1 Process for the asymmetric hydrogenation of [3-am no ketones The
invention relates to a process for the preparation of enantionerically
enriched or enantionerically pure (S)- or (R)-N nonosubstituted (3-an no
al cohols of formula 5 X// R N~ H HO and enantioners 10 and their
addition salts of proton acids which can be obtained by asymetric

hydr ogenation of [3-am no ketones of formula X Il ', 15 ROH and their
addition salts of proton acids. N-Mnosubstituted (3-am no al cohol s of
forrrula I like (S)-(-)-3- N-rrethyl am no 20 1-(2-thiophenyl)-1-propanol (I (X

are us f.[TBﬂ d building - blocks for the
prepar at |lgece5¥tl°%)#§ &ci'gfl Xna‘tl{’ oiﬁgg{gﬁagl ike (S)-(+)-nethyl-
[ 3- (1- napht hyl oxy) - 3- ( 2-t hi ophenyl ) - propyl j-am ne ((S)-dul oxetine, see e.qg.
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and enantiomers
10 and their addition salts of proton acids which can be obtained by asymmetric hydrogenation

of $-amino ketones of formula

I

15 o ~R
H

and their addition salts of proton acids.

N-Monosubstituted B-amino alcohols of formula I like (8)-(—)-3-N-methylamino-

20 1-(2-ﬂ1iopheuyl)—1-ﬁropanol (I (X =8, 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, I. et al., Tetrahedron Lett. 1990, 31, 7101-7104).
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O HONH H30 1 (X=S R=nethyl) (S)-dul oxetine 2 EP-A-457559 and
EP- A- 650965 di scl ose the preparation of N, Ndinethyl (3-amno alcohols via
- Manni ch-type reactions of methyl ketones wi th parafornal dehyde and

di ret hyl am ne followed by reduction of the carbonyl group. After reaction
of the hydroxyl group affording an alkyl or aryl ether derivative, one
N-nmet hyl radical is renoved to obtain N-nono 5 substituted conpounds. In
WO A- 03/ 062219, JP- A-2003-192681 and Sorbera L. A. et al. (Drug Future
2000, 25, 907-916) several strategies for syntheses of dul oxetine are
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The sesongubkittife@cdngpoagdsnmet ri ¢ hydrogenation of N, N-di al kyl - (3-ani no

ket ones using either 15 chiral netal-1igand conpl exes or achiral conpl exes
together with optically active auxiliaries as hydrogenation catalysts. A

comon f egi WOEA03/063299, P05 2003€19026815%08d SérbaHLNA-dP apfmg P Rr<008lRs, Whi ch were
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The first one utilizes chiral resolution of racemic alcohols resulting from achiral hydro-

genation of the corresponding ¥,N-dialkyl-B-amino ketones.
The second route is asymmetric hydrogenation of N,N-dialkyl-B-amino ketones using either

15 chiral metal-ligand complexes or achiral complexes together with optically active auxiliaries
as hydrogenation c;atalysts. ,

A common feature is the consequent use of amino-protective groups which were removed as
one of the last steps before the final active compound is obtained. Preferably, methyl and
benzyl groups were used fo protect the amino group.,

20
In EP-A-1254885, asymmetric hydrogenation of several N,N-disubstituted -, - 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.

25  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.

30 Inaknown 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 Obkuma, T. et al. (Org. Lett. 2000, 2, 1749-1751). In spite of




phosphi ne |igands conpl exi ng the Ruthenium (Ru) ion. 25 Asymmetric

hydr ogenati on of said am no ketones containing at |east one -CH2- NRZR3
group wherein RZ is acyl or al koxycarbonyl and wherein R3 is hydrogen is
di scl osed on page 4, line 14ff. The particul ar conbinations wherein R3 is
hydrogen and wherein R2 is al kyl, cycloalkyl, aryl or aral kyl are not

di sclosed. 30 In a known process for the preparation of an optically active
precursor of (S)-duloxetine, a catalyst systemfor asymetric

hydr ogenati on of 3-N-di net hyl am no-1I-(2-thiophenyl)- 1-propanone is

di scl osed_ ] o : i 293fnetde nakibRd) . I n spite of
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hy dr ogenali-monosalstituedrPormieleseres ismeidlinboad no ket ones is not discl osed.
Sakuraba S. et al. (Chem Pharm Bull. 1995, 43, 748-753) discloses direct
asymmetric hydro- 5 genation of 3-N net hg/l am no- | - phenyl -1 - pr opanone
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res | . et !
y fogegra%'fl 1] wm%?}%%@ﬁggfﬁﬁ?ﬁ%?e h@ﬂas‘ﬁénéqﬂw&an&ﬁﬁ&i@%ﬁegmt aining a

benzy ctrve gr ature, presented in scheme
Hy dr ogenat $00%. A proeess foo adyetrostdshydmgeration ang stheequew alekangiltionobapigeies i s not

di sclosed. 10 A f.urther ocess for i : wiric

hydr ogengﬁoB?“? CBFlALing ﬁg)e%g[ rﬁt:eguvls §°% ?g%ﬁméa}ggeﬁﬁlé’ %@eﬁfé g ﬁ%ﬁ%‘:}% A centr al
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nol ecul e. The nitrogen atomis further substituted by a nethyl group and
no N\H group is present. 15 Al known processes used in synthesizing

pr ecuys or 5 fidtherphatsdadiath eibtive aad dsymeeicio hypdrogedstionlof kreinp ptenkslisoxet i ne by

hydr ogenaj, i on .qf i s are characterized in at .1t i N0 groups
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car bonyl grou stab) i shes an alternative and econom cal |y advant ageous
synt het i @ndF%ﬁt}gg‘PmlsipFFG?}gt rial production of optically active derivatives
of N-nonosubstituted R-amno alcohols of formula I, like (S)-dul oxetine.

Racem ¢ m xtures of the enantj oners of cont;ogunds of formula |, can be
pr epatied Albtlewya pProgesses used in synthesizing precursors of pharmaceutically active compdunds

like ($)-duloxetine by hydrogenation of amino ketones are characterized in that the amino

groups don’t contain active hydrogen atoms.

Preparation of N-monosubstituted $-keto amines of formula I and asymmetric hydrogenation
20 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 mixfures of the enantiomers of compounds of formula I, can be prepared according
25  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

f-keto amines.

30 In the following the terms “B-amino ketones” and “B-amino alcohols”, more sp_eciﬁéally
“(S)-N-moposubstituted f-amino alcohols”, include the pure compounds and their

physiologically acceptable addition salts of proton acids.




25 to the nethod described in International Application No. PCT/EP03/07411.
Presently, the min drawback is that the correspondi ng al cohols are
avai l abl e as racemic mxtures only. No nmethod is disclosed for an
efficient enantiosel ective reduction process of N-nonosubstituted O0-keto
amines. 30 In the followng the terns "p-am no ketones" and "(3-am no

al cohol s", nore specifically "(,9S)- N-nnnosubstltuted 0-am no al cohol s"

i ncl ude the pure conpounds and their physrologrcally accept abl e addi tion
salts of qboton acids. 4 The term"enantionerically enriched conpound”

conpri ses bﬁm‘éﬁwoﬁ@ﬂpﬂm egrghpbenmpuvl’ comprises apticadlyiaciivgcompamdesith (ee) of
at | east ZQmﬁﬂmlﬂﬁm%ﬁkgg gggg%%gﬁ%@%cally pure conpound” conprises
optically active conp ound 5 enantioneric excess of at |east 90 %
The term "G . 6- aIkyI" represents a linear or branched al kyl group having 1
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"C3_3- &ycbmmhﬂymﬂumemsdkmhmﬁ9@%ﬁycIoaI|phatlc group having 3 to 8 carbon
atons, i.e. cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl
and cyclooctyl. The term"aryl" represents an optionally substituted
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substitutaﬂ}amﬂ] noi ety consisting of phenyl or naphthyl bound to the

mol ec ée in question via a linear Cl4-al kyl noiety which can 20 be further
substituted by hal ogen atons. The substituents of the aryl noiety can be
one or NOTig téAn “eg lgl6ydlodlieyTUiRpresti b @ycldaBhIRge Broap Piing 3H0 8 chi®6dRbERl.c.pr Obl em to
be solved b r i nvention was to provjde a selectrve and 25
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(3-ketoamnes to get enantionerically enriched or enantionerically pure

(S)- or (R) N- npnosubsti t ut ed
The term “aryl” represents an optionally substituted aromatic group, preferably phenyl or

15  naphthyl, wherein the substituents optionally being further substituted with one or more
Ci4-alkyl groups and/or halogen atoms.

The term “aralkyl” represents an optionally further substituted aryl moiety consisting of
phenyl or naphthyl bound to the molecule in question via a linear Cy4-alkyl moiety which can

20  be further substituted by halogen atoms. The substituents of the aryl moiety can be one or
more Cy4-alkyl groups and/or halogen atoms.

The technical problem to be solved by the present invention was to provide a selective and
25  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 f-amino alcohols.
30

The problems mentioned above could be solved according to the process of claim 1.




R-am no al cohols wi thout using protective groups for the secondary am no
group. Another target of the present invention was to provide

N- nonosubstituted O amino al cohols. 30 The problens nentioned above coul d
be sol ved according to the process of claiml1l. 5 The present invention
provi des a process for the preparation of chiral conpounds of formula 4DZ
- I HO-HR 5 and enantioners wherein X represents S or 0, and R
represents Cl.6-al kyl, C3-s-cycloalky, aryl or aralkyl, each aryl or

aral kyl being optionally further substituted with one or nore Cl.y-alkyl

groups and/or hal ogen atqnms, 10 i.eh pr i ARymetric
hydr ogendif 81555} ! ﬂﬁ%ﬁ’bﬂ’i‘? PG Itgepr%awfﬁ%?’?;éﬁcmg%waﬁ%gg ‘;v%h%%r ein X and R
are as defi ned@e, in the presence of a transition netal conplex of a

chiral bidentatge pllosphine Iigand and, optionally, a base. 20 In a

preferred enmbodiment the chiral bidentate phosphine ligand is a conpound of
formula R RZ~..,;,.RS PR 1
/\/\N/
5 HO N
and enantiomers

wherein X represents S or O, and R represents Ci.¢-alkyl, C3.g-cycloalkyl, aryl or aralkyl, each
aryl or aralkyl being optionally further substituted with one or more Cj.4-alkyl groups and/or

halogen afoms,
10  which process comprises the asymmetric hydrogenation of compounds of formula

N

R
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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.

20 Ina preferred embodiment the chiral bidentate phosphine ligand is a compound of formula
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30 and enantiomers

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

Particularly preferred R? and R3 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.




R/ 1 325111 \ RZP! R3,. R&A RS 30 and enantioners wherein Rz and R3
are nethyl, ethyl or isopropyl; and whereinR4 and RS are hydrogen or R4
and R5 together forma |sopropyI|dened|oxy group. Particularly preferred RZ
and R3 are nmethyl, ethyl or isopropyl and R4 and RS are hydrogen; or RZ
and R3 are nethyl and R4 and RS together form a isopropylidenedi oxy group.
6 Ligands of the famly of DuPhos-ligands of fornula IIl wherein R3 is

met hyl, ethyl or isopropyl and wherdin R4 and RS are hydrogen are sold by
Chirotech Technol ogy Ltd. Ligands of the fam |y of Ketal Phos-Iigands of
formul a |mganmt1ﬁfmnﬁ§30ﬂmmlfgahdsa:ﬁdammhmiwhersmmimcthﬂ&tmget her forma

| sopropyl.i denedi 9x I QUP I abl e f nc. Preferably
the t rané?oﬂ"Bﬁ aﬁgf"ﬁ?rg'ingy eaﬁ? eso ltjércﬁﬁl(-rﬁéf‘l 519 arﬂtdl cularly

preferred the transition netal is Rh 10 In a further preferred enbodi nment

t he chlral bi d neI| la. R6 / PPh2
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1, 4- butyl i denedi oxy group. 20

Preferably the transition metal is Ruthenium (Ru) or Rhodium (Rh). Particularly preferred the
transition metal is Rh.

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

L

R

formula

PP
b, W,

R! PPh,
© U

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.
20
Particularly preferred the chiral bidentate phosphine ligand is selected from the group
consisting of (S.S)- or (R, R)-Me-DuPhos, (S,5)- or (R,R)-Et-DuPhos, (§,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
25  consisting of (S,5)-Me-DuPhos, (S,S)-Et-DuPhos, (S,8,5,5)-Me-KetalPhos, (S)-C4-TunaPhos
and (S)-MeOBiPhep of the following formulae

Et

B e
30 Et
B

(S,S)-Me-DuPhos (8,S)-Et-DuPhos,




Particularly preferred the chiral bidentate phosphine ligand is selected
fromthe group consisting of (SS)- or (R R) -M-DuPhos, (SS)- or :
(R, R -Et-DuPhos, (S,S,S,8)- or (RR R R)-M-Ketal Phos, (S)- or

(R) - 4- TunaPhos and (S)- or (R)-MeOBi Phep. Mire particularly preferred the
chiral bidentate phosphine ligand is selected fromthe group 25 consisting
of (S,S)-M-DuPhos, (9,S)-Et-DuPhos, (S,S, S, S)-M-Ketal Phos,

(S)-C4-TunaPhos and (S)-MeOBi Phep of; the following fornulae Et p ~ P E
30 Bt P P--~ (S,S)-M-DuPhos (SA-Et-DuPhos, 7 0 ~O1 PPh2 Pct PPh5 2 P
O O 10 (SSS, S)- M-Ketal Phog (S)-C4-TunaPhos Me-0 / PPli2 15 Me-0 | PPh2
(S)- MeOBi Phep. 20 The cagjallyst precursor conpl ex optionally conprises at

| east one further stabil'ziig | i gand such as_&>g| ene, al kene or arene. In a
preferred enbodi nent tabilizing |igand @ , 5-cycl ooct adi ene (cod)
orp-cynene (cynm). Partlicufarly preferred abTtppej ng 1igand is

PPh,
P
e £ Q
"0’%
10 (S,S,5,8)-Me-KetalPhos (S)-C4-TunaPhos

Me—O O PPh2
15 Me—0 O PPL,

(S)-MeOBiPhep.

20  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.

25  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 sohition may

contain further additives like ethyl acetoacetate (AAED).

The catalyst solution can be prepared in situ by dissolving a transition metal salt MY, where
30 M isRu or Rh and where Y is CI", BF4, AsFg", SbF¢™ or OTf" (trifluormethansulfonate or
triflate), or another suitable counterion, in a polar solvent and mixing with a suifable amount
of the chiral ligand, optiopally further mixed with the stabilizing ligand. Altermatively, the
catalyst solution can be obtained by mixing a transition metal complex which already contains




1, 5-cycl ooct adi ene. 25 The hydrogenation is carried out wwth a catal yst
solution in a polar solvent. Preferably the polar solvent is nethanol,

et hanol or isopropyl alcohol or a mxture thereof. The solution may
contain further additives |like ethyl acetoacetate (AAEt). The catal yst
solution can be prepared in situ by dissolving a transition netal salt My,
where 30 Mis Ru or Rh and where Y is Cl17, BF4 , AsFs, SbFs or OIf
(trifluornethansul fonate or triflate§, or another suitable counterion, in
a polar solvent and mxing with a suitable anmount of the chiral |igand,
opt i onal |aystszﬂ[ziﬂgefgaﬂﬁ wietch stitile dnemtdfaiei chiral ligandl Fxgﬁ:nnhoretxlthe@analawti vely, the

catal yst solutio b ned a tr.ansi corrpl ex
whi ch” al relgn %&F&ﬁtﬁ? ‘gby ‘f{ssav |alpfe§?%§a(fq]%]a oy ﬁ‘etaj Ig%am?&on?pée anount of
the chi r ajhitH SRR coltdint AefheisBilizing tigamds. al yst  sol uti on can be obtai ned by

di ssolving a prefornmed chiral transition netal-ligand conplex which
already contains further stabilizing ligands. 5 In a preferred enbodi nent
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hydr ogenati on solution may contain a base to facilitate form ng of the

substrate-catal yst conplex and to neutralize acids which nmay be part of the
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Optionally the hydrogenation solution may contain a base to facilitate forming of the
substrate-catalyst complex and to neutralize acids which may be part of the starting

20  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

25  starting compounds. [t can be added at once, in a continuous manner ot in separate portions.

In a preferred embodiment the hydrogen pressure during the reaction is in the range of 1
10 60 bar and more particularly preferred in the range of 10 to 30 bar.

30  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.




Preferably the base added is in an amobunt of 0.6 to 1.2 eq to the anount of
the starting conpounds. Mire preferably the anmount of the base added is in
the range of 0.7 to 1.0 eq. The base can be added to the catal yst solution
before, during or after the addition of the 25 starting conpounds. It can
be added at once, in a continuous manner or in separate portions. In a
preferred enbodi ment the hydrogen pressure during the reaction is in the
range of 1 to 60 bar and nore particubarly preferred in the range of 10 to
30 bar. 30 The hydrogenation can be carried out at a tenperature in the
range of 24, 10 80nfentid BoGrARleY conlgdfnds 8RERAAUr € is in the range of 30 to
50 C. 9 - The present invention also provides conpounds of fornmula 4D R 5
HON'" H. and ir addition salts of proton acids, wherein Xis Sor O
and R representg C1§6-a|ky|, C3. s-cycl oal kyl, benzy] with the exception of
a conmpound wher is Sand Ris nethyl. In a preferred enbodi nent

benzyl can be indépendently further substituted wth d-4-alkyl or 10
halogeg at ons. é?é\QLeS?itRinvention is illustrated by the follow ng
non-limting i npl es. 5 General Procedure for Exanples 1 to 6: A m xture

of nmethyl ketone, primary al kyl am ne and/or an addition salt thereof (1.1
to 1.5 equiyval.ent.s. d . gmh,ent,
optional | ffudl e’ﬁ%gl%oérgag%é%ét%gg (gs’ ‘gﬂ%@g%{gégﬁfj&%}%Rﬁ?g%%%s L?llrf a Y’aut ocl ave at
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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
yi el ds

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

15 General Procedure for Examples 1 to 6:
A mixture of methyl ketone, primary alkylamine and/or an addition salt thereof
(1.1 to 1.5 equivalents (eq)), formaldehyde (1.4 to 1.5 eq), a solvent, optionally in the
presence of a proton acid, is heated in an autoclave at a total pressure above 1.5 bar for 5 to 24
hours. Afterwards, the reaction solution is cooled to 20 °C. Optionally the reaction solvent

20  canthan 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 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 isopropanol and/or ethyl acetate

25  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 = §, R = methyl)
30  2-Acetylthiophene (25.5 g, 200 mmol); methylamine hydrochioride (14.9 g, 220 mmol,
1.1 eq); paraformaldehyde (8.2 g, 280 mmol, 1.4 eq); HCI cone. (1.0 g); ethanol (100 mL);
110 °C for 9 hours; ca. 2 to 2.5 bar; removing of ethanol (50 mL) ix vacuo; addition of ethyl

acetate (200 mL); ca. 71 % yield.




between 50 to 75 % The product can be recrystallized from i sopropanol

and/ or ethyl acetate 25 if necessary. If the stability of the free base is
~sufficient at anmbient conditions, extracting with an organic solvent and
an aqueous base affords the free base. Example 1:

3- (Met hyl am no) - 1- (t hi ophen-2-yl)propan-1-one HC (lIl, X =S, R= nethyl)
30 2-Acetylthiophene (25.5 g, 200 mmol ); nethyl am ne hydrochl oride (14.9 g,
220 mmol, 1.1 eq); parafornal dehydeif8.2 g, 280 nmol, 1.4 eq); HCLl conc.
(1.0 g); ethanol (100 mL); 110 Cfor 9 hours; ca. 2 to 2.5 bar; renoving
of et handiy. ¥R sTOMSOdy 4e0UakZ)aolté CiTs, WY, 86T (I, ddafet 8 BOY ROD(IL)A, ca. 71 %

50,107 @315?%5%69 Gab's2y=30 3B 5o Ry 2y 3Et g IR, o5

t), 3.20 brrsd-dd 100 MHBH 149D, 2. B i34 B C3NBR268, 46DVBIH,38.4. 100 MHz) : 189. 9,
142.7,135. 4,133.8,128.8, 43.1, 34.6, 32.4. 5 Exanple 2:

3- (I\/bthyl am no) - 1- (t hi ophen-2-yl)propan-l-one HCL(II, X =S, R = nethyl)
2- Acet5yl tﬁyaﬁm},qne (24.9 g, 197 mmol); rret hyI am ne hydrochl oride (14.8 g,
219 mol , .1 eq); paraf or ma] dehyde ( gipl%?§ thé 4 eq); HCl conc.
(1.1 9); 3r@®§1¥b1§!11?f811 @W%‘E’Wﬂ’ﬂ@d ‘@efgpl Y9 to 2.5 bar;

addi tion,of .. g,&gﬂg ?(%Ig 4 367 ﬁh))k) HidhylRandh fdﬂdéhl}z‘hdﬁ a4, 8%@1@&1’11@013

3- (Et hyl am no) | ophen- 2- )propan X =S R = ethyl)
2- Acetyl tiHi egpsipatabripgdehyde (85ce, ol, & ek Hixd gomc. ﬁkéﬁbéﬂrﬂ?@l’@% (6.1 g, 75
0.3
- ha @%&%ﬁﬁ%ﬁwwégyﬁﬁgﬁ%&tﬁn oﬂ@opﬂaﬂahgl %bxg%ﬁﬁér gl Hﬂ n; one. (

-'_et hankﬂl Gigkd.mL) in vacuo; addition of ethyl acetate (50 nL); ca. 73 %
yield. "HNVR 6 (DVMSO-d6, 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 t), 3.20 (2 H t), 2.96 (2 H q),
1.23 (3 Hxainple 320

3-(Ethylamino)-1-(thiophen-2-yl)propan-1-one - HC1 (TI, X = 8, R = ethyl)
2-Acetylthiophene (6.3 g, 50 mmol); ethylamine hydrochloride (6.1 g, 75 mmol, 1.5 eq);
15  paraformaldehyde (2.1 g, 75 mmol, 1.5 eq); HCI cone. (0.3 g); ethanol (35 mL); 110 °C for 9
hours; ca. 2 to 2.5 bar; removing of ethanol (25 mL) in vacuo; addition of ethyl acctate
(50 mL); ca. 73 % yield.,
'H-NMR § (DMSO-dg, 400 MHz) : 9.3 (2 H, s, br), 8.08 (1 H, dd), 8.00 (1 H, dd), 728 (1 K,
dd),3.51 2H,1,320(2H,1),296 2H, q), 1.23 G 1, ).
20
Example 4:
3-(Isobutylamino)-1-(thiophen-2-yl)propan-1-one - HC1 (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
25  hours; ca. 2 10 2.5 bar; removing of ethanol (35 mL) in vacuo; addition of ethyl acetate
(50 mL); ca. 56 % yield.
'H-NMR 8 (DMSO-dg, 400 MHzZ) : 9.0 (2 H, s, br), 8.08 (1 H, dd), 7.99 (1 H, dd), 7.29 (1H,
dd), 3.55 2 H, 1),3.22 (2 H, 1), 2.78 (21, d), 2.03 (1 H, m), 0.96 (6 H, d).

30 Example 5:
3-(tert- Butylamino)-1-(thiophen-2-yl)propan-1-one - HCI (I, X =5, R = tert-butyl)
2-Acetylthiophene (6.3 g, 50 mmol); zers-butylamine hydrochloride (8.3 g, 75 mmol, 1.5 eq);
pataformaldehyde (2.1 g, 75 mmol, 1.5 eq); HCI cone. (0.3 g); butanol (35 mL); 117 °C for 9




Exampl e 4: 3- (| sobutyl am no) - 1- (t hi ophen-2-yl)propan-1-one HA (I, X =S,
R i sobutyl) 2-Acetylthiophene (6.3 g, 50 nmol); isobutylam ne

hydrochl oride (8.3 g, 75 mmol, 1.5 eq); paraformal dehyde (2.1 g, 75 mol,
1.5 eq); HA cone. (0.3 g); ethanol (35 nl);110 C for 9 25 hours; ca. 2 to
2.5 bar; renoving of ethanol (35 nmL) in vacuo; addition of ethyl acetate
(50 n.); ca. 56 %yield. 1HHNWR 6 (DMSO- d6, 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, t), 3.22 (2 H,
t), 2.78 (2 H d), 2.03 (1 H m, 0.9 (6 H d). 30 Exanple 5: 3-(tert-

But yl am hen S, R=tent- butyl)

2-Acety| R‘B%IS'FPHE# 2%23313 u%]d)fwaatggﬁﬁghaqgm%n%ed%{drochI oride (8.3 g, 75

mml . 5 'HNMR § mbedsmomwda 2((2H1s, §p), %8 (b id), 1.98(1d4y)dd). 4éP (kBnc. (0.3
butanol 7 1, hours; ca. 2 to 2.5 bar; addition of

et hyl acé‘ﬂb@gﬁi %ré]@(%g’é%za“%@ﬁ?r 1H-NVR 8 (DVBO-d6, 400 Mz) : 9.2 (2

H s, br), 8.08 (1 H dd), 7.98 (1 H dd), 7.30 (1 H dd), 3.54 (2 H t),

3.19 (2 H1t), 1. 34 (9 H s). 5 Exanple 6:

3- (I\/Et%yl%‘fﬁﬂ!‘r’)-l-(fluan 2-yl)propan-1-one HCL(II, = 0, R = nethyl)

2- Acet yl faunashylamifo g,ﬁﬁﬁlzrgzm:b annednhyHﬁth@HwK#@,diBmﬂM)l de (6.9 g, 102 mol,

1.5 f | d hyd | 1.15
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(1 BI:ENrI\r/LR) Siﬂ?%yﬁ%%mg% 'ltg mleﬁmm Byl); HCbéoat. 6{1 QSQ) ethhoh(3p mloal 1064 for 3; el d.

: 5 1H
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to 8 reagly 9882 H,1,3.2 (2 H m),2.57 G H,s, br).

Examples 7 to 16:

15 General Procedure
(5)-3 -N-Methylamino-1-(2-thiophenyl)-1-propanol (I, X =8, R = methyl)

Hydrogenations were run in a Chemscan-Screening equipment (10 mL scale, up to 8 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-

20  2-ylpropan-l-one - HCI (II, X = S, R* = methyl) 90% in 6 mL MeOH at 30 bar Hp for at least
24 h using a substrate to catalyst ratio (S/C ratio) of 100. Because of the HClI 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 HPL.C for ee.

75  Conditions and results are summarized in table 1 below.

Example 17: (5)-3 -N-methylamino-1-(2-thiophenyl)-1-propanol (I, X =35, 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,5)-Me-DuPhos (0.07 mmol) and
30 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
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mL autoclave wth follow ng conditions.
and 30 28 ng [Rh(cod)21+ BFa (0.07 mol)

and added to a

sol ution %; E.@O g 3-(nethyl am no)-1-(thi ophen-2-yl)propan- 1-one HC (7.8
nunol) in 5%}t methanol in a stainless steel autoclave. To this sol ution
wer e added [T .44 Ove 24% (6.4 nnnol ). |The.. gt e y@@ Yai @genat ed at
30- 34C and [12% é%’ ar hycﬁggen for 5 h. Thgﬁ%go 3%{eljfu |c§ wa@qfiltered,
the filtrate eviapowhkied gnd the residue |[di ssol vied i n| MIBE/{wat er. {The
organic phase—ﬂas evaporgted—to—gi-ve—6-89 ,
(S) - 3- N net hyl arhted):BF2-| (S e®RiRD) - 1- pr oﬁéﬁélA (552 mol67 [67%Mi’dl d) .
-According t eht+at—BPE¢—ee—of —tiheproduct s > 99% (5 Tabte 1, . metal
li gand addi|t i8¢ Rh(god):BEe |[(S4MsQRPEED 04 doRAF &R [7 #h(tod)BBF4 @8 |MeOBi Phep
0.36 g A 506711278 R(cod) 2BF4 (S)- vgOBI Phep[ U, 36| g 340 81 20.4 9
Rh( cod) 2BF4| (%)|-BseadizBRep ®-MeORPrer30” >0g %.6930 0.4 ¢ 6'%9 369
023gC
10 | Rh{cod);BFs | (S)-C4-TunaPhos - | 50 68 4.0
11 | RupClg(cym), | (§)-C4-TunaPhos —1{ 50 -40 11.6
12 { Rh(cod)BFs { (8)-C4-TunaPhos 036gA | 50 54 6.2
023gC
13 | Rh{cod);BF; | (S,5)-Me-DuPhos 036gA| 50 >99 152
14 | Rh(cod);BF; | (S,5)-Me-DuPhos 036gB| 30 >99 71.3
15 | Rh(cod),BF, | (S,S)-Me-DuPhos 036gB | 30 >99 30.5
023gC
16 { Rh(cod);BF: | (S.S,S,5)-Me-KetalPhos | 036gB | 30 >99 79.8
17 | Rh(cod);BFs | (S,S)-Me-DuPhos 144 g B 30-34 >99 67.0

Additives; A=NaOMe 30%, B=NaOMe 24%, C=AAEt _
Positive ee denotes excess of the (§)-enantiomer, negative ee denotes excess of the (R)-enantiomer




10 Rh(cod)2BF4 (8)-C4-TunaPhos --- 50 68 4.0 11 Ru2Cl4(cym 2 ’
(S)-C4-TunaPhos -- 50 -40 11.6 12 Rh(cod)2BF4 (S)-C4-TunaPhos 0.36 g A 50
54 6.2 0.23 g C 13 Rh(cod)2BF4 (S,S)-M-DuPhos 0.36 g A 50 >99 15.2 14
Rh(cod) 2BF4 (S, S)-Me-DuPhos 0.36 g B 89 >99 71.3 15 Rh(cod)2BF4

(S, S)-Me-DuPhos 0.36 g B 30 >99 30.5 0.23gC 16 Rh(cod) 2BF4

(S 'S, S, ?l-.l\/e- Ket al Phos 0.36 g B 30 >99 79.8 17 Rh(cod)2BF4 (S, S)-Me-DuPhos

1.44 g 8134 >99 67.0 Additives: A=NaOve 30% B=NaOVe 24% C=AAEt
Positive ee denotes excess of the (S)-enantioner, negative ee denotes
excess df t@empdApdsaddortouaner 111 13 daim 1 Conpounds of formula 4D HO ~%
NR H and enantiquoers and its addition salts of proton acids, wherein X
represents S or 0/ aRd R represent Cl_6-al kyl, C3_3-cycloal kyl or benzyl
with the excepti ¢ conpounds wherein Xis S ang Ris nethyl.
: R
and enantiomers

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

Cre-alkyl, Cs.g-cycloalkyl or benzyl with the exception of compounds wherein X is S
and R is methyl.




