TTTTZT7 ft 2ao~ WO 2004/ 020389 PROCESS FOR THE ENANTI OSELECTI VE HYDROGENATI ON
OF AM NO ALCOHOLS The invention relates to a process for the

en'ﬁnt i osel ective preparation of amno alcohols of the fornula 1 5T FER 208 -

n/NR21 OHd1l J 10 in which R denotes a saturated, unsaturated or aromatic

car bocycMQ2W#028% er ocycli ¢ radical which is unsubstituted or nono- or

pol ysub- stituted by R3 and/or R4, R2 denotes al kyl having 1-20 C atons or

H, 15 R3, R4 each, independently of one another, denote H, al kyl or al koxy

hav- ing 1-20 C atons, aryl, aryloxy or COOR2, F, O, Br, OH CN, NO2,

N(R2)2 or NHCOR2 and n denotes 0O, 1, 2 or 3, 20 by enantiosel ective

hydr ogenat i aarocofssanvrasketonesosdfethesd armdcanAizontbr avimo whicoioR , R2 and n

have the neani ng indi cated above, in the presence of a non- racemc

catal yst, characterised in that the catalyst is a transition-netal conplex

i n whi ch t Hdetinsestion weiaiesttala procesaividhednantiaselective paeparetiphiohe 30

ligand A 33mino alcohols of the formula |

5
H
1 ]
R Y\[\’}?N‘# !
OH
10 in which
R’ denotes a saturated, unsaturated or aromatic carbocyclic or
@ﬁ heterocyclic radical which is unsubstituted or mono- or polysub-
stituted by R* and/or R?,
R? denotes alkyl having 1-20 C atoms or H,
15 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,
20
by enantioselective hydrogenation of amino ketones of the formula Il
1 !
R WN\RZ I
b s ©
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
30 ligand A
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2 7 FEB 2007 WD 2004/020389 -2- R7 R6 Ra 5 R5 P(R0)2 R5 P(R9) z A RRa &
10 R in which R5, R6, R7 and R8 each, independently of one anotj]%rFEB %@eote
H,/ al kyl or al koxy having 1-20 C atons, aryl, aryloxy 15 or F, X )
N(R2) 2 or NHCOR2 each, independently of one another, denote R' 20 R9 and
Rlo | ) WO200492088%:| ohexyl 25 R' denotes H, alkyl or al koxy having 1-20 C

/atonms, aryl, aryloxy or SOBNa, COOREZ -F, d, N(R12)2 or NHCOR12, 30 R12
/ denotes al kyl having 1-20 C atons or H and 35 mdenotes 0, 1, 2 or 3, 2 7
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5
A
10
in which
il
(&
R®’ R® R” and R® each, independently of one another, denote H,
alkyl or alkoxy having 1-20 C atoms, aryl, aryloxy
15 or F, Cl, Br, N(R?), or NHCOR;

each, independently of one another, denote

oy
20 R9 and R'IU /©_‘ m / \

0]
or cyclohexyl
0 25
R" denotes H, alky! or alkoxy having 1-20 C atoms,
aryl, aryloxy or SOsNa, COOR™, F, CI, N(R"), or
NHCOR™,
30
R" denotes alky! having 1-20 C atoms or H
and
35

m denates 0, 1, 2 or 3,




"wherre RS and R, R6 and R7 and R7 and R5 together can al so have the neaning
’CH?;CHS 5 -(CHz)a -CH=CH-CH=CH ~ or or B10 H3BCY C QB Fe 4Z6r1im7 15
fin which Y denotes OH, P(cyclohexyl)2, P(3,5-dinmethylphenyl)2or P(C(CH3)3)2,

Z denot eswH 2004/R20389enyl ) 2, Q denotes PPh2, P(cycl ohexyl)2, §

AP[3,5-bis(trifluoronethyl)phenyl]2, 2@ P(4-methoxy-3,5-dinethylphenyl)2 or

P(C(CH3)3)2 and Ph denotes phenyl, o-, m or p-nethyl phenyl or

di met hyl phenyl. In the conpounds of the formula A, R9 and R10 preferably

denoted 25 R11 or cyclohexyl. 30 Particular preference is given to

cOmpoUNds ofnbheR? HEWS RAland ¥’ YR ROGHAROM RN ooh dis6FRVBUIRE  PPh2 A

meaning
CH,
5
CH)r |, _CH=CH-CH=CH- or =
N
orB
10 H,C
Y
o Fe
5 Loz
in which

Y denotes OH, P(cyclohexyl),, P(3,5-dimethylphenyt), or P(C(CHa)s).,

Z denotes H or P(phenyl),,

Q denotes PPh,, P(cyclohexyl),, P[3,5-bis(trifluoromethyl)phenyl),,
20 P(4-methoxy-3,5-dimethylphenyl), or P{(C(CHa)s).

and

Ph denotes phenyl, o-, m- or p-methylpheny! or dimethylphenyl.

In the compounds of the formula A, R® and R'® preferably denoted
/@—AR” ) or cyclohexyl.
m

Particular preference is given to compounds of the formula A1

30

35




PPh2 A2 PPh2 15 X R PPh2 A3 R PPh2 20 X 25 PPh2 A4 PPh2 30 35 WO
004/ 0203862 0@4/20EB 2007 5 PPh2 A5 PPh2 10 a in which Ph has tgg ggﬁ@ing
i ndi cated above, and X denotes H, al ki Qalkyl), d, or F and F Tes
al kyl Q(alkyl) or F. Particular preference is given to conpounds of the
formula A3 in which Ph denotes phenyl, X 15 denotes H and R denotes OCHS.
Preferred conpounds of the fornula A are symetrical. The conpounds of the

formula |1 arably enployed as acid-addition salts, where, in
parti cul ar, aci d-laddition salts of strong acids, such as, 20 for
exanpl e, hyea [cael d. . nethyl-, p-%oluene- or benzenesul fonic acid,
PPh, A
PPh,
5

A3

A4

35




Br

* conpounds of

onpounds of the formula Il 25 gives the acid-addition salts of the
conpounds of the fornmula I, fromwhich the free bases can be |iberated by
addition of a strong base, such as alkali netal carbonate or hydroxide.

i nvention therefare relates, in particular, to a process for the prepara- 30
pti~eal [y, active forns, and the salts, hydrates and sol vates,
@ of the compounds of the fornmula I, in particular

tion of the o

for exanple

the conpounds™o
preferably facilita
substi%yted 3- nonoak
the préparation of antidep

it open :
or enantionerically
a sinple manner, st

parti cul ar,

from 3-1rE}et hyl am

enabl es

rch/l oric, sulfuric or phosphoric acid, but also acetic acid, formc acid
propanoi c acid, are suitable. Particular preference is given to
Facj’'d- addi t MEN2004/82088% with sul furic acid or the hydrochlorides of fhe
J y 3 2007

the for- mula If. Use of the_acid-addition salts of the

es,
Fka | in which n denotes 1. The invention
ynt hesis of optically active, aryl- 35
S|%ﬂ}anol s which are suitable as precursors

2s. 2 7 2007 WD 2004/ 020389 In

be obtained naturally in a maxi- 10 mumyield of 50% (for exanple

analogousl y @wHidH BhiHas tRE(Rearidg irkdicated A0ove58REN dehdtbs H,ARKNPON J.
| ed OOW%]I(lallky fib?,pgralf gnde?sténo?gé g’ﬂ(yl 6%§1kﬁ?gr E.ebgﬁtu]c% ér%‘re eertetnbe

15
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is given to compounds of the formula A3 in which Ph denotes phenyl, X
denotes H and R’ denotes OCHs.

Preferred compounds of the formula A are symmetrical.

The compounds of the formula H are preferably employed as 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 hydrochiorides of the compounds of the for-
mula Il. Use of the acid-addition saits of the compounds of the formula li
gives the acid-addition salts of the compounds of the formula 1, from which
the free bases can be liberated by addition of a strong base, such as aikali
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 sclvates, for
example alcoholates, of the compounds of the formuta 1, in particular the
compounds of the formula | in which n denoctes 1.

The invention preferably faciiitates the synthesis of optically active, aryl-
substituted 3-monoalkylaminopropanols which are suitable as precursors
in the preparation of antidepressants.

gi,bi ity of obtaining enantionerically pure
(S)-3-net hyl am no-1-(2-thienyl)-1-propanol

pure or enantionerically enriched (S)-3-nethyl
bpanol can be obtained in a sinple nmanner starting

- phenyl -1 -propanone. C eavage of the racem c al cohol
he desired enantioner of 3- methylam no-1-(2-thienyl)-1-propanol



¥,/ 31(49), 7101, describe the asymmetric synthesis of (S)-3-nethyl- 15
241 (2-thienyl)-1-propanol. However, both synthetic routes regui EeE
her transformations or the stoichionmetric use of a chiral reagg @W
-g/ntrast , wWomoppmeess according to the invention described here results in
Pt he desired enantionmer of the end produgt with high selectivity and yield
thout further transformations. 20 In general, the honbgeneous
/ﬁlMydrogenatlon of 3-am noketones is regarded as problenmatical since in the
/ majority of cases eI [ rrination prod- ucts are obtained instead of the desired

" al cohol ~ (J. .pg up #R8B0ssiBifty STicbiainiRy BhakfiomalEdily gAe6) . I the

process accor to th | nvent| t hi | i.m
uni mport ant of ﬁﬂ@ﬁb@mﬁﬂﬁaw e@f'F’H‘P%ggj 3 t?‘ﬁ/ﬁ"{')"?fnﬁ ﬁ ﬁ'ﬁ e'ﬁ-‘é'gél Qrﬁgﬁnﬁt’/ﬂ‘

Oorfgar flbltte %gﬁ@%l Rrarinef stahrﬁngwmeahemlmnn&mmahyphobmp@mnedescrl bed
in Synle

cor r espondi Hj‘ea‘f'ﬁ%tﬁﬁaﬁq\ﬂr@?{“a"@%qrg%?ﬁ%g%eglga@ﬁgﬁfgg@if‘a‘f? TOetYks.

Al t ho%’gh t hgriiaeoigphenylsi pmﬂmlmncmwmmedmeajsnmpié}rgaf r;}nmrgstzrtm@?g I30
2(12), 1749 t t I me

aﬁn’ néketonezf\ﬁ%?ﬁ ?@F%ﬁ”%ogg’é‘ﬁhg ?_gjg?la%(/ rlgggnaal 82n8| ex gerret hyl at?/on to

be carried out subsequently is necessary to obtain the desired (S)-3-

met 1 am nochad Ziddbemel it BRIAGI eRaDISS e ABLHM BRERRoMBPBPDY! - 1-

propanol, in'conttast to process accor e I nvention. The forma

35 tion of mnwaanaoﬂa@?ctM%ﬂhﬂ PrREARY! t%é?ﬁ efgﬁaa@%n%%%“w HEirticul arly

dis- d@vant aganyselnRFB0%2 (for BRETRIHAnalboasR46 XARARY 2000 TTe, 261ent i on
t herefore had thé%&gj ect of finding a process for the prepara- tion of
b

conpounds WaE e used, in particular, as internediates in the
.&hesi s of nedi canents and whi ch does not have t he above-nentioned 5
|

sadvant 499° | abelled Compd. Radiopharm. 1995, 36(3), 213 and Tetrahedron Lett.
1990, 31(49), 7101, describe the asymmetric synthesis of (S)-3-methyl-

15 amino-1-(2-thienyl)-1-propanol. However, both synthetic routes require
further transformations or the stoichiometric use of a chiral reagent.

By contrast, the process according to the invention described here resuits
in the desired enantiomer of the end product with high selectivity and yield
without further transformations.

20 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 alcohol (J. Organomet. Chem.
1982, 232, C17 or Synlett, 1997, 1306). In the process according to the

o invention, this elimination proves to be unimportant (proportion of elimina-
m 25 tion product less than 2%;.
Comparable processes for the preparation of 3-aminoalcohols are
described in Synlett 1991, 688, but similar compounds are reduced to the
corresponding aicohols with significantly worse enantioselectivities.
Although the homogeneous ruthenium catalyst used in Org. Lett. 2000,

30 5(42), 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-
methylamino-1-(2-thienyl)-1-propanol or S)-3-methylamino-1-phenyi-1-

a5 propanol, in contrast to the process according to the invention. The forma-

tion of toxic and carcinogenic methyl chloride proves to be particuiarly dis-
advantageous here.



Ft has been found that the conpounds of the fornula | and salts thereof

whi ch are inportant internediates for the preparation of nedi camen 2@

f particular of those which exhibit, for exanple, actions on the centra %rv
10 ous sysVOR¥MABe obt ai ned by enantiosel ective hydr ogenation of com
pounds of the formula Il in the presence of a:chiral, non-racenic
transition- ( netal catalyst. Above and bel ow, the radi cals R, R2, R3, R4,
~R5, R6, R7, R8, RO, R9, R10, R' 15 and Rle, Q Y and Z and the index m and
n have the nmeanings indicated for the fornulae I, Il, A and B, unless
expressly stated otherwse. If they occur nore than once within a formul a,

the meani ngsy ﬁé Nlé?xn'omhéréw% had&sbéejleét wmdnﬁggﬁﬁaeééﬁ fd?fthé mther 20

In the above fornul ae, kyl  has C at rab in par-

t.0
ticular 1, 2tl0@°BFOWP@Uﬁ@%H@'CWW thFB@ CH@HO@%@ ‘”épﬁy fur-

t hermore DVOer’qtheé‘,lSQﬁrnwtaméntstém Which @cb@nd@tlhwe thlesaﬁmfeyﬂnenﬂenedbut yI or
tert-bgtyl. referably an aromatic carbocyclic or heterocyclic

radi cal whic |s|a a@ﬁggﬁstltut ed or substituted by R3 and/or R4. This radical
may be nono- or polycyclic and is preferably nono- or bicyclic, but in

t | | | d If R
L
phenyl, o-, whidbrang-impogtant intermedigiesfonihe BS@P@H@M@"I of BSLEdIQﬂmQﬂtS pnet hoxy-

gPegyL 0 gartf&md?ciflnl%segnﬂhwéxmmf f&eﬁ&ﬁﬁreeécﬁoﬁ%ﬁrtﬁ&x&éhiral rﬁ@r@Lcal 2-

5-im dazol yI oug systgm, can Qﬂ'oﬁab’lﬁ‘ﬁgbfe?ﬁnt‘%ﬁpey e%tvedayctoa%at'%Pwomzm yI 3-,

4- or 5-isoxpaghdyd of@refoﬁnularllﬁ"rtl'i@pré@bmte oBa.chiral, Glorbraceaiibitraasitivh- 2-, 3-
g pyrldyl or 6-pyrimdinyl, furthernore preferably 1,2,3-tri

“FEB 2007 '\%‘@8&1020389 _8-

Above and below, the radicals R', R>, R*, R* R®> R® R’ R® R®, R® R R"
and R, Q, Y and Z and the index m and n have the meanings indicated
for the formulae |, I, A and B, unless expressly stated otherwise. If they
occur more than once within a formula, the meanings of the individual
radicals are independent of one another.

15

20 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 denctes methy! or ethyl, fur-
thermore propyl, isopropyl, furthermore also butyl, isobutyl, sec-butyl or
tert-butyl.
( 25 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, o-, m- or p-methoxy-
phenyl, o-, m- or p-flucrophenyl.

30

if R' denotes a heterocyclic radical, 2- or 3-furyi, 2- or 3-thieny!, 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 S-isothiazolyl, 2-,
3- or 4-pyridyl, 2-, 4-, 5- or 6-pyrimidinyl, furthermore preferably 1,2, 3-tri-

35



Zé oxadi azol - 4- or -5-yl, 1,2, 4-oxadi azol - 3- or -5-yl, 77
1 3/4 t hi adi azol -2- or -5- yI 1,2, 4-thiadi azol -3- or -5- y1 FEB 2007
, 2, 3-thi a(‘JY%%QS‘F’DZ!BS%r -5-y1, 3- or 4-pyrida- zi nyI pyrazinyl, 1-, 2-, 3-,
4- 5-, 6- or 7-indolyl, 4- or 5-isoindoByl, I-, 2- 45 or
/5 benzim’dazol yl, 1-, 3-, 4-, 5-, 6- or 7- benzopyrazol yl, 2-, 4-, 5-, 6- or
7- benzoxazolyl, 3-, 4-, 5-, 6- or 7- benzi soxazolyl, 2-, 4-, 5-, 6- or

r)I-J/-, -4- or -5-y1, 1,2,4-triazol-1-, -3- or 5-yl, 1- or 5-tetrazolyl,

7- benzo- thi azonI 2-, 4-, 5-, 6- or 7-benzisothi azoly , 4-, 5-, 6- or

7- benz- 2 1, 3-aohd - GO, 122,,4-t9azol41- -3-or By, 1r.ordetedragalhol 213~ 1-, 3-,
4-, 5- SQ- _ L -5 - Lyngd nyl 2-,
o o e Pl Z§M Br S qoﬂ GX‘%‘?&&& 53’? 3L gRg g eyl o

7- or 8-2H bahZbRZ waﬁaa@lrﬁnor ‘ﬁu\f't ﬁ@r?"ﬂﬂi?“é*@épbﬁT or £-¥l. éeﬁﬁéoﬁ’%@@ 5-yl,

%,‘11 gegodl OXAHW1 Syt bzm?'l J1r32b@nzm BLaa- dﬁ?amim%fl 4.06r 59s0thd®yl, 1- 21g-Th
nzoxa refera e

het erocyclic qrz?dé%%ﬁ'g‘d%plﬂl io%)(’o é:’r’t?’ ?rﬁ/BBPZ?Wrﬁﬁglﬁszoé %a’t%do The

het erocyclic W.Bdmzmdazutyd:cﬁ-cé‘ﬂ S-hesoaVsbemmsoiaml;é)@rrgl-dj B; 8f ditgrdioe- 2-2

-3-, -4- r ro-2- or

-3- furyl, o tg'a&%%& a% ?% é’l?‘é?)e%ﬁfsgﬂﬁaéoly 053 ?hBP'?Yt%enztzﬁg,%? %dro 1-,

-2-, -3-, -4:hazmlyl 2- ri?yr‘ﬂoISy‘JG Z- @r@rcmydokylﬂ 3~ &, 5+ 5-,,7 _oF-8-480-- 5- pyrr ol yI

1-, 2- or 3 Q}(ﬁn&’igi '30'%0'5”36 7%?8%%151915;*% 425 - 740P§‘é1ﬂﬁé‘i&ll£vyl

2, 3- d| tet s - 1-
- 4- pyr azol y| 5- pr,ﬁ qwnyualgﬁyi, 2-, 39.5-, 63 7y(5:rr 8-4 tggnaom,ﬁ]oxazmyl further
1,2,3,4- tetraﬁéféﬁ-ﬁbi i 3b%nzod%xol—5‘}d 1,45erRbdidkaRye-| ﬂ@ln,slbenz%tma?»- or

4 g ridinyl olin t et yranyl ,
O L e o5y 37 B Rrheesaf S LK Segraple. are Sferafatly

- 4- pyri dazi nWujtaBe. hexahydro-1 -, -2-, -4- or -5-pyrim di nyl, 1-, 2- or
3-piperazinyl, 1,2,3,4- tetrahydro-1-, 2- -3-, -4-, -5-, -6-, '7- or

- 8-qui yl, 1234tetrahydro- 1-,-2- -3-, -4-, 5- 6- -7- or

- 8-i soqui nol yﬂhe meter@:ychsradlsals may atscgbe Baztlalimdﬁ;fdhohmmuenatqdl Theoxazi nyl,
further prefegy I y: phenyl ,

2, 3-et hyl ened| oxyp @rdé?%é?i)s%ﬂed#ngﬁgs ggbetﬁ%xfor Exémﬁ?é 2 é%ﬂ%rB@

3, 4- (di f 1 uor oﬁet-ﬁy% fingh ) HRENEro-25, 3 .oh4h§ad @Hz@ftf@hé{ﬁfo“g 06r3-6-yl ,
2,3-(2- OXO”EtbeI,eﬂsfﬁl@MéﬁhﬁWietﬁéhy@l@-Q 3r 43-ehiBrgr o-Rbhldro-1-, -2-, -3-,
-4- or -5-pyrrolyl, 2,5-dihydro-1-, -2-, -3-, -4- or -5-pyrrolyl, 1-, 2- or 3-pyr-
rolidinyl, tetrahydro-1-, -2- or -4-imidazolyl, 2,3-dihydro-1-, -2-, -3-, -4-or
-5-pyrazolyl, tetrahydro-1-, -3- or -4-pyrazolyl, 1,4-dihydro-1-, -2-, -3- or -4-
pyridyl, 1,2 3,4-tetrahydro-1-, -2-, -3, 4-, -5- or -6-pyridyl, 1-, 2-, 3-or
4-piperidinyl, 2-, 3- or 4-morpholinyl, tetrahydro-2-, -3- or -4-pyranyl, 1,4-
. dioxanyl, 1,3-dioxan-2-, -4- or -5-yl, hexahydro-1-, -3- or -4-pyridazinyi,
(” 25 hexahydro-1-, -2-, -4- or -5-pyrimidinyl, 1-, 2- or 3-piperazinyl, 1,2,3,4-
tetrahydro-1-, -2-, -3-, -4-, -5-, 6-, -7- or -8-quinolyl, 1,2,3 4-tetrahydro-
1-,-2-,-3-, 4-, -5-, -6-, -7- or -8-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-

20

30 dioxyphenyl, 3,4-(difluoromethylenedioxy)phenyl, 2,3-dihydrobenzofuran-
5- or 6-yl, 2,3-(2-oxomethylenedioxy)pheny! 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.

35

The said heterocyclic radicals may additionally be substituted by R® and/or
R*



Fzodi oxepin-6- or -7-yl, furthernore preferably 2, 3-di hydrobenzof uranyl

F 2/ 3-di hydr o- 2- oxo- furanyl 35 The said heterocycllc radi cal s may

Padi'tional | be substltuted by R3 and/or R4. ~ WD 2004/020389 2 ZJFEE @007

¥ 9/R part 3% ef erabl y denotes phenyl or 2-thienyl. R2 pr% P

Fdénot es nethyl ethyl n-propyl or isoprdpyl, tbut in particular 5 nethyl.

‘ and R4, independently of one anot her, denote H nethyl, in particular H

R5 and R6 preferably denote H, alkyl, O-alkyl, C or F. 10 Preference is

¢ffurthernore given to conmpounds of the fornmula Ain which R5 and R6 together
forma ring systen1 R7 and R6 preferably denote H 15 R' is preferably H or
methyl, inp ﬁ I hyl or ethyl. 20 n is
preferabl y Oﬁo ﬁ%ﬂérlg?@ét%tﬂ%%ade%n@ﬁﬁbﬁ éﬁ!ﬁﬁ . Aryl oxy preferably
denotes, for exanple, phenyloxy, o-, m or p- tonony, 0025 o-, m or

p- hydr oxyphe%y g?éﬁéralﬂ v.deMotés midtipt &y ph Peiryl,soﬂropymbtﬁﬁn partlcular

p-fl quophen xy Aryl preferably denot es or exanple, phenyl, o-, m or
p-toly Ir p- hydr oxyphenyl , o-, m or p- met hoxyphenyl, o-, m or
p-fl uorophenyl. 30 Preference is gi ven to the use of the chiral Iigands of

oe. o B AR RESerE I  shie o g dGneR BY BRIGY lndBier Bheny
4-tolyl or 3,5-dinethy|pheny| where 4-tolyl
R® and R® preferably denote H, alkyl, O-alkyi, Clor F.

10
Preference is furthermore given to compounds of the formula A in which R®
C ) and R°® together form a ring system.
R’ and R® preferably denote H.
15
R" is preferably H or methyl, in particular methyl.
R'? is preferably methyl or ethyl.
20

n is preferably O or 1, in particular 1.

m is preferably 1.

s Aryloxy preferably denotes, for example, phenyloxy, o-, m- or p-tolyloxy,
(” 25 o-, m- or p-hydroxyphenyloxy, o-, m- or p-methoxyphenyloxy, o-, m- or

p-fluorophenyloxy.

Aryi preferably denotes, for example, phenyl, o-, m- or p-tolyl, o-, m- or
p-hydroxyphenyl, o-, m- or p-methoxyphenyl, o-, m- or p-flucrophenyl.

30
Preference is given to the use of the chiral tigands of the formula A.
Ph denotes phenyl, 2-, 3- or 4-methylphenyl, 2,3~ 2 4-, 2,5-, 2,6-, 3,4-or
3,5-dimethylphenyl.

35

Ph preferably denotes phenyl, 4-tolyl or 3,5-dimethylphenyl, where 4-tolyl
is particularly preferred.



ngtes P(C(CH3)3)2. Z preferably denotes H Q preferably denotes

ﬁ particularly preferred. W2004/020389 27 FEB 2007 10- Y preferably
e

y

P(phenyl )ZWO 05’/& ghence is given to chiral ligands of the formufamBgingy

whi ch Z hast meaning H and Y P(C( 3)2. Preference is furthernore

gl ven to Ilgands of the fornmula B in ¢h Z:has the neani ng P(phenyl)2 and
'Y has the neaning OR 10 Preference is furthernore given to |ligands of the
formula Bwith the fol- |ow ng conbinations of the radicals Qand Y: Q =

PPh2; Y = P(cyclohexyl)2 Q= PPh2; Y = P(tert-butyl)2 15 Q =

P(cycl ohexyl)2; Y = P(cyclohexyl)2 Q = PPh2, Y = P(3,5-dinethyl phenyl)2 Q =
PL3, 5- bi S(tryfgrsmrappidenoledPOIGR:Y = Plcycl ohexyl)2 Q =

P( 4- net hoxy- 2 P %%ﬂenél )2; Y = P(3,5-di nethyl phenyl )2 Q =

P[ 3, 5- bi s(t r FHAEETEMEL Bhenyl]12: Y = P(3,5-di net hyl phenyl )2 20 Q =
P(cycl ohexyl Rpreférabip(dencteb {pheryl = P(tert-butyl)2; Y =

P( 3, 5- 8i net hyl phenyl )2 The process according to the invention is

particularly suitable for the pre- paration of the al cohols
(S) - 3- met hy| Brefatence-ipigivan torchifg dgands 06the(f9rmgla Bsn which Z has the

met hyl am no- el HeRY ‘)’% PIQ)@zlqbref%hEB i€ RiHRA YRALR NgpRiscon verted

further |ntothe actlvel ul oxet.i ne, quoxetl t ohoxeti ne and
LY227942. Thef t@@rfBUUHlésBdﬂ E‘f&‘ f@ﬁl‘?ﬁhﬁme%% Fépieers)2 &@srtBe centres and

can 30 thergf@hfgOfUr in various stereoisoneric forms. The formla |
encom 10

] Preference is furthermore given to ligands of the formula B with the fol-
Tl lowing combinations of the radicals Q and Y:
Q = PPh;; Y = P(cyclohexyl),
Q = PPhy; Y = P(tert-butyl).

15 Q = P(cyclohexyl),; Y = P(cyclohexyl),

Q = PPhy; Y = P(3,5-dimethylphenyl),

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

Q = P(4-methoxy-3,5-dimethylphenyl),; Y = P(3,5-dimethylphenyl),
20 Q = P[3,5-bis(trifluoromethyl)phenyl]2; Y = P(3,5-dimethylphenyl),

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

The process according to the invention is particutarly suitable for the pre-
. paration of the alcohols (S)-3-methylamino-1-phenyl-1-propanol or (S)-3-
“ 25 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 formuta | have one or more chiral centres and can

30 : . . :
therefore occur in various sterecisomeric forms. The formula | encom-
passes all these forms.
The term “enantioselective preparation” defines a process which generally
praduces, as reaction product, a mixture comprising a compound of the
35

formula 1A
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cess which generally produces, as reaction product, a m xture co
/Oorrpound‘,(pioog,mséiﬁ formula | A WD 20041020389 2 7 FE3 2007 -11t7
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these fornms. The term "enanti osel ective preparation” defines a

si ng
N R2
OH

n which Rl, R2 and n have the neaning i ndi cated above, where this m xture

/1s not racemc and preferably only still contains traces 15 of the

undesi red enanti omer, depending on the chirality and selectivity of
catal yst used. In this case, gpference is nmade above and bel ow

approximately to aproces
conpounds of the o
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35

t he

orl the preparation of the enantionerically pure
Processes ffor the preparation of the
enanti onerical ly pure:conpo r|’1ds f the formula | A are preferred. 20 In

it has be®R found that the conpounds of the formula Il can be
hydr ogenat ed using the enantionerically pure rhodi um phosphi ne com plexes
cont aioni ng t he phosphi nes A or B to give enantionerically pure or

enanti oner i %ﬁlﬂlé'c&ﬂébﬁ E,R:mgq f the formula |I. 25 The invention al so

proces repar atlon of the com

1

OH

in which R', R? and n have the meaning indicated above,

where this mixture is not racemic and preferably only still contains 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 formula Il 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 1, 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 to the use of transition-metal compiexes containing rhodium or rho-
dium salts.

Particular preference is given to transition-metal salts containing sulfate,
chloride, methanesulionate, toluenesulfonate, hexachloroantimonate ,
hexafluoroantimonate or trifluoromethanesulfonate as anion.



unds of the formula 1, characterised in that the chiral, non-racemc
iatal yst is an enantionmerically enriched transition-netal conplex contain-
; 586 one Ohy@BhAAERe| S or salts thereof selected fromthe group cohsE&tilhg
of rhodium iridium rutheniumand palladium Particular preference is
given to the use of transition-netal corfpl exes containing rhodi umor rho-
diumsalts. Particular preference is given to transition-netal salts
containing sulfate, 35 chloride, nethanesul fonate, tol uenesul fonate,

i on. V0 2008 030588 9VERRBEhS TS B S BRIBBRa Ui BN SIRAPRNERC Lo of
enanti onmeri cadnmplepes.e transition-nmetal conplexes. The term
"enantionerically pure" above and bel ow denotes an enantio- 5 nmeric purity

of >90%ee, preferably > 92%ee and in particul ar >99% ee. Depending on the
choi ce_of t hEg Rrm ‘enaptpmensally pred” apoverand bejawdienetenan engnéiPyst, t he

(R)- ? (9) 'rﬁ@ﬁ@bhg%f igb%'@ea'gf'&@rém SeRE e 4k FRpAftiUISR >0k lbar ence i's
given to the ligands:  PPh2 15 (S)-BINAP: PPh2 20 PTol 2 (S)-Tol Bl NAP:
PTol2 gz~_, \ ! 25 in which Tol denotes 4-nethyl phenyl. (S)-TolBINAP is

Itoﬁr ti ﬁ ul alr I YD@p]ﬁ'}diﬂg oacthe cﬁb&:e%fgthéi(m- @uoqmécermhtwﬁﬂi df@l?etliben@ﬁﬁfr&r ation of

e cniral CO exes | r er.api. (o]0} nas. suc as or exa e,

[ Rn( COD) 2] Offe ’é’?ﬁ?%%&'?}i Ofidgéf@ayh%fwsaﬁﬁ?‘“@m# LRACSSE Ry (cop) onfz,

[Rh(COD) 2] BF4, [1r(COD)ClI]2, [Ir(COD)2]BF4, [Rh(NBD)Cl ]2

( nor botthadi W@Eﬂﬁgipré?e%“égiiscb%en tc{ﬂé(ﬁem@s?ne) 2C1 12, RhX3 . nH2O, in which
r or or

X denotes d,

e
PPh,
15 (S)-BINAP: O‘ PPh,

. @
PTal,
(S)-TolBINAP: O O PTol,

“ 25 in which Tol denotes 4-methylphenyl. (S)-ToIBINAP 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-

30 dienylrhodium triflate), [Rh(COD)CI],, [Rh(COD),]BF,, [In(COD)CI);,
[Ir(COD),]BF,, [Rh{NBD)CI], (norbornadienylrhodium chloride),
[Rh{ethylene),Cl],, RhX; « nH;0, in which X denotes Cl, Bror | or
[Ru(COD)Cl,].. [RR(COD)Cl],is preferred.

35 Further preferred rhodium complexes contain one of the foliowing anions



| )G 2] X. [Rh(COD)CI]2 is preferred. 35 Further preferred rhodi um

| exes contain one of the follow ng ani ons WO 2004/ 020389 2 7 FE%Y%%%7
¥ - 13 Bryohoodtiase[ PF3(C2F5) 3], SbFs, BF4, Cl04, BPh4, tetra(3,5- 2007
#oi/’s-trifluoronet hyl phenyl ) borat e, OOCCF3, OOCH, OOCCH2CH3,
“trifluoromet hanesul fonate, p-toluenesul f*onhate,: methanesul fonate 5 and
di ethyl ether or one of the foll ow ng unsaturated conpounds: 10
1, 5-cycl ooct adi ene, cycl ooctene, 2,5-norbonadi ene, norbor- nene. The

conmpounds of the fornu |1 e tipg teterials fo hei r
preparation are, in aa‘éﬁﬁroh?)}gr[éﬁ&g%%hégé ‘ﬁﬁ%v\hbgérte&@{& s 15
desgri bed : n thehl ijterta‘surimdrbmﬂlewmprhﬁ)bmatdj@@C@g@aﬂ;ﬂ@ﬁmsom,h as
Houben- Wyl , Met hoden r i ) '

Chem stry], GCeorg- Thi ene- r32‘3?’@WP&%‘?@&GH{L&%@%fpé@’.‘%eg%@%ﬁa?eeact i on
condi ti ons which are knetharngsdlfguateabl e for the said reactions. Use can

al so b& made here of variants known per se which are not nentioned here 20
in greater detail. If desired, the starting naterials can also be fornmed in

situ by not @#R®lating themfromthe reaction mxture, but instead
I nmedi ately converting them further into the conpounds of the fornula I.

Cpw 25 Suitable solvents are, for examp|e, ter, hydrocarbons, such as
hexane, petrol eum et fzt,hyﬂ)gmr?é,on@o&%ﬁéolﬁfwwg|L@§é?ur gfﬁc{)q:qrﬁa{ng&éjs.

hydr ocarbons, such as trichioroethyl ene, 1,2-dichloroethane,
tetrachporonmet hane, ch}ero-, form.or_dichlo thane: S h as

met hanol , et hanol, i SOL&*%gl%t%gﬁenéfFﬁl%opé%ggfﬁ-%’?@hﬁﬁgﬁk, '{'%'?)t%?'but anol ;
et hers, such as diethyherst.her, diisopropyl ether, tetrahydrofuran (THF) or
Wne; gl ycol ethers, such as

The compounds of the formuta Il and aiso the starting materials for their
preparation are, in addition, prepared by methods known per se, as

1 described in the literature (for example in the standard works, such as
Houben-Weyl, Methoden der organischen Chemie [Methods of Organic
Chemistry], Georg-Thieme-Verlag, Stuttgart), to be precise under reaction
conditions which are known and suitable for the said reactions. Use can

00 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 1.

Suitable solvents are, for example, water, hydrocarbons, such as hexane,
petroleum ether, benzene, toluene or xylene; chlorinated hydrocarbons,
such as trichloroethylene, 1,2-dichloroethane, tetrachloromethane, chioro-
form or dichloromethane; alcohols, such as methanol, ethanol, isopropa-

30 nol, n-propanol, n-butanol or tert-butanol; ethers, such as diethyl ether,
diisopropy! ether, tetrahydrofuran (THF) or dioxane; glycol ethers, such as
PEG, ethylene giycol monomethyl or monoethyl ether, ethylene glycol
dimethyl ether (diglyme); ketones, such as acetone, methy! ethyl ketone or
- butanone; amides, such as acetamide, dimethylacetamide or dimethyl-

formamide (DMF); nitriles, such as acetonitrile; sulfoxides, such as
dimethy! sulfoxide (DMSO); carbon disulfide; nitro compounds, such as



_ et hyl ene gl ycol nononet hyl or nonoethyl ether, ethylene glycol

@ methyl ether (diglynme); ketones, such as acetone, nethyl ethy| ketone or
jut anone; “@3@?@ uch as acetam de, dinethyl acetam de or dinet §|FE§§UUY

7 formam de Botril es, such as acetonitrile; sulfoxides, such as

di met hyl sul foxi de (DVBO); carbon di suf4ide;:nitro conpounds, such as 7 WO
2004/ 020389 2 7 FEB 2007 -14 nitronethane or nitrobenzene; esters, such as
nmet hyl acetate or ethyl acetate, if desired also m xtures of the said
solvents with one another or mxtures with water. Particular preference is
gi ven to ni Ritiamsthane oy aiteobenzepsnestars. isush@ashorthy! paetede of 6Yar mi xt ures of
met hanol Wi bRaf@d WedSsired| A18bnhikIras oP i £4i87eMvdnts Wlth%héé‘né’thﬁf geess in

whi ch the hy dro%enatlon Is_carried out | resence o nor e

n.the
B Gohol . 1 FOIUFAS Wil He16te PrRkirofar PrefenEa s B TYIPTRRGHes RENAENL | osel ect i ve
hydr ogenat i earbiods Mathgleshalsf #vpdlicaianwiriréndf Akttt withetofisgheng on the
condi 6i ons used, the reaction tem perature is between 0 and 200C, nornally
bet ween 10 and 150C, pref- erably between 20 and 130C and in particul ar
bet ween 20 Radiclle®. préferenes & givehdalagpnoaess mawhichi the lgdadgsndietrvieen 1: 10, 000
and 1:20, p r a rably
1: 2000 to 1{3%%@%%¥'1‘J§5?%%@?9205%?‘?’2%%%1%@8h0'$0H bgﬁ'ba{érhﬁh?ﬁg%n 0.1 and
30 preferably between 3 and 20 hours. The hydrogenation is preferably
carried out Tigdgacton (RHE'AIIRE SRERASILIERe ydrleRation R sdiweaRl a e S- 210

bar, Kp particul ar et ween reactions are preferably

carried out Mindes and trAays. é@pﬁagm %t%ﬁ@"d't'f’“ﬁ)H‘éed Hoe rgaction t%'ﬁ on of the
conpounds Obeﬁdwref i8Bivaeh o anid ZB@“(DGK&M?WQ@@ 10tend o50@Y grbp

rogenatign cr 1,S n this ca i n rti in 25 the
A ogenat ! B LGS L B d b B BE BBy P0G T 27
enant i onmer i Thexcatalgetésulnstrabe ratevisdisniatih betwaery i 1d, &%andddﬂbtprefer-i n
ably between 1:5000 and 1:50, particularly preferably 1:2000 to 1:100. The

15 reaction time is then, for example, between 0.1 and 30 preferably between
3 and 20 hours. The hydrogenation is preferably carried out under a
hydrogen pressure of 1-250 bar, preferably at 3-210 bar, in particular
between 120 and 200 bar.

20

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

For purification of the compounds of the formula |, it may be advantageous
L to follow the hydrogenation with crystallisation. In this case, in particular in
ey the case where R’ denotes 2-thienyl and R? denotes methyl, 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-

30 mula | as intermediates for the synthesis of medicaments.
Corresponding medicaments are mentioned, for example, in J. Labelled
Compd. Radiopharm. 1985, 36(3), 213.

35 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.




yT"¥d having to be accepted. The invention furthernore relates to the use of
@ .conpounds of the for- 30 nula | as internediates for the synthesis of
gdi canent ondi ng nmedi canents are nentioned, for exanpl

Labelled %%H%@&&%gglopharnl 1995, 36(3% 213. The invention furfkéFE@g
;relates to the use of the conpounds of e for- 35 nula | as internedi ates
for the synthesis of nedicanments which exhibit actions on the central
nervous system WO 2004/020389 2 7 FEB 21107 -15 Above and bel ow, al
tenperatures are indicated in C and pressures in bar. 5 Exanples: A
reactions were carried out under inert conditions (i.e. anhydrous and
oxygen-free Apagtiand madowl] &l temaperatureRrarpamditated inf°Ct ted pedsaiuyesd insubst rat e
sol ution: ﬁ anple 1: 1"t 51.4 ng of [RW(COD)ClI]2 were dissolved in 5 ni
of the sol vel® nixture toluene, and a sol ution consisting of 5 m of
toluene and equivalents 1.1 of

(S)-(-p-2,2 Eké lad- t ol yl phosphi no)-1, 1" - bi napht hyl was added. 15 2.

Sanpl i ng and s The enanti oneric excess of the hydrogenatlon pr oduct
was det er mi néd reactians were ¢ariedsnd sedep merkepnsiions (1. anmydaius and

bis(1,5-cyclg é}—ﬂf@gybé&\drhggﬁd{%hé) dichloride and 17.2 ng of
(S)-(-)-2,2"bis - p-tol yl phosphino)-1, 1" -bi naphthyl are added to 8.23 g of

3- et hyl am no- 1- (2 t hi enyl )-1-propanone in a steel autoclave, and 50 ml  of
met hanol and15Bregarafion of theneataiyst/adidstrateaoldtioh: m xture. After the
10

Example1:

W’ 51.4 mg of [Rh{COD)Cl}], were dissolved in 5 mi of the solvent mixture
toluene, and a solution consisting of 5 ml of toluene and equivalents 1.1 of
(8)-(-)-2,2'bis(di-p-tolylphosphino)-1,1'-binaphthy} was added.

15
2. Sampling and analysis
The enantiomeric excess of the hydrogenation product was determined on
chiral HPLC phase.

20

Example 2:

5.3 mg of bis(1,5-cyclooctadienyl)dirhodium(i) dichloride and 17.2 mg of
(S)-(-)-2,2'bis(di-p-tolylphosphino)-1,1'-binaphthy! are added to 8.23 g of
3-methylamino-1-(2-thienyl)-1-propanone in a steel autoclave, and 50 mi
of methanoi and 50 mi of toluene are added to this mixture. After the
% 25 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.

30 The desired aicohol is obtained with an enantiomeric excess of 92.8% ee.
Example 3:
The oily residue obtained in accordance with Example 2 is taken up in
300 ml of water, extracted 3 times with 250 ml of dichloromethane each
35

time, and the organic phase is discarded. 250 ml of dichioromethane are
subsequently again added to the aqueous phase, the pH is adjusted to 14



Etor has been sealed, the reactor is freed fromoxygen by flushing a
¥ of tinmes with nitrogen and subsequently hydrogen. The reactor is

d with 55 bar of hydrogen and warmed to 50C. The course of tztﬁxf

i on | WOn9AH928%%d t hr ough the pressure drop in the autoclave. &8 2007
gection is conplete after 15 hours. 301&he desired al cohol is obtained with
i enantioneric excess of 92.8%ee. Exanple 3: The oil y residue obtained in
iccordance with Exanple 2 is taken up in 300.mM of water, extracted 3 tines
fwi th 250 ml of dichl oronethane each 35 tine, and the organic phase is

di scarded. 25%@ing 400 ¢bf BRw seaithameirexidessnaRm @nid the atises addedpto t he

h t H i djusted .t 4 004/ 02 4 2.7 07 -16
el ng 170" o Tatec ToBsbRn R RHFeCk Lo ig oERY T O REIRRANE sepa.
rated. The ordjsstivecdima’d2) goffandddBf ether/tdhecrsmindate alfbe’Lid.5 goofadaied i s
di | ved i f /4.0l ' : s f ti-
Vated gar bon ‘afe Safhopte e, SREAEIRIFe € fitefel ettt APl P, 7L
virtually colviualtyseoigariess spiutior hBedees howly easie@tp faPm dnpedipss at ur e,

t he reaction | ' idd\w ed at -15C
for 16 h. Théﬁggé%gﬂhe%a%ﬁggﬁges&are ?ﬂatere of@g%’%bég?&gﬁgﬂnd dried in
e

I W TE
vacuo, givi ngleHefdetq SepRsited ALystals @Rl FIBRIRRe With USHPN AL panani ne
with an ee valried infvazA8YiviHy HeadabiRai'S) N-hRetAP-8-hy8Roxyrs(2) thidnyl)pro-
3- et hyl am nqg- 1- ‘rﬁ_t hl.ﬁr%%- 1- rogﬁgg are weighed out into a steel
aut ocl gye, 9PHFPTYRE Y P VA% Y4aed” and the mixture is inertised by
I njecting 7 bar of nitrogen 3 tinmes foll owed by de- 15 conpression. 10.8 ng
(0.022 nmol )EQ - ' gl, 5-cycl ooct adi enyl ) dirhodiunm(l) dichloride and 32.5 ng

(0..051 nmmol ) 0 -BINAP are weighed out into a Schlenk tube and dissol ved
f m of 819%;EO2mmael) of 3-methylamino-1-(2-thienyl)-1-propanone are

weighed out into a steel autoclave, 90 ml of methanol are added, and the
mixture is inertised by injecting 7 bar of nitrogen 3 times followed by de-
compression. 10.8 mg (0.022 mmol) of bis(1,5-cyclooctadienyl)-
dirhodium(l) dichloride and 32.5 mg (0.051 mmol) of (S)-BINAP are
weighed out into a Schlenk tube and dissolved in 18 mi of toluene under
argon. This solution is transferred into the autoclave using a cannula in a
counterstream of nitrogen. The autoclave is then filushed 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
o reaction solution is analysed.

@@ 25 Conversion to the product. 98%; enantiomeric excess in the product: 94%.

15

20

Exampie 5:

435 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 {oluene 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-cyciooctadienyl)-
dirhodium(!) 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 &
counterstream of nitrogen. The autoclave is then flushed by charging 3
times with 10 bar of hydrogen each time followed by decompression.

30

35



n. This solution is transferred into the autoclave using a cannula in a
Eyanterstream of nitrogen. The autoclave is then flushed by charging 3 20

mes wth, 10 hydrogen each tine followed by deconpressiomy i
aut ocl ave }V;O%?E‘g 2{'ggto 50C, and the internal pressure is adjusted to ?%

fbar of hydrogen after this tenperature-héds been reached. After 7 hours, the
/ upt ake of hydrogen ceases, the reaction is terninated, and the reaction
solution is anal ysed. 25 Conversion to the product 98% enantioneri c excess
in the product 94% Exanple 5. 495 g (2.4 nol) of

3- net hyl ani ndhe-gutociave yheatedp S93RoARd e iNemgh smesssue is adistedsiceel

autocl ave, 2gg bJarQ)ffh F fté}"tﬁlsQe&derQﬂcuréﬁb@%n%@cﬁ@&ieﬁfter §903F§|é Lhe

mxture|5|nert|5ﬁ I.nj ectln ar of g tinmes followe y
deconpr essi oH1® YRIRKEEY %@ S ihit Seéft "se(ai-"t'gf‘dﬁ/@ B"tb’&@tﬁgl 89 the reAGhodi un( 1)
di chl ori de angn g$8Qutisw lébn& _earml ) of (S)-TolBINAP are weighed out into a

Schl enl§ f 1 d di f tol d Thi |
et ranst er GO VR0T AR GAEt ¢ B rpa ol SRS i BB &t 7 oam of

nitrogen. The&2%utocl ave is then flushed by charging 3 tinmes with 10 bar of
hydr ogen each tinme foll owed by deconpressi on. WO 2004/ 020389 2 7 FEB 2007
-17 The autoclave is heated to 50C, and the internal pressure is adjusted to
60 bar of hyBGxe8g@ie @fter this tenperature has been reached. After 8 hours,

the upt ake Ofls:lbsdgﬁﬁ‘fmsﬁ&%?@méﬂﬁgdﬁ%ﬂ gzltﬁzénﬂ?ﬁgbﬁ&?hﬁgne%?é’ the reac-

tion saqpution rsion >99% enant| omeric
excess in t h¥e hegLeyt: mtcg@@@e laves. 751l abmg %'CP @ epdgd, and the

3-met hyl am nﬁ?l)&u(@rshhbﬂméh)bylmjédmh oBEr 6f GitrbGens whed felldwddbp a st eel
o g 7 Befombrasaae s (¢ gitti & %vvgbﬂﬁﬁ-cvc'ooc?a&env')' nertised by
dirhodium(l) dichloride and 15.2 mg (0.022 mmol) of (S)-TolBINAP are
weighed out into a Schilenk tube and dissolved in 15 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. 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: >89%; enantiomeric excess in the product:

92%.
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€ ression. 52 ng (0.011 mmol ) of bis(1,5-cyclooctadienyl)- dirhodiun(l)
dighl oride and 15.2 ng (0.022 nml) of (S)-Tol BINAP are weighed out into a
Sciil enk %g&ﬁ Ogm??ggssol ved in 15 m of toluene under 15 argon.lTHit§ 288! uti on
i transf Y47 the autoclave using a cannula in a counterstream of
[ trogen. The autoclave is then flushed by charging 3 tinmes with 10 bar of
ghydrogen each tine foll owed by deconpression. The autoclave is heated to
4 50C, and the internal pressure is adjusted to 120 bar of hydrogen after this
f t enperature has been reached. After 11 20 hours, the uptake of hydrogen
" ceases, the reaction is term nat eBatetHClali®s reaction solution is anal ysed.
Conversion to the product: >99% enantioneric excess in the product: 92%
25 30 35 WD 2004/020389 2 7 FEB 2007 -18- 41 Patent C ai ns. 1. Process for
the enanti obdl"@EEFY EOTINE SRRRtiPBRIeEHVR RIeRFralihALARING alcpBolsiRfithgia | 5 H R
~/~]1~-N R fghhtlaJ 10 in which R denotes a saturated, unsaturated or
aromedic carbocyclic or heterocyclic radical which is unsubstituted or
nono- or pol ysub- stituted by R3 ﬁnd/or R4, R2 denotes al kyl having 1-20 C
|

atons or H, 1
R N.
SR |

OH
10 in which
R’ denotes a saturated, unsaturated or aromatic carbocyclic or
(4 N heterocyclic radical which is unsubstituted or mono- or polysub-

stituted by R® and/or R?,
R? denotes alkyl having 1-20 C atoms or H,
15 R® R* each, independently of one another, denote H, 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 1,
20

by enantioselective hydrogenation of amino ketones of the formula Il

]
R N
\n/\[\‘)fn/ 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-

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

35



R4 each, independently of one another, denote H, alkyl or al koxy

hav;fng 1-20 C atons, aryl, aryloxy or COOR2, F, d, Br, OH CN, N2, NR2)2
or NHCOR2 and n denot es 1 20 by enanti osel ecti ve hydrogenatl o] 1.n0
kef ones oVONEWBHhIa 11 HI RV-NR2II L, ~/ 250 in whi g%q{%%@z
f'd n have the neani ng indicated above19|-n the presence of a non-racemc
atal yst, characterised in that the catalyst is a transition- netal conplex
in which the transition nmetal is conplexed to a chiral 30 di phosphine

i gand A 35 WD 2004/ 020359 2 7 FEB 2007 t~ -19- al R7 R6 R8 5 RS P(R10)2
R5 P(RO) 2 A 6\ R8710 R7 in which 'N
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in which

R®> R® R" and R® each, independently of one another, denote H,
alky! or alkoxy having 1-20 C atoms, aryl, aryl-
oxy or F, Cl, Br, N(R®), or NHCOR;

each, independently of one another, dencte

R11 ,
R® and R" /©_* n ﬂ

0

or cyclohexyl

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

and

m denotes 0, 1, 2 or 3,

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



3%, R/ and R8 each, independently of one another, denote H al kyl or
al ko¥y having 1-20 C atons, aryl, aryl- 15 oxy or F, d, Br, N(R2)2 or
NHC@R2 each, independently of one another, denote R' 20 R9 and BilFtB /ZUG)] m
or £ycl ohewy 2o¥4/02839R" denotes H, al kyl or al koxy having 1-20 C at ons;

aryl, aryloxy or SO8Na, COOR12, F, O, R12)2 or NHCOR12, R52 denotes
al’kyl having 1-20 C atons or H 30 and “mdenotes 0, 1, 2 or 3, 35 where R5
gnd R6, R6 and R7 and R7 and R8 together can also have the neaning 2 7 FEB
52007 WD 20041020389 7 -20 CH3 CH3 -(CH2)47 -CH=CH CH=CH or 5 or B H3C 10
~Y QB CEl : z 15 in which Y denotes OH, F@qaycl ohexyl) 2, CH,

P( 3, 5-di net hyl phenyl ) 2or P(C(CH3) 3) 2, : :

-CH)r | .CH=CHCH=CH- or =
NN
5
or B
H,C
10 Y
Q B
Fe
@
<=
15 in which
Y denotes OH, P(cyclohexy!),, P(3,5-dimethylphenyl), or P(C(CHj3)a)s,
Z denotes H or P(phenyt);,
Q  denotes PPh,, P(cyclohexyl),, P[3,5-bis(trifluoromethyl)phenyils,
P(4-methoxy-3,5-dimethylphenyl), or P(C(CHa)s).
20 and

Ph denotes phenyl, o-, m- or p-methylphenyl or dimethylphenyl.
2. Process according to Claim 1, in which R' denotes phenyl or 2-thieny!,

o® 25 3. Process according to Claim 1 or 2, in which R? denotes methyt, ethyl,
n-propyl or isopropyl.

30
4. Process according to Claim 1 for the preparation of (S)-3-methylamino-

1-phenyl-1-propanocl or (3)-3-methylamino-1-(2-thienyl)-1-propancl or
acid-addition salts thereof.

35 5. Process for the preparation of compounds of the formula | according to
one or more of Claims 1 to ¥, characterised in that the chiral, non-
racemic catalyst is a transition-metal complex containing one or more



/=gmot es H or P(phenyl)2. Q denotes PPh2, P(cyclohexyl)z

P[ 3; 5-bis(trifluoronethyl)phenyl]2, P(4- rret hoxy- 3, 5- di et hyl phenyl )2 or
P(C(CH3)3)2 20 and Ph denotes phenyl o-, m or p-nethyl phenyl of7 FES 2007

di' et hyi mreempk/n2@89 Process according to CI aim1, in which R denotes phenyl
dr 2-thienyl. 25 3. Process accordingqto Caiml or 2, in which R2 denotes
smethyl, ethyl, n-propyl or isopropyl. 30 4. Process according to aim1

4 for t he preparation of (S)-3-methylam no- 1-phenyl-1-propanol or
(S)-3-nethyl am no-1-(2-thienyl)-1-propanol or acid-addition salts thereof.
35 S. Pr Ocess?]t%sasb?%aﬁéméa%saac@fd FOARAL B8 Eohigtin@ bMHiGUIlmaccor ding to

one or nore o ai s 4 characterised I n that th chir al non-

racemi c cat al W@ﬂumsnﬁh@?'ﬁﬁbﬂ'd BAU3RIMAY conpl ex containi ng one or nore 2 7
FE3 2007 WD 2004/020389 -21- netals or salts thereof selected fromthe

group consi stjing of iri d| r ut heni al .l adi u ~. Process
for the preéa?&%eéﬁf@'f%@ nbﬁFﬁihono‘? %}q%iﬁf;lm? @?dlaﬁ&ofﬂ] e or nore
of Cainms 1 tméorq’(meaftmalmdtmﬁ thadactdrizedhintiadt, theahiral aeewi ¢ catal yst is
a transition-getal J: 0 I . Process
according to @%g%%%@éﬁ@k %ﬁﬂéer%bt r{gg}?tﬂ c%g‘(ﬂ%ﬁgon%%hgcrbgﬁiuﬁ?érl sed in that
the chiral diphitsibiereef. | i gand used is a corrpound of the formula Al to A5:
IN 15 PPh2 Al PPh2

3. Process according to one or more of the preceding claims, character-
ised in that the chiral diphosphine ligand used is a compound of the
formula A1 to AS:

10

( g
15 ‘O PPh, A ;
l l PPh, |
20
ool
A2
| PPh, l
o (]
X ‘
30 R' PPh,
R’ I PPh, A3

35




Ph2 PPh2 A2 25 X 30 R PPh2 R PPh2 A3 X 35 WD 2004/020389 2 7 FED
200 -22- \ \ 5 PPhZz A4 PPh2 10 15 PPhZ A5 PPh2 20 in which Ph has the
meaning indicated in aim1, and X denotes H, alkyl, Qalkyl), ():I —nQr _F,
and R den@ apqotassd O(al kyl) or F. 4425 S. Process according tg) éEgiZWto

of }, characterised in that the chi raI_2 di phosphine |igand used is
(S)-(-)-2,2" bis(di-p-tolyl phosphino)-1, f - bi napht hyl or

T?,f( S)-(-)-2, 2 bi s(di phenyl phosphi no)-1, 1"-bi naphthyl. 30 9. Process for the

?‘ preparation of conmpounds of the formula | according to one or nore of
Claims 1 to 8, charaacterised in that the reaction tem perature is between 0
and 200C. :

5 A4
10
{ong
15
A5
20
in which Ph has the meaning indicated in Claim 1, and X denotes H,
alkyl, O(alkyl), Cl, or F, and R’ denotes alkyl O(alkyl) or F.
e 25
3. Process according to Claimé or #, characterised in that the chiral
diphosphine ligand used is (8)-(-)-2,2'bis(di-p-tolylphosphino)-1,1'-
binaphthyi or (S)-(-)-2,2'bis(diphenyiphosphino)-1,1'-binaphthyl.
30 9. Process for the preparation of compounds of the formula | according to

one or more of Claims 1 to 8, characterised in that the reaction tem-
perature is between 0 and 200°C.

10. Process for the preparation of compounds of the formula | according to
35 one or more of Claims 1to 9, characterised in that the catalyst/
substrate ratio is between 1:5000 and 1:50.



rrocess for the preparation of conpounds of the fornula | according to
35%0ne or nore of Clains 1 to 9, characterised in that the catal yst/

subst r at ewshdo@oisgPet ween 1: 5000 and 1:50. WO 2004/ 020389 2 7 FEB-R26f)7

-23- 9 ~. Process ?or the preparation %f conpounds of the formula I
according to one or nore of Cains 1° 8"10, «characterised in that the
shydrogenation is carried out under 1-200 bar of hydrogen. 5 12 Process for
4« the preparation of conpounds of the formula |I' according to one or nore of

Yy Cains 1 to 11, characterised in that the hydrogenation is carried out in
the presence of an alcohol. 10 13 . Process for the preparation of conpounds

of the fOFnUuaPtoo@QQ%Idﬂh@q:)rbparalm sffcompsureds éfithe foeaddil Rgcordingto
characterised in that th?gghl raJh,t Bogﬁrac m ¢ cagaltyat iS a "
transition- met 31 EOMATELT CIAMS hiadVstharartenseddn figtdhe yProgenation, gi ge,
PF6, BF4, net hisrestuéd onhupeden 6l208mar of llydoogere, hexachl or oant i nonat e,

hexaf lfuor oanti nonate or trifluoro 15 nmet hanesul fonate as anion. 20 25 30

35
12+ Process for the preparation of compounds of the formula | according to

one or more of Claims 1 to !l characterised in that the hydrogenation
is carried out in the presence of an aicohol.
10 13 . Process for the preparation of compounds of the formula | according to
one or more of the preceding claims, characterised in that the chirali,
[ of non-racemic catalyst is a transition-metal complex containing sulfate,
chloride, bromide, iodide, PFg, BF4, methanesulfonate, toluene-
sulfonate, hexachloroantimonate, hexafluoroantimonate or trifluoro-

15 methanesulfonate as anion.
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