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Process for the asymmetric hydrogenation of b-am no

ket ones The invention relates to a process for the
w@e@sarse on of enantionerically enriched or PCT/EP2004/009690

enantiomerically pure (S)- orqy(i?)- ~nonosubstituted

b-am no al cohols of formula and enantionmers and

their addition salts of pr.oton_acids which can be
ProgpssHpr the wnag%wéxyidregw&% QER-A00BR kstonss ani no

ketones of fornmula Il and their addition salts of

proton acids. iV-Mnosubstituted b-am no al cohol s of
The inventiom rblateis kea pre@pss(fo the preparatioh wif endntiommetically enriched or

2-.t hi gphenyl X

cnag e CAla, P S AT Ben e e B g eroR e for
pr epar on of pharmaceutically active conpounds I|ike
(5)- (@t ny - |
[ 3- (' nggoht hyl oxy)- 3- (2-t hi ophenyl ) - propyl ] - aki ne
((S)-dut oxetine, see e.g. Liu, H et al., Chirality
2000 )ﬁ-which acts as neuro-active conpound
strSKbly |nh|bEting t he serotoni ne and narephedri ne
upt ake (Deeter, J. et al., Tetrahedron Lett. 1990, 31,
7101- 7@941)311“0!“!315 (X =S, R = nethyl)

and thdir AHAIASE tsz'tlﬁ%@ Xnﬁoﬁf 2di8PWhRAGaEBe 6b@RR 6% asyhimkeRhytlgenation
preparation of i V-di methyl b -am no al cohols via

of pammiccketenesof faaedd ons of net hyl ketones with
par af or mal dehyde and di met hyl am ne fol | owed by
reductd of the carbonyl group. After reaction of the
hydr o yI roup affording an al kyl or aryl ether
deri e, one iV-nethyl radical is renoved obtain
JV- nonosubstituted conpounds. In WO A-03/0622 g,
JP- A- 2003-192681Rand Sorbera . A et al. {Drug Future

20000725, N~
o H

and their addition salts of proton acids.

N-Monosubstituted B-amino alcohols of formula I like (S)-(-)-3-N-methylamino-
1-(2-thiophenyl)-1-propanol (I (X = S, R = methyl)) are useful key intermediates and building
blocks for the preparation of pharmaceutically active compounds like (S)-(+)-methyl-
[3-(1-naphthyloxy)-3-(2-thiophenyl)-propyl]-amine ((S)-duloxetine, see e.g. Liu, H. et al.,
Chirality 2000, 12, 26-29), which acts as neuro-active compound strongly inhibiting the
serotonine and norephedrine uptake (Deeter, J. et al., Tetrahedron Lett. 1990, 31, 7101-7104).

I O/\/\N/ H
- a
I (X =S8, R =methyl) (S)-duloxetine
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907-916) several strategies for syntheses of

dul oxetine are presented, which were published during
W0 b@sloase7 years. A common synt hesi s princi pl e PEI/EP2004/009690

processes nentioned therein ig the formation of the

hydroxy group via hydrogenati on of a carbonyl group.

The e ' trategies for the pr rati of,
BB Ao and BP AsRot B isclt i satam af s gt metis? Prapo alcohols
i ch i %88actidhs 8f mb AR Wil pelr AGEHA1E bifnethylami
Vlér)lg%llﬂﬁt%ln%éfr%rﬁ acﬁ#rpaﬁ§ﬁl§ééro genalfalgon of %@Jgggﬁ@ sthylamine
folloredispreduition ofizhe davbatiyh oy bA fterawaation lof thertegsiroxfh group affording

an 5T 0 B e BT P, VBr B it cp obgin mono-
suBﬁitlﬁlﬁ:d E(in_gﬁ(;\gldgon'pl exes or achiral conpl exes together

wth optically active auxiliaries as hydrogenation
catal ysts. A common feature is the consequent use of

in R RBI0BLEE) 0¥ B PP PRI Pl LV 3l Bl 2000, 25,
90913118) fsdral RiéLeafol yynthebdhof duddwttiae B)re@hRUPHhioR fere published
used to protect the am no group. I n EP-A-1254885,

dugigg thedestiyeatkyd cogeteasyshcess paasipledp processes mentioned therein is the

Fopt o R A v P3O B T LA EARGED. TRl e o main
stratgpiee foruhe plepaptiometthephied akcohsls dr dafiesieds théteef.

i b e SO oM sae o plca ke A BB TR ik dro-
gefulfibh 19k coff¥imRldg 0 NEIQEBNALAG ReiBhesal d ami no

et ones cont al ni ng_at east one - N R3 group
Thatsecamidmow? i§ asymmyetriohydibganrticmo by ANHiatkytt Bvdnaine ketoRSs usng either

hydrogen i 5 disclosed on page.4, lLine 14ff. Th .
e AR end cinbenss SonDitah 2t eripatthch i ppBitiy astive auxiliaries
as\hgx@frogéﬂhﬁagcgtglygdskyl, cycl oal kyl, aryl or aral kyl are

not disclosed. In a known process for_ the preparation
A egmpan deatyre 4 thy cerseyent ppeefanipe-pedteqtisp.gaenps wdii¢hweregemoved as

on% _%itf @_eﬂ?sﬁt@%ﬁ% f)qu}eftﬁé flﬁ%l%l_%ﬁﬁ% %dgﬁ%(ﬂ%lﬁ;ié_)&ﬁﬁﬁg&%efg{ably, methyl and

am no-
benzyl groups were used to protect the amino group.

In EP-A-1254885, asymmetric hydrogenation of several N,N-disubstituted o-, - and

v-amino ketones in the presence of catalyst systems consisting of ruthenium-phosphine-
complexes is disclosed. The catalyst system comprises bidentate amino and bidentate
phosphine ligands complexing the Ruthenium (Ru) ion.

Asymmetric hydrogenation of said amino ketones containing at least one -CH,-NR?R? group
wherein R? is acyl or alkoxycarbonyl and wherein R? is hydrogen is disclosed on page 4, line
14ff. The particular combinations wherein R> is hydrogen and wherein R? is alkyl, cycloalkyl,

aryl or aralkyl are not disclosed.

In a known process for the preparation of an optically active precursor of (S)-duloxetine, a
catalyst system for asymmetric hydrogenation of 3-N-dimethylamino-1-(2-thiophenyl)-
1-propanone is disclosed in Ohkuma, T. et al. (Org. Lett. 2000, 2, 1749-1751). In spite of
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1-proranone is disclosed in Chkuma, T. et al. (Og.
Lett. 2000, 2, 1749-1751). In spite ofseveral exanples
WO orosptRi substituted b-am no ketones, asynmeCT/ER2004/009690
hydrogenation of iV-nonosubstjtuted b-amino ketones is
not disclosed. Sakuraba S. et al. (Chem Pharm Bull
1995, 43, 748-753) .di.scl oses, di.rect asymetri.c .
sevirg b IRRIPON, Gfl SibSTRHHIE HpIngeIoGes SRERPEIIC HydmsaYiog of
Nh GRS Aed BLaf P RAGId WS dschiegss of < 80 % A
process tor asymmetric hydrogenati on and subsequent
debenzyl ati on of am no ketones containing a benzyl

Saliharse cbal (aPoRLaa . S5 AP Lo ABERRETHER s gpmetic hydro-
gendf&E Bﬁmg&rﬂiﬁ& irRayll Bpfphndhe $6dudHR0n of chiritiddric excess of

process for both selective and asymetric . )
< 8Ayalrdo grsetsifonasymnagtiie bydregenatien ﬁry{ giibsequsaiedrbienzylation of amino
WO A- 02/ 0554.77. cent.ral nitrogen.a far -
ketgpias SRR birel WGBS otk RE R CleRli, ar SBPa B st 2
HyokéR#i8A of bR Ketdriék thRhinEigiRtdrodtbadtibyesRiuseishivt digelosad.
and no N-H group is present. Al known processes used
in synthesizing precursors of pharmaceutically active
o : (S~ . . . . '
A EFTHE: tok SRl Slepfih G AR REIRA B fino RO i
disélegedtin WOE@JOE/(HGM’X/. &\ tontimbgiangat aiom. folnepar atd opraniino ketone
i V-npnosubstituted b-keto am nes af fqornula.ll and
mojeky Wtainy the sqmmsgeeﬁg T migpeeraiomds BT SuREed by a methyl group
ﬁt}llgﬁjﬁgq it ernative and economically
amglg{/ant dge u%ﬁgéys/nt hetic route for industrial production
of optically active derivatives of iV-nobnosubstituted

-am no alcohols. of fornmula I. |ik S) - dul oxetine.
ALARBAEROSF RS drestingyntRUALE B PISRES S PR R oo compounds
likd @) MdlAetine GPRy R dHaBORbLENRAE kefoded\@e (CRarhéteriredtih @ight the amino

described in I'nternational Application No.
groRpy Ad@EPOGyntan activedrydsegeniaioms: he mai n dr awback i s that

the correspondi ng al cohols are available as racemc

m xtures only. No nethod is disclosed for an efficient
Pre?ﬂﬁﬂbh 88 NLA6HdsUBsti @Y BLtlefNarRines 65 raiila IT and asymmetric hydrogenation

- nonosubsti t ut ed . )
of the carbonyl group establishes an alternative and economically advantageous synthetic

route for industrial production of optically active derivatives of N-monosubstituted B-amino

alcohols of formula I, like (S)-duloxetine.

Racemic mixtures of the enantiomers of compounds of formula I, can be prepared according
to the method described in International Application No. PCT/EP03/07411. Presently, the

main drawback is that the corresponding alcohols are available as racemic mixtures only. No
method is disclosed for an efficient enantioselective reduction process of N-monosubstituted

B-keto amines.

In the following the terms “B-amino ketones™ and “B-amino alcohols”, more specifically
“(S)-N-monosubstituted B-amino alcohols”, include the pure compounds and their

physiologically acceptable addition salts of proton acids.
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b-keto amnes. In the followng the terns "b-am no
ket ones" and "b-am no al cohol s", nore specifically

WO ¢00S)p215Y7 nonosubsti t ut edb -am no al cohol s, i PCT/BE®04/009690
t he pure compounds and their ,physiologically
acceptabl e addition salts of proton acids. The term
“enantionerically enriched conpound" conprise

S, .
Thedgun tapntjorasicalls codehsd SRBIROVRC IOBMPISFRARICBIEAT L e cprpawnds with
aneg%ﬁ%ggefﬁi&f&g%s%gg) of % (st 758, t erm "enanti omerical ly pure

rrses optlcarly active conpounds with an
enantioneri c excess of at least 90 % The term"C

e-al kyl" represents a |linegr or branched al kyl grou .
Thererm Rpantiqraerically PYECORRIYR ?%?Pré%%%ﬂabwﬂm% C,O%@PH&FS, with an
ol noputyl, isobutyl, sec-butyl,
enm@é?%*Lu??égQ%§ﬁ¥§?9362 hexyl. The term"Cs
s-cycl oal kyl " represents a cycl oal i phatic group having

3 to 8 carbgn atons, i.e. cl opr.o cycl obutyl
Thedgian Spentiry]” represgRadyicar @%ﬁ%@*&ﬁﬁw 8W8¥§‘9%1P%3§?§’|°?“b0n atoms,
1EGhyRIyl, SrEPIER 12/ bARA, i iS8hRk 1Y seeWasili ferttimey], pentyl
for g%b%lr#a(felﬁfg{ g?oupy, Iforrg}g erg%‘lbgy phenf/al}1 or nHapht hylﬁ}f1 wherein
andtherylsubsti tuents optionally being further substituted

with one or nore Ci-4-al kyl groups and/or hal ogen
atons. The term "aral kyl" represents an optionally

Thel tefih RES s-S3HSdIk 1V kg flesahts la cielosliphatio geiupttianigg B tofShmartyon atoms, i.c.
or naf th%l bound to the nol ecule in questio vi% a

cycloprapat, cgrlobutyl, ieyelopentds gyclphesH exslohsetyl gpd pyglooctyl.
substituted by hal ogen atons. The substituents of the
aryl noiety can be one or nore C ”~-al kyl groups and/ or

The et gen] alepresentTneoteahlly subistimtaldremntiogivep sukiesdloghenyl or

VAU AN SFENEIRTAENCE CHRTN Ty
Cr i SEHIG Mydl on nest o get enanciorercal Iy

(i J)-iV-rnonosubstituted
The term “aralkyl” represents an optionally further substituted aryl moiety consisting of
phenyl or naphthyl bound to the molecule in question via a linear Cy.4-alkyl moiety which can
be further substituted by halogen atoms. The substituents of the aryl moiety can be one or

more Ci4-alkyl groups and/or halogen atoms.

The technical problem to be solved by the present invention was to provide a selective and
high-yield process for the asymmetric hydrogenation of N-monosubstituted p-ketoamines to
get enantiomerically enriched or enantiomerically pure (S)- or (R)-N-monosubstituted

B-amino alcohols without using protective groups for the secondary amino group.

Another target of the present invention was to provide N-monosubstituted B-amino alcohols.

The problems mentioned above could be solved according to the process of claim 1.
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b-am no al cohol s w thout using protective groups for

t he secondary am no group. Another target of the
w@e@sonts2T nventi on was to provi de JV- nbnosubst PCT/ERZN04/009690

-am no al cohols. The proble nmenti oned above coul d be

sol ved according to the procéss of claim1l. The present

i nvention provides a process for the preparation of
The piésenl in¥eion prerddesta masassfos the HﬁWéﬁﬁ‘ﬁﬁ?f@H@f@W@Pﬁ pf formula
X represents S or , and R represents G -6-al kyl,
C3- g-/cyclhoal kyl , aryl or aral kyl, each aryl or aral kyl
bei n¥ ionally further substituted with one or nore
Cm al kyl groups and/ or hal ogen atons, which ocess
conpri ses the Q§Rnnetric hydr ogenat i on of coﬁ%ounds of
formol a ~Wwhe¥in X and R are as defined above, in the
presence of aHransition netal conplex of a chira
bi dentesd @agtbwgphi ne | i gand and, optionally, a base. In
whelleif 5@%‘5%&% SR esif® Rtrefaﬂaﬁen@éﬂc{.gabuégl, dS UcadI6alROEF b @ alkyl, cach
i'gand*1's a conpdund of fornula and enantioners
aryMdrerakyl beihgaptioRralyafuehersubstitnted with onsror ingsp Copypllyl gioyps and/or
wherei nR4 and R5 are hydrogen or R4 and R5 together
halggsn oS sopr opyl i denedi oxy group. Particul arly
whiPh BERESRDniPAised e By nthStrio Bl Bddgendtion ol compo@p oo fytmuind
R4 and R5 are hydrogen; or R2 and R3 are nethyl and R4
and R5 together forma isopropylidenedi oxy
group./Cigands of the fam |y of DuPhos-Iigands of
wherein R3 is nethyl, ethyl or isopropyl
and wheffein R4 and R5 are hydrogen are sold bl
Chirotegh Te hnql@gy Ltd.

0 N

wherein X and R are as defined above,
in the presence of a transition metal complex of a chiral bidentate phosphine ligand

and, optionally, a base.

In a preferred embodiment the chiral bidentate phosphine ligand is a compound of formula

R
R2 ‘\\\“RS
P—,
“33
R 111,
R2
[
s 4
R3\\‘\ é R
RS

and enantiomers

wherein R? and R? are methyl, ethyl or isopropyl; and whereinR* and R’ are hydrogen or
R*and R® together form a isopropylidenedioxy group.

Particularly preferred R? and R® are methyl, ethyl or isopropyl and R* and R’ are hydrogen; or
R? and R? are methyl and R*and R® together form a isopropylidenedioxy group.
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Li gands of the fam |y of Ketal Phos-1ligands of fornula
Il wherein R3 is nethyl and wherein R4 and RS

wo ogsvbese7 f orm a i sopropyl i denedi oxy group ar ePCT/EP2004/009690
avai l able from Chiral Quest, [ nc. Preferably the
transition nmetal is Ruthenium (Ru) or Rhodium (Rh).

Par t | ar | f '
Ligeads aF WAy ef BRP GRS e o piIL "SRR R i e el or
isop 0&’3’% F\.Ilhoﬂg?ljgin it d'f@S RPArBEM e Q61d 1y (Hitofech FecRilogy Ltd.

and R7 are mét hoxy or ethoxy or
wherein R6 and R7 toget her forma 1, 3-propyl i denedi oxy

1,4- b yl i
Liogrie e P b it B TR LY B e
R a%g‘igg{og&ﬁelcﬁﬁﬁ|a§§dﬂ%§g}@1fdeﬂeﬁaox§) %Qﬁé) &Evhl?abid\ﬁorﬂfffﬁﬁis Quest, Inc.
(R R R R-M)>Keta Phos, (S)- or (i?)- C4 TunaPhos and

bl e i S P A KPR pod

tran%lﬁgn%e@él@sﬁﬁn& sting of (SS)-Me-DuPliCS, S) Et-DuPhOS
S, S, S) - Me- Ket al Phos, (S)-C4- TunaPhos and

(S)- MeOBi Phep of the foIIovm ng formulae V'

In a;%stﬁ%%)'\%g{rgﬁ? sﬁggcﬁ%g@ tEEEEIJu 1t g%ita?«gghosﬁf hghgm is @l%o§rp§und of

formula

R’ l PPh,

7 IV:

R ! PPh,
and enantiomers

wherein R® and R” are methoxy or ethoxy or wherein R®and R’ together form a

1,3-propylidenedioxy or a 1,4-butylidenedioxy group.

Particularly preferred the chiral bidentate phosphine ligand is selected from the group
consisting of (S,S)- or (R, R)-Me-DuPhos, (S,S)- or (R, R)-Et-DuPhos, (S,S,S,8)- or
(R,R,R,R)-Me-KetalPhos, (S)- or (R)-C4-TunaPhos and (S)- or (R)-MeOBiPhep.

More particularly preferred the chiral bidentate phosphine ligand is selected from the group
consisting of (S,S)-Me-DuPhos, (S,S)-Et-DuPhos, (S,S,S,S)-Me-KetalPhos, (S)-C4-TunaPhos
and (S)-MeOBiPhep of the following formulae

1§

(S,S)-Me-DuPhos (S,S)-Et-DuPhos,



(S)- MeOBi Phep. The catal yst precursor conpl ex
optionally conprises at |east one further stabilizing
wo p@aneisguch as a di ene, al kene or arene. | n aPCT/EP2004/009690
preferred enbodi nent the staw lizing ligand is
1, 5-cycl ooct adi ene (cod) or /?-cynmene (cym.
Particularly preferred the stabilizing ligand is
,5-cyc|ooctadie2§. The hydrogenation is carried out
with a catal yst,s0 fon in a polar solwxent.
Pr ef er abl ol solvent is neth et hanol or
i sopropyl ~'0T a m xture theb-o‘ e sol ution
may contain er additives VfFé et W acefBacet at e
Rhe/cat at,yst sol uti GhQan be prepared in situ
ng a transition net It 3 eps,Mis Ru
is O B AsF SbF%gr p§h2
ul fonate or triflate); anot her
sui tabl e coupterhon, in a polar solvent "and m xi ng
W th a suijabke nt of the chiral |igand,
optionally furtyher jmixed with the stabilizing |igand.
Al ternatively, tOE atalyst solution can be obtained
by m xing a transition netal conplex which al ready

cont ai tabil i zi l'i gand A TSHI | e anmount of
t he CML%)I'@%'&%%?@%% her nor gbﬁ‘{é‘@gﬁﬁ’gst sol ution
can be obtai ned by dissolving a preforned chiral

transition netal-1igand conplex which already contains

further st ai ng ligands. In a preferred enbodi nent

the cataly gcursor conplex is prepared by m xing a
t r agg-Lies onpl ex of the formulae [ Rh(cod)2] or
bi dent’a@t e phosphi ne sel ected fromthe
group consistjng of Me-DuPhos, Et-DuPhos and
ppipreferably the chiral bidentate
phosphi ne i ected fromthe group consisting of
(5,,9)-Me-DaRhes (S, S)-Et-DuPhos and

(S, 5 S,5)-M-Ketal Phos. Preferably the netal salt My
or the t it netal conplex is mxed with the
chiral b@@ﬁ?@? josphine at a ratio of 1:5 to 5: 1.
More preferably the precursor/phosphine ratio is

The catalyst precursor complex optionally comprises at least one further stabilizing ligand
such as a diene, alkene or arene. In a preferred embodiment the stabilizing ligand is
1,5-cyclooctadiene (cod) or p-cymene (cym). Particularly preferred the stabilizing ligand is

1,5-cyclooctadiene.

The hydrogenation is carried out with a catalyst solution in a polar solvent. Preferably the
polar solvent is methanol, ethanol or isopropyl alcohol or a mixture thereof. The solution may

contain further additives like ethyl acetoacetate (AAE).

The catalyst solution can be prepared in situ by dissolving a transition metal salt MY, where
M is Ru or Rh and where Y is Cl~, BF4~, AsF¢~, SbFs~ or OTf™ (trifluormethansulfonate or
triflate), or another suitable counterion, in a polar solvent and mixing with a suitable amount
of the chiral ligand, optionally further mixed with the stabilizing ligand. Alternatively, the

catalyst solution can be obtained by mixing a transition metal complex which already contains
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in the range of :2 to 2: . Mst preferably the

precursor/phosphine ratio is : . In a particular
weredpsazrsent the counterion of the transition neCHEP2004/009690

salt, the catalytic precursorg conplex and the

transition nmetal conplex of a chiral bidentate

phosphine ligand is d or

R e G s e
soluid B@B@t ﬁ%s&% hy réfd éc{ éﬁlﬁﬂ ﬁﬁﬁﬁﬁ&@ﬁwﬁ@-ﬁ@é{%omplex
58 0 e a:

heut aci be part of

whiit altéakiy@o@tamscﬁunﬂcés stabmzmgrir@ﬁcm r ed enbodi ment the base
i's a hydroxide, nethanolate or ethanolate of [ithium
SOdI um or potassiumor a mxture of said bases.

In a %‘eﬁ'é@%ﬁoﬂﬁﬁn%@ %atﬁgfgteﬂed:tﬁsdr RoAPIATS BRpall by Rixing a transition

e anount oOf th e startin conpounds Mor e
metpl @)fnqﬂabd)ﬁ/the Fermates [Rh(cofl)] HRFH et R n)g] with gi¢biral bidentate

sl St o v PR TSP e

Mo préfifabdy ik lchigl Bi&’éﬂ%lé' ﬁﬁé’sphinb icalechsl fasid gt goup B@I&;lstlng of

a contlnuous manner separate pOTtIOﬂS In a

(S, Spiddé-BruPbos, éﬁﬁbEt—E@Hhow‘@ Bypely Dofds-Kertal®Bos-e duri ng the

pe )l B, A 05 I8 gl o g g i

bidé‘fﬁﬁs EM&B’pﬁﬁﬁ%b irgifo efans fes: ¢aMbreepffefelﬂblﬁtheq>récmmmeAphOaphme ratio is
in

) e range of 20 to_8Q C._Prefera et eratur
in thesrange 95523%9}(91%“ Q@%@@@@%ﬁ%&gé hnﬁ fﬁggﬁﬁ@ °
al so provides conpounds of formula and their addition
salts of proton acids, wherein Xis S or and R
Ind mﬁiﬁﬁ;ﬁrﬁxﬁao?nﬁem ttlkfydqun@ngn of thedwnkijibn nistal 29lt, the ealytieprecursor
exceptjon of .a co und wherein X.i
comm@wd (e trons Goremel BBl LR R BRI Pibshig igand is CI”or
AL_ndependentIy further substituted with -4-al kyl or
al ogen atons. The present invention is illustrated by
the followng non-limting exanples. General Procedure

Opgigr{all%enl'?}llcﬁgge%a{ign s60:lution may contain a base to facilitate forming of the
substrate-catalyst complex and to neutralize acids which may be part of the starting
compounds. In a preferred embodiment the base is a hydroxide, methanolate or ethanolate of
lithium, sodium or potassium or a mixture of said bases.

Preferably the base added is in an amount of 0.6 to 1.2 eq to the amount of the starting
compounds. More preferably the amount of the base added is in the range 0f 0.7 to 1.0 eq.
The base can be added to the catalyst solution before, during or after the addition of the

starting compounds. It can be added at once, in a continuous manner or in separate portions.

In a preferred embodiment the hydrogen pressure during the reaction is in the range of 1

to 60 bar and more particularly preferred in the range of 10 to 30 bar.

The hydrogenation can be carried out at a temperature in the range of 20 to 80 °C. Preferably

the temperature is in the range of 30 to 50 °C.
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A m xture of nethyl ketone, primary al kyl am ne and/ or
an addition salt thereof (1.1 to 1.5 equivalents
w@¢ e@pp2158Dr mal dehyde (1.4 to 1.5 eq), a sol venPCT/EP2004/009690
optionally in the presence ofga proton acid, is heated
gn an auLocIave at a total pressure above 1.5 bar for
to 24 hours. Afterwards, t actjon solution is
ThecRrtcatinysntiqn aso %YﬁdS%%ﬂW@P“P %o{ E’ﬁ‘@{d %n sol vent can
than be renoved partly or in whole and a solvent |ike
et hyl tate or isopropanol can be added under
vi gonous.stirring, if necessary to facilitatel
preci piYation of the product. The suspension is cool ed
(0 to 20 O and fter precipitation (0.5 to 10 hours)
the}%F filtrated, optionally washed and
drie affordlng a slightly yeIIOM/to whi te powder in
yields between 50 to 75 @6 The product can be

At

Cs. §U§dld>aq1<ﬁ Nbenayl \aﬂﬂﬂﬂﬁlﬁ(cqﬁ@dloﬁa@rjﬁmowﬁ whatinig iss mid Bms methyl In

organi ¢ sol vent and an agueous bas ff ds t
a pteferte 5 fereed e@@qﬂgp@l‘c Ppenzyl can be gldependentiay %er scl)lrbst%uteg Wlth -4-a1ky1 or

| am no) -1 - (thi ophen-2-yl)propan-|-one HC
1
ha%’e%l!\é%&gy S, R= nmethyl) 2-Acetylthiophene (25.5 g, 200

nmol ) ; net hyl am ne hydrochloride (14.9 g, 220 mmol ,
1.1 eq); paraforml dehyde (8.2 g, 280 nmol, 1.4 eq);
HC cone. (1.0 g); ethanol (100 nL); 110 C for 9

R Idstratdddy: thé £1R lightia XanfpRe. ML
Th‘lg \%%glljo n%%%fsﬁl or?%gefla gtthyl a&{ﬂ%?g (1200 rrL)am(pca. 7)1%

%i Sld ;LHvagedd (DVBO-d , 400 MHz): 9.16 (2 H, s, br),
. 8.01 (1H, dd, J = 3.8,
Ge!e'iﬁm?“’é‘é‘f? *i“r»{\a"ad’bpleﬁl fs g)o 3, 8)( 3.49 (2 H, t),

Arﬁlx%g_eﬁ)?niéth ketoRe, PRin{ady hlk yEhindanldié? =6 (IDMBGalt thb&@;f

. 189.9, 142. 135 133.8, 128.8, 43.1
(1. Bg) hS egbua'ﬁ#gn‘@ (), formaldehyde (1.4 to 1.5 eq), a solvent, optlonally in the

preﬁrfc, Qigl c%gl]l %2;, 1%%;%2#5(} iﬁp%leaﬁc A yI 2aﬁ|59cﬂ rlass?féeabobg S bar for 5 to 24
hot A fterwaedshiheaedction byldtioic 3lcovied o 20 &CSOgt,lOlﬁ]lQ thnmhqtlon solvent
can than be removed partly or in whole and a solvent like ethyl acetate or isopropanol can be
added under vigorous stirring, if necessary to facilitate precipitation of the product. The
suspension is cooled (0 to 20 °C) and after precipitation (0.5 to 10 hours) the product can be
filtrated, optionally washed and dried affording a slightly yellow to white powder in yields
between 50 to 75 %. The product can be recrystallized from isopropanol and/or ethyl acetate
if necessary. If the stability of the free base is sufficient at ambient conditions, extracting with

an organic solvent and an aqueous base affords the free base.

Example 1:

3-(Methylamino)-1-(thiophen-2-yl)propan-1-one - HCI (I, X = S, R = methyl)
2-Acetylthiophene (25.5 g, 200 mmol); methylamine hydrochloride (14.9 g, 220 mmol,

1.1 eq); paraformaldehyde (8.2 g, 280 mmol, 1.4 eq); HCl conc. (1.0 g); ethanol (100 mL);
110 °C for 9 hours; ca. 2 to 2.5 bar; removing of ethanol (50 mL) in vacuo; addition of ethyl
acetate (200 mL); ca. 71 % yield.
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1.1 eq); paraforml dehyde (8.3 g, 276 nmmol, 1.4 eq);
HCl cone. (1.1 g); isopropanol (100 m.); 110 C for 8
whowss21sea. 2 to 2.5 bar; addition of isopropaPCI/EPE04/009690
m.); ca. 65 %yield. Exanple1 :
;3( (EtShyIRarri no%}-: 5(thi ophen-2-yl)propan-1-one HA (11,
= = et 2- Acetyl t hi ophene (6.3. 9, 5 [ );
IH-@wsaWﬁw%eMHa 596 005, &) 787 Gy adly =g B, Kot (11, aa
r af.or 13
?% 308)7”@@ ,nﬂfJ%& 4 ),3%9%@?460,%2%%?%0 t*%(wm) C-NMR 5
(DMSO6-Raroo M@IEW\/HSB@, 042.81 Iﬁémgllﬂ B5128.9, 43+, 9&6;1312 4
addition of ethyl acetate (50 nmL); ca. 73 %yield.
H-NI\/Rd(DI\/BOd, 400 MHz) : 9.3 (2 H s, br), 8.08

Ex“{w 8.00 (1H, dd), 7.28 (1 H dd), 3.51 (2 H,
20(2Ht) 296(2H qQ, 1.23 (3 H t).
3- Mxﬁnﬁmlrmn@fb 1- (thlophen- -yDpropan-1-one - HCI (I, X =S5, R = methyl)

2-agrpligobens GRYE Nt ptnalh P Aaaing s RIoSRER (P65 & 4 mpot

1. 1%&%5&&@%{&%@&1@@ NE IMahashh qrdqqtqq(:fsco%lcg(l 17@ {86Ptopanol

© par af or al dehyde (2.1 ol
(106481 )¢ btﬂe"c @ 8&hayys; cathigrb) bz 5dd9¢9n of:mprqp@@} (sz)) fﬁzah €&, 65 %
o5 2 to 2.5 bar; renoving of ethanol (35 nL) in
y acuo; addition of ethyl acetate (50 nL); ca. 56 %
yield. HNWVR d (DvsQd , 400 WMHz) : 9.0 (2 H, s, br),
8.08 (1H, dd), 7.99 (1H, dd), 7.29 (1H, dd), 3.55 (2
Expmple)3: 3.22 (2 H t), 2.78 (2 H d), 2.03 (1H, m,

> (%h?ﬁpél?ﬁ))ﬁo op?ﬁ?% ﬁ’r@ﬂ l§ep ?{o%la - oﬁeR I—?Ct]hylz I, X

2- Aﬁetylﬂhmphatet (ol3ug, 3&0)n1ﬁol§pﬂhylhmhledp'kiembk(rﬁle 86.4 5505 nnml) 1.5 eq);
part@ﬁ%;‘rtnaldgltl%{e?ylng? 7? ydr&c?ls eq5 %Cl(conc (8 3 g% etHTmol 7(351 mi) 110°Cfor 9
hours; ca. 2 to 2.5 bar; removing of ethanol (25 mL) in vacuo; addition of ethyl acetate

(50 mL); ca. 73 % yield.

'H-NMR & (DMSO-ds, 400 MHz) : 9.3 (2 H, s, br), 8.08 (1 H, dd), 8.00 (1 H, dd), 7.28 (1 H,
dd), 3.51 2 H,1),3.20 (2 H,1),2.96 2H, @), 1.23 3 H, 1).

Example 4:

3-(Isobutylamino)-1-(thiophen-2-yl)propan-1-one - HCI (I, X =8, R = isobutyl)
2-Acetylthiophene (6.3 g, 50 mmol); isobutylamine hydrochloride (8.3 g, 75 mmol, 1.5 eq);
paraformaldehyde (2.1 g, 75 mmol, 1.5 eq); HCI conc. (0.3 g); ethanol (35 mL); 110 °C for 9
hours; ca. 2 to 2.5 bar; removing of ethanol (35 mL) in vacuo; addition of ethyl acetate

(50 mL); ca. 56 % yield.

'H-NMR § (DMSO-ds, 400 MHz) : 9.0 (2 H, s, br), 8.08 (1 H, dd), 7.99 (1 H, dd), 7.29 (1 H,
dd), 3.55 (2 H, 1), 3.22 (2 H, t), 2.78 (2 H, d), 2.03 (1 H, m), 0.96 (6 H, d).

Example 5:

3-(tert- Butylamino)-1-(thiophen-2-yl)propan-1-one - HCI (I, X =S, R = tert-butyl)
2-Acetylthiophene (6.3 g, 50 mmol); fert-butylamine hydrochloride (8.3 g, 75 mmol, 1.5 eq);
paraformaldehyde (2.1 g, 75 mmol, 1.5 eq); HCI conc. (0.3 g); butanol (35 mL); 117 °C for 9
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par af or mal dehyde (2.1 g, 75 mmol, 1.5 eq); HA cone.

(0.3 g); butanol (35 mL); 7 C for 9hours; ca. 2 to 2.5
wharns/oadet tion of ethyl acetate (50 nli); ca. SPCEAEP2004/009690

yield. HNVR d (DVSO-d , 4001¥Hz 9.2 (2 Hs, br),

gcl)gElHdd), 7.98 (1H dd) 7 O(lHdd) 354(2H1),

houssa Ak ﬁ%ﬂH%Qf‘ 6§1<111110I{ ?Wm)aset9ﬁe§g$ H‘gﬁ 3 BReYieldy ( x o
ﬁ %QP osrc|3 o %gmﬁa)" 3@2(27H5S%r53% dsmlﬁ ddyet §v/¢ 19 dwg, 7.30 (1 H,

102 mol
dd)piasa(anﬁJﬁb%(mH ’()31 34 ¢ HO9. mml 1 5 eq) HCl cone.
(1.15 g): ethanol (35 mL); 110 C for 8 hours; ca. 2 to
2.5 bar; renoving of ethanol (30 nL) in vacuo;

EX@& lelg:on of ethyl acetate (50 m_) ca. 64 %yield.
MR'd (DVSO de, 400 MHz) 2 Hs br), 8.05 (1H

3- (M)ethyPanﬁﬁoxllEfum 2-§1)propan-i-ang H&Jli , Xz 0, Ry;; mgthyh N
Ag) %f&té.%(g (53 '5'85 br melgtﬁafﬁlneshydréc%lo"rf;de (@@'}f h@h mmol, 1.5 eq);

paréféhnadeﬁ{/dm hyl 202 Aendl; (.2 el himkeny () .15 gp;reﬂnﬁanS(mL) X10 °C for
= ‘et hyl Hydrogenatl ons were ru

8 h@ﬁéﬂ@e&m B8 bernengviag of pharal GO mlyen %Peﬁddefmf& eghyl acetate (50

084 e time) testing conbinations of catalyst
ecur §ot's (0.02 mmol ) with chiral phosphine |igands
1H-¢\IMR$ (DMEP-de 00 MERS T D O1(3 H/;/s;lur) r8.05 (i Hhmp 748 (1 H,m), 6.77 (1 H,

met hyl 0)-1-(t en- 2-yl)propan-l-one HO (
m)>§§4 )%n}réﬁ#y 295%/&015 %bF?L MeOH at 30 bar H for at
| east 24 h using a substrate to catalyst ratio (S/C

ratio_) of 100. Because of the HO content in the
Exsinplesi7rtg 16onmpound 0. 36 g of 24% (approx 0.8 eq of the

ket 0% NaOwve (approx 1.0 eq of the ketone)
Gegﬁ‘TaE?F%)"r?guwfere added. The reactions were run at

(SIENDAERYMhHSo- DD WEIBPhet)anpropndl(I, Kre SpRodmethylver e
Hyggger){aztggs \?V%I‘CHI'II:])ILI C1:n grC%emscafn(-)Srcre(::e(zlllqr;/geegq?lI1p(;rl11en{%l r(1{:10 bi sl;'g)l% %}I t%rS reactions
per time) testing combinations of catalyst precursors (0.02 mmol) with chiral phosphine
ligands (0.02 mmol). All reactions were run with 0.4g 3-(methylamino)-1-(thiophen-
2-yl)propan-1-one - HC1 (IL, X = S, R? = methyl) 90% in 6 mL MeOH at 30 bar H, for at least
24 h using a substrate to catalyst ratio (S/C ratio) of 100. Because of the HCI content in the
starting compound 0.36 g of 24% (approx 0.8 eq of the ketone) or 30% NaOMe (approx 1.0
eq of the ketone) solutions were added. The reactions were run at temperatures between 30

and 70 °C. The products were analyzed by HPLC area-% for conversion and by HPLC for ee.

Conditions and results are summarized in table 1 below.

Example 17: (S)-3-N-methylamino-1-(2-thiophenyl)-1-propanol (I, X =85, R = methyl)

In order to confirm the excellent analytical results of example 13, this experiment was scaled
up to a 50 mL autoclave with following conditions. 22 mg (S,S)-Me-DuPhos (0.07 mmol) and
28 mg [Rh(cod),]* BF4~ (0.07 mmol) were dissolved under argon in 12 mL degassed
methanol and added to a solution of 1.60 g 3-(methylamino)-1-(thiophen-2-yl)propan-

1-one - HCI (7.8 mmol) in 12 mL methanol in a stainless steel autoclave. To this solution
were added 1.44 g NaOMe 24% (6.4 mmol). The substrate was hydrogenated at 30-34°C and



Conditions and results are summarized in table 1

bel ow. Exanple 17:

(5 )-3-

wo 20080k am no- | - (2-t hi ophenyl ) -1 - propanol

met hyl )

30 b By
res(cﬁeriYssHF

degassed

In order to confirmt
results of exanple 13,

hBach ba ROpa9 o
Rl In NETBE/AhRS Wh%%ﬁgéiﬁ@ﬁas@%@ Bydporated t‘%igwe 089 g

met hanol to a soluti on of

ol | ow

and added

ujion, wgs &

(1 PCHERORY/609690

excel | ent anal ytica
this experinment was scal ed up

T

and the

(5)3B-Nrmtthylaminord )(2+th1(0ph¢11y}b)hbpmpal9f¢l)(§ﬂopmnl, 61%qyield). m%ordmg to

et rpIERe be bl offrotis

24% (6.4 mmol ).

30-34 C and30 bar
T&hhhtlon was flltered

noI

SV

in a stai nl ess steel
‘on were added 1.44 g NaOwe

The substrate was hydrogenat ed at

hydr ogen f or

5 h. The product
the filtrate evaporated and the

restgue—dissotved—n—MBEwater—jthe ot gémlll.. hase Wds |
¢ rrmtdd to gijligargl 89 g additive | T [°(ﬁ ee [%] | yield [%]
S) thyI am no-1-(2-thiophenyl)-I-prpopanol| (5.2
‘i’/ﬁeld . According to chjral HPLC ee af the
pr dL b and .addi ti T
iE éﬁ«f%@z el OB THsPex 7 Rh?’&éds%p i MY
I P 67 12.7
s§3 h@@?‘ﬁﬁgﬁ:“o @‘@6@3%331 20. 4 é SE 81 20.4
S >99 36.P 0O 0
Rhi?cc%é(q%hm@tﬁsgﬁg@‘ep 50 68 zP.-%f’z §p Ru3é (cyiy 36.9
S) - ( A- TunaPhos|- 50 -40 11.6 12 Ry{gpgdic BF
S) - ¢4- TunaPhos|0.36 g A 50 54 6
10 | Rh(cod),BF4 | (S)-C4-TunaPhos - 50 68 4.0
11 | RuyClg(cym); | (S)-C4-TunaPhos - 50 -40 11.6
12 | Rh(cod),BF4 | (S)-C4-TunaPhos 036gA | 50 54 6.2
023gC
13 | Rh(cod),BFs | (S,S)-Me-DuPhos 036gA | 50 >99 15.2
14 | Rh(cod),BFs | (S,S)-Me-DuPhos 036gB| 30 >99 71.3
15 | Rh(cod),BF4 | (S,S)-Me-DuPhos 036gB| 30 >99 30.5
023¢gC
16 | Rh(cod),BF4 | (S,S,S,S)-Me-KetalPhos | 0.36gB| 30 >99 79.8
17 | Rh(cod),BF4 | (S,S)-Me-DuPhos 144 ¢gB | 30-34 >99 67.0

Additives: A=NaOMe 30%, B=NaOMe 24%, C=AAEt
Positive ee denotes excess of the (S)-enantiomer, negative ee denotes excess of the (R)-enantiomer
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0.23 g C 13 Rh(COd) BF (5", S)-Me-DuPhGs 0.36 g A 50 >99
15.2 14 Rh(cod) BF (5,S)-Me-DuPhCs 0.36 g B 30 >99

w(@ 2003/0162Rh(cod) BF (5, S)-Me-DuPhCS 0. 36 g B 3BCE882004/009690
30.5 0.23 g C 16 Rh(CA)BF (S5,S,S, S)-Me-Ketal Phos
0.36 g B 30 >99 79.8 17 Rh( )BF (S, S)- Me- DuPhos
1.44 g B 30-34 >99 67.0 Additives: A=NaOwe 30%

ClarsNaOVe 24% C=AAEt Positive ee denotes excessof the
(S)-enantioner, negativeee denotes excessof the
(i?)-enantionmerC ains . Process for the preparation of

1. Clprscrks R MROprEEEEatN dfehitel @ngodndnefifoirouter s wher ei n X
represents S or O andR represents C

- al kyl , C3-8~cycl oal kyl, arylor aral kyl, each aryl or
ar al kyl Zei n&; optionally further substituted wth one
or nore“ al kyl groups and/or hal ogen atons, which
process conprises the asymetric hydrogenati dn of

conpounds_af forpgul® , wherein X and R are as defi ned
above, H%M ence of a transition netal conpl ex

of a Ghd &alioRérdentat e phosphi ne |igand and,

optionally, a base. 2. Eﬁe{ rocess of.claim1l r€l

RS P leE R i O ARG RTRET Gl CareasHiEG g or

f QY 1@edRh aryl or aralkyl being optionally further substituted with one or more
Ci4-alkyl groups and/or halogen atoms,

which process comprises the asymmetric hydrogenation of compounds of formula

X Az
II,
R
o) N~
H

wherein X and R are as defined above,

in the presence of a transition metal complex of a chiral bidentate phosphine ligand

and, optionally, a base.

2. The process of claim 1 wherein the chiral bidentate phosphine ligand is a compound of

formula

1,

and enantiomers
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and enantionerswherein R2 and R3 are nethyl, ethyl or
i sopropyl; and wherein R4 and R5 are hydrogen or R4

war@sRa1sebget her form a i sopropylidenedi oxy grBUPEPR04/009690

The process of claim1 wherein the chiral bidentate
phosphine ligand is a conpou& of formula IV, and

enanti oners \r??gerel n R6 and R7 are nethoxy or_gthag or
V\/rwh@ﬁme{@né apgmethybetwi of sppropyl1 aml whersip R i B hydrogen

cl%f ﬂdflé%g@e% nedh?ﬁ?%rog’yﬁg&g gwﬁﬁgggﬁ?ﬁeorigand

is selected fromthe group consisting
O (SS) - Me-DUPhGCS, (S, S)-Et-DuPhCs,

IR .
. 5) Thasprressa obplgiEn Anwheran thechitgh hsisatate Slognlﬂge ligandds & cgmpound of

any onﬁ’of claims 1 to 4, wherein the transition netal
or Rh. 6. The process of any one of clains 1 to

5, V\,hereln the transition netal conplex of a chiral

bi dent at e ggfsphi ne |igand conprises at | east one

di ene, al pr arene as stabilizing ligand. 7. The
pr ocessg_of aNQ 6, wherein the transition netal
conplé% of 3§ chi PR bi dent at e phosphi ne |i gand
conmprigks at\ | eapppone stabilizing |igand sel &t ed

gFoulyconsi sting of 1,5-cycl ooctadi ene
i 8. The process of any one of clains 1 to
7, wherei n~Xtk€ counterion of the transition netal

conpl ex of a chiral bidentate phosphine ligand is
sel ect ®@d efppmeBhe group consisting of O , B, ASF ShF

an@hbfeld R84 K. ard Hfét ?@e $hoR§ oRWhereHeR VindR ‘Aop@thdr fofm a
8, wherein the cata is prepared by mxing a
1,3-propylidenedioxy or a -butyhdenedloxy group.

The process of claim 1, wherein the chiral bidentate phosphine ligand is selected from
the group consisting of (S,S)-Me-DuPhos, (S,S)-Et-DuPhos, (S,S,S,5)-Me-KetalPhos and
(S)-C4-TunaPhos.

The process of any one of claims 1 to 4, wherein the transition metal is Ru or Rh.

The process of any one of claims 1 to 5, wherein the transition metal complex of a chiral
bidentate phosphine ligand comprises at least one diene, alkene or arene as stabilizing

ligand.

The process of claim 6, wherein the transition metal complex of a chiral bidentate
phosphine ligand comprises at least one stabilizing ligand selected from the group

consisting of 1,5-cyclooctadiene and p-cymene.

The process of any one of claims 1 to 7, wherein the counterion of the transition metal
complex of a chiral bidentate phosphine ligand is selected from the group consisting of

CIl', BF,, AsF¢, SbF¢™ and triflate.
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transition netal conplex of the formula with a chiral

bi dent at e phosphi ne sel ected fromthe group consisting
wo@R00682150e- DUPhos, (5", S)- Et-DuPhCS and PCT/EP2004/009690

( SSSM- Me- Ket al Phos. . The pr cess of any one of clains

1to 9, wherein the base is Z hydr oxi de, net hanol ate

or ethanolate of lithiu sodi um_or_ pot assi um or

9. niTheprecess ofzaiydnp g€ elgims 1 P hesein dhe eitalythys Hﬁp%ﬁcgbyrg&ixing a

rl é%&i}iglﬁ%ﬁ'cﬁ ICQm%)E:g otfﬁgegfagﬁ@a TR?@%%F’E%?{ Wit a bhigal bidentate

_ r's’in range o and nore
Pahbiphithdel e teidrfedre Eeggtonpedusistingn i€, HF Me D Bhobds,S)-E2-DuPhos and
Compounds of fornmula and enantioners and its addition
sdP15sS D MerkettelRhesi ds, wherein X represents S or , and
R represent G -6-al kyl, C3-8-cycloal kyl or benzyl wth
t he exception of conpounds wherein Xis S and Ris

10. merRyprocess of any one of claims 1 to 9, wherein the base is a hydroxide, methanolate or

ethanolate of lithium, sodium or potassium or a mixture of said bases.

11. The process of any of claims 1 to 10, wherein the hydrogen pressure during the reaction

is in the range of 1 to 60 bar and more particularly preferred in the range of 10 to 30 bar.

12.  Compounds of formula

XC /) I

; R
I O/\/\E/

and enantiomers

and its addition salts of proton acids, wherein X represents S or O, and R represent

C1-alkyl, Cs.g-cycloalkyl or benzyl with the exception of compounds wherein X is S

and R is methyl.



