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WD 2004/ 011452 PCT/ EP2003/ 007927 1 Process for the
Preparation of 3-Hydroxy-(2- thienyl)propanam nes The

wones@i4senvention is directed to a process foPCTHE®2003/007927

enanti osel ecti ve hydrogenati on of special a-heteroaryl
5 ketones. In particular the ihvention relates to a
process for the preparation of conpounds of the

‘ general formula (1) : RR_ON R~ SCOH_ (I) This

cl ass of PEBREEEnEST Fhes EFeparationmafi Adydnaxinhe?10
synt hesi s of enanti oger- j [ bst ances,
e.g. Duloxetine(r).q%ﬁf%&&?%ﬁt%%§%iﬂ§aé§J
(S)-(+)-Nnethyl -3-(1-napht hyl oxy) -3 (2-

| en I 1.ne. hydroc ' ' har eyt i.c
eI aPARILIe Jydroopl pridey Lo 2 pbatmeeitiothe
tdrRaiRIYe I b UM (& Ygd REODEL NEACEpetial NRLAEES rbRS 1
reupt ake of both norepinephrine (?) and serotonin.
Het@ar.hégl aftidul axethae{nyensidescelbedsi hodet aicbcess

in EP-A-273 658, EP-A-_457 559 gnd P-A- 650 965
' S¢E$
/

| BRH R THEY- b 2b027BHI4S 0937667827 2

Ghb & 1GO0HS) S COCH2CH2N( CH3h S | HC

2
R\
N\R1

==
—

ow
I

(1)

This class of compounds is used as intermediates for the

synthesis of enantiomer-pure biocactive substances, e.g.

Duloxetine®.

Duloxetine®, (S)—(+)-N-methyl-3-(l-naphthyloxy)-3-(2-

thienyl)propanamine hydrochloride, is a pharmaceutical that

is used as an antidepressant and for the treatment of
urinary incontinence. It inhibits the reuptake of both
norepinephrine (?) and serotonin. The synthesis of
Duloxetine® is described in detail in EP-A-273 658, EP-A-
457 559 and EP-A-650 965.
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11 S CHCH2CH2NHCH3 S CHCH2CH2N(CH3)2 | | DI |
weRkenstoing2f r om 2- acet yl t hi ophene, in stage A aRCT/EP2003/007927

am nonet hyl ation is carried out wi th di nethyl am ne and

5 formal dehyde (Mannich reactidn). The

3-di net hyl am no-1|-(2- thienyl)-1-propanone that is

formed is reduced in step B by neans of conpl ex

hydri des to the correspondi ng al cohol 1-gy4

hydr oxy- | - 2-thieny|)-3-dinethylaninopro'ane. The

al c i°SMHshen corfirer ) ARGHCHMSIE D i t OHGEHMO |

nmet hyjgri de 10 fI uor onaphafhal , optionally
in eserrce™ of [jot assttn co ﬂ (see EP-A-650

965),. into the napht hyI derg vat e

N, N- di nmet hyl - 3- (1| - napht hyl oxy) - 3- (2-t hi enyl ) -
propanamne. In the |ast step D the amno group I's
t hen denet hyl ated by reaction with a chlorofoymc

acid este prgf erabl y phenyl chlg MR or
trichlorp forof ormate, optip he
presencely X re of zinc and

(EP- A- 457°889) N£0l | onwed by al kal i ne sis of

the carbamgge to form N-nethyl-3-(1 o

napht hyl oxi) 3-(2-thienyl)propanam ne' The (S)-(+) WO
2004/ 0%145

pr od iy

B s g S

D

Starting from 2-acetylthiophene, in stage A an
aminomethylation is carried out with dimethylamine and -
formaldehyde (Mannich reaction). The 3-dimethylamino-1-(2-
thienyl)-1-propanone that is formed is reduced in step B by
means of complex hydrides to the corresponding alcohol 1-
hydroxy-1-(2-thienyl)-3-dimethylaminopropane. The alcohol
is then converted in step C with an alkali metal hydride
and 1-fluoronaphathalene, optionally in the presence of a
potassium compound (see EP-A-650 965),. into the naphthyl
derivate N, N-dimethyl-3-(1-naphthyloxy)-3-(2-thienyl) -
propanamine. In the last step D the amino group is then
demethylated by reaction with a chloroformic acid ester,
preferably phenyl chloroformate or trichloroethyl
chloroformate, optionally in the presence of a mixture of
zinc and formic acid (EP-A-457 559), followed by alkaline
hydrolysis of the carbamate to form N-methyl-3-(1-
naphthyloxy) -3-(2-thienyl)propanamine. The (8)-(+)-
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desi red conpound Dul oxetine(r). Since a racemate is
usually fornmed in the above synthesis of

woRkn@tonds2 3- (| - napht hyl oxy) - 3- (2-t hi enyl ) pr opara@miER2003/507927

speci al neasures are necessary for the selective
preparation of the (S)-(+)-enadtiomer. For exanpl e,
EP- A- 457 559 di scl oses an asymmetric reduction in

step B by a conplex of |ithium alum nium hydride and
fn@ﬁatrﬂéan?’qn gihdche Bredicadvant agehvidrachheride form is the

: tioned s esi s_patémway 10 is in particul ar
§%§%§%?Pﬁéﬁhqﬂ%ymﬁ%ﬁﬁﬁﬁéﬁ?oh. In this connection
hi ghly corrosive chloroformc acid esters, optionally
isincent naidena v tis WOXILL ) NEoré@ Useehd Nabdee Lofithesis
stéag\‘e of the synthesis of a nedicanent, and .
&dr Smsgdwle Frethariiivri erey ) 331 &2 sk beny Dapptpenssine,

53R LS sk onseen Ly heve

ginepEndtamme grieup( 9)nt oF t-hen ateisi sreste nonpeet dyd@pi 8p EP-A-

r-Qu n earlier synthesis, stage would therefore
58 10e5T SHIPELONE S T FTRITURE S TR ST e hvyStep B by a

Rah@etd R )i vl J16ag n 20 Vi Pt g CONYeS i i

(S)-N-nethylEé-hydroxy-sfFZ- tﬁﬁényl)propana&?ﬂ%giollgand'

%S)-(t)-N-nethyI-31(1-naphth | oxy) -

heo dimpevantadsparidh e rRiidrenentienep. syntRRs s 457thway
9:th ' I ' reduct.i,o f benzyl - .

iil-%rrté,\L:rlh?/’I(ﬂfijl%-@L lt%ﬁcfgﬁt)%% v[g, plr'gep'anﬂohné; C?eom el%hﬁae/lon' In this

NobewryrlioN- metghily Sordmsive chloroformic acid esters,

LT S e s s BT,
makhY lstigeeray lerd: Ci3rdmedians 3r (rsdit A0 Prapanani n

e can be debenzyl ated. Investigations carried out by
FRE Cinggentier fedhithehdioasialet iappidlcmdarh hacenshiovated

k@ﬁ%{%&ﬁpﬁ? gﬁgéﬁ&éﬁﬁgﬁ&%§§{§ﬁffs consequently have to be
subsequently employed. A conversion of the dimethylamino
group into the desired monomethylamino group in an earlier
synthesis stage would therefore be desirable. An
alternative synthesis pathway for Duloxetine® would lead
via the conversion of (S) -N-methyl-3-hydroxy-3- (2~
thienyl)propanamine to (S) - (+)-N-methyl-3-(l-naphthyloxy) -
3~(2-thienyl)propanamine in the last step.

In EP-A-457 559 the enantioselective reduction of N-benzyl-
N-methyl-1-(2-thienyl)-1l-propanone to N-benzyl-N-methyl-3-
(B-hydroxy)-3-(2-thienyl)propanamine is described in
Example 1B. However, there is no indication of how N-
methyl—N—benzyl—3—(B—hydroxy)r3—(2-thienyl)propanamine can
be debenzylated. Investigations carried out by the
inventors of the present application have shown that the

conversion of N-methyl-N-benzyl-3-hydroxy-3-(2-
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t hi enyl ) propanam ne with hydrogen in the presence of
woamumnidsonal pal | adi um catal ysts in sol vents BATHEP2a®3/007927

al cohol s and acetic acid does not |lead to the desired

debenzyl at ed nononet hyl am ne N net hyl - 3- hydr oxy- 3- ( 2-

5 thienyl)propanam ne. Catal ytic enantiosel ective

hydr ogenati ons of C=0 doubl e bonds have in the

RN Ve P rsesmen istantdry hxdeedemsinnther gaasence of

S Yo TR B ST i T oy SpEenkr alER, s

Hlowidlye et eness i Ref@i@nises snét sDes@deot ehehaedseed
of .so- called di phosphine |igands in conbination with
YR Eethdron gt L i ng b methnk-3ehvdepsr-at (2-

tdHis £ lte has been found however that one
spébféﬁg%%é%g ;%?16? a class of catalysts cannot be

used equally well'in all 15 hydrogenations, but that
éadta Invedie terem tprasds len thiase thy deogenaesongad £dC=0 double

eparately with regard to the catal yst use and he ,
TSI e i R S (o e dhd FondlREadiRachfbns 10
Ryrdyegenaiionstihal trke Ptagsloi ¢b2sat aBystissthakes the use
consist not only of a ligand and a transition netal

ft aerdtgimascadttlgrts ned ihe tiedadiolen cafespeefalre-aryl

t di.fferent |igand and the transition nmetal in

ST SRS 1 ?Fee‘ffﬁwcwﬁ -STHEAYD] bRt Tof PAg of so-
RIEse diPHRIEEHIh AVaSi debh i oMt dEoro i RAOLESSwiOh Lhfhenium
enanti osel ective reduction 025;§§C|al a- 25 heteroaryl

kerbreshIMals Jrageiarss ighdirel Gteoparfithilar sybakkhte.
on an industrial scale having regard to econom c and

e.LCtmh%@ %e@sﬁﬁﬂé’héweevezswg cpt?e Sé’;p&ﬂf:[ctgatalyst or a

class of catalyéts cannot be used equally well in all
hydrogenations, but that eaéh reduction problem has to be
investigated separately with regard to the catalyst use and
the conditions. This is all the more so in the case of
hydrogenations that take place with catalysts that consist
not only of a ligand and a transition metal but that, as
outlined in the above case, require two different ligands
and the transition metal in order to be sufficiently

active.

The object of the present invention was to provide a

Aproceés for the enantioselective reduction of special o-
heteroaryl ketones. This process should operate
particularly well on an industrial scale having regard to
economic and ecological aspects, i.e. should be superior to
conventional methods of the prior art as regards space-time
yield, enantiomer excesses, robustness and raw material
costs or waste disposal costs. In particular the process

should be suitable for providing in an advantageous manner
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particul ar the process should be suitable for

providing in an advant ageous manner WO 2004/ 011452

PCT/ EP2003/ 007927 5 specific enantioner-enriched

al cohols as internediates- for the preparation of

[ﬁH@ﬁ&ﬁ%Qmﬁﬁ%ﬁEl@EFEC?HKSCb@ﬁlé&gqhaéeoaaln@ﬂﬁimﬂdaates for
ected tg the process according

t?ﬁ?fﬁf?%@%%?%%ﬂ g %Bg8ﬁaEﬁP ©subcl ai ns descri be

preferred enbodinents. Claimx is directed to a

specs fois)dat ewegeﬁ&sv@aogéebrdﬁﬁwee ichel Eqae&résemclaim 1
reduction. Accordingly, in a procéss for

prepdiaesierd oo ‘éhanpmﬁ@sseﬁﬂpohédngompotuh@s imfremitd on.

B RSB bhhe ARaE8i0l HReretlen, SRpRdintk s

iﬂldih £8)s -datkyted( €d- £83peac¥lic (LteeBbdiate product
-alkoxxcarbon yl, (C3-C8) 15 cycl oal kyl, (C6-018F

(&' 9)prafankyFedpesiong) - heteroaryl
(CA C19) -heteroaralkyl ( (a-C8) -alkyl) 1 3- (C3-
oLy Ll kyi k 7 1 G138
BgRe iy § beefOh O el b
enantlomer‘enrlched compounds of the general formula (I)

R
@\/\/ R
s %
OH
0

wherein

R! and R? independently of one another denote H, (C;~Cg)-
alkyl, (Ci—Cg)-acyl, (Ci1-Cg)-alkoxycarbonyl, (Cs3-Cg)-
cycloalkyl, (Ce-Cig)=-aryl, (Cq-Cio)-aralkyl, (Csz—Cig)~-
heteroaryl, (C4-Cy9)-heterocaralkyl, ((Ci-Cg)-alkyl)i-3~(Csz-
Cg) —cycloalkyl, ((Cl—Cg)—alkyl)Lﬁ—(CG—Cle)—aryl, ((Cy1~Cg) -
alkyl) 13- (C3-Cig) ~heterocaryl,

or the radicals R!' and R? together form a (C;-Cg)-alkylene
bridge, wherein these may be substituted with one or more
(C1—-Cg) ~alkyl, (C3-Cg)-cycloalkyl, (Ce-Cig)-aryl, (C7—Cio)~
aralkyl, (Cs3-Cig)~-heterocaryl, (C4~Cys)-heterocaralkyl radicals

with the formation of further chirality centres,



or the radicals Rl and R2 together forma (C, -C8)
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(C6-C18) -aryl, (Cr-C19) - aral kyl, (C3-C18)

-heteroaryl, (C4-C,9) -heteroakal kyl radicals wth

the formation of further chirality centres, WO

2004/ 011452 PCT/ EP2003/ 007927 6 by enanti osel ective

HYM r et P dnl oFt EBAPBYABSIBNathen @énaoaipoﬁmdhmlc@f the

wherein Rl and R2 have the

Eééﬁﬁﬁ%% €$5%§g%b&££? the 5 aforenenti oned object is

achi eved especi ally advant ageously according to the
invention in a particularly surpriﬁing and in no way

foreseeabl e manner by using for thelhydrogenation a

catal yst conprising an/fen@nti onger - eiN~kghed bi dent ate
phosphor us-containing \ig ansition nmetal and a

10 di amine, preferably &'chir\yl dianine.

Enanti oner-enriched al cohol sQof the general fornula

(I') can be prepared with the aid of these neasures in

very short reaction tinmes and, W th high yields as

wel | as excellent enantiomer @chsses. It is

particul arly advantageous if in the above reaction 15

conpounds are used in which R2 denotes a COR group

Titee it @11 Phesph (PUSagen taleN nde nlingdN 45 veh WKIRFS! qad

by the person skilled in the art to nmean Ereferably
Bkt iorpRocpheksisraghpavspheerscial lyhadvantageously
] X&s, sphi tainin ' a -

AT aShusT y he 20 tashoh, B aole AN iRk L and

Jin Are Gheyn fSoesed®9le manner by using for the hydrogenation

a catalyst comprising an enantiomer-enriched bidentate
phosphorus-containing ligand, a transition metal and a
diamine, preferably a chiral diamine. FEnantiomer-enriched
alcohols of the general formula (I) can be prepared with
the aid of these measures in very short reaction times and
with high yields as well as excellent enantiomer excesses.
It is particularly advantageous if in the above reaction

compounds are used in which R? denotes a COR! group.

The term phosphorus-containing ligands is understood by the
person skilled in the art to mean preferably bidentate
biphosphines or biphosphites, or their mixed forms.
Phosphite-containing ligands that may advantageously be
used are described for example in J. Am Chem. Soc. 1994,
116, 4101; J. Org. Chem. 1997, 62, 6012; Asymmetry 10
(1999), 2129-2137; Asymmetry 10 (1999), 4009 or also in the
supplement “Catalytic asymmetric synthesis”, Iwao Ojima,
Second Edition, Wiley-VCH 2000 and the literature cited
therein. As biphosphine ligands there may be used the

ligands mentioned in “Catalytic asymmetric synthesis”, Iwao



116, 4101; J. Org. Chem 1997, 62, 6012; Asymmetry 10
(1999), 2129-2137; Asymetry 10 (1999), 4009 or al so
wonod4ve14ssuppl enent "Catal yti c asynmetri c synt ReTiE®2003/007927
Iwao G ima, Second Edition, WIey-VCH 2000 and the
literature cited 25 therein. Ag bi phosphine |igands
there may be used the |I|igands nentioned in "Catalytic
asymetric synthesis", lwao WO 2004/ 011452
PETHEPR088L0DROEA LIt L0, i i 1eSeyEHd 28@i0t.i oy, ftidteye VGimmary

2000, . er._s i s.published in AGS Synposium,
Sggi %‘éé%;%%ﬁe&&c?’?gﬁ%‘ﬁos ﬁaﬁ’leflﬁnt%é]si(}%e @S 1n
20rganial sithesiyn( Chhgakal gt shitran ASWABHINNC(IT) catalysts

}—%d%&genati on", 1996. An advantageous 5 selection is
shonAPHMRRETES HoRrRgeBahdmB 1. 1986hemdin advie@ taRRDUS

e M

(R-BIPHEVP R PR PARR PR z PP\ pR2 CpIR PR \
| S¢hem® 2: Me- BPE: R=Me (R)-BI NAP Et-BPE: R=Et
(RR-BisPi-Pr-BPE. R=Me2CH (S]S)- Chiraphos

MeO l
PR, RP" y=H PR, R’ ‘ PR,
PR, H - PR, PR, R’ PR,

MeO

10 (‘SSREW,P.ES’S) (RR)-BICP (R)-BIMOP (R)-BIPHEMP

I R
= O X X
PR R
SO

Me-BPE: R=Me
- ) Et-BPE: R=Et .
(R)-BINAP (RR)-BisP i-Pr-BPE: R=Me,CH (8,8)-Chiraphos
15
</ \> R.
MeO P‘@ Q
S~ meen S OO
MeO | Owme >< /[ P P
""I R™ 07 PR, MeO_
PR, PR, \© R
(R,R)-CDP (S,8)-DIOP (S,8)-DIPAMP DuPhos
20

‘O PR, ‘ PR,
PR, _ Q N

PR, P P
‘O " M o

(R)-Hg-BINAP (S.5)-NORPHOS (RS/R,S)-Me-PennPhos gg?&&’;ﬁg"ss)
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PR PR2 tiiTji R (R R-CDP (S,S)-DICP (S, S)-DI PAVP
wouRhie14520 PR2 ; PR2Z PR2 P R2 PR P P R N~ z PBR/EP£003/007927

( DEGUPHCS (R) - H8- BI NAP (.S, S) - NORPHOS

(R S, R S) - Me- PennPhos EGUPHOS)8 WO 2004/ 011452

PCT/ EP2003/ 007927 8 Further suitable corrpounds are

shown in Schene 2. Schene 2: OR PRa Ci: 5 PRZ OR

EG N FENORRHOE ¢ S QIR W dRoPHOSS RN R} 0 TBPEemREd- RZP

O OO P(cycl0-C6H11)2 PArZ P(cycl0-C6H11)2 \\~

Scheme 2:

OR

o % L.

(S,S)-RENORPHOS (S.S.S,S)-RoPHos (RR)-TBPC

® o Oy
P(cyclo-C H11)z PAr2 zz;yzo)-CeH“)z ﬁ
P(CoHa), N O oHy), b o

(R)-MOC-BIMOP (25,48)-BPPM (R)-cy2-BIPHEMP MalPHOS

MeO

It is particularly advantageous to use chiral phosphorus-

containing ligands selected from the group consisting of

Deguphos, Binap, Phanephos, Norphos, DIOP, Duphos, Prophos,
15 BDPP, BPPM, Malphos, Rophos or Basphos as described in

Angew. Chem. 2001, 113, 40-75 and the literature cited

therein; in J. Org. Chem. 1999, 64, 6907; in Synthesis

1997, 9, 983-1006 or in Org. Lett. Vol. 2, No. 12, 2000.

The compounds disclosed in DE10100971 may also be used
20 equally well.



p(C6Fi 5)2 ~7~P(CsHs)2 P P MO 10 (R)- MOC- BI MOP
(2S,4S)-BPPM (R)-cy2-Bl PHEMP Mal PHOS It is

weoaondioaudsar | y advant ageous to use chiral phospROTE®2003/007927
contai ning |igands selected fromthe group consisting
of Deguphos, Binap, Phanephos? Norphos, DI OP, Duphos,
Prophos, 15 BDPP, BPPM Mual phos, Rophos or Basphos as
descr.ibed in Angew.. Chem 2001,, 6113, 40-75 and the
EACE A Y (U L3 v phorRRiee gligmrdf av99thesaligands
&Qﬁ)mnl:[h%/crﬁé’r@@}s. 1997, 9, 983-1006 or in Og. Lett.
Vol. 2, No. 12, 2000. The conpounds disclosed in
%%}ttél) /1 may al so be used 20 equally well. WO

452 PCT/ EP2003/ 007927 9 Particularly suitable

as phosphite ligands are the |igands shown in Schene
3. Schene 3: OPh O OPR2 OPRZ OPR2 R2PO H H. QPOPRZ
OPR2 OPR2 H OPR2 OOHPh (S,

) 9B8RLPO Ph-t -
cI OZCPCBHll R O N%kz

OPR,

Ph
(S, S)-BDPCH (S, S)-BDPCP (S, S)-BICPO Ph-3-GLUP

D\/OP(cyclo-C H,.) @jy
07N e N OP(cyclo-CgH,,),

OH OH Ployelo-CoHul, llD(cycIo-CGH")2

Ph-B-GLUP-OH (R,R,R)-spirOP  (S)-Cy, Cy-OxoProNOP (S)-Cy, Cy-IndoNOP

As diamine there may in principle be used all chirél 1,2-
diamine species that exhibit a sufficient activity or
selectivity in the catalyst under consideration. Suitable
diamines are in particular those mentioned in “Catalytic
asymmetric synthesis”, Iwao Ojima, Second Edition, Wiley-

VCH 2000. A selection is shown in the following‘Scheme 4,
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principle be used all chiral 1,2- diam ne species that
exhibit a sufficient activitylor selectivity in the
catal yst under consideration. Suitable diamnes are
in particular those nentioned in "Catalytic 10

asyemet di:c synthesis", Iwao g inm, Second Edition,

Wl ey- VCH 2000. A selection is shown in the foll ow ng
Schene 4. WD 2004/ 011452 PCT/ EP2003/ 007927 10 Schene
4: Ove NH2 MeOoMEICH3 \ NHZ \ \ NHZ NHCH3 | \ NHZ NH2

(S)- DAIPEN( 3) - DVDE \ (S, 9)- DP - 1- NEA Owe NH,
| NHVI$O~_pd F eproce Hﬁg% HZ

Cycl ohe di am Haof c énpo

sel ect ed TNHh e gro D DAl PEN, N DVDPEN

1, 2-cycl
advant ageols.

(S)-DAIPEN (S,S)-DMDPEN (S,S)-DPEN R-1-NEA

-y Q
NH,
NHCH,
Ferrocenyl
NH
NH,
Cyclohexan-1,2-diamin O

The use of chiral compounds selected from the group DAIPEN,

DPEN, DMDPEN, 1,2-cyclohexyldiamine has proved particularly

advantageous.

As transition metals there may in principle be used all
transition'metals that appear to the person skilled in the
art to be suitable for the specific¢ hydrogenation problem.
In particular transition metals are selected from the group
consisting of Ru, Rh, Ir, Pd, in any oxidation state that
appears suitable for this purpose. Various counterions
such as for example OTF , ClO,, SbFs, PFs or BF, or the
like may be mixed for the purposes.of charge equalisation
with the overall complex of diamine, phosphine ligand and

transition metal.
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As transition netals there may in principle be used
all transition netals that appear to the person

wekoddoadisen the art to be suitable for the specirfEPeoo3/ 007927

hydrogenation problem In particular transition
netals are selected fromthe gioup 10 consi sting of

Ru, Rh, Ir, Pd, in any oxidation state that appears
suitable for this pur pose. Various counterions such
dhef advenamgeeueTFata@net , reSuEE-inPrhe g BM-has the

I ke %g gb%t?hé% or the purposes of charge

equa |s i on the overal |l conpl ex of diam ne,
phosphi ne I|gand and 15 transition netal. WO
2004/ 011452 PCT/ EP2003/ 007927 X 11RThg advant ageous

catal yst resulting there ﬂas t\he " foll ow ng
structure V. X PRzl RQ EZNXRH N) X
ﬁ%ﬁi chi evi ng
re

is an anion as specifie

el ectrical 5 neutrality. r | i gands of the
general formula (VI) PRZ CP (‘R)H have as
substituents R a (C3-C8) -cycloal kyl, (C6-C18) -aryl,
10 (C7-C19) -aral kyl, nethoxy-(M)C7-C19) -aral kyl
group, wherein the phosphane or phosphite groups are

goval gnt Iy ikended LR A fied above, for achieving electrical

neutrality. Preferred ligands of the general formula (VI)

<::P&
PR,
(VI)

have as substituents R a (C3-Cg)-cycloalkyl, (Ce—-Cig)-aryl,
(C7-C19) —aralkyl, methoxy-(Cy-Cig)-aralkyl group, wherein the
phosphane or phosphite groups are covalently bonded to a
chiral carbon skeleton. The enantiomer-enriched amine

ligands are represented by the general formula VII,

/
R H
(VI

wherein particularly suitable C2-symmetrical ligands, such

as are listed in “Catalytic asymmetric synthesis”, Iwao

Ojima, Second Edition, Wiley-VCH 2000, may be employed.

The catalysts consisting of ligand/transition metal

combinations and a corresponding diamine listed in the



chiral carbon skel eton

| i gands are represented by the genera
) 15 wherein particul ar PET/EP2003/007927
| i gands,
in "Catalytic asymmetric syntHesis",
W ey-VCH 2000, may be enpl oyed.
l-igand/transition netal

wobkbo4hiDs2N R H (VI
suitabl e C2-symmetri cal

Second Edi tion,
catal ysts consijsting of

The enanti oner-enri ched am ne

formula VII, R

as are |isted
Ilwao Qi nm,

such

The

bt M Bnkalakel B 25 reapbherhartvamihsabilst 1 hiehe

200, 452. 7 .12 fol | ow ng le |
2%% paﬁ%%%%?ar €52%§$%%$§A$g¥8 h%f gﬂ%n%?%?&ﬁeégﬁve
hydr ogenati on of the ketone (I1): Table 1:
Frgsihorus- Cont ai ning Diamine Catal yst (R

- Deguphos- RuCl12 1, 2- et hyl enedi am ne
(R—Peguphos—Rud2(R—R-DRPEN- (R) - Deguphos-RuCl2 (R
R) - 1PBCHPRRTRSCSOREAERARE  (A) - Deguphos- RUCL2 (R

R) - DAl PEN dRaBNAP* - Rud 2 1], 2- et hyl enedi (R)
-BINAP* -RuCl 2 (R, R) -DPEN (JR) -BINAP* -RuCl2 (R,

R -1 2-diamnocycl ohexane (R) -BINAP* -Rud2 (R R

- B0 FIRgUS) o DIRICIRICL2 1, 2- et|Hyl2eretiAmnedianine

(R) -Deguphos~RuCl2

(R, R)-DPEN

(R) -Deguphos—-RuCl2

(R, R)~-1,2-diaminocyclohexane

(R) -Deguphos-RuCl2

(R, R)-DAIPEN

(R) -BINAP* -RuCl12

1,2-ethylenediamine

(R) -BINAP* -RuCl12

(R, R)-DPEN

(R) -BINAP* ~-RuCl12

(R, R)-1,2-diaminocyclohexane

(R) -BINAP* -RuC1l2

(R, R)-DAIPEN

(S)-DIOP-RuCl2

1,2-ethylenediamine

(S) -DIOP-RuCl2

(R, R)-DPEN

(S) -DIOP-RuCl2

(R, R)-1,2-diaminocyclohexane

(S)-DIOP~RuCl2

(R, R)-DAIPEN

(S)~PhanePHOS-RuCl2

1,2-ethylenediamine

(S) -PhanePHOS-RuCl12

(R, R)-DPEN

(S) -PhanePHOS-RuCl12

(R, R)-1,2-diaminocyclohexane

(S) -PhanePHOS-RuCl2

(R, R)-DAIPEN

(S) -BDPP-RuCl12

1,2-ethylenediamine

(S) -BDPP-RuCl2

(R, R)~-DPEN

(S)-BDPP-RuCl2

(R, R)-1,2-diaminocyclohexane

(S) -BDPP-RuCl12

(R, R)-DAIPEN

(R) -Norphos-RuCl2

1,2-ethylenediamine

(R) -Norphos-RuCl12

(R, R)-DPEN

(R) -Norphos-RuCl12

(R, R)-1,2-diaminocyclohexane

(R) -Norphos-RuCl12

(R, R)-DAIPEN

(S,S)-BPPM-RuCl12

1,2~-ethylenediamine
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(S)-DIOP-Rud 2 (R, R-DPEN (S)-Dl OP-RuC 2 (R,

R) -1, 2-di am nocycl ohexane (S) -D OP-RuCl2 (R
wepe@A PEN ( S) - PhanePHOS- Rud 2 1, 2- et hyl enedi agrme2003/007927

(S) - PhanePHOS- RuCl2 (R, R)-DPEN (' S)-PhanePHCS- Rud 2

(R, R)-1, 2-di am nocycl ohexane 13 S) - PhanePHOS- Rudl 2 (R,

R) DAI PEN (S)-BDPP-Rud 2 1, 2-et hyl enedi am ne
DRPP-—RyCl2 (R R -DPEN (S)-BDPP-RuC 2 (R

R) 1§5°EPBRFH6 COPSAeRARg () - BDPP-Rud 2 (R, .
R) - DAl PEN {R)aNesphos- Rud 2 1, 2- et hyl enedi@fine
R) - Nor phos- RuC, (R R) - DPEN (R)-Norphos-RuCl2 (R,
A -1, 2-di am nocycl ohexane (R) _-Norphos-Rud 2 (R R

@&IS?EI\BPE(I\S—IE)CBPPM Rud 2 1, 2- (GR hyR )eriegi@m ne WO

Al 014452 _DOCT/ ED2ONN2/L NN7Q27

E??&%W&lﬁ%%’ i ng Cat al yo (s i T 2(&aignocyclohexane

A PR (o i

_'1_"2-di ani nocvcl ohexane

th-FmPk(ch -RuGPhos- RUC12 1,12k atfetlreyieshodi £1#i né R)

R) DPREN /D\ PraPhaos- RuC1?2 (Q

0T SOty H ohexanc . (H) LProPRRRIG 2 (R F)

- |Jﬁ§g§ﬁo§u§ﬁb1@0|uoes ror g @WJRV“%ég &ié¥%$gcyclohexane

breviations of the |ligand na

(R) -ProPhos-RuCl12 (R, R)-DAIPEN

*) also includes TolBINAP and XylBINAP

The abbreviations of the ligand names as well as the
graphic formulae of the ligands may be found in: Chemicals
for Research, Catalog No. 19 from Strem, 2001~2003; Angew.
Chem. 2001, 113, 40 [ Lit. 16] or also in “Hanabook of
Chiral Chemicals”, David J. Ager, Marcel Dekker Inc., 1999.

It -is known to carry out enantioselective catalytic
hydrogenations by two process variants that differ in
principle (with molecular hydrogen or by transfer
hydrogenation). Also, the process of the subject matter of
the invention may be carried out either in the presence of
molecular hydrogen or by means of transfer hydrogenation.
Both types of process have been evaluated in the prior art
and may be used analogously (“Asymmetric
transferhydrogenation of C=0 and C=N bonds”, M. Wills et
al. Tetrahedron: Asymmetry 1999, 10, 2045; “Asymmetric
transfer hydrogenation catalysed by chiral ruthenium
complexes”, R. Noyori et al. Acc. Chem. Res. 1997, 30, 97;
“Asymmetric catalysis in organic synthesis”, R. Noyori,
John Wiley & Sons, New York, 1994, p. 123; “Transition
metals for organic Synthesis” Ed. M. Beller, C. Bolm,

Wiley-VCH, Weinheim, 1998, Vol. 2, p. 97; “Comprehensive
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graphic fornul ae of the |ligands may be found. in:
Chem cals for Research, Catalog No. 19 from Strem

waQow/2063; Angew. 5 Chem 2001, 113, 40 [Lit PCL@&P2B/007927

al so in "Handbook of Chiral Chem cals", David J. Ager,
Marcel Dekker Inc., 1999. It % known to carry out
enanti osel ective catalytic hydrogenations by two

cess variants that differ_in principle (with
?ﬁrﬁo@?:r%ﬁta?lﬂy%B@Jeﬁsb? byt i andFePSED, hfpdNegeRERilsm)y. A. ;

dihe, process, phgbheyspbhgct1ggbier of  the
?%%gﬁ%ion may b%égaﬁg%ed out glt%erb?n t he presence of

nol ecul ar hydrogen or by nmeans of transfer
Wy iogerkEeeed adoahtageess offpaockess havpreeent in the
n

_ . S o Oy o :
?%#S%Oﬁg éy@?‘sg‘%ﬁér:a% i %5%51’?1?%@%}1 n§ dféée HSEi 8 8f
Gx@ k- SN hondss , gdeMidd soptprabesdet eaRaEMBBY and

Asynmmetry 1999, 10, 2045; "Asymetric transfer
IR + oFPR2t @ H3kkPDY- chlral basehshpuld be as

G_Q{H%!g?éi'iassjl.lve Ris '\ﬂ%’&éi £, byt A&gﬁar@f%meﬁégllg ;u;@Obe

97; ""Asymmetric catalysis In gani ¢ syn
NeydriiGulor Up hef S8 ¢elve Suhsabdiesv X0l kshd@94, npt £33: any
"Transition tals for_organic Synthesis" Ed. M _
BT v, LG RSy PRy EVOHE S ER Hhok R $99BELGBPT purity of
hed Brddonms ehensi ¥ WR 2004/ Olﬂﬁhfgé&?ﬂgggﬁgﬁ@ﬁali
14 Asymmetric Catal ysis" Ed.: Jacobsen, E. N.; altz,
Retalyadariiolates Ipeiagjaantageays, 1996) . ast fhasexample

@'o(a‘fﬁ;gn Q&Q@I{gr?tgleélyg Lé?cﬁian?Sgtﬂh%?%Léegﬁe_ﬂér Iué]cé{:ggs;émg tert. -

reacti on accordi ng % e | nve
prefdarter dmseell govesteds hyn pf O8es6py EEH80b80¥adPbnates or

QAR i C ' I ons.-.Jhe. base shoul d be as
?lnexpéﬁsc?%/se %@%@gésl Iogx,n Hil ah%b%?te?’?%hlf“?ﬁ%fghou%ﬁsﬁe
advantageous are organic nitrogen bases such as pyridine,

DMAP, triethylamine, Hiinig base, 1,2-ethylenediamine,

diphenylenediamine, 1,2-di-(4-anisyl)-2-isobutyl-1,2-

ethylenediamine and 1,2-di-(4-anisyl)-2-isopropyl-1,2-
ethylenediamine.

It is furthermore advantageous to use these bases in a
sufficient amount. It has been found that acid residues
obviously affect the present reaction in that on the one A
hand they lead to a low yield and on the other hand cause a
low enantiomer enrichment of the products. The person
skilled in the art is able to determine a suitably adequate
exXcess of base. A molar excess of base referred to the
catalyst used of >1000 : 1 is especially advanfageous, an
excess of > 100 : 1 being particularly preferred and an
excess of > 20 : 1 being most particularly preferred. One
of the bases mentioned above is accordingly added to the
substrate in an amount of 10-50 %, particularly preferably

5-10 % and most particularly preferably 1-5 % referred to
the latter.
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particularly effective and above all should not have
any negative influence on for exanple the enanti oner

wouoi4ioy14t 10 the products that are forned. | nPCHiER2003/007927

connection al kali netal alcohol ates are advant ageous,
such as for exanple sodi um nmébhanol ate, sodi um
et hanol ate or potassiumtert.- butylate as well as

pohassiun1isopropylate or carbonates or _hydroxi des of
AfRalSClFPTHX AN e e 00 AFlsbl hed ati abagebhisfor

0 [ ]Eﬂif SHES PVAP ;
???gt y ﬁ%ﬁ%f&iﬁgﬁg ase%)l,Zﬁggﬁ;ﬁ%%%S¢g ﬁ%, nert with
dieppeny] ereditEmrectich diedoedimeytq -2he sopueytidn2- In
et hyl.enedi ami._ne and 1, 2-di - (4-anisyl)-2-isopyopyl -1, 2-
BT GO MHRES 279 41 G AT Y ST LS | o
SR RARS RASL R IdbIR 1 S W HHEMH1 MY red L1 188 8€8P0ve,

found that acid residues obviously affect the present
seEdt iagn mekhEanal orettttenalne 19vpiprdeyl | ebelrt o-hutamel in

Lel on the ot her hand cause a ow enant L oner .
LB At e AP RA TR LSS PSSR o heture of
tik@paicipan® 1akired td el ne e SAbhitahl ¥t adeg uad et
excess of bhase. A nolar excess of base referred to the
ParAiydl agded e eyl 1 is especial Iy advant ageous,
an excess of > 100 : 1 being particularly preferred

and A OHEsE Un A% Ty R&IAG 108t gtgﬁé eulpihy,

preferred.” One 30 of the bases ‘nention above 1s
deeosditiginy meddeld argl tee phdephatws +oorare Bmount Lofand is

10-50.% part.icul arJay. ref er abl 5‘5110 % n(? S o
SRR 1o T - SePLr R (8 THeTacrete ®

VO 20040 1A T PGHHERZA0H Y B hidrdnsedyent st is

known to the person skilled in the art for

particularly preferred to use the catalyst in a
concentration that is as low as possible while ensuring the
optimum possible conversion rate. The catalyst is
particularly preferably used in a concentration of 0.1-1
mole %, and most particularly preferably in a concentration

of 0.1-0.5 mole %.

The temperature during the reaction may in principle be
chosen arbitrarily by the person skilled in the art as long
as a sufficiently quick and selective reaction is
guaranteed. The reaction is accordingly preferably carried
out at temperatures between 0° and 100°C, more prefefably
between 10° and 80°C and particularly preferably between
20° and 60°C.

If the hydrogenation is carried out in the presence of
molecular hydrogen, then a hydrogen pressure of 1-200,
preferably 2-100 and particularly preferably between
5-80 bar should be adjusted.
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advant ageously the 5 conpl enentary al cohols of the

al cohol ates |isted above, sudi as nethanol, ethanol,

i sopropanol, tert.-butanol in their aqueous or

non- aqueous form The use of a m xture of isopropano
amP RSP bint ReeRtipnt §18PePrevHESe thar evediigr Ioprbamate of
pred e s g1 40 7pe hydrogenation catal yst conprising
the diamne, transition netal and the
phosphorus-containing |ligand is advantageously used
in a concentration of 0.01-5 nole % referred to the
substrate to be hydrogenate It GH; particularly
preferred to use the catalysyr—+N a 15 concentration
that is as | ow as possibleq@hil e\ ensuring the optinmm
possi bl e conversion rate. The catalyst is

particularly preferably used in a concentration of
0.1-1 nole % and nost ticularly preferably in a
concentration of O0.1- le % 20 The tenperature
during the reaction may principle be chosen
arbitrarily by the person skilled in the art as |ong
as a sufficiently quick and(ﬁglective reaction is
guaranteed. The reaction is ‘accordingly preferably
carried out at tenperatures between 0 and 100C, nore
Dedendinly @5 tiet weeactiDoandoBAT: ofs pathi suhakl Yccur as a

referably between 20 and 60C. If_ the hydrogenation
H%YF&%?‘?% EtMFH t PECHr et et et B® hHEreganarippdPEgEhe

tee S i 098 N RFESHAH 8- 9F 0 la 2004 kegslfésrgﬁgméo%@@le&, ‘but

and particularly preferably between 3 8 ar shou
kﬂﬁXuﬁQKQYQK advantageously be converted into the desired

deprotected form by suitable hydrolysis.

In order to prepare the enantiomer-enriched N-methyl-3-(1-
hydroxy) -3~ (2-thienyl)propanamine the person skilled in the
art proceeds by dissolving the corresponding ketone in an
alcohol, adding the constituents of the hydrogenation
catalyst to the mixture and then performing the
hydrogenation at an appropriate temperature and suitable
hydrogen pressure. Since the constituents of the
hydrogenation catalyst (diamine, transition metal and
phosphorus-containing ligand) may be used in several
diastereomeric and enantiomeric forms and the complex
formed in each case may therefore be present in so-called
matched or mismatched configurations with regard to the
substrate to be hydrogenated, the person skilled in the art
must check which pair of enantiomer-enriched diamine and
enantiomer-enriched phésphine ligand work most suitably in
the hydrogenation catalyst. To prepare (S)-N-methyl-3-(1-

hydroxy) -3-(2-thienyl)propanamine it has for example proved
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i nvention also provides the cyclic carbamate of the

woaommoiagskl 1. OCH3 ~ N OS (I11l) Dependi ngCOmPR(08/007927

reaction conditions, this may occur as a 5 byproduct

or mai n product in the hydrogéfdati on of the

correspondi ng carbanate prot ect ed ket one

( DE10207586) , * but however advant ageously be

covveklel Thtuse H%heﬂe reRhanrproseteed: bFineryDPEN complex

rolysis. In order to prepare the
enaﬁ%ﬁon@&ﬁgnrlched N- et hyl - 3-(1- 10
hydr oxy) - 3- (2-t hi enyl ) propanam ne the person skill ed

(T thg) -alkyRr aeaedssbinedhysol eithg 1t he, gard@sponti disiropy 1,
ketone in an al cohol, adding the constituents of the
hydmng,elnatmmbutsal,alq@t huryhe bexttpetmhd phatyl, hexyl,

PERIOH i & A 111 AT B 15 ot JOERC prBCREF B i nce

the constituents of the hydrogenation catalyst

(@h Wealk6§936Eh%%e%e%a|C?ﬂég P§P§fﬁ°£8§i€9mt%bﬂh@9v1a an
I|gan3 bé used in several diastereoneric and

enqn;eromamm fortise andll ¢del € ohpl exestboned in each
case may therefore be present in so-called 20 natched
m smat ched confi gurations Mﬁth regard to

sﬁbs?ﬁbréCYé genayarogenat ets) T%%k*kr%%ﬁlgﬁilpgﬁnﬁnVla a
JEEQH funsélchqu M@éqgofé% l%f ﬁ %u%sggg -enriched
dla%1ﬁe rﬁ pho

enanti omer -enric ene gand wor k
nost SU|tany in

(C1—-Cg) —alkoxycarbonyl denotes a (C;—-Cg)-alkyl radical bound

via a —-0-C(=0) function to the molecule.

A (Ce—Cig) —aryl radical is understood to denote an aromatic
radical with 6 to 18 C atoms. This includes in particular
species such as phenyl, naphthyl, anthryl, phenanthryl and
biphenyl radicals. These may be subsﬁituted singly or '
multiply with (C;-Cg)-alkoxy, (Cl—Cé)—haloalkyl, OH, C1,
NH,, NO,. Also, the radical may contain one or more

heterocatoms such as N, O, S.

A (Cy~Ci9)—aralkyl radical is a (Cg—-Cig)—aryl radical bound

via a (C;—-Cg)=alkyl radical to the molecule.

(C1—-Cg) -haloalkyl is a (C;-Cg)-alkyl radical substituted

with one or more halogen atoms. Suitable halogen atoms are

in particular chlorine and fluorine.

A (C3—Cig)~heteroaryl radical denotes within the scope of
the invention a five-membered, six-membered or seven-
membered aromatic ring system of 3 to 18 C atoms that

contains heterocatoms such as for example nitrogen, oxygen



10

15

20

25

t he hydrogenation catal yst. To prepare
(S)-N-nethyl-3-(1 25 hydroxy)-3-(2-thienyl) propanam ne

wonohag1465or exanpl e proved WO 2004/ 011452 PCT/EP2003/007927

PCT/ EP2003/ 007927 17 suitable to use the

(S) - PhanePhos- Rud 2- (R, R) - DPEN&onpl ex as catal yst.
(C1-C8)-al kyl denotes nethyl, ethyl, n-propyl,

i soprapyl, .n-butyl, isobutyl, sec-butyl, tert-butyl,
poe’htiﬂol,fllh%ﬁﬁ,th% FiREyl SPCRCESTSIaSTUBREISE AFF Bond
ISl {C1r £8) c & KoxycHenot es azL,Cl3C§hﬁghl,<yh- -,

radi cal bound via an oxygen atomto the [écul é in
Rrastirnl Y C11-€8) 2= acyt tlesoy ks 2-( C3-C8%-pakkyglyl, 2-, 3-,

radi cal yund, via.a -C(zO function to th | ecul e

O ngt 1o, KO e ey 31 kokyt ar BORGT aLHo od-a i s
(SinG)ad kyl, ract tadnpDpunehivdBigyt O ShelhntHpeHkag1, 2-,
to the nolecule. A (C6-Cl8)-aryl radical is understood

t% rdetot & Y EFBREITEL - r aliieee MRYho® $8nI8yCoat pHEtiply

ThiS.d.ncl.ud ' ticuyl [ h I,
i RIS 0y PR 02 DALY, o,
' . NE L& ut }ngl Itipl

ey JRAREIRChe BuEL LY o el

NH2, NC2. Also, the radical may contain one or nore
Het Enogromhsigtrasa Ny D, 1S unrd¢ oyt @19) to adahkye an

radi ' ( C62 - adi cal boun 20 . vi
i o S ot ol PP e 1A Pt
(E@Hic@)l-.hal oal kyl is a (Cl-C8)-al kyl radical

substituted w th one or nore hal ogen atons. Suitable

| ogen atons ar in particular chlorine and
s B9 e, o) RaL kv ERG! piadoeat Sashgeas tood to
Wit @ t g -85PP8IRG1 2RALBE1I AMERL k ONpEuhiv &1 AERRES ed,
si x-menbered or seven-
different C atoms to the relevant molecule. This may be
singly or multiply substituted with (C;-Cg)-alkoxy, (Ci-Cg)-
haloalkyl, OH, halogen, NHz, NOz, SH, S-(C;-Cg)-alkyl or
(Ce—Cyg) —aryl.

(C3-Cg) —cycloalkyl is understood to denote cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl or
cyclooctyl radicals. This may be singly or multiply
substituted with (C;-Cg)-alkoxy, (C;-Cg)-haloalkyl, OH,
halogen, NHp, NO,, SH, S=-(Ci~Cg)-alkyl or (Cg—Cig)-aryl.

Halogen is fluorine, chlorine, bromine or iodine.

The illustrated chemical structures relate to all possible
stereoisomers that can be obtained by altering the
configuration of the individual chiral centres, axes or
planes, i.e. all possible diastereomers as well as all

optical isomers (enantiomers) included therein.
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menbered aromatic ring systemof 3 to 18 C atons that

contains heteroatons such as for exanple nitrogen,
woxygan 140 2004/ 011452 PCT/ EP2003/ 007927 18 oPCTmP2008/007927

in the ring. Such heteroaromatics are in particular

radi cal s such as 1-, 2-, 3-furl@d, 1-, 2-, 3-pyrrolyl,

1-, 2-, 3-thienyl, 2-, 3-, 4-pyridyl, 2-, 3-, 4 5-,

6-, 7-indolyl, 3-, 4-, 5-pyrazolyl, 2-,4-, 5

FNFR B YT enaEe e n9F | erdnhbPrayLcaphsnanrhchgidnglenotes

= = e O PYLL M d] Thes .singly. _or

% S iRt R S YT (A By ROy one? ¥n%8n amount

(G1->@B)% hadmpd kydl , tOHLts hapopeal MNHRipbEe. SH, S

(C1-C8) -alkyl. A (C4-C19)-heteroaral kyl is understood

denote an 10, heter oar(gg?ti c system corresponding to
e (BRCIY 2 et W kyFEFAdICET . 25 ReCERpLESEPENtO bE part of
(Pl B)scl kyheoe i dagoh s sodesst o 8priori
(C1- C_8)S-'al kyl radi calgﬁg%a% IS bounggSit:g F%aﬂe priority
difd k@il @ D233/ 2hevhetevist hapeettheinFhirpomayed by

' [ ngly. o tiply substituted with 1-C8
e et B P b HER LAY ApiSNbeserred to
SHe Sti dddlodBle -@f kithe Qisadébo£1l8)e - BhYthephos as ligand in

C3- C8).-cycl oal kyl is_ understood to denote .

SPFopyFact 18 obtit yihe pesdvpeht yFicsyEpshergidues Ry or

c eRe : y. j C . j
ey B e SRV O OR LA PRE ca ey B, B8, Formuia
((@L-108)matalloml &g 1 1GH, aphbl egjemer &2, NO2, SH, S-
(C1-C8) -alkyl or (C6-Cl18) -aryl. Halogen is
fluorine, chlorine, bromne or iodine. The illustrated
chem cal structures relate to all possible 25
stereoi soners that can be obtained by altering the
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Enanti oner-enriched or enanti cdferically enriched

denotes the presence in the mxture of an enanti oner

in an anount of >50% conpared to_its optical |

FEFHRLe. 1 TheS SpaciiTrEaprIRsTePPYA-Hore tavdesneder@r
to, e PBf L1 06 ropahBe di sclosure. This application

refers to the priority application DE10233724 which

is herewith incorporated by referrence to its

eht?ret y201 4 paeletubfir 3t¥-ethoaferrbdnyd-Nt-hethylamino-1-
dj.scl.osure. of . the usage of _the Phanephos |igand.i,n .

ol 2 et P LT TR ORFROb R PoserBEr tres A0P Phsfigls stirred
RutscldPe XdnanedhX21 sepéi-onederacREEE433724 . fiong éo .02
conpounds _of formul a [11)_ may be equally applie

- HERR®). oD PRDAT 01BEEAP PRFE EP20DR/ (D021 plren Ekeibpy bene-

o = 3- t nyl - hyl. apgi Ro5l - ¢ 2-
Chamg 2E L SEANERNgagYba S BB R, 070 %10 4 muole) o a
3t N gpdioxysanbonglkt N-oet hybaai sollition in 40 ml of
2-thienyl)-1-propangne are_added to a 100 m _ Buch
Sreneebdad iy SEPEERaEa! ha RARRErS: caBiacigked. Lasos the

L €&k Ovamol g3+ 88 £RhsnTRY BINAR- RYGLdgehlPRuydrogen is

2R) - di phenyl et hyl ene- di anine are dissol ved ¥ogether
wuped 41pd uiders ampreysefeacf11M barassdubhe mixture is
t - e I ytion in_40 of .isopropanal, . .
et Ao gf A0 araf calliel | ThE PREPEsSH mixture 1o

afiit Diod wve . tIEdeghf Casht 8gamtit Bohyehogebtedhydr egapoirstion.

P q?ed i n under_ a pressure of 10 bar and the m xture
i%‘ g of a yellowish-brown oil remain, which according to

HPLC contains the desired alcohol in an enantiomer

N

excess (ee) of 80.1 %. The conversion is > 96 %. AfterA
standing for a fairly long time, the content of cyclic

carbamate (III) increases significantly.

'H-NMR (DMSO~-d®): 1.15 (t,CH3), 1.9 (m, CH,), 2.85 (s, N-
CH3),'3.20 (m, CHz), 4.0 (g, O-CH), 4.8 (m, CH), 5.65 (t,
OH), 6.95 (m, 2H-arom.), 7.4 (m, lH-arom.).

Example 2: (S)-[ (N-methyl)-4-(2~thienyl)-tetrahydro-2H-

oxazin-2-one (cyclic carbamate III).

50 g (207.4 mmole) of 3—N—ethoxycarbonyl—N—methylamino—1—
(2-thienyl)-l-propanone are placed in a 1 1 stirred
autoclave which is then evacuated. 195 mg (0.2 mmole) of
(R) ~-TolBINAP-RuCl,- (1R, 2R)-diphenylethylenediamine are
dissolved together with 2.2 ml (2.2 mmole) of a 1 M

potassium tert.-butylate solution in 450 ml of isopropanol,



hydrogenated for 2 hours at 40C. The reaction m xture
is filtered through Celite and concentrated by

wevepmatszon. 5.8 g of a yell ow sh-brown oil Pem&iPm03/007927
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30

whi ch according to 15 HPLC contains the desired

al cohol in an enantiomer excesk (ee) of 80.1 The
conversion is > 96 After standing for a fairly | ong
tijye, the conignt,of cycl i carbamate (111) increases

STyhFFedatey y1o 1R RvREE aa):k.edl.imgog t‘thGCH@gtqclﬁveg
E{Et%%EgéS?gﬁPg ?ﬁ$§t£§§r%8%§%?%yd§8§§P ggggg%ﬁedmf% under a
X¥esonrg ,of . 40 (par 1&hdr bhe) miExampl és2hyfSpgehated for 24

hyl ), 5 4= -thienyl).-tetrahydro-2H_,
SRIER M la K vaThe Eatnhia emﬁf‘%?—’ezes?sélét@f@ﬁ hrough
el e (dnd- dbetbexysesR0PY! odapBlhyk8Ri.N0Sh- 5 of
(2-thienyl)-1-propanone are placed ina 11 stirre (
ARbEPRIRN ViPT ¥R | @11 hepmaincuwhéah $95why €012 ddfdles) on

) = Jol - 2-(1 . . .
gg%%%ﬁ%%'ny%%f%i Eén ﬁlél'%r EheyPidoPoRl L ety desired
vedripQurd nin (2n 2amomhe) o6f>a80 M. 302poyassi URe crude product
tert.-butylate splution in 450 m of_isop(oganol, WO
2%%/%"1319%%3 PET/ EP20BIP 0792925 ustiPReditbpres . The raw
Tl ©5a BNds SHEKRGs+ 01 01 §88 AULACE a¥BropLLSeH .f ! Ushi @9 (34 9)
wi th hydrogen, hydrogen is forced in under a pressuare

At 1hdaryahic t perlame te ewgsehgdtageadt ed for 24
hours at 40C. The reaction mxture is filtered through

5 i _cencent K at by...evapgoration. 52 of
ye FUR SO KOS ?-?ééﬁﬁ,%hh%?%w s FEHett ed- 38 (m
SAHNdi 15g.6 Ackhr di—ag)t,0 HRLG helwidrsont ainsis hem, 1H-

desi red ompound jn an amount of > 80 20 g of the
d?ﬁﬂ%‘bﬁdﬁﬁg? Hﬁrel%}irred in i sopropanol and suction

filtered. The raw

Example 3: 4.9 g (20.4 mmole) of 3-N-ethoxycarbonyl-N-
methylamino-1-(2-thienyl)-1l-propanone are placed in a

100 ml Biichi stirred autoclave, which is then evacuated.
4.9 mg (0.51 mmole) of (S)-PhanePhos-RuCl,-(1R, 2R)-
diphenylethylenediamine are dissolved together with 0.8 ml
(0.8 mmole) of a 1 M potassium tert.-butylate solution in
40 ml of isopropanol, stirred for 15 minutes, and sucked
into the autoclave. After flushing with hydrogen, hydrogen
is forced in under a pressure of 10 bar and the reaction
mixture is hydrogénated for 2 hours at 40°C. The reaction
mixture is filtered through Celite and the filtrate is
concentrated by evaporation. 4.1 g of a yellowish-brown

0il remain, which according to HPLC has an ee of 93.4 &.

The monomethyl alcohol can be obtained‘according to a known

procedure, which is described in application DE10207586, in



10 material is recrystallised fromisopropanol. 6.7'g

(34 %9 of the cyclic carbanmate were obtai ned. 1H NWR
wOoRDME@11436) : 2.18 (m CH2) , 2. 8 5 (s, N CH3PCT/EB215/007927

(m CH2), 5.6 (dd, CH), 7.0 (m 1Harom), 7.15 (m

1H arom), 7.55 (m 1H). 15 Eﬁanple 3: 4.9 g (20.4

mmol e) of 3-N- et hoxycar bonyl -

nmet hyl am no- 1- ( 2- thlenyl) 1- propanone are placed in a
208°nf Bﬁclﬁnroglt ithice #PRRGAaFe STk dsaltqmpl or cyclic

%éﬁgﬁg hos 5%8% %Q?f%tﬁ%ﬁyQH% hjﬁﬁé£é? .%%e Ou %e

are dissolved together with 0.8 n1 (O 8 nnnle) of al
M potassiumtert.-butylate solution in 40 m of

I sopropanol, stirred for 15 m nutes, and sucked into
the autocl ave. After flushing with hydrogen, hydrogen
is forced in under a pressure of 10 bar and the
reaction 25 mxture is hydrogenated for 2 hours at

40C. The reaction mxture is filtered through Celite
and the filtrate is concentrated by evaporation. 4.1
g of a yellowi sh-brown oil remain, which according to
HPLC has an ee of 93.4 a. The nononethyl al cohol can
be obtai ned according to a known 30 procedure, which
is described in application DEL10207586, in WD

2004/ 011452 PCT/ EP2003/ 007927 22 > 99 % ee fromthe
enanti oner-enri ched al cohol or cyclic carbamate after
splitting off the protective groups. W 2004/011452
PCT/ EP2003/ 007927 23 Patent Clainms: 1. Process for
the preparation of enantioner-enriched
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15

20

conpounds of the general formula (I) R ~ N,R S CH
(I) 5 wherein Rl and R2 independently of one another

wdeomor14z (C -C8) -alkyl, (C -C8) -acyl, (C, PCB)EP2003/007927

- al koxycar bonyl, (C3-C8) -cycloal kyl, (C6-Cl1, 8)
-aryl, (Cr-Cl19) -aralkyl, 10 ¢B3-Cl18) -heteroaryl,
(C4-C19) -heteroaral kyl, ((C -C8) - alkyl) 1 3-
(C3-C8) -cycloalkyl, ((C-C8) -alkyl) 1 3- (C6-C,8)
geylent( CC24@8): -al kyl) 1 _3- (C3-C18) -heteroaryl, or
the radicals Rl and R2 together forma (C, -C8) -

| kyl ri_dge, .0t y.be {1 e '
T 828R B VBT S0 I DS UL AL S e
( C6- CcBjnpataylds (OF7 1Bk )gerarrad Ky o rofd CIB)
-heteroaryl, (C4-C,9) - heteroaral kyl radicals with
the formation of further <chirality centres, by

enanti osel ecti ve hydrogenation of conpounds of the 20

general formula (I1l1) R2 O ---~ -RL SO (Il) W
2004/ 011452 PCT/ EP200 7927
/ \ =R
s” %
OH
(D
wherein

R! and R? independently of one another denote H,

(C;-Cg) —alkyl, (C;—-Cg)-acyl, (C;1-Cg)-alkoxycarbonyl,
(C3-Cg) —cycloalkyl, (Ce—Cig)-aryl, (C;-Cig)=-aralkyl,
(C3-Ci1g) ~heteroaryl, (C4—Cji9)-heterocaralkyl, ((Ci—Csg)-
alkyl)i1-3—(C3-Cg) -cycloalkyl, ((C1—-Cg)-alkyl)i-3—(Cs—Cyg)~-
aryl, ((Cy-Cg)-alkyl)i_3—(C3—Cig)-heteroaryl,

or the radicals R! and R? together form a (C;-Cg)-
alkylene bridge, wherein these may be substituted with
one or more {(Ci-Cg)-alkyl, (C3-Cg)-cycloalkyl, (Cg—Cig)-
aryl, (C;-Ci9)=-aralkyl, (C3-Cig)-heteroaryl, (C4—Cig)-
heterocaralkyl radicals with the formation of further

chirality centres,

by enantioselective hydrogenation of compounds of the

general formula (ITI)
2
R\
/ \ N\R1

S

)
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24 wherein R1L and R2 have the neani ngs given above,
Wi th a catal yst conprising an enanti oner-enriched

woideviagse phosphorus-containing |igand, a trareTiEP23/007927

5 netal and a diamne. 2. Process according to claim
1, characterised in that chiZ2dal phosphorus-contai ni ng
| i gands are used selected fromthe group conprising
Deguphos, Bi nap, Phanephos, Norphos, DI OP, Duphos,

~Prophos, BDPP, BPPM Ml phos, 10 Rophos or Basphos.

3 Process according to claim1, characterised in that

el lp2c u [ |
the groupﬁbl RCIAIE2CAIRAURL ] fousatqiel i disve,

1, 2- cycl ohexyl di am ne. 4. Process according to claim
1, chmmt@rcsEdlelt t banputsing anaaspnicopmgetgnrdched
met al used sE$ected from risin

L e T R LA R T s

preceggingr s£hai 8gdighanacterised in that hydrogenation
is carried out in the presence of nol ecul ar hydrogen

or by neans 20 of transfer_hydrogenation. 6. Process
ZccorREPEes® BAECBALABr BOOFL2HE preEbaFAgtesisess in that

charqgﬁ?%ése th Lbat LBS@@X?ﬁQQS”?E%QHd‘Sar%ah defld selected
out In a to

e p esence o ase. /. Process according
cl ai nfbomchheagreupsedmpnishag BégupbObas@ih@puséaamephos,

a nol ar 1
VO 200978E% ﬁszDg@ﬁ EgEBBL‘%?{)S gé{? 5, thP%ro%@ Y$alphos,
accorgbpeok0oenga8phsBLe of the preceding

3. Process according to claim 1, characterised in that as
diamine a chiral compound is used selected from the

group DIAPEN, DPEN, DMDPEN, 1,2-cyclohexyldiamine.

4, Process according to claim 1, characterised in that as
transition metal a metal is used selected from the

group comprising Ru, Rh, Ir, Pd.

5. Process according to one or more of the preceding
claims, characterised in that hydrogenation is carried
out in the presence of molecular hydrogen or by means

of transfer hydrogenation.

6. Process according to one or more of the preceding
claims, characterised in that the hydrogenation is

carried out in the presence of a base.

7. Process according to claim 6, characterised in that
the base is used in a molar amount of >10 : 1 referred

to the catalyst.



claims, characterised in that the hydrogenation is
carried out in solvents selected fromthe group
woangitsisng et hanol , et hanol, isopropanol, tepPCI/EB2003/007927
butanol in their aqueous or non-aqueous fornl 9.
Process according to one or nBPe of the precedi ng
clains, characterised in that the catal yst conprising
he dlan1ne transition netal and the phosphorus-

ont aFAPFE SIS GEFPEIE NG &P iR WorRFe raf i he O@r@chlng
10 0. %158kE, /"ch]ac.)cac'%re‘}‘i%%% aGEUHH NG 4O ﬁ%n&r&?%lqg{fogfls

the preceding clains, characterised int
t enpecaturieddwuitng.n tdmdﬂwﬁmwﬂammd | Brdret weengfoand

100C, nore ., prefer and 80C and
ot coreii e Seltiahalry SRt S SPERoL q tert - -

Procegs tagear Q'nng:Hélxo%%Iu%rodH)r&c Hod ey L 8ESdE S .
clains, characterised in that in the case of

hydro%enatlon wi th nol ecul ar hydrogen, a hydrogen
press #@C@rsswmrddm@r &alsIne ?IlG(lPJ%\?ldO%a"ﬂliﬁi ceFee¢ging

20 prenghanly hetaeana and 80 har B

Cyclic car énate 0 fornu 5 Ehé%éé%% P Prprising

(I'l'l') the diamine, transition metal and the phosphorus-
containing ligand is used in a concentration of 0.1-

0.5 mole %.

10. Process according to one or more of the pieceding
claims, characterised in that the temperature during
the hydrogenation is between 0° and 100°C, more
preferably between 10° and 80°C and particularly
preferably between 20° and 60°C.

11. Process according to one or more of the preceding
claims, characterised in that in the case of
hydrogenation with molecular hydrogen, a hydrogen
pressure of 1-200, preferably 2-100 and particularly
preferably between 5 and 80 bar is adjusted.

12. Cyclic carbamate of the formula III.

Q. CH,
o>\\N

(I



