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WD 2005/ 021527 PCT/ EP2004/ 009690 1 Process for the
asymmetric hydrogenati on of a-am no ketones The
invention relates to a process for the preparation of
enantiomerically enriched or enantionerically pure
z (R) - N-nonosubstituted [3-am no al cohol s of
w‘é%ﬁﬁ%g’% HO NCR H and enantioners 10 aﬁgT/Fﬁ'-’Q?‘l,lﬁﬂ%f’O
addition salts of proton adids which can be obtai ned
by asymmetric hydrogenati on of 0-am no ketones of
Profeess fiari the 26ynihet@r hydrbgenhtiomef f-dmainp kedddést i on sal ts of
proton acids. N Mnosubstituted (3-am no al cohol s of
formula | like (S)-(-)-3-Nnethylam no 20
ThelinyeRtiorvichsh 6rarpeeks for the prepdration of dhantidneriRalty aneitheloy )

cnsfinelealydpan O o O miendeites Banip ataPlor BoRibunce.

like - (+) - net hyl -
[3-( ht hyl oxy) - 3- (2-t hi ophenyl ) - propyl ) - am ne
((S)- oxetine, see e.g. Liu, H et al .1 Chirality

2000, 12, 26-29), which acts as neuro-active conpound
st I’HUMNJT%I ng the serotonine and norephedrine
upt ake (Deetd¥, J. et al., Tetrahedron Lett. 1990, 31,
7101- A3 @Qddtiomer?5 S X0 HON H H30 1 (X =S R =

and H%rg}ﬁilioé s%ité 9# plr&)a(r? zticiicﬂ %vhic%ga\xlﬁ)e%%aﬁegﬂy%etic hydrogenation

of B-amino ketones of formula

X A

_R
H

0

and their addition salts of proton acids,

N-Monosubstituted $-amino alcohols of formula I like (S)-(—)-3-N-methylamino-
1-(2-thiophenyl)-1-propanol (I (X = 8, R = methyl)) are useful key intermediates and building
blocks for the preparation of pharmaceutically active compounds like (S)-(+)-methyi-
[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 Leitt. 1990, 31, 7101-7104).

~

HO/:\/\II:II/ H
99

F(X =8, R = methyl) (S)-duloxetine
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WO 2005/ 021527 PCT/ EP2004/ 009690 2 EP- A-457559 and
EP- A- 650965 di scl ose the preparation of N, N-di net hyl
(3-am no al cohols via Mannich-type reactions of
nmet hyl ketones wi th paraforml dehyde and di met hyl am ne

whabisesey by reduction of the carbonyl growmTT/EEbG0@D095%0
reaction of the hydroxyl greup affording an alkyl or
aryl ether derivative, one Nnnethyl radical is renoved

: : . _
BhAR75% B8 RS0ts IRt el BefREREN A inetdd framigo agghos
via MangiBh-type Feattione of208hy] k&bnes vl pedfofihaldehyde &ld dimethylamine
trat.eqies..for nt.heses of, dul oxeti r r.esent .
o e B R e A R By B PR R e
arsafindl besylethpr derivatileporeV-methglasdies isTandved feshtdil Bfeon0- | S
uhhe 1(8 for‘l;%tﬁi on of the hydroxy group via
SURSHITEOEREPTYS: of a carbonyl group. There are two main
strategies for the preparation of the chiral alcohols
der ] iLves thereof. The first one utilizes chiral
IndRQeh- /G 1 TP At 92681 B Sprbenk b € P (P GiercRON 25,
oUny b Psevaal @&ité%ék 10 syhthBse§ OF FuRXBIRRGid Wesented, which were published
N, N-di al kyl - (3-am no ketones, The second route is

dugiag thgdast Yeer_Shéﬁp{a@eﬁ Bnthris pnqinle iipsacRspes peaptignndiiesrein is the
folt A0 BEMYRI RSk HrdudHa ybrogClli P A EibBhyl bt Fhefk AR
or achiral Dl exes together with optically active
stigiggies fonthp e@paxangouwf &m@eﬁ aleplals aralerivajivesshergnfc ommon
THeS#Rk %@uﬁlﬁ%sf]éﬂﬁaﬁ%ﬁﬁgﬁ‘ sfégceglz@aléghoﬁ g«%sﬂlﬁ'ﬁéﬁ% ggﬁnlg%’ @bhéo-

gr oups whi Were reno one
gepatiop ogthe perresponding AY-digkybBapimgrketonss. obt ai ned.
I I 0 .
S8 0 e shiaklo L gen R AP WG KHORE e itir
chuslymateddigand comnglexeyen adhiralrcomplesestegetier Withbicallymtive aukibiokies
asﬂlc,l oz%le?ié -Oﬁligt Vi am no ketones in the presence of
o (%ra yst}

systens consi sting of rutheni um phosphi ne-
A compdncfeatsreiisthel cansdqoas dse ofhminogtatbofise goysstwlithcwanprenmesl as

bi t ' bi t at h hi . 4
ong g 1 eisn RS KR el R B e Bl et and
belvytigrogmvaid wod dfpraedt theamind@rdipt ones cont ai ni ng at

| east one -CH2-NRZR3 group wherein R2 is acyl or
al koxycarbonyl and wherein R3 is hydrogen is discl osed

In BP-A3 8054885, adyhietricldlifogenifich dTavei=C M AR diswbeittaicd at, posd

- SPe P ST ASE Sa 2 S
complexes is disclosed. The catalyst system comprises bidentate amino and bidentate
phosphine ligands complexing the Ruthenium (Ru) ion.

Asymmefric 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 (§)-duloxetine, a
catalyst system for asymmefric hydrogenation of 3-N-dimethylamino-1-(2-thiophenyl)-
1-propanone is disclosed in Obkuma, T. et al. (Org. Lett. 2000, 2, 1749-1751). In spite of
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30 In a known process for the preparation of an
optically active precursor of (S)-dul oxetine, a
catal yst system for asymretric hydrogenati on of
3- N-di et hyl am no- | - (2-thi ophenyl)- 1-propanone is
din Chkuma, T. et al. (Og. Lett

Wgh‘ﬁ'g H751) In spite of it VD 2005/ 601 E5TRPRosnosss0
PCT/ EP2004/ 009690 3 several exanpl es for NN-di
substituted R-am no ketones, asymmetric hydrogenation

several cxpmplenon YoV substised fRaming kitotes eouaetiiebydggenation of

N‘%‘B@@’%@‘gﬂ@%ﬁ@e tglssgls)segl( E:I;g:n aggm r |Bg| Ihydr 0-

5 genation of 3-N net hyI anmi no- | - phenyl -1 - pr opanone

Saku?a%ﬁl bt Erggéﬂémaﬁh&%aﬁéﬂ Q%g%a A 7&)(’7"‘5%? ﬁlsﬁgsesfd@égga/égméetnc hydro-

rocess mretri ¢ genat on and su
gexﬂﬁhmfzw mt:ihglanmfo-hphenyi-l mpagmwbmem i wgntamweﬁ gxeess of

tectiv l n.f
<t a7abes s SRR b Bar R anf A Hont RAERAADE of o
kethiek arnaaﬁﬁgmbdneyl pegéctivegronrsis the tmaili fatlve smekentédinAchanretZner
sel ect

sy R Eenig Aopn oG ipk ReRao PR TR fagtisosed
WO A- 02/ 055477. A central nitrogen atomforrrs a a- and

am no_ ket noi ety w thi the mermle
A el S i B oo itk PeeteiSnr g LAY RIS Foup
msamca mow&;tlog/ﬁww? 1 58 caprelsifdgen dt&n/ﬂ)ﬂns 50wl B-aaiRs lsfme
used .i n, synthesi zin ecur sor § i ca
moigtyWithin @B%IP&&}H‘&%"“I‘% ?hf‘gm? na@m&@@%ﬁﬁ%ﬂ)ﬁ
ancﬁfo}ﬂﬂlgﬁﬁlp@ ofes are characterized in that the am no

groups don't contain active hydrogen atons.
Preparati on of N nobnosubstituted 0-keto am nes of

Allfk%vmﬂrécekks akd uﬁﬁm&%ﬁedﬁﬁgfs Q9 &c@ﬂzcaﬁﬁadﬁﬁle tddounds

carbonyl group establishes an alternative and
g

likee(E et hyhydosenstionefominodpionenary charapigrifed i Gpt the amino
gm{éég%ﬁ»{ Edn®in ml%'jhﬁéggﬁ]a‘gﬁls optically active derivatives

nmonosubst | tut R-am no alcohols of formula I,
like (S) dul oxetine. Racenmic m xtures of the

Prefih o oo Riog SRR i s oM ind im0 B EHRRASn
of tl@@@khonﬂtgr@p eMablisRE hh RGO mﬁbgoﬂamﬁn adwpantagdoes synthetiv
ol G e S RSP RERRE SL S e

alcdhoB 6f Reaeta ,0ike @5)-dalokétieent enanti osel ective reduction
process of N-nonosubstituted (3-keto am nes.

.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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30 In the followng the terns "(3-am no ketones" and
"(3-am no al cohol s", nore specifically
"(S)-N-nonosubstituted 0-am no al cohol s", include the
pure conpounds and their physiologically acceptable

wadeshiien salts of proton acids. |1'' WO 20Q%rRdidgdhes
PCT/ EP2004/ 009690 4 The tgrnt"enantionerically
enri ched conpound” conpris€s optically active
compounds with an epantiongric excess of at

The ey ienatomyicptl caTiched COBRAET EoRpTisES ARtgal éw Veccawaalﬁlﬂﬂmth
an RRTRIERSSkcOR(bg 8f MYeadGiye conmpounds wi th an
enantlonerlc excess of at |least 90 % The term
"Cl. 6- aIkyI represents a linear or branched al kyl
U il
ool Rudtnfiay bk o oRpaES o acBrE R it
enaly:'mmequyde$36tfeﬂt'=a3bﬁﬂ%l pentyl and hexyl. 10 The term
"C3.s-cycloal kyl" represents a cycl oaliphatic group
having 3 to 8 carbon atons, i.e. cyclopropyl,

T.heagrml ‘Ghialkly]” represetpe litept or ba:gmhadh&oyygroumlwhuﬁépﬁwbmﬂtoms,

o RN e S B oA ARER - AR CRL A0

andhepht hyl , wherein the substltuents optlonally bei ng
further substituted with one or nore d _4-alkyl
groups and/ or hal ogen atons. The term "aral kyl "

Thet@R €. @-ﬁjrdoﬂﬁfl’%pﬂe@ﬁa Ialcyclcﬁa]iphdtle groapl h&tnitg Jtoe’cbagboy htoms, i.e.

croliBIOBHL EoPHY LR SRR R P U ot ety
whi ch can 20 be further substltuted by hal ogen at ons.
Thedegn S0 PR SO UNOOH GEHE SHE PP R R

napREADKRMRiI helREbstifleie BptitMallyRin ﬁ&ﬂl@fﬁubsﬁmtaiﬁviﬂ@ Bne\wR foteO
rOV|de a selective and 25 high-yield process for the

014&'§9’hﬁ@FPﬁaéd4qyquQﬁjEﬁ‘aF’Fon of N nonosubstituted
p- ket oam nes to get enantlonerlcally enri ched or

enantlonerlcally pure (S)- % N-nonosubst|tuted
Thegeraeralicyl] reprmisnis appptivselly fu%heh g ﬁ#&fp‘é &gy} aiclycgsyding of

phe%’i' Gr ﬁﬁﬁl tdd RThd WolSduRUR queRpt 26X 1ihedf O LaBfl nol®y which can

nvention was to provide N-nonosubstituted
be fn:ttamubgttaﬂed bhbalegen ams. The substituents of the aryl moiety can be one or

more Cy.4-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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The probl ens nenti oned above coul d be sol ved according
to the process of claiml1l. WO 2005/021527
PCT/ EP2004/ 009690 5 The present invention provides a
process for the preparation of chiral conpounds of
X1 5 HER and enanti oners where
Wég%)rg?gislgzr’{ts Sor 0, and R represents Cl. 6- é’?ﬁix‘if’?""""”g”“
C3-s-cycl oal kyl, aryl or a?alkyl, each aryl or
aral kyl being optionally further substituted wi th one
Thequesens invedtionfprenides b procesa i themeypevationefi chiyel somp@ads of fermula
whi ch ocess conprises the asymetric hydrogenation
of cenpounds of formula X/ Il, iR OH 15 wherein X
and e as defined above, in the presence of a
transition nmetal conplex of a chiral bideptate

phosphine H.gapRl and, optionally, a base. 20 In a
prdf@rred e di ment the chiral bidentate phosphine
IiganddLs a ggnpound of forrula R4 ', P ( "R3 25 111

\ R BURERE Rs

wherein X represents S or O, and R represents Cy.¢-alkyl, Cs s-cycloalkyl, aryl or aralkyl, each
aryl or aralkyl being optionally further substituted with one or more Cy.4-alkyl groups and/or

halogen atoms,

which process comprises the asymmetric hydrogenation of compounds of formula

X F

R
H

o)

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.

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

R4

5
R

and enantiomers
wherein R? and R® are methyl, ethy! or isopropyl; and whereinR* and R’ are hydrogen or
R*and B’ 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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30 and enantionmers wherein R2 and R3 are nethyl, ethyl
or isopropyl; and whereinR4 and RS are hydrogen or R4
and R5 together form a isopropylidenedi oxy group. '
Particularly preferred R2 and R3 are nethyl, ethyl or

wogapspnsyl and R4 and RS are hydrogen; or HRZ/ERrud4/688690
are nethyl and R4 and RS tqgether forma
i sopropyl i denedi oxy group. WD 2005/ 021527

. PCT/ EP2004/ 009690 .6 Li f a0

LisfRbgee PPy A e G PR I e AR eyt o

isopedp§YAndovherdirs Rbnd Ry larechy drogdnaressotd WYClarttcRT echnelogyyldtdogen
are sold by Chirotech Technol ogy Ltd. Ligands of the
fam |y of Ketal Phos-1igands of formula Il wherein R3

Lighn®ls DEthb fmigod KelaPhed- lisabdsRRfaxmelaRE vitemit Rics mbthyland wherein

i sopropyl i denedi oxy 0 are avail a from.Chira
R s 2 okl Fom peopE PRI 2RO R P e O e QU T
Rut heni um (Ru) or Rhodium (Rh). Particularly preferred

the transjtion netal is Rh. 10 In a further preferr
Prefgreblydhemsitiommetalis Raiheninm &) o8 gh‘ﬁf e &éh%r%ﬂm“&ﬂﬂ grei ‘-‘éfeggie
ranSiBPRNALs @, formula R6 PPh2 Rr / PPh2 1V, 15 and

enanti omers wherein R6 and R7 are nethoxy or ethoxy or

wherein R6 and R together forma

T E‘&lﬂe{] %m% Chirdt bidlertta HiRENRAE % %oip R of

ma?ﬁ‘%’ﬁgﬁ‘% cu g‘rﬁ y p%%ﬁgrredb%ﬁgatg idrégl b?hggdrl}t ate b
formpHosphi ne ligand is selected fromthe group

consi stigggf (SS)- or (R R)-Me-DuPhos, (S,5)- or

(R R) - Et (S,S,S,S5)- or

(R R.RA et al Phos, (S)- or (R)-C4-TunaPhos and
e Phep. More particularly pyeferred the
chi r gk _bi_ggnt My, phosphine ligand is sel ect’ed fromthe

gr oup nsi sting of (S, S)- M- DuPhos,

( SA- Et - QUPhags, (S, SS, S)- M- Ket al Phos, (S)-C4- TunaPhos
=OBi Phep of the follow ng fornul ae Et

and enantiomers

wherein R® and R” are methoxy or ethoxy or wherein Réand R to gether 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,5)- or (8, R)-Me-DuPhos, (S,5)- or (R,R)-Et-DuPbos, (§,5,5,5)- 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, (5,5,5,5)-Me-KetalPhos, (5)-C4-TunaPhos
and (S)-McOBiPhep of the following formulae

v’ W

(S,5)-Me-DuPhos (S.8)-Et-DuPhos,
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PPE 30 E (S S)-M-DuPhos (SS)-Et-DuPhos, WO
2005/ 021527 PCT/ EP2004/ 009690 7 O- OO PPh2 P C, 5
O PPh2 P O 10 (SSS, S)- Me-Ket al Phos (' S) - C4- TunaPhos
Me- O PPh2 15 PPh2 M-O (S)-MeOBi Phep. 20 The

w6 dobaSE precursor conpl ex optionally conpetgfRedleses
| east one further stabilizing |igand such as a diene,
al kene or arene. In a prefgrred enbodi ment the
stabilizing ligand is 1, 5-cycl ooctadi ene (cod)
or p-cynene (cy Particularly preferred the
stabilizing |ligang—Ts 1, 5-cycl ooctadi ene. 25 The
hydr ogenat gn\ s garried out with
in a polar kol vent. Preferably—gphe ’?P olvent is
met hanol, epbhajol or isopropyl alcoMol o m xture
therei' e sokution ma entain further additives
i ke § acet pacet at e ( AAEM-O-FHe aPykt sol ution
can be~pfepared in situ by dissol Vv transition
metal salt where 30 Mis Ru or and where Y is
d-, BF4 , . ~SbFC or O (trifluornmethansul fonate
or triflate)y or!another sui tabl e counterion, in a

pol ar sol vent @ rxing with a suitable anount of
the chiral ligand,Noptionally further m xed wth the

st abi {s’sZ&BgML-k% os Al ter nat(&')‘-’&l-ﬁnabﬂo%

X
|

Me—0O P \PP]]Z

Me—0—7~ i—PPh2
X

(S)-MeOBiPhep.

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 (AAEX).

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 CI", BE4, AsFg, SbFs™ or OTf™ (trifluormethansul{onate 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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‘-catal yst solution can be obtained by mxing a
transition netal conplex which al ready contains WD
2005/ 021527 PCT/ EP2004/ 009690 8 a stabilizing |Iigand

with a suitable anbunt of the chiral I|igand.
woensbasarore, the catal yst solution can becexrzionedsby
di ssolving a preforned chigal transition netal-1igand

conpl ex which already contains further stabilizing
|.i.gands Jna eferr Qodj en
o s G v UG e pL AL RG] TRh B RerfBledtnd Bty
solufieh &dn bé@lﬂahﬁdl bya flisdolvéngf anprefinged chirh (ramsitjdd|ietdbfigamircomplex
J.Ru2C 4(c W th.a.chir bi dentate phosphi ne
Whlg}é"flj’é%ye‘&m%% ’é“%’rdgﬂﬂg isting of Me-DuPhos,

Et - DuPhos and Me- Ket al Phos . Mre preferably t he
chiral bi dentate {)Eene is s Iected fromilhe %&ug
In aggigredembigdie %EF%‘ESE“P FaGepe ﬂ%’é&‘gé on
methlSemplebf B fdfﬁhﬁla ﬁhﬁ&d?zmﬂ‘ﬁﬁkﬁﬂnwﬂ)ﬂ @mﬂﬁtcﬁral %ﬂbﬁtatw

or the transition neta

=

| d
phogpihine selectest fapm theeeoup ﬁ%ﬁﬁ?ﬁn‘gp l\éft%all’h%axrﬁtﬁb"#gm aﬂg MegKegalphos.

Mol Ee@ermf{h%ﬁmmeﬁtﬁe BEARMASIS b RIRRASRIA A€ efod béhsisﬁng den

e range of preferably t
(S Si&b@cﬂl@@%;(ﬁﬁb@dﬂﬂﬂhes (.85 Me-KetalPhpsa parti cuI ar
t

ProfRB TR AREPE G Bl Aol Splei Bl O TR bt

b1ddntam’1$110$phmﬁ amataab Dﬁhﬁtﬂ Sk Myire preferablyahe me@i@m/ah@phme ratio is
he

in tRIARSSLREH 4% Wl bty G6 prerbrpndephip g ot 1
faC| litate form ng of the substrate-catal yst conpl ex

In ag)?rgﬂlgr n%ut i al %e %ﬁielqg’r} 2 aci%.qugn Bﬁglpsgf rr'toﬂééc)iéa n'e’%% preﬁursor

conpikg@nd the &a:ksytiﬂmamtad eompiex dfanbika bitlexnte phdsphios Bgand &fCI™ or
BF' ithium sodiumor potassiumor a mxture of said
‘bases. Preferably the base added is in an anount of
0.6 to 1.2 eq to the anmobunt of the starting
More pr.ef erably t.he an t..of the b
Optgrllabe 5 droqciien Rligd iy copah £ g i acfle b B3 .,
subst@teaHEE6: dothpldRQnd Rinahtytsite sifs N\th!idhﬁnd?&fe e of tdelmrﬁm or

after the addition ofth S g c
compeipndpdn a gtsEdred empofiment g 3366%{'%{5‘6% ﬁ’ﬁ%ﬁ’%ﬁ ﬂ‘ia?f’t‘a*e of
I1&1§1§P$%Hﬁh?or@;@fa§§1@ﬂ§ramkfbr@oﬂ%£l@5@é§ ed enbodi ment the

hydr ogen pressure during the reactltgn I S |n he r.ange

Prefgipbly thedoawdééé is 3map amema 9f 4019 Larafa he HrumLet %F“FH“& he
compBHAE Ndre f;&f&&lﬁl@e Babunt 0helhi8e sHided RGLHS kdn@H oMt eq

carried out at a tenperature in the range of .20 ta}g

TheGaseppmbecadded tp the gatelystseivEpmbaiote. duging or aiathy agiifionof

starﬁx% Cgﬁ)lp&mds. Tt can be added at once, in 2 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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WO 2005/ 021527 PCT/ EP2004/ 009690 9 The present
i nvention al so provides conmpounds of formula Il J 5
HOB HER and their addition salts of proton acids,
wherein Xis S or 0 and R represents Cl. 6-al kyl,
- | oal cyl, benzyl with the excepti

WO%HSZ%%@ wher eiyn Xis )é and R is net hyio. ]io(gnﬁ{amo%{l%%
preferred enbodi ment benzyP can be independently
further substituted with Cl-4-alkyl or 10 hal ogen

 Thegkeaers invEitonptse pervides eompawids af fosmylp | ust rated by the

follow ng non-limting exanples. 15 CGeneral Procedure
for les 1 to 6: A mixture of nmethyl ketone,
priqugzglkylan1ne and/ or an addition sall thereof
(1.1 1.5 equivalents (eq)), formaldehyde (1.4 to
1.5(;2iacﬁf§;:V£nt optionally in the presence of a
pr qf d, heated in an autoclave at a total
pressure abo¥k 1.5 bar for 5 to 24 hours. Afterwards,

the reaction solution is cooled to 20 C. Optionally
and 4R 2061861 LaBB oSRbR BdldSZ@heIam Xtif&or Oend erqn@ehtp@r.d-aﬂyyl,o r

i n whol e an solvent, |ike eth
MR s e otinef Aanier g BERITE SR ety
a r%ﬁsééﬂonnﬁéﬂt beasyllchd Rlifdepéndentlyifntlick substitfited ivith ﬁ[—@dlnkyltor
suspension is cooled (0 to 20 C and after

mﬂ%ﬁ%@@%ﬁtatlon (0.5 to 10 hours) the product can be
filtrated, optionally washed and dried affording a
slightly yeIIom;to white powder in yields between 50
to 75 % The product can be recrystallized from

In i8R dDl e ol 128itihd cxa@plessary. | f

Iﬁe stability of the'free base is sufficient at
anmbi ent conditions, extracting wth an organic

Ong‘i’?Féed_ﬁlfkq‘oﬁﬁxﬁﬂﬂlWGbase affords the free base.

A nﬁxt(ufdbf mpthatkhetooy, pringarsalofsmeine andipr ypaddision splt Bereof 11 (11,

; 0
(1. I?T%%&S)%quaﬁ?ﬂyé % fl)m;!agdegy Zﬁﬁ ié)lr]it %éecﬂ?{k%%ntg gﬁ_ﬁo@allg in @1@
pre&ndb of g protymeachlf mhnﬁtdiahgrdéod%*e at agtotamgssmngove 1 54):1@{?)' 5to24

houﬁoﬁﬁgr%%dg tfwzfeg tgés St%cjﬁ%(%lolegl %o% d@-b nonla.%?thgréca&fongolvent

removing o anol
canithan ba mnm\rechphﬂﬂy omdn whble emd'wslolvegtdécp aihpl acctate omgpro;@gol czp:g_be

addeg Xnder vigorous stirring, if necessary o facilitate precipitation of the product. The
suspension is cooled (0 to 20 °C) and after precipitatidn (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 isopropano} 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 - HC1(II, X=§, 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); HCI conc. (1.0 g); ethanol (100 mL);
110 °C for © hours; ca. 2 to 2.5 bar; removing of ethanol (50 mL) iz vacuo; addition of ethyl
acetate (200 mL); ca. 71 % yield.
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WD 2005/ 021527 PCT/ EP2004/ 009690 10 'H- NMR 8 ( DVBSO- d6,
400 MHz): 9.16 (2 H, s, br), 8.07 (1 H dd, J= 5.0,
1.0), 8.01 (1 H dd, J=3.8,1.0),7.29 (1 H, dd, J=
5.0, 3.8), 3.49 (2 H t), 3.20(211, t), 2.56(3 H, s);

wa 3@0s5/MvR78 ( DVBSO- d6, 100 MHz) : PCT/EP2004/009690
1899142713541338125308 43.1, 34.6, 32.4. 5
Exanpl e 2:

SIS bh i 1§ B SR 0 Kyt R AR L5 50, B o

J=3371.0090% (1 HEdd)y =310, Bi8), Byd (mm,amoqem . ﬁs7(g H,2% ?’clmézlm 3
o s g M SR P ST LS5 B (08 10, ™ L

for 8 hours; ca. 2 to 2.5 bar; addition of |sopropanol
(50 n.); ca. 65 % 10 yield. Exarrpl e 3.
Exguple®nhy| ani no) - 1- (t hi ophen-2-yl ) propan-1-one HCL(II,

3- (Iafetﬁ}rlﬁnm%-l'- ﬁfoBHén)-Z—yl?prﬁﬁﬁIl}HnE hHngFR& £.R 3nﬁthy§0 mml )

m ne hydi ochl ori

2- Apfavlalﬁ@nhnm @é«ﬁ)@d ¥7(mgmal); gieﬁhrbmwm}ydwcﬂom(m e f@)
11 5&5 335&%_ Ictg 3 %3?76%011119 IfI@f cofl hoys; ifsopfé@mo? to

et hanol L) in_vacuo
(wadm)-tmaﬁcmr Schtomms] Gaa% 2% har,(@@nm?f lsqpéppamé (R llra 65 %
{yH NVR 8 (DMBO-d6, 400 Mz) : 9.3 (2 H, s, br), 8.08
vieldy " ), 8.00 (111, dd), 7.28 (1 H, dd), 3.51 (2 H,
t), 3.20 (2 H t), 2.96 (2 H q), 1.23 (3 H t). 20
E Exaln‘gl e 4:
XHAR¥ Sbbut yl ami no) - | - (t hi ophen-2-yl ) propan-1-one HA
3- (Eth}ﬂamﬁ(O):lﬁhmEEﬂ%ﬂMpﬁh—)l-onﬁH@e(ﬂy]?(ﬁﬁ,whethﬁ) (6.3 g, 50

2-ageguggpens 8ot e oF D el A ibrlesd s T oo
paréﬁma@déﬁﬁie (. g gf’gﬁ)]moleikl) SagoHC{ &c. EDJS 2k tﬂlalti]b;?ﬁ mb); 28 °c for 9
hougy cavéa@%?b%wvwﬁ seiBipoF MRS L Rl FEEA priieliey o
(50)@1815&713 i AR 8 DI\/gOdG 400)I\/Hz 9.0 (2 H s, br
KB p (VSO 3l Z?gb@éazﬁ, osiz Hys, b 5080 i 4o e Eb g, 7%8%5}1

H3) 20sarH] @, 523 @-Hter t
dd)% ?ﬁ(zqgﬁgdn (St?hl oShenQ ylggpropy;an-l -one HA (I, X
:S R—tert but yl )

Example 4:

3-(Isobutylamino)-1-(thiophen-2-yl)propan-1-one - HC1 (I, X =S, 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 1o 2.5 bar; removing of ethanol (35 mL} in vacuo; addition of ethyl acetate

(50 mL); ca. 56 % yield.

IH.NMR § (DMSO-dg, 400 MHz) : 9.0 (2 H, s, br), 8.08 (1 H, dd), 7.99 (1 H, dd), 729(1 H,
dd), 3.55 (2 H, 1), 3.22 2 H, 1), 2.78 (2 H, d), 2.03 {1 F, 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); zer¢-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 mE.); 117 °C for 9
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2- Acetyl t hi ophene (6.3 g, 50 nmol); tert-butylam ne
hydrochloride (8.3 g, 75 mol, 1.5 eq);
par af or mal dehyde (2.1 g, 75 nunol, 1.5 eq); HO conc.
(0.3 g); butanol (35 nL); 117 C for 9 WD 2005/021527
041009690 11 hours; ca. 2 to 2.5

W(g%b?iocg)zg of ethyl acetate (50 nL); ca. ng%mo?“d) 09690
1H NVR S (DVSO d6, 400 N+t§1: 9.2 (2 H, s br) 8.08
(1 H dd), 7.98 (1 H, dd), 30.(1 H

houts) pa. 21005 bar; additiop of afhy geqtate ‘IﬁO my); ¢ a55?i:%a’

w504y o ) s ol S A 0

dd)yfeshZ Fh i hé9 BMrthd 3G H dé (6.9 g, 102 mml 1.5 eq);
par af or mal dehyde (3.1 g, 102 mmol, 1.5 eq); HC1 conc.
(1.15 g); ethanol (35 m.);110 Cfor 8 hours; ca. 2 to

Examngfle 6ar ; renoving of ethanol (30 nmi) in vacuo;

3. (ﬁ%gl ti og)_Ff et Eyéog) acet at e (P?&(El%"@)% 81%thy@4 % y| eI d.
2-Abdtylflrail,5 gf 68 nfol); iﬂﬂﬁxﬂitmmShy"dfor(lﬂoﬁldﬁ (6.9.,103 nml (73 qq)

PM&%&B’S#O@ER}%@? 17.5 éq,)%, Plfbi dotic. HQS g),EéMBi 6§ m}_.);tl% 1@ for
8 hdusd; o 2N /Bty keabving of cthikol (B0 afil) ényicyo; ddditianinty] acttate K50

= S, thyl) Hydrogenations were run in a
mLEJ‘i%r'?ég/&ﬁ‘eggreem ng equi pnent (10 nlL scale, up to 8

H-NRECS {(DMSO-dg. 2100 MHF ) 90(est,It sﬂh&) cswmh Iﬂiﬁﬁtﬁi)mf (o, m?,t@ﬂugﬂ

precursors W chiral phosphine [igands
m),(3é3 62 3&%9% ?nﬂ?;@tlﬁé"r@) were run with 0.4g

(rret hyl am no) -1 - (t hi ophen 20 2-yl)propan-I-one HC

(1 X =S R =nethyl) 90%in 6 nL MeOH at 30 bar H2

Xﬂ*@lesa'“olléast 24 h using a substrate to catalyst ratio

Ge,{églqar;,@gdhpg of 100. Because of the HCI content in the

startln ound 0.36 g of 24% (approx 0.8 eq of the
(S)ﬁé\%&@y "B%mmy D-Amepasol L, & = § R ket one)

Hy(ﬁg eHitl R ve n‘%‘ﬁa@ﬂscaﬂ_ b@reén@fg‘;egm%ﬁént‘ﬁ’ﬁf AL s, 8 to 8 reactions

eratures between products wer e

per ama) tpsting corybippiogs @ﬁcetaly%prqgvrsere (/& meh) wath ghil) piigsphéne o

hga%?sb((}] Vﬁvmﬁ,gz ghltr{eagﬁ% AR LS bSg M BeBHNIRR)-T-atiopiint abI €
—ylol&)apa@-lwmeﬂw B A s,lk - methyl) Moyl MeQH &34 han Hyfpr at Jeast

24k usis.nr RubstdRbD XAt%.W 9@ rratfo?o lclbgf EJG%}SE BEME XESLdn®Rt in the

ana |ca resu exa IS exp eri nent was
startingdopgpound 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 af temperatures between 30

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

354(2H

Conditions and results are simmarized in table 1 below.

Example 17: (8)-3-N-methylamino-1-(2-thiophenyl)-1-propanol (I, X = S, R = methyl}

Tn order to confirm the excellent analytical results of example 13, this experiment was scaled
up to a 50 mlL autoclave with following conditions. 22 mg (S,5)-Me-DuPhos (0.07 mmol) and
28 mg [Rh(cod),]” BF,~ (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 - HC1 (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 hydro genated at 30-34°C and




‘up to a 50 nmL autoclave with follow ng conditions. 22
rrg (S, S)-Me-DuPhos (0.07 mmol ) and 30 28 ny
[ Rh(cod) 2] + BFa (0.07 nmol) were dissolved under argon
in 12 nL degassed net hanol and added to a sol ution of
wa 20800523- (et hyl am no) - 1- (t hi ophen- 2- yl ) prropapzoodoogmoe
HCl (7.8 mmol) in 12 nL netjpanol in a stainless steel
autocl ave. To this solution were added 1.44 g NaOwke

sobfy et BP0 Tio R BIBLRE MBS0 BRBRATHTRan e,

resivipel dbgﬂwdmmmﬂwatﬁh'&mmiq@hass wlagievaperated ¢o divd 4.8 3 d

| Y efele d | S
S RhS17E BRI ENRE-BRbebl (23 S1F yfdh ity
chital B®1.G ee of the product1s>99%
(5)-3-Nnet hyl am no-1-(2-thiophenyl)-1-propanol (5.2
mmol, 67%yield). According to chiral BPLC ee of the
Tépledduct is > 99% 5 Table 1: No. netal ligand additive

[ C ee rod vi al-d-f94 comml ax 7 Phl{ecend) 2REA4
L A>3 L IH ] UU..H' A AV T ]\]l\\luu, [4=n = | Banay o

AL A |

‘S MagEl Phep [lig@fdg A 50 67 1p.additBe RT([ECI)RERD| vield [%]
S) - I\/EO3|[1Phep 0.36 g B 30 81 20.4 9 Rh(cod)2BF4
S) - 0.36 g B 30 >99 B6.9 0/23gC l10

G R L IR N T G

Qﬁét%};l(gB ¢s, @?N%Vé %J gg 84 qu N !o%ggoclé_ 1420'4

CPgl g os 0.B 303399 71 1534,
ght%cod)(gﬁé4F% M%Bm%os 0. @ﬁ% 80 290 3099'53 369

D. 23gC 16 Rh(cod)ZBF4 (S, S, S, 9) B-adef al Phgs o 36 98B

y) 798 S S)-Ve=PuoPhoy B
g0 IRHGGITFs o (5O Tomihos + (1 7 Ve PUs00] T es] O © a0

11 | RuClg(cym)z | (8)-C4-TunaPhos - 50 -40 11.6

12 | Rh(cod),BFs | (S)-C4-TunaPhos 036gA 50 54 6.2
023gC

13 | Rh(cod);BFs | (S,5)-Me-DuPhos 036gA| 50 >99 15.2

14 | Rh(cod),BFs | (S,5)-Me-DuPhos 036gB{ 30 >99 71.3

15 | Rh(cod);BF, | (S,S)-Me-DuPhos 036gB{ 30 >99 30.5
023¢gC

16 | Rh{cod)::BFs | (S,S,5,5)-Me-KetalPhos | 036gB| 30 >99 79.8

17 | Rh(cod)BFs | (S5,8)-Me-DuPhos 144gB | 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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Addi tives: A=NaOwe 30% B=NaOwe 24% C=AAEt Positive
ee denotes excess of the (S)-enantioner, negative ee
denotes excess of the (Ry-enantionmer it WO 2 0 0 510
215 2 7 PCTI EP20041009690 13 dainms 1. Process for

Wdﬂ,@sﬂgmpar ation of chiral conpounds of f op@tk@oosfosdss

and enantioners wherein X represents S or 0, and
R represents Cl - 6-al kyl, _$-cycloal kyl, aryl or 10
aral kyl , each aryl or aral kyl being optionally further

Claimsbstituted with one or nore Cl4-al kyl groups and/or

1.

hal ogen at ons, which process conprises the asynmmetric
hydr ogenati on of compounds of formula X 1511, O,R
wPrecess for ¥hegmepartion of chisal destpayeds el i n the presence
of a transition netal conplex of a chiral bidentate

phosphi igand 20 and, optionally, a base. 2. The
processy of/ laim1 wherein the chiral bidentate

phosphingZligand is a conpound of fornmula R4 25 RZ
RS P 1/ 1 "'RSIIRI, \ RZ P

HO
and enantiomers
wherein X represents S or O, and R represents Cig-alkyl, Cs.s-cycloalkyl, aryl or
aralkyl, each aryl or aralkyl being optionally further substituted with one or more
C;.4-alkyl groups and/or halogen atoms,
which process comprises the asymmetric hydrogenation of compounds of formula

> N

AR
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.

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

formula

and enantiomers




~

10

15

20

25

30

"*30 Ra R3' R5 and enantionmers WO 2005/ 021527

PCT/ EP2004/ 009690 14 wherein R2 and R3 are nethyl,
ethyl or isopropyl; and wherein R4 and R5 are hydrogen
or R4 and R5 together forma isopropylidenedi oxy

wgraspz158. The process of claim1, wherein PorgEpadoi/doakoo

bi dent at e phosphine ligand.i,s a conpound of 5 fornula
R6 PPh2 R7 PPh2 IV, 10 / 4fid enantioners wherein R6
and R7 are met hoxy qr ethoxy or wherein angds R7

¢ ogeiaR: st iy age mathel %@ gy SHRIREAPO RheE o & hycrogen
1, druhd kP RpaRS ek iSRuRlideh&didty ghig. pr ocess of clai m
1, wherein ?he chiral bident at gxyp%osphi ne ligand is
selected from the group consisting of (SS)-M-DuPhos,

] E gﬁ@%&%@&m (,gghgb%g@lé MerafGilig e S s ligand is a compound of

TunaPhos. The process of any one of
cliatmgal to 4, wherein the transition nmetal is Ru or
Rh. 6. -The process of any one of clains 1 to 5,
wherein tphex{ransition netal conplex of a chiral
bi dent at sphi ne |igand conprises at | east one
di ene, 43 petQr _arene as stabilizing ligand. 25 7.
Rocess of Bfaim 6, wherein the transition netal
conpl g a chppral bidentate phosphine I¥gand
conpri sey east’ one stabilizing |igand sel ected
consi sting of 1,5-cyclooctadi ene

andp- cymens:
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.

The process of claim 1, wherein the chiral bidentate phosphine ligand is selected from
the group consisting of (S,S)-Me-DuPhos, (5,8)-Et-DuPhos, (5,5,5,5)-Me-KetalPhos and
(8)-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, whetein 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
CI-, BF4, AsF¢, SbF¢ and triflate.




30 8. The process of any one of clainms 1 to 7, wherein’
the counterion of the transition netal conplex of a
chiral bidentate phosphine ligand is selected fromthe
group consisting of Cl17, BF4 , AsFb, SbFb and
wbhdekhAate. WO 2005/ 021527 PCT/ EP2004/ 00969 @cT/EP2004/009d06
process of any one of cl ai{}? 1 to 8 wherein the
catalyst is prepared by mxing a transition netal
conpl ex of the fornula Rh(cod) BF4 with a i ral
9. biThe progess of apﬂ@@ghf qlmmgé& ‘iﬁ?ﬁ#@b@%i”&ﬂﬂewy mixing 2
C Pi@geod ~vhith-al it osienag
%ﬁg‘@?&é&]ﬂ%@l @r%gﬁn;s&l Thez?B?%)cess of ﬁoBe of
clmospbmi selwtegl ﬂom@p BiOHD ecHBistiEAE @E» »&S%g t-DuPhos and
%. t2pp&t hanol ate of 1ithium SOdI um or
um or a mxture of said bases. ' 11. The
process of any of clains Ito 10, wherein the hydrogen

r ssure dur i jo
oSSR ORI gy Mol
1 Q:Hatol&0 oblithinml bodium 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.




