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WD 2004/ 020389 PCT/ EP2003/ 008513 5 OH PROCESS FOR THE
ENANTI OSELECTI VE HYDROGENATI ON OF AM NO ALCOHOLS The

WQ HOEMB%h rel ates to a process for the enantBJLERZ8BY 0533

preparation of amno alcohols of the formula I 10 in
whi ch R1 denotes a saturated, unsaturated or aromatic
carbocyclic or heterocyclic radical which is
unsubstituted or nono- or polysub- stituted by R3

a d L, t
e e SN Sl R
al kyl or al koxy hav- ing 1- 20 C atons, aryl, aryloxy or

T yehtiofrelals, ‘0%?%38'%50&9@5’2‘%??‘65E@ﬁ?b‘@w
ta;nfno@&@‘mla@fmemmdﬁ ket ones of the formula Il H
NR2 H | NR2 1T I I in which R, R2andnhavethe

nmeani ng i ndi cat ed ove, in the presence of a non-
racem c cat al yst chharacterised in that the catalyst is

a transRtl on: Ncog‘plexm whi ¢h the transition

nmetal is c I toRa chiral di phosphine ligand A 35
OH

in which

R' denotes a saturated, unsaturated or aromatic carbocyclic or

heterocyclic radical which is unsubstituted or mono- or polysub-
stituted by R® andfor R*,

R? denotes alkyl having 1-20 C atoms or H,

R® R* each, independently of one another, denote H, alkyl or alkoxy hav-
ing 1-20 C atoms, aryl, aryloxy or COOR?, F, Cl, Br, OH, CN, NO;,
N(R?); or NHCOR;

and

n denotes 0, 1, 2 or 3,

by enantioselective hydrogenation of amino ketones of the formula |l

R N
Y\H? R? I

0

in which
R', R? and n have the meaning indicated above, in the presence of a non-
racemic catalyst, characterised in that the catalyst is a transition-metal

complex in which the transition metal is complexed to a chiral diphosphine
ligand A
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WD 2004/ 020389 PCT/ EP2003/008533 -2 5 A 10 15 20 25 30

35 in which R5, R6, R7 and R$ RO and R10 R'

each
WO H94BZE¥eNt |y of one another, denote H, al KEGT/BR2003/008513
al koxy having 1-20 C atons,_;c_atyl, aryloxy or F, d,

Br, N(R2)2 or
anot her,

NHCOR2 each,

I ndependent|y of one
denote or cycl ohexyl

denotes H, al kyl or
aryl, aryl oxy or SQO3Na,

al koxy having 1-20 C at ons,

COORi 2, F, O,

N(R12)2 or NHCOR12,
havi ng 1-20 C atons or

R12
H and m

denot e?-fal kyl
denot e 1,

2 or 3, WD 2004/ 020389 PCT/ PP2003/008513
2{9 where R5 and R, R6 and R7 and R7 and R8
meani ng - (CH 2) 4-

in which

R® R® R and R® each, independently of one another, denote H,

alkyl or alkoxy having 1-20 C atoms, ary!, aryloxy
or F, Ci, Br, N(R?), or NHCOR;

each, independently of one another, denote

R and R"
0

or cyciohexyl

R" denotes H, alkyl or alkoxy having 1-20 C atoms,
aryl, aryloxy or SO;Na, COOR™, F, Cl, N(R"); or
NHCOR",

R" denotes alky! having 1-20 C atoms or H

and

m denotes 0, 1, 2 or 3,
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or BH3C Y 4~~5 QB or Fe z in which Y denotes OH,
P(cycl ohexyl )2, P(3,5-dinethyl phenyll)2 or

WOQ004e3938%) 2. © Z denotes H or P(phenyl )2 , Q HfeHBYRIL/V08S13

PPh2, P(cycl ohexyl)2 , P93 5%-

bi s(t rifluoronethyl)phenyl]2, P(4-nethoxy-3, 5-

di net hyl phenyl )2 or P(C(CH3)3)2 and Ph denotes
phenyl, o-, m or p-nethylphenyl or dinethyl phenyl. In

3&}% B ¢ ahdRt dTR" andR°RYgaitdr BEA sehavaey
enot ed ?E) Rre 3 g

or cycl ohexyl. PartiCular preference is
ghneamingo compounds of the formula Al 35 WD 2004/ 020389
PCT/ EP2003/ 008513 -4 5 10 15 2001-5 30 PPh2 Al P}
PPh2 PPh2 PPh2 :

«CH)s | -CH=CH-CH=CH-

or -
2

orB

H,G

Y
Q B
Fe

<oy
in which
Y denotes OH, P(cyclohexyl),, P(3,5-dimethylphenyl), or P(C{(CHa)a)2,
Z denotes H or P(phenyl):

Q denotes PPh;, P{cyclohexyl),, P[3,5-bis(trifiucromethyl)phenylj,,
P{4-methoxy-3,5-dimethylphenyl), or P(C(CHa})s):
and

Ph denotes phenyl, o-, m- or p-methylphenyl or dimethylphenyl.

In the compounds of the formula A, R” and R'° preferably denoted

~ 11
| R")
/

or cyclohexyl.

Particular preference is given to compounds of the formula A1
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PPh2 PPh2 PPh2 A2 A3 A4 35 WD 20041020389
PCT/ EP2003/ 008513 -5 5 10 15 PPh2 PPh2 A5 in which Ph

wazm4ntssneani ng i ndi cated above, and X denotRST/EP2083/08513

al kyl, OCalkyl), d, or F and R denotes alkyl

O(al kyl) or F. Particular preference is given to
conpounds of the fornmula A3 in which Ph denotes phenyl,
X denotes H and R denotes OCH3. Preferred conpounds

of la A are symmetrical. 20 25 30 35 The

cqf the formula Il are preferably enpl oyed as
ad salts, where, in particular, the

ac s// ts of str g acids, such as, for
exanpl e hydroha2|c aci d, thyl -, p-toluene- or

ben f oniAPraci d, perchloric , sulfuric or

p fgcid, but also acetic acid, formc acid or
pr ) ¢i d, are suitable. Particular preference is

aCl d-addition salts with sulfuric acid or the
hydr ochl ori des of the conmpounds of the for- nmula Il.
Use of the acid-addition salts of the conpounds of the
fornula Il gives the acid-addition salts of the
>t~the fornula I, fromwhich the free bases

can gt ed by addition of a strong base, such as
al k carﬁonate or hydr oxi de.
2
PPh, A2
A3
Ad
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The invention therefore relates, in particular, to a
process for the prepara- tion of the optically active

wo ooonm2038nd t he salts, hydrates and sol vat es, PETHEP2003/008513

exanpl e al cohol ates, of the_ gonpounds of the formula I,
in particular the conpounds of the formula I in which
n denotes 1. The invention preferably facilitates the
synthesis of optically active, aryl- substituted

3- monpal kyl am nopropanol s which are suitable as

p in the preparation of antidepressants. WO
20 39 PCT/ EP2003/008513 6 5 10 15 20 | 25 30 35

I N ) opens up the possibility of obtaining
enant i OJ ‘y pure or enantionerically enriched
(S)-3-ne 1 pR-1-(2-thienyl)-1-propanol in a sinple
manner f remn

3- et hyl a no -(2- i
BEE% or enantionerically enriched

i enyl ) - 1Apr opanone. Li kew se,

(S)-3-ng no- 1- phenyl - 1- pr opanol can be obtai ned
ina,sj 3 starting from 3-nethylam no-1

- phen - propanone. C eavage of the racem c al cohol
enapl-¢ He desired enantioner of 3- nmethylam no-1-(2-

t hi enygl )- 1- propanol to be obtained naturally in a maxi-
mum yi el d of 50% (for exanple anal ogously to Chirality
2000, 12, 26 or EP 650965). J. Labelled Conpd.
Rarcvhicha? mhag #0s me2giry) indiiessed @bove: anth&dtanotesty alkyl,

1 1 : , ' t t BhG: '
oPtty T, frid b dRB8ES SRyl ORIY G Paffichles phérerénce
Hengiven to bomposinas ieé the:farmula A3rie rhiek Phrdanates phenyl, X
tH@Hﬁfe%rﬁ%?idqj?’sdéﬁotéQ@ 3qi chionetric use of a chiral

reagent. contrast, the process according to the

DI RS B BhRIA B VAR SL°5 1y ana

yield wthout further transformations. In general, the

hoHROQHRSUINdY S 1PEgBahiIaN! Bfe Brefdioikehplisedias acid-addition
salts, where, in particular, the acid-addition salts of strong acids, such as,
for example, hydrohalic acid, methyl-, p-toluene- or benzenesulfonic acid,
perchloric, sulfuric or phosphoric acid, but also acetic acid, formic acid or
propanoic acid, are suitable. Particular preference is given to acid-addition
salts with sulfuric acid or the hydrochlorides of the compounds of the for-
mula ll. Use of the acid-addition salts of the compounds of the formula ||
gives the acid-addition salts of the compounds of the formula |, from which
the free bases can be liberated by addition of a strong base, such as alkali
metal carbonate or hydroxide.

The invention therefore relates, in particular, to a process for the prepara-
tion of the optically active forms, and the salts, hydrates and solvates, for
example alcoholates, of the compounds of the formula |, in particular the
compounds of the formula | in which n denotes 1.

The invention preferably facilitates the synthesis of optically active, aryl-
substituted 3-monocalkylaminopropanols which are suitable as precursors
in the preparation of antidepressants.
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regarded as problematical since in the majority of
cases elimnation prod- ucts are obtained instead of

WO Me48288% ed al cohol (J. Organomet. Chem  1987T/EE2893/008513

Cl7 or Synlett, 1997, 1306).glLn the process according
to the invention, this elimnation proves to be

uni nportant (proportion of elimna- tion product |ess
than 2%.. Conparabl e processes for the preparation of

TR aee Y e e BOE LB o SptaiRy Shanioingriodiihure
arartantismarically egnched aﬁl—Bynmy!amienah(Z—ﬂ'ﬂemﬁ AL 'rmppaegl. in
& e iSRRG 1SN SR RRALKO. £ 22 Bikal = BbreRone.
Hykiewigenenantiorogrically miredirresamnyipmesicaty estiohed (b -B-methyl-
i I Lt C
g2t pheRp RGP S i B Bt e PR S TRa e e 8
tfremdegiethydamg)o-3-phesyhy tRiapaBone.( 2- t hi enyl ) - 1- pr opanol
or S)-3-nethyl am no- 1- phenyl - 1- propanol, in contrast
to the process according to the invention. The forna-

tCleavape b e r@nﬂﬂniéaal@qh%d)@eﬁbl@sﬁamﬁsir@m%\an&@mﬂ@\f/és

{ BelRIBAI. PibanioryisorRyRNicage Qutaifed faikblly in a maxi-

] 513 7 5 1Q 15 2
TR Yipiche 390 (T oreghile R aapuisbhjcaet T8Iy ROR: g, 26 or
PEPEBTREBYr the prepara- tion of conpounds which can be
used, in particular, as internediates in the synthesis
of nmedi canents and whi ch does not have the

apavabeirat Conpgd. RadRpHasM! 4995, 36(8), IS aeeTefrabedraniadtt.

L P86 IRAUD I, okl T S & SThh e DF TGRS sptlE"

megiinouTe2thieriy)-1proparall Howelet, hatke syhthetic eautebirequifer

SRl Sror A 6 R ABH e s LS Ben g

pByrubmtrast, tthe process| according to like pvesitino elestribed hereargsults

NHLEE S LA ARk the end product with high selectivity and yield
without further transformations.
In general, the homogeneous hydrogenation of 3-aminoketones is
regarded as problematical since in the majority of cases elimination prod-
ucts are obtained instead of the desired alcoho! (J. Organomet. Chem.
1982, 232, C17 or Synlett, 1997, 1308). In the process according to the
invention, this elimination proves to be unimportant (proportion of elimina-
tion product less than 2%).
Comparable processes for the preparation of 3-aminoalcohols are
described in Synlett 1991, 689, but similar compounds are reduced to the
corresponding alcohols with significantly worse enantioselectivities.
Although the homogeneous ruthenium catalyst used in Org. Lett. 2000,
2(12), 1749, gives the alcohol in the hydrogenation of the 3-dimethyl-
aminoketone with similarly good selectivities, a complex demethylation to
be carried out subsequently is necessary to obtain the desired (S)-3-
methyiamino-1-{2-thienyi)-1-propanol or S)-3-methylamino-1-phenyl-1-
propanol, in contrast to the process according to the invention. The forma-
tion of toxic and carcinogenic methyl chloride proves to be particularly dis-
advantagecus here.
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netal catalyst. Above and below, the radicals Rl, R2,
R3, R4, R8, R6, R7, R8, R9, RO, R10, R' and R12, @O:HY
QUL

WORWSREHY t he | ndex m and n have the meani ng%CT’ﬁEﬁO

for the fornulae I, I, A angd_B, unless expressly

stated ot herw se. | f they occur nore than once within

a formula, the neanings of the individual radicals are

i ndependent of one another. In the above fornul ae,

al kyl has | to 20 C atons, preferably 1 to 6, in par-
ticular 1, 2, 3 or 4 C atons. Al kyl preferably denotes
rimmywenhomrngreforemad tlhl&erbjmt@frﬁmdrjw a preegsisdpy the prepara-
fbﬁ Wéc{mé&@ssﬁh#%téﬁfn b aé?@&tlﬁlparﬁ&ﬂ?fo‘ﬂsﬁhtﬁhedi tes in the

‘an 'aronmti’'c car IC or
rwnﬁnem;*yof mdm:mmts anidi which sloegrinlhavethe epove- “mentioned

by R3 and/or R4. This radi cal nmay be nono-
ZCHQ Jﬂc@c ic and is preferably nono- or bicyclic, but

in particular nonocyclic. is particularly
P §5§ rb%%'n)f HR& lt!*i’a@j the ‘Hoﬂ'gaodnﬁs%f tie ﬂﬁ?hﬁﬁa @aﬁé@éﬂ@tﬁéﬁe@f
I's radica

p\maﬁware(;mpomanbmtgmqqmesrfgc %rq?pre@ar@c{ﬁ @;‘Eﬁﬁwts in
Ogamﬁhlgg lof BidERE WAXH eﬁhhﬁm'd)r’ e d;I)l@‘r aBlioris bh Hey esfedlHery-

t a het
o ERosa Sl Sl e s gt cor

5pd3tﬂﬁd’59'éﬂ|h)é| form&ra, | 87 thedpresene BY & @hiraY Inon-cene transition-

5 oxa zol g 4- or 5-isoxazolyl, 2-, 4- or
SRRyt or 5-i sot hi azol yI 2-, 3- or
4 pyridyl, 2- 4- - or 6-pyrimdi nyI furthernore

ferably 9044 9,PJd =PR0 B 11
S e P L B OB G RSO R
1aﬁd R r@; a‘idnd]z and3he amdéx yl andla hawe Shé etearings/indicated

) go_r)}ﬁe f@rxr@u h*l aé and . lﬁe%gr exé‘egﬁﬁ} 4R Rr8lwids. Plhey

102c14lr— mbreammanhee%mtbln a ferglula, the meanings phthe individual
yrazinyl, 1-, 2-, 3-,
é‘éals%e‘?ﬁdépié?wén‘?%f Pﬁb%\ﬁ' ogndtyrazinyl . IR
In the above formulae, alkyl has 1 to 20 C atoms, preferably 1 to 6, in par-
ticular 1, 2, 3 or 4 C atoms. Alkyl preferably denotes methyl or ethyl, fur-
thermore propyl, isopropyl, furthermore also butyl, isobutyl, sec-butyl or
tert-butyl.

R' is preferably an aromatic carbocyclic or heterocyclic radical which is
unsubstituted or substituted by R® and/or R*. This radical may be mono- or
polycyclic and is preferably mono- or bicyclic, but in particular monocyclic.
R' is particularly preferably unsubstituted.

If R' denotes a carbocyclic radical, this radical is preferably, for example,
phenyl, o-, m- or p-tolyl, o-, m- or p-hydroxyphenyl, 0-, m- or p-methoxy-
phenyl, o-, m- or p-fluorophenyl.

If R' denotes a heterocyclic radical, 2- or 3-fury!, 2- or 3-thienyl, 1-, 2- or
3-pyrrolyl, 1-, 2, 4- or 5-imidazolyl, 1-, 3-, 4- or 5-pyrazolyl, 2-, 4- or 5-oxa-
zolyl, 3-, 4- or 5-isoxazolyl, 2-, 4- or 5-thiazolyl, 3-, 4- or 5-isothiazolyl, 2-,
3- or 4-pyridyl, 2-, 4-, 5- or 6-pyrimidinyl, furthermore preferably 1,2,3-tri-
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or 5-benzi mdazolyl, 1-, 3-, 4-, 5-, 6- or
7- benzopyrazolyl, 2-, 4-, 5-, 6- or 7-benzoxazolyl,
WG200442038%5-, 6- or 7- benzi soxazolyl, 2-, 4-, PCL/EPBI3QES13
7-benzo- thiazolyl, 2-, 4-,_@-_, 6- or
7-benzi sot hi azolyl, 4-, 5-, b- or 7-benz-2,1, 3-oxa-
di azoI yI 2- 3-, 4-, 5-, 6-, 7- or 8-quinol yI 1- 3-,
5-, 6- - or 8-iso- qui nonI 3-, 4-

LG ELN B B oy o BT gL 94
b@raméﬁom-@rawnyl 2 4-oxadiazol- Praf-6rabl B 4-thiadiazol-2- or -5-
31 LB TRSRERL3 a1 S5PRRERY AT 8, 3- or 4-pyrida-
2zifwy|3 pezrop ath, @2z d3- 8-, 5¢| 6- boT -irdalyipde or érleoapderydarhblzy 4-

o S s S U B BBl 0. 5 6o

r adiecabxamayl, Bg-1 by S-arr Jo bleezlsbnazcdxlaﬁpltb 5-, 6- or 7-benzo-
%?éﬂilygygr %25 6 8 ol?’? he Azlscﬂﬁaézzglf 6% 0?7%&3(9 BOr 3-oxa-

or 5-f
1diazdiybx| an-44- 54,, .?emrr&mmabylzi (31‘- 435t- Fﬁ-eﬁyDFS -iso-
Zq@nglgﬁh, 15"9 ]5 ' 6 %’ or 83cmnoﬁyl 8! % 55pgr rP'c?f'S quma5ol|réyl
35'p976 cwdm@xahnyl 2-t %t 5af§rd700q8-2H-i_zené¢[1 ﬁoxaﬁlaﬂzw;her
?efgl‘é?)‘#’og,dﬁ %ﬂvenzod?roxol §yl' 1 Abeﬁf?dloﬁarl% AﬁZ@H}’é -benzothia-

tra razo -1-
gtazol—s Obr5 yldr %9 i3 a§n20>qa32{e@lﬁ Yequeﬂﬁmﬂi .1are prgierably
- 3uitabld-, -5- or -6-pyridyl, 1-, 2-, 3- or
-plperldlnyl, 2-, 3- or 4-nnrpho|iny|, t et rahydr o- 2-,

-3- or -4-pyranyl, 1,4- dioxanyl, 1,3-dioxan-2-, -4- or
mél het Birtidals ma%f aleb bﬁp@’ﬁéll}d@ﬁmbﬂ hydrogenated The

fieﬁépyacjﬁcr@plcai u§e% can ?igléq gl;% g?arlexélmplgl %3 gl%ydro42-

53-;, -4.6er, —5~flu"y|02 5-8ihgrdran@l v By, -8+ 8r 8fdevd, ettatrahydhoe.? or -3-
3'fur'y§'1 3 éf!(jxo}an—g yi te‘trélhxdro—27br -%‘-tﬁigﬁyl,' 5Uh)&l 2 223
dl-hym{ﬁ-ﬂwdghio&-ﬁ;wm&da 12y] -3-, Hdor Repymodfl et-ak pr 3-pyr-
2. 3-

L i G s e
3- 5-qyda10I3antejr&lTyldy®éﬁe&-@xy4mmlyl 1,4-dihydro-1-, -2-, -3- or -4-
2 A

nggmﬁd%ggﬂgﬁrﬁﬁ 1. - 'h'eh 416 or B-pyridyl, 1-, 2-, 3- or
3449@enszluwb & 1064- rﬁi’@ﬁﬂﬂx fahygro-2or-3- f yi-pyranyl, 1,4-
f %lém 8- cﬁé)@érﬁﬁab—hyo? 5y P“hBXQtH Uﬁofﬁr&nﬂlpyrféfazmyl

r'o- 2- oXo- f urany he sal teroc cl IC

r enﬁ@avgr%y -duldftt pbrﬁapwmtsﬂénﬂuﬂastz‘. t%@elaps Zey! ahdi Ht-

Rietrd@y @0 020389 £CI5 EB2003/ §03ddnoli A, 23 4-tetrahydro-
1-,-2-,-3-, -4-, -5-, 6- -7- or -B-isoquinolyl, 2-, 3-, 5-, 6-, 7-or 8- 3 .4-
dihydro-2H-benzo[1,4]oxazinyl, further preferably 2 3-methylenedioxy-
phenyl, 3,4-methylenedioxyphenyl, 2,3-ethylenedioxyphenyl, 3,4-ethylene-
dioxyphenyl, 3,4-(diflucromethylenedioxy)phenyt, 2,3-dihydrobenzofuran-
5- or 6-yl, 2,3-(2-oxomethylenedioxy)phenyl or also 3,4-dihydro-2H-1,5-
benzodioxepin-6- or -7-yl, furthermore preferably 2 3-dihydrobenzofuranyl
or 2,3-dihydro-2-oxo-furanyl.

The said heterocyclic radicals may additionally be substituted by R® andfor
R’
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15 20 25 30 R1 particularly preferably denotes phenyl
or 2-thienyl. R2 preferably denotes nethyl, ethyl,

wO2006/0089 or i sopropyl, but in particular nERCIYEP2063308513

and R4, independently of ongg anot her, denote H, nethyl,
in partlcul ar H R5 and R6 preferably denote H, alkyl,
Oalkyl, d or F. Preference is furthernore given to
corrpounds of the formula A in which R5 and R6 together
forma ring system R7 and R8 preferably denote H R
is preferably Hor nmethyl, in particular nmethyl. R12
iR @érﬁ&ﬁraﬂplpre@éwlde%t@ biénylmrizsthperefier ably 0 or 1,
in particula mis preferably 1. Aryloxy preferably
denotes, for exanple, phenyloxy, o-, m or p-tolyl oxy,
R pﬂ@fer@bl;pdelhmés eathyie iHydXy-prapyl omisopropyl, but in particular
p- %ﬁloxyphenyl oxy, o-, m or p-fluorophenyl oxy. Aryl
abl y denot es, f or exanpl e, phenyl, o-, m or
p- toI yl, o-, m or p-hydroxyphenyl, o-, m or p-

: T AR bt by e P SERTRY e

35 Ph denotes phenyl, 2- - or 4-nethyl phenyl,

2P ana i Gl ) 3 Sl PO, T phenyt

d| nmet hyi phenyl, where 4-tolyl is particularly
PRRUErRY s WHRON 2R P Db RSO3 PREBIAUIE At Fnidh R®
and R® together form a ring system.
R’ and R® preferably denote H.
" is preferably H or methyl!, in particular methyl.
"2 is preferably methyl or ethyl.
n is preferably O or 1, in particular 1.

m is preferably 1.

Aryloxy preferably denotes, for example, phenyloxy, o-, m- or p-tolyioxy,
0-, m- or p-hydroxyphenyloxy, o-, m- or p-methoxyphenyloxy, o-, m- or
p-fluorophenyloxy.

Aryl preferably denotes, for example, phenyl, o-, m- or p-tolyl, o-, m- or
p-hydroxyphenyl, o-, m- or p-methoxyphenyl, o-, m- or p-fluoropheny!.

Preference is given to the use of the chiral ligands of the formula A.

Ph denotes phenyl, 2-, 3- or 4-methyiphenyl, 2,3-, 2,4-, 2,5-, 2,6-, 3,4-of
3,5-dimethylphenyl.

Ph preferably denotes phenyl, 4-tolyl or 3,5-dimethylphenyl, where 4-tolyl
is particularly preferred.
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30 35 Y preferably denotes P(C(CH3)3)2 Z preferably
denotes H Q preferably denotes P(phenyl)2. Preference

WO Bogoxem to chiral |igands of the fornul a B RGT/BRMGINNESI3

has the nmeaning Hand Y P(CLCH3)3)2 . Preference is
furthernore given to ligands™ of the fornmula B in which
Z has the neaning P(phenyl)2 and Y has the neaning OR
Preference is furthernore given to |igands of the
formula Bwith the fol- |ow ng conbinations of the
radicals Q and Y: Q = PPh2; Y = P(cycl ohexyl) 2 Q=
WPhiterbbiy Behetes- mm(mgL = P(cyclohexyl)2 ; Y =

ohex = PPh2; Y = P(3,5-dinethyl phenyl)2
éﬁq‘&@b& ﬁ?é‘%‘ﬁﬁm uoronet hyl ) phenyl ]2 ; Y =
gl’éfbﬁdiﬂyﬂehatdé P{pPemyhet hoxy- 3, 5- di met hyl phenyl )2 ; Y
(3 5-dinethyl phenyi}2 Q=
P[35bls(trlfluororrethyl)phenyl]z Y =
MRraféredtes bivepterohirplligapds & thedbuhelayd jrewhich Zhas the

srSSaha B PIEIGHHY: Priictihds [urtnEnTore given o fgands

iofteaforomula awhicod has $he meta@mganpheere apde\‘-' has the

f the al cohols
?@%3}%%%&) yl am no-| - phenyl - 1- propanol or (S)- 3-
met hyI am no -1-(2-thienyl ) 1 propanol , which can

s%m éi'?ncfr@ ﬁdsrsfhﬁé T aERitAdhE Y-
|ngre Ients one | etine, tonoxetine and
LWMTEMmelnﬁi@né(ﬂﬁ& C@ QI@@ Brmula | have one or

NgrL e, M= p@br@@xﬂw can therefore occur in various
he formula | encom passes all

st er eqj somerb(?t ot{ 1
th‘;gﬂ*bfYrE AE-BWYa " enant i osel ecti ve prepar ati on"
def+ p@@@om S¢ WP{cyblopenrghal |y  produces, as i of
reactjon ure conprising a conpound o
tﬁe“ E’1‘°g’r2nru ﬁEWEgMH 8o PCT/EP2003/ 008513 - 11
°Q = P[3,5-b1s(trlfluoromethyl)phenyl]Z, Y = P{cyclohexyl).

Q = P(4-methoxy-3,5-dimethylpheny!);; Y = P(3,5-dimethyiphenyi),

Q = P[3,5-bis(trifluoromethyl)phenyl]2; Y = P(3,5-dimethylphenyl);

Q = P(cyclohexyl);; Y = P(tert-butyl);

Q = P(tert-butyl)z; Y = P(3,5-dimethylphenyl);

The process according to the invention is particularly suitable for the pre-
paration of the alcohols (S)-3-methylamino-1-phenyl-1-propanol or (§)-3-
methylamino-1-(2-thienyl)-1-propanol, which can advantageously be con-
verted further into the active ingredients duloxetine, fluoxetine, tomoxetine
and LY227942.

The compounds of the formula | have one or more chiral centres and can
therefore occur in various stereoisomeric forms. The formula | encom-
passes all these forms.

The term “enantioselective preparation” defines a process which generally
produces, as reaction product, a mixture comprising a compound of the
formula A




10

15

20

25

30

35

10 15 20 25 30 35 H n R2 and a conpound of the forrrula

IB OHH I NR2 IA IBinwhich R, R2 and n
WO 2084928389 ng i ndi cat ed above, where this ni XF&F@PP@JH%“S
racem c and preferably onlyqstill contains traces of

the undesired enantioner, depending on the chirality
and selectivity of the catalyst used. In this case,
reference i s nade above and bel ow approxinmately to a
process for the preparatron of the enantionerically

pure npound he formula A or 1B . Processes for
t he pr Wh@% 2 enantionerlfcal |y pure conpounds
of the forbhula | A are preferred In particular, it has

been founddHhat the conpounds of the fornula It can be
hydr ogenat ed using the enantionerically pure
r hodi um phosphi ne com pl exes containing the phosphi nes

HgL@ jcally pure or
éﬁa @o;tn P?bgﬁfﬂﬁ%ﬁﬂ Ie!jE;conpounds of the formula I.

The |nvent|on aI so relates to a process for the
preparation of the Hom pounds of the fornula I,

characteri sed t the chiral, non-racemc cat al yst
is an \NJ@M tg2enriched tr#hsition-netal
conpl ex conitai n- i ng one or nore netals or salts

t her eof seDétted fromthe group consisting of rhodium
i ridium rutheniumand palladium Particular preference
is given to the use of transition-netal conplexes

GAYRERIRTIR? Bedi tina e tHéTmeaﬁlﬂgl’hGﬁ:’até?d aﬁb‘\ié i cul ar

preference is given to trans 190 %F ‘?\

cwhers t,l'lrpsn@nguqef igtnot racemic an pre erably only $till cdntains traces
of the undesired enantiomer, depending on the chirality and selectivity of
the catalyst used. In this case, reference is made above and below
approximately to a process for the preparation of the enantiomerically pure
compounds of the formula IA or IB. Processes for the preparation of the

enantiomerically pure compounds of the formula 1A are preferred.

in particular, it has been found that the compounds of the formuia It can be
hydrogenated using the enantiomerically pure rhodium-phosphine com-
plexes containing the phosphines A or B to give enantiomerically pure or
enantiomerically enriched compounds of the formula |.

The invention also relates to a process for the preparation of the com-
pounds of the formula |, characterised in that the chiral, non-racemic
catalyst is an enantiomerically enriched transition-metal complex contain-
ing one or more metals or salts thereof selected from the group consisting
of rhodium, iridium, ruthenium and palladium. Particular preference is
given 1o the use of transition-metal complexes containing rhodium or rho-
dium salts.

Particular preference is given to transition-metal salts containing sulfate,
chloride, methanesulfonate, toluenesulfonate, hexachioroantimonate |
hexafiuoroantimonate or trifluoromethanesulfonate as anion.
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chl ori de, nethanesul fonate toluenesulfonate,
hexachi or oanti nonat e |, hexaf | uor oanti nonate or

wa 00$/402088%net hanesul f onate as ani on. WO 2004/P§IERGe3/008513

PCT/ EP2003/ 008513 -12 5 10445 20 Preference is given
to the use of enantionerically pure transition-netal
conpl exes. The term "enantionerically pure"” above and
bel ow denotes an enantio- neric purity of >90% ee,

eferably > % ge ' i ClL 0 "
BLerhAL  BR 6 B Aol BRI B, SR BB o ot
ebmphexds gand in the catalyst, the (R - or
(S)-enantioner is obtained in excess. Particular
preference is given to the |ligands: (S)-BINAP: ,
(TP TEonBeNaRtiomenioally parel aboge and betew dengiesgamepastio-

- % i o S).- o i i L6go,
TR AU Kozs e eIy R PR SR FiRiEticap e oo e
of the chiral conplexes is preferably conpounds such

i { ' obéhe ligand in the
?%%ﬁ*ﬂ@émé o E%ﬁ%) )(ﬁ{’ %ﬂz (g&%@gw Ri{ OOD) 2] BF4.
[aatalgeDiE [R)- o (§D190w3?'2‘FBF54‘Pbta[rﬁ¢('NE§f5)C€ 2
(nor bor nadi enyl rhodi um chloride), [Rh(ethylene)2Cl]2,
RhX3 nH2Q, in which X denotes C, Br or | or
[ Paiticaisy oreferenges @) 1ine igandsy ef erred. PPh2  PPh2
35 Further preferred rhadita.conpl exes contain one of
the foll owi ng ani ong{ WO 2004/ 020389 PCT/ EP2003/008 5 1
3 -13 d, Br, I, lbre L [PE3 %ZF’iS)S]’ SbF6, F4,
2

C104, BPh4, tetra(3, 5+
bi s-trifl uoronet hyl phenyl ) bpr at OOCCH3, OOCCF3,
d&j}-_B, INAP: yip v ‘f’-’th

‘O PTol,
(S)-TolBINAP: O ‘ PTol,

in which Tol denotes 4-methylphenyl. (S)-TolBINAP is particularly pre-
ferred.

The starting compound used for the preparation of the chiral complexes is
preferably compounds such as, for example, [Rh(COD).JOTf (cycloocta-
dienylrhodium triflate), [Rh(COD)Cl,, [Rh(COD),|BF s, [I(COD)CI],
[Ir(COD).]BF 4, [Rh{NBD)Cl}. (norbornadienylirhodium chloride},
[Rh(ethylene),Cl];, RhX; « nH;O, in which X denotes Cl, Br or | or
[Ru{COD)CL).. [Rh(COD)CI}. is preferred.

Further preferred rhodium complexes contain one of the following anions
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OOCCH2CH3, trifl uoronet hanesul fonate,

p-tol uenesul fonate, nethanesulfonate 5 and di et hyl
weiog020089 one of the foll owi ng unsaturated cdfTHLRIYG/0893

1, 5- cycl ooct adi ene, cycloocq$ 2, 5- nor bonadi ene,

nor bor nene. 15 20 25 30 35 he conpounds of the

formula Il and also the starting materials for their

preparation are, in addition prepared by methods known

Per e, 2 GRSk ERe R DoLES.1 ShEL S10% R B E 8"
or gani scherm.mmoeomwwmym)bomgaaoncsae@mew OOCH,

G009, I RROREhoPale. BISFRs e

the sai d rensthnesulfdgm@ecan al so be made here of
variants known per se which are not nentioned here in
greater detail, if desired, the starting materials can
aargb be formed in situ by not isolating themfromthe
reaction m xture, but instead i medi ately converting
them further into the conpounds of the fornmula I.

Sui t abl e sadiethwl sther oy onerofdhe fgllawingansaturated compounds:
hydr ocar bons, such as hexane, petrol eum ether,

benzene, tol uene or xyl ene; chlorinated carbon
such as trlhﬁrmlﬁﬁ@s CYElgaQiens| 4 d'é}raé diene, norbor-
tetrachl or oggtdane, chloro- formor dichl or omet hane

al cohol s, such as nethanol, ethanol, isopropa- nol,

n- propanol , n-butanol or tert-butanol; ethers, such as

?TH% ;ébm;ﬁéﬁ% .of t§é tcfrﬁnnzlﬁmyétnﬁﬁalbe lthe te,?rtia@mteﬁa:samr }heir
i oxane; col e IS, SuC ene
PR RmBo TR A, RERRAETAY TBEHERs KoM Rt e
ddBséribed ﬂth@rnté@tm‘e»(m)ebxdmle e the standasswackt sach as
et o Q ut angne .
Houkendwadl, afboren des RIS GRRNE frretiss diDrganic
( mﬂé)musuny]t; Géoeg-Thsemb Ve lay; Stotbgant), ke be puetiss under r%a,célnn
condmons which are known and suitabile for the said reactions. Use can
also be made here of variants known per se which are not mentioned here
in greater detail.

If desired, the starting materials can also be formed in situ by not isolating
them from the reaction mixture, but instead immediately converting them
further into the compounds of the formula {.

Suitable solvents are, for example, water, hydrocarbons, such as hexane,
petroleum ether, benzene, toluene or xylene; chiorinated hydrocarbons,
such as trichloroethylene, 1,2-dichloroethane, tetrachloromethane, chioro-
form or dichloromethane; alcohols, such as methanol, ethanol, isopropa-
nol, n-propanol, n-butanol or tert-butanol; ethers, such as diethyl ether,
diisopropyl ether, tetrahydrofuran (THF) or dioxane; glycol ethers, such as
PEG, ethylene glycol monomethyl or monoethyl ether, ethylene glycol
dimethyl ether (diglyme); ketones, such as acetone, methyl ethyl ketone or
butanone; amides, such as acetamide, dimethylacetamide or dimethyl-
formamide (DMF): nitriles, such as acetonitrile; sulfoxides, such as
dimethyl sulfoxide (DMSO); carbon disulfide; nitro compounds, such as
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di met hyl sul foxi de (DVBO); carbon disulfide; nitro
conpounds, such as WD 20041020389 PCT/ EP2003/ 008513

wo 206402038 15 20 25 30 35 nitronet hane or nit rRETERP200308513

esters, such as nethyl acetaye or ethyl acetate, if
desired also mxtures of the said sol vents with one
another or mxtures with water. Particular preference
|s given to m xtures of hydro- car bons with al cohol s,

articul ar t f th h t
Telnane o alebentee Ssiptsenioes sl et Saty
té”c%témdﬁ@@%néd izl irextuear dfited said solnentsavithr eseaoethefr or
al co
TRRkPs W wat P BLE: bRt R g By e
beirbeenwithfztwohols rintpestiauidr tiktdrmpsof rdethandi wigh teluene
conditions used, the reaction tem perature is between

0 and 200C, nornully between 10 and 150C, pref- erably
bRavealar b@efenehdé%i@@iwrdtd a pp)tzact:ets'SCioIvdﬂctltbHm&/\gyecih‘ogenah@l1 IS

703%69-&3’8“ ﬁﬂgw%lﬁfr}% ﬁt‘g f’:; éﬁé %{5 [r)xl%rboal dg:?] qﬁ}ldggtb%.ﬂér"ﬁ%ﬂ'nanol.

1: 50, particularly preferably 1 2000 to 1:100. The

oFF ka8 e ol e Ellent el g RGeS belwatth o Tow

i mimutes endb1|4)/da368r ciepending amngy cmwww she seagtiondem-
bg%r%%r%qﬂ)g%%ﬁga%{% @ r%?n@\ahﬁl’oet\kébrpﬂio‘;dn@tﬂwc pref-

ween he react| ons are (5 kghy

caratisRetren A EndGA0TE ATd Beariader BRVEsRIE0 SnHd e

F?he%iélg%tfﬁl{ﬂasﬁggﬁga@;% u‘s%nol ) g%@gﬁe@i 1 tioeodmanae2d, prefer-
e

s taear 8956 a6 reilaiy bR 1456, The

C?éaﬁ:mhetrrﬁe RLtHéen fdraskatnilB] Isetweeartl1 Baddthptedsrabbt between

ranstA0 Byt eI rPam b PlR g Sl gL RIS B

amanigim prBheur'reWme‘hQBO rhar uprelienatty & 3-21 Gtbes, ingartieulase
oohiSe 1B S0 hat e Tor-

The reactions are preferably carried out under oxygen-free reaction condi-
tions.

For purification of the compounds of the formula 1, it may be advantageous
to follow the hydrogenation with crystallisation. In this case, in particular in
the case where R' denotes 2-thienyl and R® denotes methyi, particularly
high enantiomeric excesses are achieved without significant reductions in
yield having to be accepted.

The invention furthermore relates to the use of the compounds of the for-
mula | as intermediates for the synthesis of medicaments.
Corresponding medicaments are mentioned, for example, in J. Labelled
Compd. Radiopharm. 1995, 36(3), 213.

The invention furthermore relates to the use of the compounds of the for-
mula | as intermediates for the synthesis of medicaments which exhibit
actions on the central nervous system.
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mula | as internmediates for the synthesis of
medi canents. Correspondi ng nedi canents are nenti oned,

wd moyexasspl e, in J. Labelled Conpd. Radi oph®CHEPRIRI8513

36(3), 213. The invention fyerthernore relates to the
use of the compounds of the for- nula | as
internmedi ates for the synthesis of nedi canents which
exhibit actions on the central nervous system WO
20041020389 PCT/ EP2003/008513 -15 5 10 15 20 25 30 35
Above and below, all tenperatures are indicated in C
ApbVRIRRBHEIew, Bh telperatbresnariedadicatedl in iCeand pogssunes &
arried out under inert conditions (i.e. anhydrous and
gen-free reaction conditions). 1. Preparation of the
catal yst/substrate solution: Exanple 1: 51.4 ng of

[é;ﬁ CﬁDgCI ]2 were dissolved in 5 ml of the sol vent

tol uene, and a solution consisting of 5 m of
tAll reacdons deee canrsdodtsurider inért conditions (i.e. anhydrous and

) Iphosphl no) -1,1'-binaphthyl
mgégd‘g% @@é\%&f‘ﬁﬁj{&?‘é id anal ysi s) The enanti oﬁeri %:/
excess of the hydrogenation product vvas det ernmi ned on
chi :
bfsllgr%bgﬂ;t/og c@‘ggégg}e y g?'}ré})edié%|§| d| chl ori de and
17.2 mg of (S)-(-)-2,2" bis(di-p-tolylphosphi no)
F:_Lxérp |napht hyl are added to 8.23 g of

Rlamnol- 2-thienyl)-1-pro anonf ?stteel
51 8angoh [RAROBIC I wers DiseeiNal dn Banke Joe fohert FrEse
ar’ogf%}?i %ﬁd@sdnnén r@ohgasnﬁg of\Btrﬁrofttbmemm equikalentetn of

t
(S)-(-)-2 2b|s di %at%ly%hosphmg) B AToRINT FasDadeqishi ng 2

2. Sampling and analysis ‘
The enantiomeric excess of the hydrogenation product was determined on
chiral HPLC phase.

Example 2:

5.3 mg of bis(1,5-cyclooctadienyl)dirhodium(l) dichloride and 17.2 mg of
(S)-(-)-2,2'bis(di-p-tolyiphosphinc)-1,1'-binaphthyl are added to 8.23 g of
3-methylamino-1-(2-thieny!)-1-propanone in a steel autoclave, and 50 ml
of methanoil and 50 ml of toluene are added to this mixture. After the
reactor has been sealed, the reactor is freed from oxygen by flushing a
number of times with nitrogen and subsequently hydrogen. The reactor is
charged with 55 bar of hydrogen and warmed to 50°C. The course of the
reaction is monitored through the pressure drop in the autoclave. The
reaction is complete after 15 hours.

The desired alcohol is obtained with an enantiomeric excess of 92.8% ee.

Exampie 3:

The oily residue obtained in accordance with Example 2 is taken up in
300 mi of water, extracted 3 times with 250 mi of dichloromethane each
time, and the organic phase is discarded. 250 ml of dichloromethane are
subsequently again added to the aqueous phase, the pH is adjusted to 14



nunber of tinmes with nitrogen and subsequently

hydr ogen. The reactor is charged wth 55 bar of
woyi/onase and warmed to 50C. The course of tHRCT/EREEYI08TI

is monitored through the pregsure drop in the

autocl ave. The reaction is conplete after 15 hours.

The desired al cohol is obtained with an enantioneric

excess of 92.8% ee. Exanple 3: The oily residue

SR SRiEPs SEALFE bYWkl SHTRLSY, 2 s ibegarb epa:
g::a;:d(?:ldi%md”etgm%m phasdiis ﬂr?malfroagthet étﬂvmtg?fhé aa;lmbmameidsis
UBFAVER 1 320 Bl o T e BRERE WREB aR 55 of S Bhe

. Lial4Ocepd aaDa80eRErPE0NBINenS ilerod whie hot ftetlhes
AP hs Sl R LB st g,
f theerdakctiomsohdiosios serted With afew sbedicnglalisandigaaied abd

- f : 3 ] .
of 5107 18 b Achdsiel b Qalicare Mlatbllof vilth sctiorPafia
f dried iredaowo, | givingtthe Aesised (e N-miethylra-nydresy-s(2-thieay!)pro-

fEEHé'j“ Ras é???@vél'u%"&%%@?.' ed to room tenperature,

e reaction solutron is seeded with a few seed
crystals and cooled at -15C for 16 h. The deposited
CEXshplesg.are filtered off with suction and dried in
vacuo, giving the desired (S)-N net h)fl - 3- hgdrox - 3( 2-
t 18-88ya §3% Bmphahdmethyigmine-dn(Zcbierslt né-rse are

?&él“gtﬂﬁﬂl it i3 2 8te@i 6B, B0 raf of methanol are added, .and the
- et hyl ani

ST s BegRR0 Y ADIeSG Y A THORH s (ICed by de-

agderagressivh. 108 my ¢0.022 minsol) BEbIS( $ Sccyejoootadienylrg 7 bar

ok a B3 hichiblE anfeld SYEE Do iR RS BheRe o8- °

divelghitiduodt intada Schterikdebermhd3dissolued (01854l ofitolupnefunder

( §?gc§4 %E’s 8biBition is transferred into the autoclave using a cannula in a
counterstream of nitrogen. The autoclave is then flushed by charging 3
times with 10 bar of hydrogen each time followed by decompression.
The autoclave is heated to 50°C, and the internal pressure is adjusted to
120 bar of hydrogen after this temperature has been reached. After 7
hours, the uptake of hydrogen ceases, the reaction is terminated, and the
reaction solution is analysed.

Conversion to the product: 98%; enantiomeric excess in the product: 94%.
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Example 5:

495 g (2.4 mol) of 3-methylamino-1-(2-thienyl)-1-propanone are weighed
out into a steel autoclave, 2.3 | of methanol and 0.4 | of toluene are added,
and the mixture is inertised by injecting 7 bar of nitrogen 3 times followed
by decompression. 297 mg (0.60 mmol) of bis(1,5-cyclooctadienyl)-
dirhodium(l) dichloride and 900 mg (1.325 mmol) of (S)-TolBINAP are
weighed out into a Schlenk flask and dissolved in 80 ml of toluene under
argon. This solution is transferred into the autoclave using a cannula in a
counterstream of nitrogen. The autoclave is then flushed by charging 3
times with 10 bar of hydrogen each time followed by decompression.

30

35




wei ghed out into a Schlenk tube and di ssolved in 18 ni

of toluene under argon. This solution is transferred
WO ndogntd3e9 aut ocl ave using a cannula in a CcOUPCEBEBINBONSR]

of nitrogen. The autocl ave iss, then flushed by charging

3 tines with 10 bar of hydrogen each tinme foll onwed by

deconpression. The autoclave is heated to 50C, and the

i nt ernal pressure is adjusted to 120 bar of hydrogen

t t hj t hed. Afte
e sutollayel S TRRLSLIS ROk canf e b EREa Mhastiiss cliysteg to
tar pamnet hbﬁjrogéd afteethis e@mperammhaﬁ been reackreal Yted 8 hours,

?ﬁnver%ﬁ? 0 o t g§n E;[e%%%e ethg ré"/%@e@%flénﬁﬁﬁ agiflc Fiaehl-

ardi‘ﬁerMh@msTaﬂélyéédthr enyl ) - 1- propanone are wei ghed

° Fithibeonhd ol o3 erdntamelh SR P eOgkct,

ig@w®wcting 7 bar of nitrogen 3 tines followed by
deconpression. 297 ng (0.60 mmol) of

bi s(1, 5-cycl ooct adi enyl) dirhodiun(l) dichloride and
dovample(@. 325 mol) of (S)- Tol BINAP are wei ghed out

' 1§ 953 B?f:rt?r #ﬂfé [181{%91 AbsS @t?rﬁgén’l‘g}fl ?9 Henc?ﬁe ra% uene

10 nder r gon. fonis
awetgdsrea!\wtuerolw@ st@eéaumnleva il Sami @fduﬁtr@m! A added, and the

NI QRER: rﬂ-erﬁ%eg%ﬁﬁ][e%‘t’rﬁ IBbAMEhi frhﬁér'i‘ eqma? rcfl@(«?d"t%

trmes wt ybrogen each ti ne

ddecnpr@ssiam 5. 2@ Ebadl byl obtisl Ebyshankadenyl)- 17 5
18.rﬂ§draﬁ1 ﬁ%r&ﬂoﬁ&@ aﬁHtﬂ‘PQ fr\rge 0. ez@ﬁ%sﬁ or@sﬁﬁ?aarﬁmb éﬂ@e

i nt erna ressure IS ad| ust'ed

apeighed pdt ipicha 8@%%3?‘&%@%3 n;stqué¥'usn drﬂd@r

E B@dﬂﬁ?ﬁ@s@lﬁtrbﬁdﬁ ﬂﬁﬂ@fe‘?r%@ﬂﬂ&) tHehsutbeRVEiUdNg & cannula in a
erm nat ed

CERERESERAT of NiESGErb e autogayE W hen ety eheiis 3,
t bimeRrwithi ¢ 0 bar D2 Hydfogemxeachttime followed by decompression. The
autoclave is heated to 50°C, and the internal pressure is adjusted to
120 bar of hydrogen after this temperature has been reached. After 11
hours, the uptake of hydrogen ceases, the reaction is terminated, and the
reaction solution is analysed.
Conversion to the product: >99%; enantiomeric excess in the product:

92%.
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16.46 g (80 mml) of
3-net hyl am no-1-(2-t hi enyl ) - 1- propanone are wei ghed

woOio4ioni3ee a steel autoclave, 75 m of net hanoPCHER2003/008513

added, and the mxture is |@§rt|sed by injecting 7 bar
of nitrogen 3 times followed by deconpression. 5.2 ny
(0.011 mmol ) of bis(1,5-cyclooctadienyl)- dirhodiun(l)
di chl oride and 15.2 ng (0.022 mml ) of (S)-Tol BINAP are
wei ghed out into a Schl gn e.and dissolved in 15 ni
of tol uene under argons &Hﬁggﬁ%n'tlon is transferred
into the autoclave using a cannul a |n a counterstream

o) i trogen., The autocl ave is then shedb |
3. Biores® fthe EheBlpSEieCiiVe pirsiat Sl o Bfie> AleRgRed B8
decfgrmmaslsi on. The autoclave is heated to 50C, and the
internal pressure is adjusted to 120 bar of hydrogen
after this tenperature has been reached. After 11
hours, the uptake of hygrogen ceases, the reaction is
term nated, gand t eRction solution II s anal ysed.
Conversion to ci"R%>99% enantioneric excess in
t he product: 35 WD 2004/ 020389 PCT/ EP2003/ 008513
-18 Patent d ai 5 1. Process for the enantiosel ective
pre%arﬁ.t'on of am no alcohols of the fornmula |l R CHTr
ich Rl denotes a saturated, unsaturated or
ar oRht i ¢ demdtesyrsatoraied, raturatgd br aromalic earbakyclic ors
unsubsti t . i Y )
and/ or Hétggo%:rl{g?é@:cgfwhpﬂ%mggbiﬁgwgﬁgﬂg 8’fﬁﬂywb
15 R3, R4stﬁated by Iy of one anot her, denote H,

or ryl, aryI oxy or
coo% Bpfideey a"t%\fﬂa""%kf‘ %%cgdﬁﬂz: B3R o NHooRe
R” R " each, independently of one another, denoteH alkyl or alkoxy
having 1-20 C atoms, aryl, aryloxy or COOR?, F, Cl, Br, OH, CN,
NO,, N(R?); or NHCOR;

%

and
n denotes 0, 1, 2 or 3,

by enantioselective hydrogenation of amino ketones of the formula Il

1
R N.
\ﬂ/\{\’]"/ R? I
O
in which
R' R? and n have the meaning indicated above, in the presence of a
non-racemic catalyst, characterised in that the catalyst is a transition-

metal complex in which the transition metal is complexed to a chiral
diphosphine ligand A



and n denotes O, 1, 2 or 3, 20 by enantiosel ective

hydr ogenati on of am no ketones of the fornmula Il H |
WON20R2/0203825 30 in which Rl, R2 and n have thePGEEPIOAFI08S1S

i ndi cated above, in the presgnce of a non-racenic

catal yst, characterised in that the catalyst is a

transition- netal conplex in which the transition netal

is conplexed to a chiral diphosphine ligand A 35 WO

2004/ 020389 PCT/EP2 00 31008 51 3 -195 A 10 in

which 15 20 25 30 35 R5, R6, R7 and R6 each,

i ndependéptly of one another, denote H, alkyl or
al kgky hakingpgPf-20 C atoms, aryl, aryl- oxy or F, C,
Br, NHCOR2 R9 and R10 R11 each,

I ndepenq y of one another, denote or cycl ohexyl
(hm;r al koxy having 1-20 C at ons,
2

9 A
R P(R®),
R R®
7
10 R
in which
R® R® R’ and R® each, independently of one another, denote H,
alky! or alkoxy having 1-20 C atoms, aryl, aryl-
15

oxy or F, Ci, Br, N(R?); or NHCOR;

each, independently of one another, denote

RH),

o

or cyclohexyl

25 R" denotes H, alkyl or alkoxy having 1-20 C atoms,
aryl, aryloxy or SOsNa, COOR'? F, Cl, N(R*),
or NHCOR",

R" denotes alkyl having 1-20 C atoms or H

30

and
m denotes 0, 1, 2 or 3,
35

where R® and R®, R® and R” and R” and R® together can also have the
meaning




aryl, aryloxy or SO3Na, COOR12, F, Cl, N(R12)2 or
NHCOR12, R12 denotes al kyl having 1-20 C atons or H
wanshieaignotes 0, 1, 2 or 3, where R5 and R6, P(RGEP20I3/RBS13

and R7 and Rs together can also have the meaning WO

20041020381) -20 5 -(CH 2)a™~CH=CH-CH=CH or B 10 HA Y

Q 4z~~~_ B PCT/ EP2003/ 008513 or Fe 4zZ4:5~~ z 15 20 in

whi ch Y denotes OH, P(cycl ohexyl) 2,

P(3, 5-di net hyl phenyl )2 or P(C(CHZ}8)2, Z denotesgH, or

P(phenyl )2. ~Q denotes PPh2 , P(cydl shexyl )2, P[3,.5:°

bi s(trifluoronethyl)phenyl]?2,

P(4- met hoxy- 3, 5- di net hyl phenyl 2 ..

Ph dehgi-es phemHsCHEHR=CH- or p- met hyFphenyl oor

di met hyl phenyl . 2. Process accordinglto Caimi,
5 whi ch R denotes phenyl or 2-thienyl.

orB
H.C
10 Y
Q B
Fe
@z
15 in which

Y denotes OH, P(cyclohexy!),, P(3,5-dimethylphenyl), or P(C(CHs)s),
Z denotes H or P(phenyl), ‘
Q denotes PPh,, P(cyclohexyl),, P[3,5-bis(triflucromethyl)phenyils,
P(4-methoxy-3,5-dimethylpheny!), or P(C(CHs)s)2
20 and
Ph denotes phenyl, o-, m- or p-methylphenyi or dimethylphenyl.

2. Process according to Claim 1, in which R' denotes phenyl or 2-thieny!.

25 3. Process according to Claim 1 or 2, in which R? denotes methy!, ethyl,
n-propy! or isopropyl.

4. Process according to one or more of Claims 1 to 3, in which n denotes
1.

30
5. Process according to Claim 1 for the preparation of (S)-3-methylamino-
1-phenyi-1-propanol or (8)-3-methylamino-1-(2-thienyl)-1-propanol or
acid-addition salts thereof.
35 6. Process for the preparation of compounds of the formula | according to

one or more of Claims 1 to 5, characterised in that the chiral, non-
racemic catalyst is a transition-metal compiex containing one or more
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3. Process according to Caiml1 or 2, in which R2
denotes nethyl, ethyl, n-propyl or isopropyl. 4.

waPriesemssaccording to one or nore of C ai ns PGTERROVYRSS1S

which n denotes 1. 30 5. Pwmgcess according to daiml
for the preparation of (S)-3-nethylam no-

1- phenyl - 1- propanol or (S)-3-nethylam no
-1-(2-thienyl)-1-propanol or acid-addition salts

e I

t o Bidirharndh¢mumsand palladiam. t he Chl ral, non- racenic
catalyst is a transition-netal conpl ex containing one

or nore WO 2004/ 020389 PCT/ EP2003/ 008513 - 21 netals

at. Pebdesstfbetrenpreparatiared ¢oropownds @frtba;iomnigilﬁcr:ﬁgm@ to

[ OGRUY el f e H1 CHENRACH A et e chikd

ocess e 'preparation o ounds. 0
t heraaﬁfmalcatalyabscﬂttﬂamﬁgtift)@meiﬁbwfﬂp'%rC@nlﬁ‘mGthﬁﬁ'Uﬂ" £b
g? Bkt sed in that the chiral, non- racemc
cata ys 'S°a transition-metal conplex cont ai ni ng
rhodiumor salts thereof. 8. Process according to one

?%at ﬁeé&f %é&ﬁdlfﬁg%%é“& b Hﬁthegﬂ?@bé\@hg rcialhﬁsedhalfacter-

I ral |phosp |ne

IS a CO% I‘JB‘%
of ﬂ&eéi infthahtheschiral diphesph Fﬂ% b PEAPPOBHH £ 2
formula A1 to AS:

soW
seg

ooW
ost

e
R’ PPh,
R’ ! PPh

2

X
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PPh2 A2 A3 35 WO 2004/ 020389 PCT/ EP2003/008513 -22 5
PPh2 PPh2 A4 10 15 20 PPh2 PPh2 A5 in which Ph has

WO RHARB™Y ng i ndicated in daim1, and X denoPEBEPREI3/008513

al kyl, QCalkyl), d, or F, .and R denotes alkyl

O(al kyl) or F. 25 9. Process according to CQaim?7 or 8,
characterised in that the chiral diphosphine |igand
used is (S)-(-)-2,2" bis(di-p-tolylphosphino)-1, 1'-

bi napht hyl or

(S) - (7<= I s(di phenyl phosphi no) -1, 1' - bi napht hyl . 30
10. or the preparation of conmpounds of the
f or nuka- Qratrng to one or nore of Clains 1 to 9,

characteri at the reaction tem perature is
between 0 3 200A11. Process for the preparation of
conpounds of "t heJf or Mftha | accorg\hng to 35 one or nore
of ainms 1 1o 10, clEacterised i'n that the catal yst/
substrate pet wéen 1: 5000 and 1:50, WO

2004/ 02038} H003/ 008513 -23 5 10 15 20

AS -

in which Ph has the meaning indicated in Claim 1, and X denotes H,
alkyl, O(alkyl), Cl, or F, and R’ denotes alkyi O(alkyl) or F.

9. Process according to Claim 7 or 8, characterised in that the chiral
diphosphine ligand used is (8)-(-)-2,2'bis{di-p-tolyiphosphino)-1,1'-
binaphthy! or (S)-(-)-2,2'bis(diphenylphosphino)-1,1'-binaphthy!.

10.Process for the preparation of compounds of the formula | according to
one or more of Claims 1 to 9, characterised in that the reaction tem-
perature is between 0 and 200°C.

11.Process for the preparation of compounds of the formula | according to
one or more of Claims 1 to 10, characterised in that the catalyst/
substrate ratio is between 1:5000 and 1:50.
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25 30 12. Process for the preparation of conpounds of
the formula | according to one or nore of

WO 200480d8%ct eri sed in that the hydrogenatlonpﬁgg%%wymﬁﬂj
out under 1-200 bar of hyde@gen. 13. Process for the
preparation of conmpounds of the fornula | according to
one or nore of Clains 1 to 12, characterised in that
the hydrogenation is carried out in the presence of an
al cohol . 14. Process for the preparation of conpounds
of the formula | accordin one or nore

piePeenass fer Hl%fepéfﬁrcﬁb@fgqqf%%ﬂ‘# ¢fhe f@muleﬂ.acgprdmg to
nonoﬁé%%&eﬁcﬁt@bwﬁé 1't§ 151 Ehé{%‘élérls‘é@i ineha th@Q‘fﬁd'r@%%natlon

contal nin lorid brom de, iodide

BF4is GRIfIR r?é%t&‘ﬂfdﬁﬁ&t?@o B3 Qfé'ﬁ@fo%%ﬂ‘ f onat e,

hexachl or oant i nonat e, hexaf | uor oanti nonate or

trifluoro-_ nethanesul fonaje as
13. Process for the preparation o% compo&rq]ds of the5formula | according to

one or more of Claims 1 to 12, characterised in that the hydrogenation
is carried out in the presence of an alcohol.

14. Process for the preparation of compounds of the formula t according to
one or more of the preceding claims, characterised in that the chiral,
non-racemic catalyst is a transition-metal complex containing sulfate,
chloride, bromide, iodide, PFg, BF 4, methanesulfonate, toluene-
sulfonate, hexachloroantimonate, hexafluoroantimonate or trifluoro-
methanesulfonate as anion.




