-1- Process for the preparation of optically active ethenyi phenyl al cohols
The present invention refers to a process for the preparation of optically
active alcohols of fornula 5 OH R RZ (1) 10 or its mrror imge, wherein
Rt is unsubstituted or substituted heteroaryl and R2 is phenyl or
substituted aryl, by asymetrically hydjogenating the correspondi ng ketones
in the presence of specific platinumnetal conplex catalysts, particularly
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method of choice. The reason is that the olefinic bond is prone to be hydrogenated simul-

taneously with or even before the keto group. Therefore it is a big challenge to perform the
hydrogenation both in a stereoselective and chemoselective manner.

25 Itis known that the compounds of formula I can be obtained by reduction of the corresponding
ketones with stoichiometric amounts of chiral reducing agents, particularly borane derivatives.
For example EP 0 480 717 and US 2006/0223999 disclose use of oxazaborolidine complexes
and EP 0 480 717 additionally describes application of B-chlorodiisopinocampheylborane
(“DIP chloride”). If borane derivatives are the reducing agents, specialized and expensive

30 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 [ 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.

35 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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The obj ect descri bed above is achieved by the process of claiml.
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10  or its mirror image, wherein R' is unsubstituted or substituted heteroaryl and R? is phenyl or
substituted aryl,
by asymmetric hydrogenation of a ketone of formula

O
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20 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
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or its mirror image,
35  wherein
each R"! is phenyl, 4-methylphenyl, 3,5-dimethylphenyl, furanyl or cyclohexyl;
each R s hydrogen, C,4 alkyl or C,_4 alkoxy;
and wherein




and each R13 is C -4 alkyl or Cl-4 al koxy; or (b) each Qis =CR14-, Rl14
being selected fromthe group consisting of hydrogen, fluorine, chlorine,
brom ne, iodine and C -4al koxy, and each R13 is Cl-4 al kyl or Cil-4al koxy;
or (c) each Qis =CH, and both R13 groups together forma nviety of
formula -O(CH2)"-O, wherein nis anjnteger froml to 6; or (d) each Q
is =CR15-, and each R 5 together with R13 bound to the sane benzene ring
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met hoxy ruthemum rhodlum palladium, osmium, iridium and platinum.
5
Here and as follows, the term “C,_, alkyl” is to be understood to mean any linear or branched
alkyl group containing 1 to n carbon atoms. For example, the term “C,_¢ alkyl” comprises
groups such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl,
isopentyl (3-methylbutyl), neopentyl (2,2-dimethylpropyl), hexyl, isohexyl (4-methylpentyl)
10 and the like.

Accordingly, the term “C,_, alkoxy” means a group composed of a C;., alkyl group as defined
above and an oxygen atom linked by a single covalent bond.

15  Here and as follows, the term “substituted benzo[1,3]dioxole” means a benzof1,3]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.
20
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,
25 ie. 2,2',6,6"-tetramethoxy-4,4'-bis[di(3,5-dimethylphenyl)phosphino]-3,3'-bipyridine;




25 i.e.
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“C6-TunePhos”, wherein Q is =CH-, R'' is phenyl, R is hydrogen, and both R" together are
30 —O—CHy)s—O-, i.e. 1,16-bis(diphenylphosphino)-6,7,8,9,10,11-hexahydro-5,12-dioxa-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;
35  “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;




30 -0 (CH2)6-0-, i.e. 1, 1 6-bis(diphenylphosphino)-6,7,8,9,10,11 _
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‘Solphos”, wherem Qis —CR 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 N-methyl-2,3-
dihydro-benzo[1,4]oxazine, i.e. N, N'-dimethyl-2,2',3,3"-tetrahydro-7,7-bis(diphenylphosphino)

25  8,8"-bi(benzo[1,4]oxazine) and
“XylSolphos”, wherein Q is =CR">~ R'! is 3,5-dimethylphenyl, R'? is hydrogen, and each R'®
together with R"? bound to the same benzene ring and together with said benzene ring form a N-
methyl-2,3-dihydro-benzo[1,4]oxazine, i.e. N,N'-dimethyl-2,2',3,3 'tetrahydro-7,7'-bis[di(3,5-
dimethylphenyl)phosphino]-8,8'-bi(benzo[ 1,4Joxazine).

30
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.

35  Inanother preferred embodiment the herein disclosed platinum metal complex catalyst further
comprises a chiral diamine ligand of formula




bound to the same benzene ring and together with said benzene ring forma
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hydr ogen, 156t 0 t sare rlng
o ¢ oot HEPE R Rbugh iR ety ]H%d%?gﬁaﬁh%‘m'fyéﬁ@e?r G PR mhe
use ofs " Bilkpdyor pheny! pptonellly pstitited wathlope atmenstGrgatkybor G54 allnowmmfas
preferr GQh&WQQ{dQEHHwédQefa%rr&ﬂ@etﬁ'cﬁ&d @8 eﬁienmsaaétnwbmte fdachoIP! ex cat al yst
further conprises a chiral diamne ligand of formula -b- HZN NHZ R17,
R19 (I1V) R16 Ris wherein R16 through R19 are each i ndependently hydr ogen
cycl oal kyThe témriegelogkylbistn bh eudeditod to Sneah knpho- apbigytlarsaturased grongd Jugh as
substi t ut&diopohi, %ﬁ)bgfyl Qf?él@peg-yl ACy@ioKé/)lyl %rb@ﬂnyﬂ n@}c&%ﬂ( Ywﬂﬁﬁ’d&'@ﬁ andfelatddese

| i gands shomed ct on e_.chenosel e e reaction.
L G R I L R S

sat ur at ecubstiugpss. such as cycl opropyl, cyclobutyl, cyclopentyl, cycl ohexyl,
nor bor nyl , norcaryl norpi nanyl, and related to groups, such as the

above-nenti on r oups i ng furt her sub ut ed w

subst i tueEd‘Pg‘PFeERg "é}%'“’gg‘ amipsigepds of O‘Eﬂ n@e’lﬂa t"l‘gy %&PMa |V are,
parti cul &bhﬁrgurano(lm)r DAPENSInd io QR R) g (SL) omnﬁgorat;ﬁ)Afd?BBEahd in (R R and

(S, S),con bl 16 D I 16 R' is
AT die e bpﬁpéﬁ mregxpk E?Egsgiéma}ﬁ R %@Nﬁeny 8Rew1dﬁ?@ are-thSRBLyPRY Iy,

1,1-bi s(ACnbﬂW%ﬁ‘ﬁ@ﬁ’&We@ﬂ%nyHl 220kRe ﬁ'é‘meéﬁ‘ii ne and "DPEN', wherein R16
and R19 &DPEPigwldrein &'1tand R ' pRemsyl;ané Rhyahd ®jbare hiydregen]i.@-1¢li- Mphﬁnyl

et hyl ene%\?z}[gngqﬁ ﬁ%g I n a preferred enbodi nent the chiral diamne |igand of
formul a BA BEN

20  In a preferred embodiment the chiral diamine ligand of formula IV is “DAIPEN".

In a particular embodiment, R' is a heterocyclic group of formula

R
25 l V)
. —
R N

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

30 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.

35  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_g cycloalkyl, phenyl, Ci_4 alkoxy, C,— alkylthio,
carboxy, (C—4 alkoxy)carbonyl, (Ci4 alkoxy)sulfonyl, ~T-O-R", wherein T is branched or
linear C,_s alkanediyl and R'° is selected from the group consisting of hydrogen, methyl,




In a particular enbodinent, R is a heterocyclic group of fornula R3 25
(V) R4 N wherein R3 and R4 together forma noiety of formula -S CR5=CR6-,
with the proviso that the sulfur atomis directly bound to the carbon atom
in position 3 of the pyridine noiety; 30 or alternatively R3 and R4
together forma noiety of fornula - CR5=R6-CR7=CR8-, with the proviso that
the carbon atomattached to R5 is directly bound to the carbon atomin
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tert-butoxycarbonyl. Here and as follows, the term"(d -, al koxy)sul fonyl"

S analog{oustotheterm"(Cl al koxy) - )
ere and as follows, the term “(C alkoxy%ulfony ” is analogous to the term “(C,-, alkoxy)-

20  carbonyl” as described above except for sulfonic acid ester instead of carboxylic acid ester.

Here and as follows, the term “substituted methyl” for R'® means a single carbon atom directly
linked to the oxygen of the “T-O—R'® moiety while also linked at least to one heteroatom or
carbon atom optionally forming a cyclic ring system thereby. Examples for “substituted

25  methyl” are methoxymethyl, ethoxymethyl, methylthiomethyl, fert-butylthiomethyl, (phenyl-
dimethylsilyl)methyoxymethyl, benzyloxymethyl, 4-methoxybenzyloxymethyl, (4-methoxy-
phenoxy)methyl, (2-methoxyphenoxy)methyl, tert-butoxymethyl, 4-pentenyloxymethyl, siloxy-
methyl, 2-methoxyethoxymethyl, 2,2,2-trichloroethoxymethyl, bis(2-chloroethoxy)methyl,
2-trimethylsilyl)ethoxymethyl, benzyl, diphenylmethyl, triphenylmethyl, tetrahydropyranyl,

30  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.

35
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




20 carbonyl" as described above except for sulfonic acid ester instead of
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Here and as follows, the term “pyridinylmethyl” for R' in the ~T~O-R'® moiety comprises 2-
pyridine-x-ylmethyl and 4-pyridine-x-ylmethyl.

25  Here and as follows, the term “substituted pyridinylmethyl” for R'® means a carbon atom which
is directly linked to the oxygen of the ~-T-O-R'® moiety and which is additionally linked to at
least one substituted pyridinyl group. An example for “substituted pyridinylmethyl” is N-oxy-3-
methyl-2-pyridine-x-ylmethyl.

30 Here and as follows, the term “substituted silyl” for R'® means a silyl group which is directly
linked to the oxygen of the -T-O—R'® 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 Ci4 alkyl or C,— alkoxy. Examples
for “substituted silyl” are trimethylsilyl, triethylsilyl, triisopropylsilyl, dimethylisopropylsilyl,

35  diethylisopropylsilyl, dimethylhexylsilyl, tert-butyldimethylsily, fert-butyldimethylsilyl, tert-
butyldiphenylsilyl, tribenzylsilyl, tri-p-xylylsilyl, triphenylsilyl, diphenylmethylsilyl and terz-
butyl-methoxy-phenylsilyl.




directly linked to the oxygen of the -T-0-R10 noiety and which is
additionally linked to at |east one substituted phenyl group. Exanples for
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25  from a Cs_13 phenol optionally substituted with one or more C,4 alkyl, C,4 alkoxy, halogen or

nitro. An example for “aryloxycarbonyl” is 4-nitrophenoxycarbonyl.

In a preferred embodiment R' is of formula V, wherein R? and R* together form a moiety of
formula -CR*=CR®*~CR’=CR®-; and each of R’ through R? is independently hydrogen or

30 halogen; and R? is ~C¢H4R®, wherein R’ is (Ci4 alkoxy)carbonyl or -T-O-R'®, wherein T is
branched or linear C,_g alkanediyl and R'° 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

35  of -CR’*=CR°-CR’=CR®-; R®, R® and R® are hydrogen; and R’ is chlorine; and wherein R? is
—CgH4R®, and R® is ~=T-O-R'® wherein T is —C(CHj3)~ and R'® is hydro gen 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.




phenyl optionally substituted with one or nore Cl-4 al kyl, phenyl or

hal ogen, and 1-adamantyl. Exanples for "substituted Cl-6 acyl" are
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In a particularly preferred embodiment the salt is a ruthenium salt, the phosphine ligand is

“Binap”, and the chiral diamine is “DAIPEN”. In a particularly preferred embodiment this

ruthenium complex catalyst is [(S)-Binap RuCl; (S)-DAIPEN] and [(R)-Binap RuCl, (R)-
30 DAIPEN].

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(C¢Hg)]2, “Binap” and

35  “DAIPEN” in dimethylformamide followed by re-crystallization from dichloromethane and
diethyl ether (1:10).
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si npl e  alcohols such as methanol ethanol, 2-propanol, butanol and benzyl alcohol; halogenated
alcohols such as 2,2,2-trifluoroethanol; carboxylic esters and lactones such as ethyl acetate,
methyl acetate and valerolactone; and organic solvents containing heteroatoms such as
25  acetonitrile, dimethylformamide and dimethyl sulfoxide. The solvents can be used alone; as
mixture or two-phase system with water; or in mixtures of at least two solvents optionally in
combination with water. Preferred solvents are mixtures of halogenated aromatic hydrocarbons

and alcohols.

30  Optionally, the reaction mixture may contain a Lewis acid such as scandium(III) triflate,
bismuth(IlI) triflate, yttrium(III) triflate, copper(l) chloride, copper(II) chloride, magnesium
chloride, aluminium chloride, iron(III) chloride, cerium(fII) chloride, lanthanum(III) chloride,
neodymium(III) chloride and samarium(1II) chloride. If a Lewis acid appears as hydrate, this
hydrate compound may be applied as well. Addition of Lewis acids may enhance both the

35  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 tetracthylammonium bromide,




purification of the product. Bases applicable in the present invention

i ncl ude inorganic and organi c bases. The bases may be expressed by the
general formula MY, wherein Mis an alkali netal or one equivalent of an
10 al kaline earth netal, and Y is a hydroxy group, al koxy group,

car boxyl ate, hydrogencarbonate or one_qgui val ent of carbonate. Mre
specifically, applicable bases include NaOH, KOH, CsOH, LiOCH3, NaOCH3,

NaOCH( CH3 KOCH
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Addi ti on of phase transfer catalysts nmay have a positive effect on the
separation of the product forned. 5 The anount of the ketone of fornula |
(substrate) varies with the reactor volune and can be at a nolar ratio
relative to the catalyst (S/C) from100:1 to 100,000:1, or nore preferably
from 500:1 to 20,000:1. 10 The hydroggration process according to the

I nvention may be carried out at atnospheric pressure or superatnospheric
pressure. . Typi.cal pressures are froml to 100 bar. Advantageously, | to 70
bar, in pttT R ar 5 to 40 bar are used. The chenoselectivity appears to

be gener allefollewing examplés futhee illustrats tus wsentivh bihaze hetdntegded ¢ limit it i@aoy i ons
may be cag4y.ed out at low or elevated tenperatures. An exanplary
tenperature range is from-20 Cto 120 C. Preferred is a tenperature
between 0 C and 100 C, and nost preferred is a range from10 Cto 40 C. The
r eact iSon Thestuduepend steenchtiistorodithe doaphoson ligakdl ishas fdlival yst | oadi ng, the
tenperature and the 20 hydrogen pressure. Therefore, the reaction may be
conpleted in a period of tine Eﬂ hin arange f froma few mnutes to

several hours or even days. - Exanpl es foll owi ng exanpl es further
Illustrate this invention bu ¢ not intendéd to limt it in any way. 5
The structure and stereochem s o] Hson ligand 1 is as follows:
e~k Synt hesi s of

HSCE‘)CO)I\I-CHSPFeCI—B 10 _H 1 A& )

1-[ (B)-3-(2-(7-chl oro- 2- qui nol i#y{ ) et Beay] ) ghen c2-propen-1-ol A
suspensi on of (E)-3-(2-(7-chl @.‘L"’""* " yl ) benzal dehyde (50 g,
0.17 nol, comercially avai | abk€ from Uni bgst Nrdustri al Ltd., N ngbo,

China) in 400 nm toluene was degassed at [0 A 1.6 Msolution of
vi nyl magnesi um chloride in THE (115 nL, O08/nol) 20 was added dropw se
over 30 m nutes whil e keeping the interpal tenperature at <10 C. After

15
Example 1: Synthesis of 1-[(E)-3-(2-(7-chloro-2-quinolinyl)ethenyl)phenyl]-2-propen-1-ol
A suspension of (E)-3-(2-(7-chloro-2-quinolinyl)ethenyl)benzaldehyde (50 g, 0.17 mol,
commercially available from Unibest Industrial Ltd., Ningbo, China) in 400 mL toluene was
degassed at 0 °C. A 1.6 M solution of vinylmagnesium chloride in THF (115 mL, 0.18 mol)

20  was added dropwise over 30 minutes while keeping the internal temperature at <10 °C. After
stirring for 1 hour at 0-5 °C, the reaction mixture was quenched by slow addition of 400 mL
aqueous ammonium acetate solution (10 %). The two-phase mixture thus obtained was stirred
for 1 hour to ensure the solvolysis of the magnesium salts.

The separated organic layer was washed two times with 500 mL water and concentrated in
25 vacuum to a volume of 75 mL. Then, again 75 mL acetonitrile were 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 methy! 2-[3-[(E)-3-(2-(7-chloro-2-quinolinyl)ethenyl)phenyl}-3-
30  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
35  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




stirring for 1 hour at 0-5 C, the reaction m xture was quenched by sl ow
addition of 400 nL aqueous ammoni um acetate solution (10 % . The two-phase
m xture thus obtained was stirred for 1 hour to ensure the solvolysis of

t he magnesi um salts. The separated organic |ayer was washed two tines with
500 mL water and concentrated in 25 vagyumto a volunme of 75 nL. Then,
again 75 nL acetonitrile were added and the m xture was concentrated in

vacuumto_.7 After etition of the |ast procedure, sul tjng
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m) was Hdernd ) unt11 a total volume of 0.5 mL was reached. The reaction mixture was then purged four

times with hydrogen, pressurised to 5 bar and run for 18 hours at room temperature.

25  General procedure for examples 7 to 9:
For example 8, the reaction mixture and hydrogenation 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.
30
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
35 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-
chioro-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




The sol vent was conpletely renoved under reduced pressure a second tine.
Stock solutions of 20 potassium carbonate in water (0.046 nmol in 0.05 nm)
and of triethyl benzyl ammoni um chloride in 2-propanol (0.004 mml in 0.06
m.) were added. Finally, the vial was filled with toluene until a total
volume of 0.5 nL was reached. The reactikon m xture was then purged four
tinmes with hydrogen, pressurised to 5 bar and run for 18 hours at room
tenperature. 25 Genera| ocedur e for . 7 to 9: For exanmple 8, the
entti on iUmEYeaalts Ryt BBt hore Cutdl (e SHE ZParabHi 8 s Gl o 10,
except f dx5Gihb wasastheanThe maxtiok orixteseavysitiem pargeddo@, timesgvithdgydtogem mi xt ur e
vas PrepgatuiRRH 9604Ad ki XA dt GorbitmpBitlipgenat i on vas performed in a
50 nL stainless steel autoclave and the product was isolated only by
extraction. 30 Procedure for the comparison exanples C to C3 - exenplarily
shown son Retalkpl the@xdmpled3 ©A ankliCirto €3 wikierepgard amthe tatalystdised) react@t doaditiofd. 0020
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chl orl8- 2- qui nol i nyl ) et henyl ) phenyl ] - 3- oxopr opyl ] benzoat e in tetrahydrofuran
(0.042 mml in 0.09 n.) was added. A stock solution of |ithium nethanol ate

i n et harmabld 0. EXxahpe¥sl to 9froohdemPerdfird)E bavehydlogen)added. Finally, the vial
was filled with 2-propanol until a total volume of 0.50 nL was reached.
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Conver si gn aﬁsz t%e prodyct et Ey/ﬁ\{g P ' '
[3-[(E)-3-(R- (7-chloro- 2-(4in6ISimk) ) et AEBW ) phenyl ] - 3- hydr gxypr opyRbenzoat
e were cat tatrest T HomEnc o e iedrs rticat o o chrongtogt By
(SFC int%rgs T:ﬁﬁg'og%eﬁtbf%zr/nel? /(P:Eté) cglg%%dz’(/ ee vvellg al soldr?easugrg‘e% b?/%', FC
(Chiral pak AD-H, 40% 2- p(igpad.J mL)) TOITE);1:| Exanplgs 3 tq 9 (rgoKw)
t enper at ei—5-bart+ot—hydregen)r—Neo—Eat—SLC-SSel Véant Base/—H 3193 ché,
Product € f%ﬁ Ri0g2 (iTRA A Bolyene | « (ESP\(fG{/ ol (%49 10 94. 4
(1:4; 0.5 mL) — R)
6| (S) | 100 0.083 | Clbenz/IPA/H,0O NaOH/ 6 99.4 97.6 | 95.7
(5:1:1.5;0.5mL)| TEBA (R)
(R) | 100| 3.5 Clbenz/IPA NaOH/ 6 100 >99 | 96.9
(5:1;20 mL) TEBA ()
8| (R)|482] 31.8 Clbenz/IPA NaOH/ 6 >95 99 96.7
(5:1; 20 mL) TEBA (S)
91 (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; (§) = [(S)-Binap

15 RuCl (S)-DAIPEN]; (R) = [(R)-Binap RuCl, (R)-DAIPEN]; (S)-Binap = (5)-(-)-2,2"-bis-
(diphenylphosphino)-1,1'-binaphthalene; (S)-DAIPEN = (25)-(-)-1,1-bis(4-methoxyphenyl)-
3-methyl-1,2-butanediamine; [PA = 2-propanol; THF = tetrahydrofuran; Cl-benzene = chloro-
benzene; triFtoluene = trifluorotoluene; Y(OTF); = yttrium(III) triflate, TEBA = triethylbenzyl-

ammonium chloride.




3 (S) 25 0.042 I PA/toluene/ H20 K2CO33/ 18 100 98.3 95.4 (1:6:1; 0.5 nL) TEBA
(R} 4 (S) 25 0.042 d benz/ THF/ H20 K2C03/ 18 100 95.5 94.9 (15:1:2; 0.5
m) Y(OTF)3 (R) 5 (S) 25 0.042 IPA, triFtoluene Cs2C8/ 6 100 94.3 96.4
(1:4; 0.5 nm) - (R 6 (S) 100 0.083 d benz/| PA/H20 NaOH 6 99.4 97.6 95.7
(5:1:1.5; 0.5 nL) TEBA (R) 7 (R 100 3¢5 O benz/1PA NaOH 6 100 > 99 96.9
(5:1; 20 nL) TEBA (S) 8 (R) 482 31.8 O benz/I1 PA NaOH 6 > 95 99 96.7

(51 20 Tivle Ffnbitisol kihphOOS 133 (PATHEMRA BAGHOIUnO%0H] (@parucd: 1

20 m) TEP#u:bPhydrogen) 1- 1 equi val ents base and 0.05-0.1 equival ents
additive; cat = ca ?yst (S) [(S) Bi nap 15 RuCl2 (S) DAIPEN ; (R =

[ (R) - Bi napnRUGE PENKT(S) ap 5)) Ibis

(di phenyl ph’t)(up K|én x?é]% bi Jr%apht hgﬁge&ne; P§§e [%ﬂf_g[ Kl{o'dé t?S) -za-y)lzmdud
1, 1- bi s(4- et hoxylphenyl ) { [Bmodt|Mdditive?: pubhnetfohm 1%] || G hpdrpgepptordl|; THE
= tetrahydrofuran; Cl-benzene 3 chl oro-| benzene; jtri Ft ¢l uene A
trifluordtoluene;l Y(OTF) 3 = yttiriunm(lI11) triffl ate, TEBA = tri[gfhyl benzyl -
ammoni umicBlofriaeg. 1- 1625 Tahb4 3. LGOMeAr | sin |escadpl e6 CL to C34.1
"(1 PA/ THH/ MeCH 3:(1:1;; 0.5 nL; rjoomtenpgerature; |5 bar |of hydrogen) No Pre
Lig S/C $ Base/ Tinme |[Cony Prodyct By-Prpduct] [mpol] Additive * [h] (C=C
hydr ogendt con) b [[%1 Cl2:a] Io.ek2 Q. BABdJO/OVels 16848216 § 54. 1 Chstp I 25 0. 042
DABCO 16 84.3 0]75.0 CB a 2 25 0.042 LiOw/ 16(90.3 3.9 44.9 Pre =
precursor| cat@alyst; Lig £ ligand; *= 11 eqw valents base; a =

[ Ru12( p- 4yBENEIJ 415 [ s~ Td B4l IS TRIHPOCT R [apy £1 AR [ T IT Bty =
tetraki s[[3, 5-bi s(tri f{l uof onet hyl ) phenyl | bor gt e; ,

Pre = precursor catalyst; Lig = ligand; * = 1.1 equivalents base; a = [Rula(p-cymene)]s;

s b=[Ir(1,5-cyclooctadiene); ]BARF with BARF = tetrakis[3,5-bis(trifluoromethyl)phenyl]borate;
1 = for structure see above; 2 = (R)-Xyl-P-Phos; IPA = 2-propanol; THF = tetrahydrofuran;
MeOH = methanol; LiOMe = lithium methanolate; DABCO = triethylenediamine.

10  Example 10: Use of [(R)-Binap RuCl; (R)-DAIPEN] as catalyst
14.50 g (31.80 mmol) of methyl 2-[3-[(F)-3-(2-(7-chloro-2-quinolinyl)ethenyl)phenyl]-3-
oxopropyl]benzoate and 375 mg (1.64 mmol) triethylbenzylammonium chloride were placed in
a 300 mL stainless steel autoclave equipped with a hollow shaft stirrer and a sampling tube
under argon. 25 mL degassed 2-propanol and 36.2 mL (36.2 mmol) degassed, aqueous sodium

15 hydroxide solution [1 M] was successively added. 72.95 mg (0.066 mmol, S/C = 482:1) of
[(R)-Binap RuCl; (R)-DAIPEN] was set under argon and dissolved in 120 mL of dry and
degassed chlorobenzene. The catalyst solution was transferred into the autoclave under argon.
Then, the autoclave was purged three times each with argon and hydrogen before the hydrogen
pressure was set on a value of 5 bar at room temperature. The progress of the reaction was

20 followed by taking samples after 3 and 6 hours. In addition, 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]-

25 3(S)-3-hydroxypropyl]benzoate:




1 = for structure see above; 2 = (R)-Xyl-P-Phos; |IPA = 2-propanol; THE =
tetrahydrofuran; MeOH = nethanol; LiOve = |ithium nethanol ate; DABCO =
triethyl enediam ne. 10 Exanple 10: Use of [(R)-Binap RuCl 2 (R)-DAIPEN as
catal yst 14.50 g (31.80 mmol ) of met hyl
2-[3-[(99-3-(2-(7-chloro-2-quinolinyl)gthenyl)phenyl]-3- oxopropyl]benzoate
and 375 ng (1.64 mmol ) triethyl benzyl anmoni um chloride were placed in a
300 nL ste;iﬁﬁ)l ess st eel auhﬂtclav%equi pped with a holl ow shaft stirrer and a
sanpl i ng P AFL-29GFRYE Vol WRHIralen)y ~jegassed 2- propanol and 36.2 ni (36. 2
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that the pressure was released and the resulting heterogeneous m xture was
divided into two equal portions. The two portions were subjected to two

di f f ellent?) MIPRYS 3P BR 8™} esul ting in a total of 13.37 g (92% of the
desi red [hedemhd pedtiby was treated with 600 mL ethyl acetate and 200 mL water. The layers were
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3(S) - 3- hydroxypropyl ] benzoat e was obtained as tan, crystalline powder. The
mot her | iPpgHos 982y ISFE (GaR pak0A B, UW0ONpropaict). Eagtioatdrit putty: FEULB@EES)WYT K- up

as outli . , ddi ti I t of 2.11 159 f t hyl
2 SOt L8R gy dle an sod 1 onal Arount of 2 115 (159 o MeCry

qui nol i nyl ) et henyl ) phenyl ]-3(S) - 3-hydroxypr opyl ] benzoat e was obt ai ned. 10
b) Agyeous work-up (extraction) The second portion was treated with 600 nL

ethyl acetate d,200 t er, he | wer e, . separated and the aqueous
| ayer vvazltxgg?ﬂea gz ef’(/\!irnpéﬁ%af’ #@b&ﬂiﬁ%ﬁ{@ﬂ aa?ccéia&’fsg. The conbi ned organic
|l ayers were dried over sodiumsulfate. Finally, the solvent was renoved
under r eduERsbenng $SrE whb BlaBidfl a B 138aibllebPHREA avtbel iRt dyMipped with a hollow

2-[3-1( Egﬁa%s{igr-er( gﬂdcahslm%li)fl)ﬁgztﬁgg {lr{](f?alr Li?x%!ggngmgéys{i?ﬁng, 226 g (0.495 mol) of freshly

25  recrystallized (activated charcoal and Celite, THF/MeOH) methyl 2-[3-[(E)-3-(2-(7-chloro-2-
quinolinyl)ethenyl)phenyl}-3-oxopropyl Jbenzoate was added. 5.6 g (0.025 mol; 5 mol%) tri-
ethylbenzylammonium chloride was dissolved in 131 g (2.185 mol) 2-propanol and the solution
was transferred into the autoclave under nitrogen. Then, 198 mL (0.198 mol; 40 mol%) aqueous
sodium hydroxide solution {1 M] was successively added. The autoclave was purged four times

30  with nitrogen.
110 mg (0.099 mmol; S/C = 5000:1) [(R)-Binap RuCl, (R)-DAIPEN] was dissolved in 33 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

35  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




15 phenyl ]-3(S)-3-hydroxypropyl ] benzoate as a resinous orange solid.
Purity: 98% by SFC (Chiral pak AD-H, 40% 2-propanol). Enantioneric purity:
96. 4% ee (S) by SFC (sane conditions). 20 Exanple 11: Use of [(R)-Binap
RuCl2 (R)-DAI PENJ as catal yst Chl orobenzene (891 g) was placed in a 2 L
stainl ess steel autoclave equipped W thga hollow shaft stirrer and a
sanpling tube under nitrogen. Under stirring, 226 g (0.495 nol) of freshly

25 tallized tivat I d lite,  THF/ I
271515 CEMBE AP P TGFTRGN yRORBRG SR SRy 3e 5 SR B3 P Eh oat o
was addedhe Bydsogen pesgrs wanteleagedrapil the resuitingdieteydgongony inéwtvre pirged &hir timiede  was
di ssol vedyitHnikddend (2. 185 mol) 2-propanol and the solution was transferred
aqueous. UG EPRGAPERTHERLET Fhe fPR iRl e DR LSRR s A au S

aut ocl avenddinalyutrapstired into @ glassdilteg BndpfiltdrechiThe pryeipitatd h@s nbtaingd G8Owasied ; S/ C
= 5000: 1)at b CBWwifh 438Rn1RethandiRardPtd : PEN) M@ Findll591h YEImE Meddindl. AGRr &3ihg! )

of chl orob ne, The catal yst_sol on.was tr erred into _the autocl ave
onder Cni S0AE M FSe byt 208 kb b By 2B HA G -lhra 2 ot gl

pur ged atetfenyl3phenyis8 (-3 rheydrortypriopylitiehzoagenormmhgdratetvess whtaoisd hoyrllotvishps wi t h
hydr ogen batfi dole Wil 285 HenP bESSHY, ‘?bWN@%)ﬁgﬁ' @g ragggt%l Reatidh 020 bar at

23 C. Durl t rsf 30 to 120 m nutes o nati1 on, no hydrogen
consqutﬂG gﬁ52g4%%§b¥6gﬁchbe to activation of the catalyst. The progress
of the reaction was followed by neasuring the hydrogen uptake curve and
taking sanples at the end of the reaction to confirm-18- conpletion. As
soon as no further hydrogen consunption was observed (after about 15
hours), the hydrogen pressure was rel eased and the resulting heterogeneous
m xture purged four times wth nitrogen. 100 g of chl orobenzene was added
to the suspension. The slurry was stirred for 30 mn at 5 C 5 and finally
transferred into a glass filter and filtered. The precipitate thus obtai ned
was washed at 5 Cwth 450 nL nethanol /water (1:1, v/v) and finally with
226 nmL nethanol. After drying at 40 C under reduced pressure, 204 g (86%
of nmethyl 2-[3-[(E)-3-(2-(7-chloro-2-quinolinyl)-

et henyl ) phenyl ]-3(S) - 3- hydr oxypr opyl ] benzoat e nonohydrate was obtai ned as
yel | owi sh, crystalline powder with a content of 99.7% (by 1H NVMR) and with
an optical rotation of 25




=-26.4 (c =1, CHRC2)- to [a]Jo (4# 1 4C rR pl (pi pp y@-~ -19-
Clains 1. A process for the preparation of an optically active al cohol of
formula 5 OH RR2 (1) 10 or its mrror imge, wherein R is unsubstituted
or substituted heteroaryl and R2 is phenyl or substituted aryl, by
asymmetric hydrogenati on of a ketone afjgformula O 15 R1 \ R2 (Il) 20
wherein R and R2 are as defined above, characterized in that the
asynnetruﬁaﬁ%drogenation is conducted with hydrogen gas in the presence of
a platinum t al conpl ex catal yst conprising a chiral phosphine |igand,
wherein the platinummetal is selected fromthe group consisting of

rut heni un. r ROgHoLERs &rGhe pRépatdtioAbbid oAl LEive Mcotd) opfoag@ai ne |igand is of
formumla Rlg 30 RR3 PR 2 R13 PR11 2 (II1) Q/

OH
Rl
V/\@V\Rz )

10 or its mirror image, wherein R is unsubstituted or substituted heteroaryl and R? is phenyl

5

or substituted aryl,
by asymmetric hydrogenation of a ketone of formula

0
15 I
R~
\A@/Lk/\If an

20 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
25 iridium; and the chiral phosphine ligand is of formula
RIZ
]
30 13 AN 11
R PR,
13 1
R PR
| XX 2 (1
NZ
35 RlZ

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




35 Rg or its mrror imge, wherein each R 1 is phenyl, 4-nethylphenyl,
3, 5-di net hyl phenyl , furanyl or cycl ohexyl; -20- each R12 is hydrogen, Cl-4
al kyl or Cl-4 al koxy; and wherein (a) each Qis nitrogen, and each R 3 is
C 1-4 alkyl or C 1-4 al koxy; or (b) each Qis =CR14-, R14 being sel ected
fromthe group consisting of hydrogen,of.luorine, chlorine, brom ne, iodine
and Cl-4 al koxy; and each R13 is Cl-4al kyl or Cl-4al koxy; or (c) each Qis
=CH, and both s t r am)lety of formula -O(CH2),,-0O,
wherein n is® ﬂﬁl} £% gdogf’?’(foﬁ"ft“iygo%&“b? Ud) each Qis =CR 5-, and each R 15
t oget her wit lanwherelpound to the same benzene ring and toget her with said
benzene ring forma ri ng system selected fromthe group consisting of
napht hal ene, tral,i 3- di hydro-benzo[ 1, 4]dioxine, unsubstituted or

2, 2- di hal ogen‘& ut?é’?*?@dst H"ge‘Benzo[ 1, 3] di oxol e, and

N- et hyl -2, 3-di h;addoacﬂlé‘hza[Clébalk])«bma@mékOW,Qr. The process of claiml,

wherein the P{pjt leamﬁﬁ@k“mimb&efg%@dm{hw rco&ma bses a chi _ral

di am ne |igand. cess o .cl aim 2, he chiral diam ne
ligand is of for thflré.’g?—’lNﬂNPP“egﬁﬁ projne, 19dinegingy X¢1V) wherein R16

through R19 is eaodaeaqhdébsr(ﬁamldyyomdxdg@w ocycl oal kyl, linear or branched
15 C1-6 al kyl ¢)ore, 3\ @fyLcgptional Iy substituted with one or nore Cl-4 alkyl

o R e S ik ho g o 5 1
—-O—CH3),—O-, whereln n is an integer from 1 to 6; or
(d) each Q is =CR"—, and each R'® together with R'* bound to the same
benzene ring and together with said benzene ring form a ring system
selected from the group consisting of naphthalene, tetralin, 2,3-
dihydro-benzo[1,4]dioxine, unsubstituted or 2,2-dihalogen substituted
benzo[1,3]dioxole, and N-methyl-2,3-dihydro-benzo[1,4]oxazine.

5 2. The process of claim 1, wherein the platinum metal complex catalyst further comprises a
chiral diamine ligand.

3. The process of claim 2, wherein the chiral diamine ligand is of formula

H,N NH,

19

10
17+

\'R
R' R® (V)

R

wherein R'® through R" is each independently hydrogen, cycloalkyl, linear or branched
15 C,-¢ alkyl, or phenyl optionally substituted with one or more C;—4 alkyl or C;_4 alkoxy

groups.

4.  The process of claim 3, wherein R'® is isopropyl; R'” is hydrogen; and R'® and R"® are
4-methoxyphenyl.
20
5. The process of any of claims 1 to 4, wherein R' is a heterocyclic group of formula

R N
| V)
2
25 R N




4- met hoxyphenyl. 20 5. The process of any of clains | to 4, wherein R is a
het erocyclic group of formula R3 (V) 1-5 25 R4 Nii 21 wherein R3 and R4
together forma noiety of fornmula -S-CRS=CR6-, with the proviso that the
sul fur atomis directly bound to the carbon atomin position 3 of the
pyridine noiety; or alternatively R3 and R4 together forma noiety of
formul a - CR5=CR6- CR7=CRB-, with the prdviso that the carbon atom attached
to R5 is directly bound to the carbon atomin position 3 of the pyridine

moi ety; andwaasih Réﬁndliamtgane@mhaB&etys)fraaqﬁ@@t@le%m M%Hgg)e@o @k aral ogen. 6.
wherein R2 - wherein RO is

The process ;
sel ected fr 8‘@%"‘[ ﬁ%éilfrd&fﬁf‘ﬂy g@ﬁ@ﬁ‘?ﬁ?fh@ﬂ B0 BRI, Of@ipﬁ‘d}i‘F W’Iefy ¥ranched or
| i near C24 slickemtively, R’Ghbd B' tﬁgé(hlar(femﬂal tojdty omamal CREERﬂCR%Ckge)Wt,h ﬂ{ajpr@nso

| kyl t hi 14, I kox I
?T )6 }? 1o, vmgl?t(rat?e(r)]é%?n :gtg:m Bttagheb ﬁo o Orrejgfg/rl%undt Oflﬁomcl)rbgyc)m KmS}l On)é is

sel ected f rmmdtnhélogryow eesb nER Strpygly R fs lrkﬂynhn(b@énhydrommWOgelsubst i tuted
met hyl, substituted ethyl, phenyl, substltuted phenyl, substituted benzyl,

pyri di nyI met hyl , substituted pyri d| nyl- nethy sub§t| tuted silyl, Cl-6
acyl, sibst THeprasess efiang ofglaps 1 to b cuherei) R dscf yibRr bVé?rylpR i§ sbesterl fromahs P 1. 4
al koxy) car b@ayénngama@geﬁl @psmwtk}myéd,or ﬁxﬂb@r anraiyyl be; cya&caﬁ(tylegheayl @ny position

o s o oty edaio el Qe ShaSb S R St P N iR !

chl orine; ahxsl bmhéneéommmclﬁlkamwﬁﬁl{ angtleR9d fran thagﬁotqmoym@mycﬂro@nd | ocat ed
R Foget her™iyfiifisP AR, bty o Mg GRS v @il oeafST G111 B8 20
R8 are hydrpdg@nylmethﬂ spostityted hyriginiyh arethanshbytiesedsilyl, (s govl, GBFIREd GRdoRR i s - T- O R

wherein T i@, s a%@)@b):&nyl%@kuﬁk@ (&S a5 QSR Hd a%}}’é%%ah}oy}l eds Rehfe sel ected
fromthe group(gl consi st | nf%lEo t et rahydropyranyl’, methoxy- methyl and

et hoxy et hyPeaied a@oyepsitien ¢idheahendl ipe position 2 of the phenyl ring. F

7. The process of claim 5, 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 -CgHR®, and R® is

methoxycarbonyl and located at position 2 of the phenyl ring.

8.  The process of claim 5, 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¢HLR®, and R? is -T-O-R*°
wherein T is -C(CH;),- and R" is hydrogen or substituted methy] selected from the group
consisting of tetrahydropyranyl, methoxy- methyl and ethoxymethyl; and R is located at position
2 of the phenyl ring.

9. 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 naphthalepe ring system.

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




9. The process of any of clains 1 to 8, wherein each R11 is phenyl; each
R12 is hydrogen; each Qis =CR15-, and wherei'n each R15 together wth R13
bound to the same benzene ring and together with said benzene ring forma
napht hal ene ring system 10. The process of any of clains 1 to 9, wherein
the process is conducted in the presef@e of a base. 22 11. The process of
any of clains | to 9, wherein the process is conducted in the presence of a
oW S | BES Orne bRoes A1 PiRARRT «PL wRMY BE Bl DBonliucl  inhe prUBRE G L.l PY OCESS
i s conducte n the presence of a pﬁasg transter catéfyst. 13. The process
of any of @Fidins 1 to 12, wherein the process is conducted at a pressure
between 1 and 100 bar. 14. The process of any of clains 1 to 13, wherein
the process is conducted at an anpunt of the ketone of fornuéa [

(subst r B e) Thewroseshofi 28y ofickitpsd tp b1 whqrepthe progepids eoatlugied &y thqregsesce p1agiiist00: 1 t o
100, 000: 1. thfsfer &Hyspr ocess of any of clainms 1 to 14, wherein the process is
conducted at a tenperature between 0Candl100C. 16. The process of any of

claims ] tgq 15 for synthesizin n optically active alcohol of fornmula I as
o T b e Bpioh PSP bl e TG AR o TSR o2 PSS besipes . 5.

qui nol i nyl ket toesal ) phenyl] -3 (R -[2- (1 -hydroxy- |

- et hyl et hyl ) phenyl ] propyl] - thio]nethyl]cycl opropaneacetic acid

(nont el Hlk aslth)e progerss orpgrrllj; oe% lc a#nas'ﬁtto ﬁ?gﬂelflerirr]l the process is conducted at an amount of the
ketone of formula II (substrate) at a molar ratio relative to the catalyst (S/C) from 100:1 to
100,000:1.

15. The process of any of claims 1 to 14, wherein the process is conducted at a temperature between

0 °C and 100 °C.

16. 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 I-[[[I-[(E)-3-(2-(7-chloro-2- quinolinyl)ethenyl)phenyl] -3 (R)-[2-
(1 -hydroxy- 1 -methylethyl)phenyl]propyl] - thioJmethyl]cyclopropaneacetic acid (montelukast)

or montelukast sodium.




