd g, f01t hSehqqrs P@%’P’d@@@?raﬂﬁ%
obt ai ned as a pal e- yeI |l ow solid (53 g, 69% referring
t nzal de Exanple 1). 1H NMR conplies
Gene"\t}vf’for? rﬁ@"‘?’t{ég‘d@ OCexanpl e 16, step 3).
For example 8, the reaction mixture and hydrogenatlon conditions are identical to example 10,

except for the reaction time. For examples 7 and 9, the reaction mixture was prepared
analogous to example 10, but hydrogenation was performed in a 50 mL stainless steel autoclave

and the product was isolated only by extraction.

Procedure for the comparison examples C1 to C3 — exemplarily shown on example C1:

A solution of the ligand 1 in dichloroethene (0.0020 mmol in 0.12 mL) was filled into a
reaction vial. A stock solution of [Rul,(p-cymene)], in dichloroethene (0.0008 mmol in

0.04 mL) was added, followed by toluene until a total volume of 0.40 mL was reached. The vial
was closed, and the mixture was heated at 80 °C for one hour. Then, the solvent was completely
removed under reduced pressure and a stock solution of the substrate methyl 2-[3-[(E)-3-(2-(7-
chloro-2-quinolinyl)ethenyl)phenyl]-3-oxopropyl]benzoate in tetrahydrofuran (0.042 mmol in
0.09 mL) was added. A stock solution of lithium methanolate in methanol (0.033 mmol in
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Exanples 3 to 9 and conparison exanples O to C3:
Asymretri ¢ hydrogenati on of nethyl

WO20(833[932 - 3- (2- (7- chl or 0o- 2- qui nol i nyl ) et henyl| PomaRYIOBOB374
-oxopropyl ] benzoate The exarnpl-es 3 to 6 and O to C3
were performed by high throughput catalysis screening

0.10 H{Lﬁl@aﬁl ddded Fi #’Haﬁﬁgﬁ%tv@é@ fﬁfé’de\ﬁm Q%r{)aﬁﬂbl {ulitﬁnﬂ ATV Slume of

custom z reacti ons
0.50 mfewes meffeér Hagireagtion rzlmre\rm therppurged fouxdimesyigh kydrogen,
pressuRb&LR bad aAd Rirdfor R6 BSEKIR ré R édiperatttd?) . The whol e HTS
was performed in a glove box. Procedure for exanples 3
to 6- exenplarily shown on exanple 3: A stock solution
Detail0éf thé E)arﬁibleab tdR ah® C( .t&)C30MitIPEhrd to tHe cithiystoaiet meaction conditions

and thé 93519195 cﬂle@‘éﬁ’ arg comﬂ]l%ﬁ 1”%leewelsar{%irf% %?, ndanfd til?rg%dagt rgethyl 2-

eacftll on vi vent was CO

(3 [(Ehhdé{ﬁcmomédlumoekmshctbcnﬁ)mkozlﬁ 3slwcmq>x)qmomﬂ]b[ehmate were calculated

from u%h‘(?-;éc[‘t&it %p%ﬁ%@%} ﬂu1 %rro(r)na?gr?})hg (ISF Q) [ustegrals The enantiomeric excess
(ee) wag fﬂ%yllewmm Heﬂ%a?r@rqpﬁnol)

t et rahydr of ur an (O 042 mml in 0.09 nL) was added. The

sol vent was conpletely renoved under reduced pressure

a second tine. Stock solutioqﬁ{of pot assi um car bonat e

Table 1, Examples o fygoomdsmpsrayre s ogen
triethyl benzyl anmmoni um chloride in 2-propanol (0.004

No| CatpS/Cn B 0§ ni)Sokesn¢ added. B&sehal l|y, Time v| d&lonnvagProduct| ee
filll ed|w th.|toluene until tal, olu of [0 mL
reache:[.m"ﬁﬂle r edCY 18R m'>t8|dgq henﬂgurged[‘?’%ur % | %

3| ds) res NOFOQZ“)IP'ARG@@ne/HE@‘»SUKw@?/ tg 5 har apdjppin|[T9B.3 | 954
18 |hours at [room tenperature. Cenerlal procedure for
exanpl es 7 tlo(196:1; @iérmle)mn'pl'l@i% the reactipn mixture (R)
gy oget —on on —genti xatpt

4 T O S EEED] onRet e, For Mamp| 000 pndss | 949
, |t he|react|i@s:1m; mtym@)n\asy@)ﬂggred anal ogpus to (R)
exampl e 10 _ but h\/drnm:\n;tl on was perfornedlin a 50

5| 8 2id8 9H42t|dBA, tiktoblenge BHChe produtt was19&ol aPéd | 96.4
onlly by extrfacti cedure for tlhe conparison
exanpl es C to(tl£65el§5e“ larily shown on exapple O : A (R)

6 | Spl woo 00.088 tdlsedzmmﬁzo I NNAOHD! orfoet kene (009920 97.6 | 95.7
mol ipn 0.12 nl) was fillled into a|reaction|vial.|A
stock $ol uti &ﬂldf5[Q:®FQ()|< c rﬁ:ﬁ’f%)] 2 in dichloroethene | (®)
O TOR0OB FotT DTwa fed, ol towerd

7 4’% E’gna untifl bn?é‘%ﬂ})ﬂvol urrz\lao 0.40 n1_6vvas rggl%hed?gg 969
The¢ vial wag cisosed,mbnd |t heFEBAt urle was hepted afi 80 Q)
Cflor one hagur.  Then —the solvent \la&r‘nrrpl telv

8| (R)|482| 31.8 Clbenz/IPA NaOH/ 6 > 95 99 96.7

(5:1; 20 mL) TEBA S
9| (R) |1000| 3.5 Clbenz/IPA NaOH 30 99 99 96.6
(5:1; 20 mL) TEBA &)

= 1.1 equivalents base and 0.05-0.1 equivalents additive; cat = catalyst; (5) =
RuCl; (S)-DAIPEN]; (R) =
(diphenylphosphino)-1,1'-binaphthalene; (S)-DAIPEN =

[(S)-Binap
[(R)-Binap RuCl, (R)-DAIPEN]; (S)-Binap = (S5)-(—)-2,2'-bis-
(25)-(—-)-1,1-bis(4-methoxyphenyl)-

3-methyl-1,2-butanediamine; [PA = 2-propanol; THF = tetrahydrofuran; Cl-benzene = chloro-

benzene; triFtoluene =

ammonium chloride.

trifluorotoluene; Y(OTF);

= yttrium(III) triflate, TEBA = triethylbenzyl-
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removed under reduced pressure and a stock sol ution of
the substrate nethyl 2-[3-[(E)-3-(2-(7-
woehisae32- qui nol i nyl ) et henyl ) phenyl ] - 3- oxopr op¢irjEpecisoes374
te in tetrahydrofuran (0.0426mmol in 0.09 nL) was
added. A stock solution of |ithiumnethanolate in
Table 2eCompalrison e®3Bphastel1 tan03 (P ATHFAdsOHl 3:0:1afidadL; room temperature;
5 bar offhpddolgyn) t he vial was filled with 2-propanol until a
total volunme of 0.50 nL was reached. The reaction
No [NP¥E i §g YRAC TNER PUrgeBadedur [ TiHEFCBAY [PIRUEEFIEN. By-Product
pressuri zed to 5 baf and run{for [L6 hours at |room
{ enper at Ur e. | Derail] § Aciditiviee® exfduip| €%013| t §%9 3140=Clhydoogenation)
C3 wWith regafd to the catal yst used, rpeacti or o
condjtions and the fesults aghi eved arg conpijl ed i n [%]
c1 aplesy1]andlZg oh@nyer ghor/ andd e gplopuch MBthyl 254
3-[(B)-B-(27(7-chl DI 0- 2-qui hol 1 nyl) et henyl ) phenyl ] - 3-
nydr pxypropyl ] benzoate were gal cul ated| from

stk v~ ~f A by s~ A + 1 ~l £ 1 1 A Ay At A o K C‘

dTTC U T O U T T t 1 LT \ 2 B AT UU alJl \/

C2 | n egrgl :s.cigTweU‘@ﬁ%m |Ig2f‘r Ficg axg%ssgztée S cl| SO 75.0
reasured| by BFC (Chiral pak AD-H, #0% 2} propanol ). .
Table 1: |Exapples 3[to 9 (roomtenperature, 3 bar of
C3 hyar pgen) 25 £ @042 equlv@Ment 5 base 9843d 0.30%5-C. 1 44.9
2qui yal ept s idditiva; cat = catal yst; S) = [{(5"- Bi nap
RuCl 2 ( §] - DAl PEN] ; [( +Bi nap Rug 2 *) - DAl PEN] ;

5Y-B =
Pre = P&fa‘?u&?é%?f b6k n‘b%anﬁ T T e e —
= [Ir(125pyglogetadiend)i] Bmﬁmthﬁwbﬁ ertetrikis(3; SHims(hlyﬂuoromethyl)phenyl]borate;

1= for]stx%ctkaﬁé %@%?b%HZnE@)nglnP P%o?rl@calngl O%J ol; THF = tetrahydrofuran;

ur an zene = nzene
MeOH; mreth@ngle ReOMer= lithiurs megtbanelates: . DABCOFy methxlﬁqulwm 1)
triflate, TEBA = triethyl benzyl ammoni um chl ori de. Tabl e
2 . Conparison exanples d to C3 (IPA/ THF/ MeCH 3:1 :1;
0.5 nmL; roomtenperature; 5 bar of hydrogen) Pre =
Examjjle d00Us©6f {R)-Bilysp RulCl9(R)-DAJPEN] a3 catalysi equi val ents

14.50 21550 B AR LTRR S G techigipr2-spipplinyDetheny Dpheny-3-
oxopropgt]betizioste3nd 365 o(g (1i.64 mmocb)m'ICﬁWﬂl)ephyimylh}cmmmphLoriﬂe were placed in
a 300 IBE ta?ﬁlééé%&éé[ %t%ﬂgv@%ﬁg% i b Rdndw lshzﬁi Etm’&’anh P’%afnplmg tube

ropano O uran;
under agng@ -ml degassed Zreronsrel 2nds W-Z mmol) degassed, aqueous sodium

hydrox‘idd Rldtiongned] wai §iﬁ>ce h&ieaon & QD066 /molBiSrap 482 1) of
[(R)- B'r?ﬁ? %lz ( &ﬂPpﬁlI\J] was se &lr a%gtonla%d%lssglvgg n ?90 mE)(I)f) dry and
degass@d idefobpnzené.2ZFelcatdlyasohubion was ddahstgirgdinte thel aupdodavelupder argon.

Then, tihe gétt%ﬁfaQEWal gﬁ%@ﬁr@e ﬁﬂ'ﬂeﬁ %Zé"l \gﬂh &é{oﬁ%nmh%) gen befogeb%le hydrogen

pressurm_waétsat on exalug péélbaamroemavmp@qmrpﬂé@ pmgmssapfhm teaption was
follow&]"6Y fakitel safirfplesdr 3 aR@ BRI If MRftion, a hydrogen uptake curve was

measured. After 8 hours no further hydrogen consumption was observed so that the pressure

was released and the resulting heterogeneous mixture was divided into two equal portions. The
two portions were subjected to two different work-up procedures resulting in a total of 13.37 g
(92%) of the desired product methyl 2-[3-[(£)-3-(2-(7-chloro-2-quinolinyl)ethenyl)phenyl]-
3(S)-3-hydroxypropyl]benzoate:
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under argon. 25 nlL degassed 2-propanol and 36.2 niL

(36.2 mmol ) degassed, aqueous sodi um hydroxi de
wo003isa [ 1 M was successively added. 72. 9BCEgEP2008/003374

(0.066 nmol, S/C = 482:1) 6fl7[-(R) -Binap Rud 2 (

)- DAI PEN] was set under argon and dissolved in 120 nL

a) Non QTQ%MSQQQ: ans&gchlorebenzene. The catal yst

rred into the autoclave under
The ficgt guﬁonwaéldlrectbetrwf@mdav@ anglassfiliegand filterad. Therpeecimatate thus

obtain¥d &As Wagfé@ VARs Gy \Q%F 50¢h0 &&u%%k?ﬂﬂ%’igf ntgg.fegh)g fagétatéfexane (1:1).

on _a val ue of The
Ater 55 S06 2 T o vt 293 1B E ot BP ey ethCspheny]-
3(S)- 3&@'ﬂfﬂx@'§r@fyl]ﬁénz3aﬁﬂﬁhsﬁ)ﬁmwcsas thﬁl, oagzkﬂanme powdelhydr ogen
Th E cur ted Af t 2 no furt E r tlined
emﬂ@’ﬁf Lt a&‘ Wﬁﬁhﬂ%s é°“86%eé? 3%%“’& OFﬂgﬂ“?‘ﬁ‘éW 3§ gutine
above.\iBlmisy & shktichahadotdtef2eldug €15 dfebethylde e HE3-3r(2x(THehdoro-2-

auinoliEDe ek O R o PR PRy S Bl o

resulting in a total of 13.37 g (92% of the desired
b) Aq%ﬁﬁ%?k-ﬂgteﬂrlactlon
nyl ) phenyl

(7-chl oro- 2- ol i nyl)
The Seswf 9%4199 e ged i 499 b gﬂtvl a5etalg ﬁniagém}s WREST L J yers were
separ a(eﬁl antl rtl&t a@&busﬁﬁ?erf\*/iﬁxtlﬁ%ﬂ itwitewdth 300 @Udtl!}al ac%_tﬁte The combined
re

organig ﬁaé’é’f ‘?%rrs e? ﬁt §r %8 ﬁ@&atv&nwi ﬁ‘gd” VCPEW%%“HLOV\X&“BP“ reduced
pressu&Oylnlldutgﬂ 3@ géSQ%)joBmeﬁm;{l 20 (F)ek:Eer-61-elhmx 2aqeinplihygthenyl)-
; .
pheny@-‘jﬁ%[-{ ?g’l"g 9?? 3{/@&%]% ?é)trg gsf@% r%arlldrﬁltolpé# )S(eltl% enyl ) phenyl ] -
3(5) - 3- hydr oxypropyl ] benzoat e was obt ai ned as tan,
Purity: 0985 b?'ﬁm}ﬂﬁlﬁﬂﬁ AD-HNe09PL s panb D UEﬁarﬁh’&%e‘i‘ﬂ&%u\"@y‘a @'6“{% ee (S) by

sol uti re applled to an aqueous work-up a
SFC (530t SR ’(5103 ove. Thus, an additional amount of 2 11g
(159% of nethyl 2-[3-[( )-3-(2-(7-chl oro-2-
qui nol i nyl ) et henyl ) phenyl ] - 3(5) - 3- hydr oxypr opyl ] benzoa
te was obtained. b) Aqueous work-up (extraction) The
Exampleddn&sp of {(RyBinsp Ru@a(ReDMPENG @9 catalwsthyl acetate
and 200 nL water. The | ayers were separated and the

aqueous | ayer was extracted twice with 300 nL eth
Chlorobenzene £39 TBlav asaticddn agr Iy ataindess atpsh autoppee ‘%ﬂ*ﬁlwdd’(ﬁé} a hollow

shaft sﬁﬁem{aaswxﬁ itn tutEi ﬁ}ﬂie& HitrolgB® (SitleY Stiringa326 £ wsinmctmfreshl

recrystgﬁl[zgg ?atctl)e ﬂgﬁg%%ﬁ%pﬁﬁﬁgtgm% ))‘b% 3-(2-(7-chloro-2-

quinolhinnghbhythyB%hgad:pmm@}bemda}do&mmﬁbé 56 ga0102S inndpS mol%) tri-
ethylbg{z?&%ng’rgl.\rdchg 'v{'a}/s dlgsg%’emfn ??pg Qg@kg %l&% @%%aglol &3%e solution

antioneric
was trans erred into the autoclave under mtrogen Then 198 mL (0.198 mol; 40 mol%) aqueous

sodium hydroxide solution [1 M] was successively added. The autoclave was purged four times
with nitrogen.

110 mg (0.099 mmol; S/C = 5000:1) [(R)-Binap RuCl, (R)-DAIPEN] was dissolvedin33 g
(0.297 mol) of chlorobenzene. The catalyst solution was transferred into the autoclave under
nitrogen, and the mixture was stirred. Then, the autoclave was purged at first four times with
nitrogen and afterwards four times with hydrogen before the hydrogen pressure was set on a
value of 10 bar at 23 °C.

During the first 30 to 120 minutes of the hydrogenation, no hydrogen consumption was
observed due to activation of the catalyst. The progress of the reaction was followed by

measuring the hydrogen uptake curve and taking samples at the end of the reaction to confirm
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SFC (same conditions). Exanple 11: Use of [(R)-Binap

Rud 2 ( )-DAIPEN] as catal yst Chlorobenzene (891 g)
wowvass/igiseed in a 2 L stainless steel autocl av@CEFRREEO03374

with a hollow shaft stirrer-1&8rd a sanpling tube under

nitrogen. Under stirring, 226 g (0.495 nol) of freshly

complG 7 NS58h k2n(Ag iﬁa%%fgggg{)% o6 datter about 15 hours),

the hydrggeropriessirg wanealgasy Jresltingnterpgencpenmbettee pyaged four times
with nged. 5.6 g (0.025 nol; 5 nol %

t{l thglbenz | a i um chl ori de s di ssol ved i? 131 ¢ o
100 g gtehloraberEFYE YopAdssa i MeHAPEIOns &, sy Wggstirred for 30 mih at 5 °C
and fidallgnahsferredlinte1h @ldsh 6ltapimictiltored UN@eiredipitato gRI8 obwied, was washed

s iy Ao i ARl 80 TP GRS B S ARG e

at 40 °@Gamdpuredeckdfppessute;, 284 g(B6%) nf methyk?-[3-LA0)- IR -(Dcllo-2-quinolinyl)-

ctheny PR LA 3300y blog e Refl mEHit R Bt bl yelowish,

crystalling powyder vwith acomspntgd 99t 1%ty & NMR) srdowith an gptieal irefation of

[a]F =Wrdere (BT, @agm],)and the mixture was stirred. Then, the
aut ocl ave was purged at first four times with nitrogen
and afterwards four tinmes wth hydrogen before the
hydr ogen pressure was set on a value of 10 bar at 23
C. During the first 30 to 120 m nutes of the
hydr ogenati on, no hydrogen consunpti on was observed
due to activation of the catalyst. The progress of the
reacti on was foll owed by neasuring the hydrogen uptake
curve and taking sanples at the end of the reaction to
confirnconpl etion. As soon as no further hydrogen
consunption was observed (after about 15 hours), the
hydr ogen pressure was rel eased and the resulting
het er ogeneous m xture purged four tines with nitrogen.
100 g of chl orobenzene was added to the suspension.
The slurry was stirred for 30 mn at 5 C and finally
transferred into a glass filter and filtered. The
preci pitate thus obtained was washed at 5 C with 450
mL met hanol /water (1:1, v/v) and finally with 226 niL
met hanol . After drying at 40 C under reduced pressure,
204 g (86% of nethyl
2-[3-[(E>3-(2-(7-chl oro-2-quinolinyl)-
et henyl ) phenyl ]-3( -3-hydroxypropyl ] benzoat e
nonohydr at e was obtai ned as yell ow sh, crystalline
powder with a content of 99.7% (by 1H NWVR) and with an
optical rotation of
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[afD 5 = -26.4 (c =1, CH2A2) .Clains 1. A process
for the preparation of an optically active al cohol of

wOoReIMII®B20r its mrror inmage, wherein RL is PCT/EP2008/003374

unsubstituted or substitutedSeteroaryl and R2 is
phenyl or substituted aryl, by asymretric

Claim@Ydr ogenation of a ketone of fornula wherein Rl and R2

are as defined above, characterized in that the
asymmetric hydrogenation is conducted wi th hydrogen
A3PodeRs fliehdprepaatén 6f arfoptically AstiteBécto] 6PfHRINGKa _
catal yst conprising a chiral phosphine |Iigand, wherein
the platinumnetal is selected fromthe group

consi sting of ruthenium rhodiugyand iridium and the
chiral phosphine ligand is of fprnula or its mrror

i mge, wherein ed 4 Sph | ,4A<net hyl phenyl
3, 5-di et hyl phenyl , fur ar cycl oheRyl ; edkh R12 is
0 CA

hydr ogen, Cl1-4 al kyl or | koxy; and wherein (a)
each Qis nitrogen, and each R13 is Cl1-4 alkyl or G _4
al koxy; or (b) each Qis =CR14- , R14 being sel ected

Jri@hiioR A& Whersms RS i wigubdtitiied o afRtitutddIRdtérdgryl and R? is phenyl

chlgrine bﬁonine, i odine and Cl1-4 al koxy; and each
RPYOSUUE] Al Kyl or Cl-4 al koxy: or (c) each Qis
byCldymnaatdc hpdrhgdibBogoba gstohe géfdrmuld or m a noi ety of
formula -O-(CH2) -O, wherein nis an integer froml
to 6; or (d) each Qis =CR15- , and each R15 toget her
with R13 bound to the sane benzepe ring and together
wth said benzenelgi?g/forn1a rifjg system

R*

wherein R and R? are as defined above,

characterized in that the asymmetric hydrogenation is conducted with hydrogen gas in the

presence of a platinum metal complex catalyst comprising a chiral phosphine ligand,
wherein
the platinum metal is selected from the group consisting of ruthenium, rhodium and

iridium; and the chiral phosphine ligand is of formula

R
2
13 \ I PRHZ
R”I X PR', am
QA ~
R12

or its mirror image,
wherein
each R'! is phenyl, 4-methylphenyl, 3,5-dimethylphenyl, furanyl or cyclohexyl;



10

15

20

25

sel ected fromthe group consisting of naphthal ene,
tetralin, 2,3- dihydro-benzo[l, 4]di oxi ne,

woupesussa3et ut ed or 2, 2-di hal ogen substituted PCT/EP2008/003374

benzo[ |, 3] di oxol e, and -20-

-nethyl 2, 3- dihydro benzo[ | , 4] oxazi ne. 2. The process

Qth g% ng @l adik nmet al conpl ex

cata yst §“¥¥ﬁer ~co Pﬁéé§ﬂ% chi'ral diam ne ligand. 3.
HeisFeBess of claim2, wherein the chiral dianine

Ilgand is of fornmula wherein R16 through R19 is each

degchgfntl hydr ogen, cycl oal kyl, linear or branched
1S Yogfenyl optional 'y substituted with one
or nadeach 4’ a;ldi.yJ albyl@C,u aﬂkk@gy)rgr oups 4. The

|4m vvher
B S0 s R e P8 Qi o Ty S0 BB inBRE 73

pr ocb}fd;ogtfn &lluyrlmf, Cbloa{mnsblbntme,d}odimhm@(lm ﬂi(or(y;, a

het e 03 greu in R3 and R4
toge{“ﬁ%/a(e g{rj m&a@'r_r‘g?lg{’l Jr élﬁ%ﬁgg S-CR 5=CR6- , with

PAH\R B-¢Hat t he sulfur atomis directly bound to

the sxﬂmm R g;rashp@td@@ﬁlkei foh z3m@fet§' Bﬁfo@bﬁﬁladl ne noiety;
or al dw%g(llv R3 .and R4to er fo anmety of

fornu ISP # L ggpInte ffovi so t hat
(De emhldis =CRM-pdridamble® 't wgBber mtﬂwx’smum tb dhenchnieo

h
and SHARORRLER BeRErish i bellberstbaih s i SRV
hal ogpdeetedsfromithe gmp@Qasmtﬂnmfwaphthaleafs,rfstraﬂut, 8,35,
V\'hef &§hDdfd%benSol1 zﬁdidﬁi?% uH@u%Et@thEbd%? 2 ﬁdﬁﬁiogeﬁ Sibsfifen

roup consi stin yl, branched
or El Pdioxolg, re@%yrme@yw3r@hy¢syr‘benﬁq{éﬁweasz~ 4
al koxy, Cl1-4 al kylthi o, carboxy, (C _4 al koxy)carbonyl

-T-O 0 wherein T 1S )
TheER S bIANY howberein e BlakaHE o PR SRl S agpprises

dhirehdiadnénedigang. consi sti ng of hydrogen, nethyl,
substituted nmethyl, substituted ethyl, phenyl,
substituted phenyl, substituted benzy I
Thermrecasy Phelatmy P, whersist the ghisel qwmn@ulxgymdrétqffomula
substituted silyl, C _6 acyl, substituted G _6 acyl,
(Cl-4 al koxy) car bonyl ) Stltle;Ied (C1-4

al koxy) car bonyl and arylzo car ponyl ; and
R17 Rl9
18

R' R (Iv)

wherein R'® through R" is each independently hydrogen, cycloalkyl, linear or branched
C,-¢ alkyl, or phenyl optionally substituted with one or more C;_4 alkyl or C,_4 alkoxy

groups.

The process of claim 3, wherein R'® is isopropyl; R'” is hydrogen; and R'® and R are

4-methoxyphenyl.

The process of any of claims 1 to 4, wherein R' is a heterocyclic group of formula

R X
| V)
4 =
R N
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10.

RO may be |ocated at any position of the phenyl ring.

7. The process of any of clains 1 to 6, wherein RL is
woabosiistgsal a V, wherein R3 and R4 together for BRC/EPRI0S8I0Y3374

of -CR 5=CR6-CR 7=CR8- ; R5,2IR6 and R8 are hydrogen;

and R7 is chlorine; and wherein R2 is - C6H4R9, and R9

Wlfer&ﬁtl@%ﬁqgrtggéwér 18R alnRsady st f@rtmlHQSSLCRpE@ROf v&tl{hethe proviso

gﬁeny ri ng process’ of of clainms 1t
dhesHiurpton 1804“908?/ bavad 9, thg uPaN AtoRs TsRRS e 3 e@@smdme

rﬁ@‘ema noi ety of -CR 5=CR6-CR 7=CR8- ; R5, R6 and R8
n; dR?lschIorlne dwhr - 58
Bafigmdtv BT okets? R pitaoh s ~GRes 5 LR =CR™-, with
theproRisd that they carbgreatoor attached iotRit is «llmal)htydurﬁletb ¢lod etbon atom in
t ksti ng of tetrahydropyranyl,

pfOE'?llghg’&tE%ﬁwdlﬁg%tlﬁ% ynmethyl; and RO is Iocat ed at
apd@ﬁ@h@hR thmughﬂb ip fretepndentiy hydrogamer halogasss of any

of clainms 1 to 8 wherein each RL 1 is phenyl; each

R12 i s hydrogep; each and vvherel n, ea

is =CR_15-
Feproegss ohany of %lwﬂmlstObe 'm;rftia R% he—SdRR HwhetemeR t HSﬁslected from
th8 drdupaahkisting\bft Hhl G dCh & AkST) Srariched f)lolﬁriEaﬂ og_aralntda@l €N cyclo-
S ss of an
U e Rt £ SO TRR eben i cin elisRudiBrmon) b Gy« alkony)-
saifonyl] 1 T-THR pwhelemsT @f branghedfor ¢inaan(s, _ﬂalkmeﬂﬁ)yl ant &' Bisrselected
f‘r&ﬁ él‘?é g@ﬁﬁ %ghs?st&% ghx%%eh rlnéth?l Q@%ﬁﬁﬁ&{mt% hyi‘ f't18¥i’itﬁted ethyl,
nmeyle smbﬁlhée%pmb §uli>%mete¢1 bméd)yrldmyheetbyb substisuted pyridinyl-
19@&?? sﬁﬁsﬁﬂﬁé@&lﬂa@ﬂ YSh, suﬂ)%ﬁut&l@ DI RYETE, _Qfalk%ﬂy)cglfbonyl sub-
cl ai ereln t cess | conduct ed at
nEﬁ:'e‘* %@?’6\)56?‘{ qny 3gd ¢ O%F“ opyl; atfhe process of any
Rffmﬁy Bé tovatkdtad adyBpositiat 6f the bhaqymhagess is conducted at
an anount of the ketone of fornmula Il (substrate) at a

nolar ratio relative to the catalyst (S/C) from 100: 1
The proCss6 00ary ofl@aimBhletopty, sdessn & isoffoohule/\3i wiserdintRs' and R*

t&éethw}sflﬁ ia%&igﬁl &{—WgéRi@CﬁDMt, Rd, R arfd REAR %'Sl@lto%&?; and R’ is
chlorine; and
wherein R? is —~C¢H4R®, and R’ is methoxycarbony! and located at position 2 of the phenyl

ring.

The process of any of claims 1 to 7, wherein R' is of formula V, wherein R and R?
together form a moiety of -CR*=CR®~CR’=CR®-; R?, R® and R® are hydrogen; and R’ is
chlorine; and

wherein R? is —C6H4R9, and R’ is -T-O-R'° wherein T is —C(CHj3),— and R'is hydrogen
or substituted methyl selected from the group consisting of tetrahydropyranyl, methoxy-
methyl and ethoxymethyl; and R’ is located at position 2 of the phenyl ring.

The process of any of claims 1 to 8, wherein each R'! is phenyl; each R'? is hydrogen;
each Q is =CR'’—, and wherein each R'’ together with R"* bound to the same benzene

ring and together with said benzene ring form a naphthalene ring system.

The process of any of claims 1 to 9, wherein the process is conducted in the presence of a

base.
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between 0 C and 100 C. 16. The process of any of
clainms 1 to 15 for synthesizing an optically active

woabesosm32of formula | as an i nternmedi ate i n tRET/EP2008/003374

11.

12.

13.

14.

15.

16.

preparation of |-[[[I|-[( Eyr22--(2-(7-chloro-2-
qui nol i nyl ) et henyl ) phenyl] -3(i?)-[2-( 1-hydroxy-

- | I - . .
VTR RO ORReERREE IS e mateertitstr g pesence”

i8pgkast  sodi um

The process of any of claims 1 to 11, wherein the process is conducted in the presence of

a phase transfer catalyst.

The process of any of claims 1 to 12, wherein the process is conducted at a pressure
between 1 and 100 bar.

The process of any of claims 1 to 13, wherein the process is conducted at an amount of
the ketone of formula I (substrate) at a molar ratio relative to the catalyst (S/C) from
100:1 to 100,000:1.

The process of any of claims 1 to 14, wherein the process is conducted at a temperature
between 0 °C and 100 °C.

The process of any of claims 1 to 15 for synthesizing an optically active alcohol of
formula I as an intermediate in the preparation of 1-[[[1-[(E)-3-(2-(7-chloro-2-
quinolinyl)ethenyl)phenyl]-3(R)-[2-(1-hydroxy-1-methylethyl)phenyl]propyl]-

thio]methyl]cyclopropaneacetic acid (montelukast) or montelukast sodium.



