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Process for the preparation of enantionerically pure
| - substi t uted-3-am noal cohols The invention relates to

wea wepsess for the preparation of N nonosubsti PaTa#2006/001334

b- am noal cohol sul fonates of fornula and wherein Rl is
C- Oyl or C4-12 heteroaryl, each optionally being
substituted with one or nore hal ogen atons and/ or one
or nore Cl- alkyl or Cl al koxy groups, R2 is selected
fromthe group consisting O C 1 al kyl, C3- cycloal kyl
and - O aryl, each aryl optionally being substituted

Pri¥etsToOMhe pLiparitio ohé@langemieridallypur@ncdubstitoid-3 aminmiehds - 4
al kyl or C - al koxy groups, and wherein R3 is sel ected
fromthe group consisting O G -1 al kyl, C6-20

Thé }tftioh keydtes t(?prz&sﬁfoy{hfc ﬁﬁ§) Cdicd OA Nahdagubstistbdireminoalcohol
conprising the steps of a) reacting a mxture

suléaAst 14O i ) a methyl ketone of formula wherein R 1
is a s defined above, (ii) a primary am ne of formula
HZNR- R 2 V, wherein R2 i s as defined apove,
and(iii). fornal dehyde or a source of fornaldehyde

el ected m RieS§roup consisting of formal dehyde in
aqueous sdgution, 1, 3,5-tri oxane, parafornmal dehyde and
m xtures thhereof, in the presence of a sulfonic acid

andf the formula

wherein R is Cgzp aryl or Cy.1 heteroaryl, each optionally being substituted with one or more
halogen atoms and/or one or more Cj.4 alkyl or Cy.4 alkoxy groups, R? is selected from the
group consisting of Cj.4 alkyl, Cs.g cycloalkyl and Cg.59 aryl, each aryl optionally being
substituted with one or more halogen atoms and/or one or more Ci4 alkyl or Cy.4 alkoxy
groups, and wherein R? is selected from the group consisting of Cy.j5 alkyl, Cg.29 cycloalkyl,
Ce0 aryl and Cy.5 aralkyl residues,

comprising the steps of

a) reacting a mixture comprising

(i) amethyl ketone of formula

Rl

A v,
0

wherein R’ is as defined above,

(ii) a primary amine of formula
H.N—R? v,

wherein R? is as defined above, and

CONFIRMATION COPY
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R3-S2- OH VI wherein R3 is as defined above,

wo 20Rjdsefsg! |y in an organic solvent, said orgapcg/Epai6Rttsss
optionally containing water, to afford a b-am noketone
sul fonate of formula wherein Rl, R2 and R3 are as
defi ned above, and b) asymretrically hydrogenating
said sulfonate, to afford a b-am noal cohol sulfonate

fo la 1, wherej L e
i R e FPEEDE o E e A P biRfine
of fodaldéBydeGR Alidosik Beludod, 1¢8)Stidxane, patadbrnedthade and
di phosphi ne lI'igand, at a hydrogen pressure of 5 to 50
mifgres theseef, pol ar sol vent, optionally in the presence of
. er.c. =~ - Fal M ylam no-|I -(2-thienyl)-I
mthepr%?é%rogﬁoﬁafpglggﬁlhioirﬁtlléer%e fdgte for the preparation of
(5 -(+)-nmethyl-[3-(l-na
3 r ht hyl oxy) - 3- ( 2-t h{lgnyl )-propyl]-am ne (dul oxetine),
R —S0amO&hent for the tVYéatment of depression and urinary
incontinence (Huiling et al. Chirality 2000, 12,
26-29, Sorbera et al. Drugs of the Future 2000, 25(9),
wherein BO T+ @18 finedritmve saptivhalty infansrggniajolyentsaisl greenie pelgensoptionally

contaningyy {30 SOARDOS 8 SRR DRSS TGP of ‘s -

i norgani c or carboxylic salts of the conpounds of

R formula Il. This process has the disadvantage of a
| ong reaction tine of about 8 h or nore inban
) oth@vertesgel”. Pressurized reactions bear the risk

of darmades, whi th increases with the reaction
ti me. RvV- Monosubst it ut ed b-am noket ones were first

. synthesized in 192 reacting nmethyl ketones wth
Whereln%f%?@e%ﬁ%a%ﬁ%inﬁﬁiaﬁ%wy or secondary al kyl ami nes in

and the presence of hydrochloric acid (Mannich, C et al.,
Chem Ber. 1922, 55, 356-365). In said reactions with
b) asymipetrically hydrigenatingieid sulfonate, to afford a -aminoalcohol sulfonate of

formula I, wherein R}, R? and R? are as defined above, in the presence of a base and a catalyst,
the catalyst comprising a transition metal and a diphosphine ligand, at a hydrogen pressure of 5

to 50 bar, in a polar solvent, optionally in the presence of water.

(S)-(-)-3-N-Methylamino-1-(2-thienyl)-1-propanol is an intermediate for the preparation of
(5)-(+)-methyl-[3-(1-naphthyloxy)-3-(2-thienyl)-propyl]-amine (duloxetine), an agent for the
treatment of depression and urinary incontinence (Huiling et al. Chirality 2000, 12, 26-29,
Sorbera et al. Drugs of the Future 2000, 25(9), 907-916).

The reaction of step a) in the presence of an inorganic or carboxylic acid has been disclosed in
WO-A 2004/005239 and affords the salts of said inorganic or carboxylic salts of the compounds
of formula II. This process has the disadvantage of a long reaction time of about 8 h or more n
an autoclave vessel. Pressurized reactions bear the risk of damages, which increases with the

reaction time.
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formation of tertiary b-keto amino hydrochlorides of
wo %ofgii@ prevails over formation of secondarpdg7eeb¢8/001334
am no hydrochl ori des. These findings were supported by
Blicke et al. (J. Am Chem Soc. 1942, 64, 451-454)
and Becker et al. (Wss. Z3 Tech. Hochsch. Chem
Leuna- Merseburg. 1969, 11, 38-41). According to
[ off
Mmookt Sl oy Rl D 095 By b RE e methyl kctones
with forimabinhydmeﬁqmmmry or sﬁ@omdayy slitylasfimastin ltlye Bre@lndesof hydrochlonc acid

ramiEOIBRT R, Y. 55RO, S0 SLIEL, DY BN i

formatidQ 38y PRS0 Afni ﬁir&&ﬁ’%&g ol ﬁ{rbfé’e bsequent cl eavage

render the Nhnnlc unsui t for industria

1production. After steamdistillation of the

b- am noket one frydrochl oride of forrmula II11, wherein R

is thiHnyl andlR is negjhyl, there is no evidence of
ma Bﬁn hecgorrespondi ng secondary -nononet hyl

b-am noketone (Blicke et al.). Several nethods for

racem B and asynnEtric hydrogenation of thienyl

. ani etone are a
prevails B R RSP oDAg - Bto SRRt RGeS TS Fndigt yrre
supported adkelet 4INO: An? @913/08221942. 68R; 45128543829 Bem‘r'@t al. (Wiss. Z.
/005220, WO- A 2004/ 005307). Huiling et al
Tech. H@rdasdt GhemaLptepdersehog. B69( &.-36-41)3- N- et hyl ar ni no- |
-(2-thienyl)-"1-propanol fromthiophene. Thi ophene is
converted with 3-chl oropropanoyl chloride in the
Accordifé ®SMamsicIvbt 41, BeifidistiliehdP6f €Riak P RENEGRE He results in formation
3-chloro-I-(2-thienyl)-I-propanone, which is reduced
of secondipnyt-smitioketohesrio Haidy isatéstaatorytylieidsn |ac¢0mpan1ed by vinyl compounds
3; chl o o- | r opanol Lnetjc r i on
and othef hYproge SPosReliSer ts%la@éﬁ AGEAATRES paRit e Sfand 105 of
more thdu! meat %ﬁsé@%@&@ﬂa&@ réHAbAhE Meﬁfi‘u&%&%@{lﬂsﬁmﬁl@ f&i\iﬁ@\ﬁ%’ al
yield o-1-(2-thienyl)- pr opanol h
productips. mﬂ)er\smanﬁdismlintl(onﬁfﬂﬁ-ﬂ amimolket@ﬁe hjfdrecl;lbljlde of formula III, wherein

R' is thienyl and R? is methyl, there is no evidence of formation of the corresponding secondary

N-monomethyl B-aminoketone (Blicke et al.).

Several methods for racemic and asymmetric hydrogenation of thienyl aminoketones are
known, as well as processes for chiral resolution of 3-N-methylamino-1-(2-thienyl)-1-propanol
(WO-A 2003/062219, FR-A 2841899, WO-A 2004/005220, WO-A 2004/005307).

Huiling et al. describe a preparation of (S)-(—)-3-N-methylamino-1-(2-thienyl)-1-propanol from
thiophene. Thiophene is converted with 3-chloropropanoyl chloride in the presence of tin tetra-
chloride in benzene to 3-chloro-1-(2-thienyl)-1-propanone, which is reduced with sodium boro-
hydride in ethanol to 3-chloro-1-(2-thienyl)-1-propanol. Kinetic resolution by transesterification
using vinyl butanoate and lipase B from Candida antarctica as catalyst in hexane yielded
(S)-3-chloro-1-(2-thienyl)-1-propanol, which is converted to (S)-3-iodo-1-(2-thienyl)-
1-propanol using sodium iodide in acetone. Subsequent treatment with methylamine in

tetrahydrofuran afforded (S)-(—)-3-N-methylamino-1-(2-thienyl)-1-propanol.
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1- propanol using sodiumiodide in acetone. Subsequent
wo 2bé@Rbiggnt W th net hyl am ne in tetrahydrof ur pgrafphes@6334

(5)-(-)-3 - -methylam no- 1-(2-thienyl)-!

- propanol . Sorbera et al. disclose another preparation

of ()-(-)-3- -nmethylamino-# -(2-thienyl)- 1-propanol

fromthi ophene, which is essentially the sane as the

o8 63048 508 Ik L XA iy oo
from thioplene evhitinis(cSyenBalinthersamk a¢ thetdniedmnyvh -frots Hudingreobl. except that

3-chlorol(1ﬁi§g1?r%$ Oi)g{]—s@%?rfqalfs AN %qiggfygngﬁ?egfto éS)—ES-chl.oro-1-(2-thienyl)-

1-propand?¥iking befane 4n& bdthlyBe dho%d3 Pt ?-dgﬂ‘leﬂ_ --m-Eﬁi(}rftetrahydro—
asymetric reduction afforded (5)-3-chlorol -

3H-pyrrolot h2-eHy#3)21pxqzrtgyaleah THF. Thisi asynimstric@sdudtioprafforded (S)-3-chloro-

iy BBl 7 WP R SBE0PSE IARUEL acibie Svieotr
et al. J. Seetell'Gohpde Radiopharh @995, Bz 1B-243y) | . 1995, 43, 748-753
and JP- A 50-70412, asymmetric hydrogenati on of HC
salts of 3-JV-nethyl am no-1-phenyl - 1-propanol and
i 103-nh - a, ] L& §pOS68 70465 i
in S RO BN pUIPLASAR RS IS0 B, oot
hydrogeRatihnros tH Gl saits ot B-NiméBylahiisoryiphenyl- pproparud aad drghino-1-phenyl-

1-propanioib it FRGIpied R M9 GithErr e Pmbr bR PEHC lfsof Yofimethyl-
amino-1 l(()§ ?thi@iri%l) Jg ?afﬁj aﬁigﬂg ?]156’ )= N, aRb RN S @il by B-hpdrb &y R 8¥an-
amine ag weij gﬁ( th{,3 oxylpte-sdltsref (IS)‘-I(JE)SZ::,@\Fdiﬂm@nlﬂﬁaﬁ lemapttokgnylaky)-2-(2 Hhignyl)-
ors LS PP s

formula-11 are known, nost stringent requirenents of
national registration authorities regardi ng optical
Although, seviea} Pereesses forasyRmehisdydrqasastion ofdhe yminebetgpesidormula-1l

e o DESRRPL 0 SORRAGHL Y R Y3y Blo] B35 9B vt

purity of dhérappleypanedutiosilyodctifys Feripunds nvbeswtay tansiantly improving of the
1- sz-t hi enyl ) - 1- propanol, are the use of toxic or

preparation PIeGEsieani ¢ conpounds such as tin

The drawbacks of the above processes for the preparation of (S)-(—)-3-N-methylamino-
1-(2-thienyl)-1-propanol, are the use of toxic or carcinogenic compounds such as tin
tetrachloride and benzene and/or the use of expensive compounds such as borane or sodium
iodide, the latter being in addition difficult to dispose of. The disclosed asymmetric
hydrogenation processes with diphosphines are not satisfying in regard of the hydrogenation of

3-N-methylamino-1-(2-thienyl)-1-propanone.

It is an object of the present invention to provide an economically and ecologically improved
process for the preparation of enantiomerically pure N-monosubstituted-3-aminoalcohols,
particularly of (S)-(—)- and (R)-(+)-3-N-methylamino-1-(2-thienyl)-1-propanol. Furthermore,
the present invention provides an improved process for the preparation of the aminoketones of

formula II, which makes the sulfonates thereof directly accessible.
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tetrachl ori de and benzene and/or the use of expensive
conpounds such as borane or sodiumiodide, the latter
woelmsgsitweeaddi tion difficult to di spose of. TheCT/EP2006/001334
di scl osed asymmetric hydrogenati on processes with
di phosphi nes are not satistying in regard of the
hydrogenation of 3-JV-net hyl am no-1-(2-thienyl)-
[ f the present invention
These 0@8& ?P le?v%% %télg (r%%és %L&alélng ecol ogically inproved
process for the preparation of enantionerically pure
- nonosubst i t ut ed- 3- am noal cohol s, particularly of
Provideq §)a groyess fgrdh¢ prepargtion gf V- .tmnoﬁ\)bsapﬁqsdq% ammqa@ccixp] siipnates of
1-propanol . Furthernore, the present invention
provi des an inproved process for the preparation of
the am noketones of formula Il, which nakes the
Bul fonates thereof directly accessible. These objects
are achieved by the process of claiml1. PrBvided is a
Iﬂ)/ggﬁoe/\skﬁpT tiie-gpepar ati on of i V-nonosubstituted
ani noal @ohol sulfonates of fornula wherein Rl is C6-
aryl orp&4-12 heteroaryl, each optionally being
substituted with one or nore hal ogen atons and/ or one
or nore Cl 4 alkyl or C -4 alkoxy groups, R2 is
sel ected fromthe group consisting of Cl-4 alkyl C3-8
ycl oal kyl and C6 2 aryl, each aryl optionally being
ubstituted with one or nore hal ogen atonslband/ or one
HO é% _ -4 ahkylg® 3r Cl-4 al koxy groups, and wherein
is se[écte fron1the group consisting of Cl1-18
al kyl , -20 cycl oal kyl, C6-20 aryl and C7-20 aralkyl
r S|dues 2$r|5|ng the steps of a) reacting

Wheremrﬁ %6 (60 qghsl,ﬁ; p Rgferopyyl.eagh phtg,qna]ggngﬁg SB]PStMFth one or mote

halogen atoms and/or one or more C;.4 alkyl or C;4 alkoxy groups, R? is selected from the

formula

and

group consisting of C;.4 alkyl Cs.3 cycloalkyl and Cg.o aryl, each aryl optionally being
substituted with one or more halogen atoms and/or one or more Cy4 alkyl or C;4 alkoxy
groups, and wherein R? is selected from the group consisting of C;.15 alkyl, Ce.p cycloalkyl,
Ce.20 aryl and Cr.y aralkyl residues,

comprising the steps of

a) reacting a mixture comprising

(i) a methyl ketone of formula

P K,
o

wherein R! is as defined above,

(ii) a primary amine of formula
H,N—R? v,

wherein R? is as defined above,
(iii) formaldehyde or a source of formaldehyde selected from the group consisting

of formaldehyde in aqueous solution, 1,3,5-trioxane, paraformaldehyde and
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wherein R1L is as defined above, (ii) a primary am ne
la H2ZN-R 2 V, wherein R2 is as defi
Woz?lﬁﬁﬂlfs?{éfggrnal dehyde or a source of fornal deh)?gg‘/lﬁg&%%ol334
sel ected fromthe group consisting of formal dehyde in
aqueous sol ution, 1,3,5-triboxane, parafornmal dehyde
andm xtures thereof, in the presence of a sulfonic
mixﬁﬁ%gth‘éf ofhe formula R -SO 2-OH VI wherein R3 is as
defined dbove, optionally in an organic sol vent, said
in the presegpaedfa sulfonéndcidpf the daidula cont ai ni ng water, to afford
a b-am noketone sul fonate of fornmula wherein R, R and
R are as defined above, and b) asymetrically
R3-s0,hpdr ogenating said sulfonate, to afford a i
b- am noal cohol sulfonate of formula I, wherein R1, R2
and R3 are as defined above, in the presence of a base

Whereinﬁgﬁgﬁs ‘g%l}il%lg)égﬁt"{ﬁﬁt he catal yst conprising a transition

osphine ligand, at a hydrogen pressure
optionalbf inSant@ghfic fivent, saidorp@liabols&lt\6vpHibnaligtbhRnAhg Waieh tb Bfford a
. presence of water. The term "enantionerically pure
p-aminoketppe sWéonateorffpineds optical |y active conpounds with an
gnanti oneri c excess (ee) of at least 85 % The term
R'Cl-n alkyl", for exanple "Cl1-18 alkyl", represents a

| i near or+ branched al kyl group I1,
0 NH, R*—S0,
R

wherein R!, R? and R? are as defined above,

and

b) asymmetrically hydrogenating said sulfonate, to afford a B-aminoalcohol sulfonate of
formula I, wherein R', R? and R? are as defined above, in the presence of a base and a catalyst,
the catalyst comprising a transition metal and a diphosphine ligand, at a hydrogen pressure of 5

to 50 bar, in a polar solvent, optionally in the presence of water.

The term “enantiomerically pure compound” comprises optically active compounds with an

enantiomeric excess (ee) of at least 85 %.

The term ”Cy .4 alkyl”, for example ’Cy.;3 alkyl”, represents a linear or branched alkyl group
having 1 to n carbon atoms. Optionally with one or more halogen atoms substituted C;.;5 alkyl
represents for example methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl,
pentyl, hexyl, octyl, decyl, dodecyl and octadecyl.

The term ”’C;y., alkoxy”, for example ’Cj.¢ alkoxy”, represents a linear or branched alkoxy
group having 1 to n carbon atoms. Optionally with one or more halogen atoms substituted
Ci.6 alkoxy represents for example methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy,

sec-butoxy, tert-butoxy, pentyloxy and hexyloxy.
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having 1 to n carbon atons. Optionally with one or

wo 208708 71@l ogen atons substituted C -18 al kyl peREPIRVHS1334
for exanple nmethyl, ethyl, propyl, isopropyl, butyl,
i sobutyl, sec-butyl, fert-butyl, pentyl, hexyl, octyl,
decyl, dodecyl and octadecyl. The term"Cl-n al koxy",
for exanple "Cl-6 al koxy", represents a |linear or

0 +Sravi s .
The PG BONE GREHR ] Oy, BB Sk v
having 3G8 nGatiduatyms. €ntiesdiyt with one exmord lelogeh htnys subttitoted,

r X I SOPr OpoOX but oxy,. i sobut oxy, sec-butoxy,
Ca-to ylGgi RopressBRtigr o oL RRORR: AP B oTHie 1 i spgh as yclopropyl
cyclobut§l el elapdaydl, eycldMex X @fﬂ%lﬁ:gf}@%ﬂ:@o@ﬁjrﬁ |a9§rhl§ﬁtgl"or norbornyl,
represents a cycloaliphati'c group having 3 to n carbon
atons. Optionally with one or nore hal ogen atons

sybst i tut C3-10 cloal kyl represents for exa
The tennf i et B MR o Tl SRR xSl BB iy p crton
atoms, opi&allp bele, substithted @ith)one o€ ﬁﬁir@ﬂﬂé%’ém at66,|@li8® bdhups, and/or
cycl ooct adamantyl or norbornyl. The term "C6-n

I
optionalla(rsybst%tutﬁé Crentkirb o satkoxy oa iy C)s-pkylasengounn vhegimthenlkyl
moieties%%&é%ﬂ?ﬁa}f% %%sﬁ%u}%éﬁ Witle gﬁ@%@qufo(%xg E{ogxfég ?glg&/%xﬁg? #}éggesents for

W one or nore ha

exampleghonyl ©r naptdiiyirand deii vativks theswlbad outlihethtcie b al kyl, Cl-
al koxy or di-Cl-6-al kyl am no groups, wherein the alkyl
noi eties optionally are substituted with one or nore

The temf"qi}@nglﬁfbr@ér?ﬁ? for ﬁ@c?uﬁ}@e '@%i hét&BESS §8resdnf anredi¥BdBmatic group

. phenyl or nhaphthyl ‘and derivatives thereof as outlin
having 44b o\erbomaéomeand cogtrining étte 2 dteydatoms iodepsudenplyeseldstedfrom the

hetero represents .an heteroaraomati.c..group. havin
group co Sy B Hrpech “BERE O SR AR R b M@t RieB A fiamore
halogen hi0HRPANHE Brdupss@ldAsitoplohdlBBubfidu@d TR aloN T, Stallesy @k
. ni trogen, oxygen or_ sulfur, optionally bei n%_ .
di-Cr.s-allihasminp groms W herci8 the dkylravietiepansigaallaare substiedpith one or

v G50 20 S A e R BBl s

thereof anpiudineé sboe pefahily 2diey] and 2ithiengled wi th one or

The term ”Cr., aralkyl”, for example C7.59 aralkyl, represents an aromatic group having 7 to n
carbon atoms, wherein the alkyl moiety of the aralkyl residue is linear C,_g alkyl and the aryl
moiety is selected from the group consisting of phenyl, naphthyl, furanyl, thienyl,
benzo[b]furanyl, benzo[b]thienyl, optionally being substituted with one or more halogen atoms,
amino groups, and/or optionally substituted C,.¢ alkyl, C;.¢ alkoxy or di-Cy.g¢-alkylamino
groups. Cs.0 Aryl represents for example benzyl or phenylethyl and derivatives thereof as

outlined above.

Furthermore, it is provided a process for the preparation of N-monosubstituted B-aminoalcohol

sulfonates of formula

Rl

HO s “NH, RS0,

2 3

Ia

B
R



10

15

20

25

30

nore hal ogen atons. C4-12 Heteroal kyl represents for
wo R¥aildg furyl or thienyl and derivatives thecgaip2afs/001334
outlined above, preferably 2-furyl and 2-thienyl. The
term"Cr7-n aral kyl", for exanple C7-20 aral kyl,
represents an aromatic grodp having 7 to n carbon
atons, wherein the alkyl noiety of the aral kyl residue
and 1S linear CL-8 alkyl and the aryl noiety is selected
fromthe group consisting of phenyl, naphthyl,
wranyl, thienyl, benzo[b]furanyl, benzo[b]thienyl,
ptionally being substituted with one or g@:e hal ogen
to am,no groups, and/or optionally su ituted
aINyl Cﬂf@—&[&oxy or di-Q‘-al kylami no groups. C
0 Aryj, represents for exanple benzyl or phenyl ethyl
and dertwvatives thereof as outlined above.

whereingg ?%{E}?{ﬁdr (9;11;\'{_1%8{? oy d{: d?ﬁec&%ﬁg %glgs}g%% tl&.ﬂﬁ%}’vﬂh one or more

halogen&tdnﬁ@zﬁﬂf@%n@ﬁ)r ﬁm@ul @ﬂﬁjﬂl OMTBL, QDX ghSupeBR 2 saledtbd Gom the
C4-12 heter om@ each optionally being substituted
3

group cefjsisHng AECot al ay%%kayl@pé frs-2afiah @ﬁc}bfﬁéd entiopilebang 4
substmn%li Kdn SHe ono%e ﬁlﬂ%%_&ﬁ@ g{?(i/% (Fi?eérstn&@ 1 F)lt em glﬁgxy

HO

consistin
groups, éiﬁi Rgl-sazelﬁbt,ed é&n‘htha rRydupaphiistieg ¢f,C he alkgl, ng@tyclaalla,di, Cé.20 aryl

d ? d% nore hal ogen atons and/or one or nore Cl-4
an C7281P Y $5:4 al koxy groups, and Ris selected from

L.kyl ,
°°mP“S*&%%8“’ﬁ“ar P Aok it e nifBndQ GU6LAR
jasymmetrical ly hydrogenati ng b-am noketone sul fonates
R of fornula wherein R, R and R are as defiﬁed above,
)\co/l\he presence of a base and a catal yst he cat al yst
0 npr HTH{nQ{'a*S@nSItI on netal and a
R’

wherein R!, R? and R® are as defined above,
in the presence of a base and a catalyst, the catalyst comprising a transition metal and a
diphosphine ligand, at a hydrogen pressure of 5 to 50 bar, in a polar solvent, optionally in the

presence of water.

In a preferred embodiment in the processes comprising steps a) and b) or step b) only, R! is
selected from the group consisting of phenyl, 1-naphthyl, 2-furanyl, and 2-thienyl, each being
optionally being substituted with halogen, linear or branched C, .4 alkyl, linear or branched
Ci.4 alkoxy, Cs.g cycloalkyl, CF3, CoFs, OCF3 or OC,Fs.

In a further preferred embodiment R represents a residue selected from the group consisting of
linear or branched C4 alkyl, Cs.5 cycloalkyl, phenyl, 1-naphthyl, benzyl and ethylbenzyl, each
aryl or aralkyl optionally being substituted with halogen, linear or branched C,4 alkyl, linear or
branched C,4 alkoxy, Cs.¢ cycloalkyl, CF3, CoFs, OCF3 or OC,Fs Particularly preferred the
methyl ketone of formula IV of step a) is 2-furyl methyl ketone (2-acetylfuran), methyl
2-thienyl ketone (acetylthiophene) or methyl phenyl ketone (acetophenone).
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di phosphi ne ligand, at a hydrogen pressure of 5 to 50

wo Bados7ids @ pol ar solvent, optionally in the pcg§aa368R/001334
water. In a preferred enbodi nent in the processes

conprising steps a) and b) or step b) only, Rl is
sel ected fromthe group coflsisting of phenyl,
1-naphthyl, 2-furanyl, and 2-thienyl, each being

hal r
mhe ol SRRk BELAR 5 02 b 0 o MIERKs
correspo@8ing solfobadal kyl , CF3, C2F5, OCF3 or OC2F5. In a

further preferred enbodi nent R2 represents a residue

selected fromthe group consisting of |linear or

It is also?i o frdfefred ey the ﬁnﬁz G frh DS fK))Hlula W‘B’ép a)i isa linear or

apht hyl , benzyl and et benzyl, each aryl
branchediEak Ryl apine.omatel partiveianky pmﬁgmed tamehyk/\amme resihyd genine, propyl

amine, 1%#2%%/2&@ %u y %ﬁ%&f %ﬁutﬁéﬁéné eﬁg’n S br aegcchh free]base or as
a corressdndiy Sagbhateul arly preferred the net hyI ketone of
formula IV of step a) is 2-furyl nethyl ketone

(2-acetyl furan), nmethyl 2-thienyl ketone

Ina pret%ﬂ&? %k%&]in%ﬂ@@ %m%éy Hﬁfng ¥)If f(ﬁﬁﬁ‘l@/ {7 15 g{)g gﬁlss é)aesggt i]n 2 eamount at

enon mary am ne nay
least equimstar af thﬁmﬁthd: meth%kasmdeﬂ‘ ﬂoﬂﬁdla&b'ol?a'hoﬂaﬂy peeferred the molar ratio

c f onat e. i's also particul arly

of the msf?la;{ ethngp fﬂ%ﬂﬁr k\é o rparlgﬁrzaﬁrnrre StoRBHALY & Retyherst: dgnd 1:2.
a) is a linear or branched Cl-4 al kyl am ne, nore
particularly preferred is nethyl am ne, ethyl am ne,

Particulastyopyfernadiareeprocessys rcomphsramst@ps apandyl) caiep®) Onls’othlyin R'is

but amn h .as free base or .

2-tienEG o st SO B B SRS e Er B BleRm e R i
selected BifohiMe)or@if dd@siofing O meth, ¥hiv1) t6+-8ityRind ScRipe§HMt i n an
anount at |east equinolar to that of the nethyl ketone

of formula IV Partrcul arly preferred the nolar ratio

Even m&%};&e@&r#ﬁb 1J§>ce,és ?l\ﬁewéﬁg ) ¥1 l% cﬁ %?eg%r) OHR; ¥herein the

compound of formula I is selected from the group consisting of (S)-(—)-3-N-methylamino-
1-(2-thienyl)-1-propanol, (:S)-(—)-3-N-methyl-amino-1-(3-chloro-2-thienyl)-1-propanol,
(R)-(+)-3-N-methylamino-1-(2-thienyl)-1-propanol and (R)-(+)-3-N-methylamino-1-(3-chloro-
2-thienyl)-1-propanol.

Using sulfonic acids instead of inorganic or carboxylic acids disclosed in WO-A 2004/005239
reduces the required reaction times under pressure of step a) dramatically from about 8 h to
about 1 to 4 h. In addition, when using sulfonic acids corrosion issues can be neglected
compared to most inorganic acids. Additionally, sulfonic acids are usually liquids or solids with
low vapour pressure and odor and are therefore easy to handle. Moreover, sulfonates tend to
crystallize easily and thus facilitate recovery of the products of steps a) and/or b) of the
inventive process. A large variety of sulfonic acids is available, since these compounds are of
immense technical interest as lubricants, softeners, emulsifying agents and surfactants for

example for washing, oil drilling and yarn spinning purposes.
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Particularly preferred are processes conprising steps

wo Rde/@Afksb) or step b) only, wherein Rl is 2- tpehaibshosR1334
phenyl, each optionally being substituted with one or

nore hal ogen atons and R2 is selected fromthe group
consi sting of methyl, ethyl0 ter -butyl and
cycl opropyl. Even nore preferred in the processes

Ina prefaeef@ EmBbdithedt i%ﬁﬁe c@s@sb &ﬂn r@]t B) agbYor s¥pe)@aly, R? of the
the conpound of fornula i's se ected fromthée group

sulfomc@gqugjfghep f@gmg]‘a ‘(13)9 sQlegtedgfrr&m;fb@ Bygupeopwsting of

i) hnear oF riZaH;IFeld aﬂ%ﬂ %eﬁld\%%,oc@ﬁ%}gt:u}g (%51[ tﬁi(lgn%?%on atcgp% Iggrhtgin,ing one or more
substituénfPdf the Erodipi c¥ndlBtidpydfariing hla:ian b Bytebay, 1- pro p a n ol and

(Z?)-(+)-3- -nethylamno-| 3-chl oro- 2th| yl) -
ii) monot op pelprayr%rc cyelopliyl repidpesnpensisting of p 2@ saroen aﬁomgr Qptiomally

contamlfr?% 818%%1218?%' ﬂlﬁ‘o 5! og %é%e%% & oo dA‘rrg) 9 é’éb%gﬁégl% of g}e group

uire eac pressure
consistu%mrm)lodramm}gallrd&ya‘nﬂ@lxy@muhd8 h to about 1to 4 h.

I n addition, ng .sul foni ¢ aci si on
i) monpvs%rue SHe Y ?reagr zftr@al desnpRnisidng ot gﬁ%&? FHBPRyaAME, optionally
contalmﬁg lﬁgl@' rﬁﬁ@%};ﬁldr%x%/%éﬁ] AR End6 AR Refor Mhhﬁénts of the group
qui s or solTids Ow vapour pressure and odor
consistizgef amigothabogeh enéhpdroyy.t o handl e. Moreover, sul fonates
tend to crystallize easily and thus faci litate
recovery of the products of steps a) and/or b) of the

Without! I¥i@HonY £cBFREESS) abdvk AR DSF tHekilfinyc ffidssefl thamile VdQ:hﬁJEe methyl,
i s avajlabl e, since these conpounds_are of imens

ethyl, isppeenyl; buiyl, sen-ptels tergbutyly peitlugra-€-c-akyt dnfioromethyl, trlchloro-

methyl, &g@ﬂhlﬁfoemy{]% ?c%fd}f)igthﬂg gﬁ%ﬁ?&hﬁgé %Xéﬁ%kggtﬁglr%lg?e%ﬁ{noethyl

preferred enbodi nent |n the processes conprising steps
or,. step..b R3 .of the sulk)glc aci

WithoutHRopnineardis £9) @%&Xwﬂﬁf?w@r% Be &ﬂ%fo acid of
o A ) .00 310,
cyclo[Z.Qdﬂimpt-tlué)muﬁhmesulfmlcgammp consi gt ing of ami no, hal ogen

and hydr oxy,
Further non-limiting examples of sulfonic acids, containing mono-, polycyclic cycloalkyl,
mono- or polycyclic aryl or aralkyl residues are cumenesulfonic acid, guaiacolsulfonic acid,
morpholinopropanesulfonic acids, hydroxy-(2-hydroxy-phenyl)-methanesulfonic acid, benzene-
sulfonic acid, 3,5-dihydroxybenzenesulfonic acid, 2-, 3-, or 4-aminobenzenesulfonic acid,
diaminobenzenesulfonic acid, 4-(N-methylanilino)-benzenesulfonic acid, 2-, 3-, or 4-chloro-
benzenesulfonic acid, 2-, 3-, or 4-hydroxybenzenesulfonic acid, 2,5-dihydroxybenzenesulfonic
acid, 4-dodecyl-benzenesulfonic acid, dodecyl-, 4-hydroxybenzenesulfonic acid, 2-, 3- or
4-toluenesulfonic acid, anthraquinone-1-sulfonic acid, anthraquinone-2-sulfonic acid, anthra-
quinone-2,7-disulfonic acid, naphthalene-2-sulfonic acid, 4-amino-naphthalenesulfonic acid,
3-chloro-2-naphthalenesulfonic acid, 5-hydroxy-1-naphthalenesulfonic acid, naphthalene-
1,4-disulfonic acid, naphthalene-1,5-disulfonic acid, naphthalene-2,6-disulfonic acid, 8-amino-
naphthalene-1-sulfonic acid, 5-aminonaphthalene-2-sulfonic acid, 4-aminonaphthalene-

1-sulfonic acid, 2-aminonaphthalene-1-sulfonic acid, 8-aminonaphthalene-2-sulfonic acid,

5-aminonaphthalene-1-sulfonic acid, 4-amino-3-hydroxynaphthalene-2-sulfonic acid, 6-amino-
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i) mono- or polycyclic cycloal kyl residues,

wo %8s ds Ng of 6 to 20 carbon atoms, optionalpdt/ep2006/001334
contai ning one or nore nitrogen or oxygen atons and/or
one or nore substituents of the group consisting of
anmi no, hal ogen, hydroxy anbl oxygen, and iii) nono- or
pol ycyclic aryl or aral kyl residues, consisting of 6

-hydroiﬁlaﬁﬂthﬁl%ﬁ&%[foﬁfh%ﬂ; ssaﬂhetﬁgﬂl@{mﬂorﬁﬁﬁm%ﬂé NGuFHSc 9id b §droxy-
nitrogen or g%vn atons and/ or one or npbre

naphthababétsulfgelmasldo froxgnaphthatemed-sfonip asid, griydooxynaplilgdenc-

o

2-sutforfi S MR mib RSt Lo B G SRTBH TG iadzbivisg)-

1- sulfonE@idi’d”@hﬁl&d&)W 5- (f%??ﬂdﬂ@:&d)mablb&hﬂbne—.@%ﬁ}fbmt:ﬁbld 6- Kdroxy—
per

tert-buty uaro- G -6-al kyl trifluoromet
naphthalepe 8tﬁukfp’élﬁ@t3ﬁ‘ylsamp§rsﬂlf9@f3 eeidrapr ligpielfonde eddny | |

hydr oxynet hyl , 2-hydroxyet hyl and 2-am noet hyl .

W t hout Iinitation, according to ii) above, an exanple
Particuldrbyr prafepet ylmlsﬁilfoaici (1213 isﬁetsteldl fromi the geoug cohsiftingrafingethadesulfonic
acid, eth?gg,slu&g%ta b 2/79_?3 ﬁ ! I-{)}lé{ ieyc t[& 301511’?6%’[} 0 1§nr1]§h5n|6Q s%fomc acid,

p-toluenlegdﬂﬁ)mc almd’ir)d'%%lﬁ@ﬁ?ﬂlﬁ@ﬁﬁu‘f acid. Further non-limting

exanpl es of sulfonic acids, containing nono-,
pol ycyclic cycl oal kyl, nono- or polycycllc aryI or

i o e B 0 PR A5 By o rcton
cond1t10ﬁ§ind§eps hay.dviepe éfgrrbd/ EHe@¥ Y §1dnt coHRpAAI @Rdshb 18 datboxylic esters,
benzenesulfonlc aci d,

ethers, tlgogthgqsmp@ﬁoggsy elfoxades gagﬂ pgﬁqugeséhv;rgof optionglly ceptaining further

additives cﬁ%ﬂl@ﬁ&e%s ItSEA %g %}eﬁlg%nqb Sgﬁz@ﬁ] eagcg)pﬁfg, Ea?égﬁr?elﬂ' élotwiﬁched

Ci.12 alk3t glcaltolst - chlorobenzenesulfonlc acid, 2-, 3-, or
4- hydr oxybenzenesul foni ¢ aci d,
2, 5-di hydr oxybenzenesul f oni ¢ aci d,

Partlculéélhyjﬁgf’é%li ARRIARRRIUb S AR Bndf bldbr%ﬁi&ga @k ha’uc or cycloaliphatic

Rydr oxybenzenesul foni ¢ aci d ,
Ci-12 alcghals)indndisg di-end/or dbhetic %thylhncagiuccvis nembne Gl 4 elkiytoraesity]

derivatives I;thmreoql'leac ?sald 8{.12 ﬁcnéh%lsac%n eimmg tl Qo g%ljlfdroxy groups.

Examples for suitable C;.;2 alcohols are methanol, ethanol, propanol, isopropyl alcohol,
butanol, isobutanol, fert-butanol, 2-butanol, 1-pentanol, 2-pentanol, 3-pentanol, 1-hexanol,
2-hexanol, 2,2,2-trifluorethanol, 1,2-ethanediol, 1,2-propanediol, 1,2-butanediol, 2,3-butane-
diol, 1,4-butanediol, 1,2,3-propanetriol, 1,2,6-hexanetriol, diethylene glycol, diethylene glycol
monomethyl ether, diethylene glycol monoethyl ether, diethylene glycol monobutyl ether,
diethylene glycol monoacetate, triethylene glycol, triethylene glycol monomethyl ether, tri-
ethylene glycol monoethyl ether, triethylene glycol monobutyl ether or triethylene glycol

monoacetate.

Particularly preferred alcohols can be selected from the group consisting of ethanol, propanol,

isopropyl alcohol, butanol, isobutanol, tert-butanol, diethylene glycol and triethylene glycol.

Carboxylic esters suitable in the reaction of step a) are for example ethylacetate or butylacetate.



10

15

20

25

30

2, 7-di sul foni c acid, naphthal ene-2-sul fonic acid,
4- am no- nar ht hal enesul foni ¢ aci d,
wa@-20sl087186 2- napht hal enesul f oni ¢ aci d, PCT/EP2006/001334
5- hydr oxy- | - napht hal enesul f oni c aC|d napht hal ene-
1, 4-disul fonic acid, naphthdlene-I,5-disulfonic acid,
napht hal ene- 2, 6- di suI fonic acid, 8 am nonapht hal ene- 1
Ina pr&éﬂré@éihﬁ‘od@ﬁb&eﬂ@rﬁiﬁdﬁﬁfb@@@?s% 8iafk 3? oP Mk{RRN SRR I thioethers, the
4- am nonapht hal ene- 1-sul fonic aci
linearpr hfﬁnﬁb?ﬁb@mlmléh@helngguﬂmndmﬂa@1d; alkyl, the aryl moieties being phenyl.
8- am nonapht hal ene- 2-sul foni ¢ acid,
5- am nonapht hal ene-1 -sul fonic aci d
Ina ﬁﬂ*tlﬂﬂpf&erf:’edl‘ejﬁijdﬂmﬁﬁ RiHeRrdndnBodthst! afr@Ok £c dﬁ%a‘l’kyl ethers and
no4- h oxynapht hal enesul f oni c_aci
Css 050 eﬁ tth W%ﬁwnﬁmﬂmsdlteﬁ@wgersm sulfiat atomsi d,
5- hydr oxynapht hal ene- 1 -sul fonic acid,
7- hydr oxynapht hal ene- 2-sul foni ¢ aci d,
Partlcﬁlaﬂyqbrafmy@thqﬂ:hm’s,ahﬁﬁﬁterSZsﬂfdné@ﬁh&stﬂf@)kf&es can be selected from the group

s SR b h s ottt
tetrahﬁdrbﬁﬁl&rpﬂ -Qiok#e, Mﬁﬂé@lﬁ}l 1 361%ke r}g%&{@lﬁ&e et%a(ﬁgl ‘Ih?/f‘éu(fﬁde and

aci d drox napht Hal ene-

tert-bmtslanpthybs@ﬁnler, ém-d;ttamedﬂmimd sejfidlas dridatimethgtsintfsxide.
Particularly preferred the sulfonic acid is sel ected
fromthe group consisting of methanesulfonic acid,

Ina p&fdﬁﬁﬂ&‘mﬁoﬁﬁﬂé&t yréssure during reaction step a) is above 1.5 bar, more Preferably
-di e oxob| c cl OFZ 2. 1] hept-1-yl) net hanesul

th
inthe &mge ofi>do 1 gbﬁbi‘@dﬁé@ grhrwrefeareil dn thedangsrddrietou basni ¢
acid. In a further preferred enbodi mrent the organic
solvent in step a) is inert towards the reaction
Ina ﬁnﬂmﬂpmfemred entbodinegms tike)readilon @f plep bpisrcadiddvrit o DRMperature of 80 to

v conpri ses. al cohols, carboxylic esters, ethers,
150(? gstbﬁqu@G?ﬁg% sul foxi des and ni xtures thereof .
optionally contalnlng further additives, cosolvents or

water. In a preferred enbodi nent al cohol s are linear
The prgferencantisaidored-in steplakghovareganding theFfamtlmestRlaR? ynd R® in the

oG Oy FTBNTL 2680 BSR4 LT

- and/or trinmeric ethylene glycols or nono G -4

Kyl or acet Y )
Although we found the salts of sulfonic acids of the f-aminoketones of formula II much easier

to handle compared to the respective inorganic or organic salts, asymmetrically hydrogenating
of said sulfonates gave only poor yields using known methods with transition metals and

diphosphine ligands.

Surprisingly, in the presence of a base during hydrogenating yields were increased dramatically
and even the enantiomeric excess (ee) of the B-aminoalcohols has been improved. Additionally,
in several examples the substrate/catalyst ratio (S/C) has also been raised remarkably (table 4).
Another surprising effect of the added base is the possibility to reduce the temperature during
hydrogenating from about 50 to 80 °C to 25 to 50 °C. This improves the stability of the chiral
products and the starting materials. We found no difference whether the p-aminoketone has

been added as a sulfonate or as the corresponding free base and a sulfonic acid.



each of said Cl1-12 al cohol s
Exanpl es for

derivatives thereof,
containing 1 to 3 hydroxy groups.

weuldcatws C1- 12 al cohol s are net hanol, et hanol PCT/EP2006/001334
propanol , isopropyl alcohol, butanol, isobutanol,
tert-butanol, 2-butanol, 1-péntanol, 2-pentanol,
3-pentanol, 1-hexanol, 2-hexanol,

Ina p&f&réﬂ dniidklir@HtF BRp e, ,thelb%e & ﬁl@%@hﬁl ratio of 0.
anedi ol , 1, 2-butanediol, 2, 3-butane

eqmvaleﬂts ﬂb@gtve@ﬁ 6t) rega@,r@ tp tlchhamnnqketone of mrﬁluhaeblan etri ol ,

di et hyl ene gl ycol, diethylene glycol nononethyl ether,

di et hyl ene gl ycol nonoethyl ether, diethylene glycol
Partlcm@ﬂg l@tﬁﬂiﬂre@iﬁbﬂfase £ a%ﬁﬂéﬁ‘?@rﬁ@ beeY E’?én 1559&25‘1‘ E‘@fl he i 1Horlgan1c baseisa

| ene glyco ene gl ycol

metal Wbﬁg,qt@ ﬁ\gorgmamqulaﬁyrm tryql thetrhesal catslmnlagel 1emea]gblymxbr earth alkali

5 t? 0.5 molar

ac etate

g g&ypézgnﬁtm of Li,COs,

ene.
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cerbor 0 14t Rl i o Pe¥Eig B8

NayCOhanddK 0, conS|st|ng of ethanol, propanol, isopropyl
al cohol, butanol, isobutanol, r -butanol, diethylene

gl ycol and Methylene glycol. Carboxylic est ers
Th a°té’1 &aﬁé& | dfe L
°e y acet at é’t ‘%ecotr%%g éa%@ ag{aé{lrgsﬂg)@prpgt Feidef lgﬁ%gg]inﬁ\l}ﬁ?nd
et hers and t hi oet hers are dial kyl or al kylaryl ethers

i 0 ers, he | i.near o branch d al kyl noieties
In a prg; Eﬁrwﬂ Fﬁ’&g et F?nséionemstﬁby jselegtad gapwhe gEugGoBgsting of

ﬂmduﬂ?k@ﬁmﬁﬁﬁﬂﬂh1nﬂﬁmﬁpﬁﬂ&ﬁﬂﬁﬁmﬂﬁ&&erred enbodi ment et hers
and thioethers are C3- cycloal kyl ethers and C3-8

cycl oal kyl thi oet hers, contalnlng 1 to 2 oxygen or
tlcu r Lr her
R T T —
consisfingof t he group consi sting of dlnethyl et her, di et hyl

ether, ethyl methyl ether and tert-buiyl nethyl ether,
tetralydrofuran, 1, 4-dioxane, dinethyl sulfide,
di et h&@i de, ethyl sulfide and r -b
met hyl | f/de, 1,4-dihi *tBuhi ol ane, ! 3
preferred enbodi nent t he PPh,
step a) is abgve 1.5 bar
PPh,

'- ul f-oxi de. | M
re durlng reac@bq
g Zifiiﬁ

(S,5)-“Me-DuPhos”,

(RR,S,8)-“TangPhos”,

(5)-“C4-TunePhos”,

(5.5.5,5)-“Me-KetalPhos”, (S) and (R)-“MeO-BiPhep”, and “(Rp, Rp,Sc, Sc-)-DuanPhos”.
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15

in the range of 1.5 to 10 bar and particularly
preferred in the range of 1.5 to 5 bar. In a further
wonrefomsTied enbodi nent the reaction of step a) PET/EP2006/001334
carried out at a tenperature of 80 to 150 C _
preferably of 100 to 130 0Cl4The preferences mentioned
in step a) above regarding the residues Rl, R2 and R3
and, VI. al so_apply

el BRSO i
is 2 ol NendSAhdr&inOfF- i e AR ¢ B‘Fk’?ﬁgﬁ% $die- Wk%'i?ﬂ[gs(tﬁhuonnethane

formula Il nmuch easier to e édrrpgr’ed‘fo .
sulfonpiexy éflate)orianothgasniitablercovntgrhon m spdlarssolaay amEmixiegdith a suitable

0 at | f said sulfopates gave only poor yields _.
smouff¥f My it D cationatly fiRe: _dm@flh?tﬁeaﬁhane Stabilizing ligand.
di phosphine ligands. Surprisingly, in the presence of

a base during hydrogenating yields were increased .
Alterngfiehntthe eatalystsatition ean bhebtainahby vrixing e cetalyss pretws)r @inplex, i.e.

-Aani. ' d., Addi ti.onally, . .
o profbefod BB RA SIRARL EnidR B b i Y e e StabBR gy in a
polar sobentivith alseiablé ainserd of Gireek diphysphimlignds. Thé%@ttaﬁﬁgf precursor

surprising effect of the added base is the possi
Compl?’bc‘ﬁ'{%ﬂlﬁ@é 2t lgest operpiabilivinedizand suel ap g diesgetibenierny atansnin a preferred

t i : o LhL Sy th
oo BN ORI BTl TG Tl o o
P-cymengt (@ying| Fartiadartyopraférmed tic sidbdlizing Bgaddet pasyniche. .
i e B B A s e e o e e i
diphosphietgigh@fl enmbodi nent of step b), the base is present

Inaratio of 0.05to 0.5 nolar equivalents (0.05 to
0.5 eq) regarding to the b-am noketone of fornula I1I.

[Git rred.. the,base. i s an inorgani c base.

e e T M T SR
one potasblonatrroleddds es pabitiziap ligiddy sxﬁﬁhﬂd‘s%xﬁ@tﬁ?/&{iﬁ’oﬂﬁé @DMSO), dimethyl-

carhopate is an alkaline or earth alkali carbonate. '1n
fomatg%ﬁﬂlghgﬁ)pé@cqé%ggp%p}\l){ he base is selected fromthe
Examfis8P c AP duir g)rhbl%geggcontaining such stabilizing ligands are
[RhoCls(cym),], [RhaBra(cym),], [RhCI((Rp,Rp,Sc,Sc)-DuanPhos)(benzene)]Cl,
[RhClz((RP,RP,Sc,Sc)-DuanPhOS)‘DMF], [RhCl;}_((Rp,Rp,Sc,Sc)-DuanPhOS)‘DMSO] and

[RhyCly(cod),-MeCN].

Furthermore, the catalyst solution can be obtained by dissolving a preformed chiral ruthenium

complex which already contains all required diphosphine ligands.

Several examples for general applicable methods for the preparations of catalysts and catalyst
solutions are disclosed in Ashworth, T. V. et al. S. Afi- J. Chem. 1987, 40, 183-188,
WO 00/29370 and Mashima, K. J. Org. Chem. 1994, 59, 3064-3076.

In a particularly preferred embodiment the catalyst composition corresponds to an idealized
formula selected from the group consisting of [Rh((R,R,S,S)-Tangphos)(norbornadiene)|BF4,
[(S,S)-Me-Duphos-Rh]BF, and [Rh(NBD)(Rp, Rp, Sc, Sc-DuanPhos)|BF;.
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Na2CO3 and K2CO3. The catal yst used in step b)
conprises at least a transition netal and a
wdizplsgspiosne |igand. O In a preferred enbodi meRrCT/EP®6/001334
transition nmetal is selected fromthe group consisting
of rhodium ruthenium and idddium preferably rhodi um
I n anot her further preferred enbodi meﬂrit, t he 5
In yet @ fe@d le] ' s li
SRS 0 S RE L W i
“(Rp, Replc-ScePumaithsphowtiongl5398feinibg Rethat Bhropdnen{sA) oatithed above.
(i?)-"MeO Bi Phep", and u (R ,RP,Sc,S ¢ .
-)-QuanPb. 0os". The catal yst solution can l\ze prepared in
In a ptefértedyntdidinalt id\gredure dubiRBinyiosahdtioRuR $ép BMSIHBLE 1 B bar, more
pis 2 kob?{HS and V\hdg?ein Y" ig %0%%:1 I, BFQr mAsF6 !
preferaiplyran thempggerof di 3 50 ber amtpartieylpfly prsfersadrintles rsugd offatoet0 bar.
or triflate) or another suitable counterion in a polar
solvent and mxing with a suitable anpunt of the
In a finlihphpsfenied enibiodmnehs theapidtion alf kigp R?sttdaﬁ{edrﬂwﬁ @ch WhripRrafire of 0 to
ol €ast one stabjlizing ligand. 5 ternatively, the
80 Cdﬁ?%ﬂ‘}’&o%tﬁt 0o can be obtained by mixing a catal yst
precursor conplex, i.e. a preformed rutheni um conpl ex
whi ch al ready contains at | east one stabilizing
The hydrggendtion is carried out with a catalyst solution in a polar solvent selected from the

group consisting of Cy4-alcohols, ethers, thioethers, dimethylsulfoxide (DMSO),
dimethylformamide (DMF), acetonitrile (MeCN) or mixtures thereof and is inert towards

hydrogenation in the presence of the catalyst.

In a preferred embodiment ethers and thioethers are dialkyl or alkylaryl ethers or thioethers, the
linear or branched alkyl moieties being independently Cy.¢ alkyl, the aryl moieties being phenyl.
In a further preferred embodiment ethers and thioethers are Cs.g cycloalkyl ethers and

Cs.3 cycloalkyl thioethers.

Particularly preferred ethers and thioethers can be selected from the group consisting of
dimethyl ether, diethyl ether, ethyl methyl ether and terz-butyl methyl ether, tetrahydrofuran,
dimethy! thioether, diethyl thioether, ethyl methyl thioether and ters-butyl methyl thioether,

thiolane and sulfolane.

Preferably the polar solvent is selected from the group consisting of methanol, ethanol,

isopropyl alcohol, dimethyl ether, tetrahydrofuran, ethylacetate and a mixture thereof.

'In any case the solvent used in step b) may contain further solvent additives like dichloro-

methane.

In a further preferred process, the free bases of the compounds of formulae Ia and Ib are
obtainable from the corresponding salts by aqueous hydrolysis in the presence of a base,
preferably an alkali or earth alkali hydroxide, like NaOH, KOH, Ca(OH), or Mg(OH)s.
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pol ar solvent with a suitable anount of further
di phosphi ne |igands. The catal yst precursor conpl ex
woanprosskes at | east one stabilizing |igand sucRCagP2006/001334
di ene, al kene or arene. In a preferred 0 enbodi nent
the stabilizing ligand is 1,%-cycl ooctadi ene (cod),
nor bor nadi ene (nbd) or p-cynene (cym. Particularly
The phés6h idsi gz ' FoRthtds In a
P ok Ao Ph ook b totedts SRR o
onpl ex conprises at | east one chiral di phosphine
igand. 5 In a further particularly preferred
ioent the catal yst precursor conpl ex cdhprises at
0" | east ohiB.pBiarSQol vent mol ecul e as stabilizing
| i gand,g5uch as di et hyl sul f oxi de (DVSO),
di net hyl formam de (DMF) or acetonitrile (MCN)

3 for, catal yst precursor c l.exes contajning. .
e R 25 RS A rB PR GF 55 8 it ne
or mof el dRfeh (aa¥id) She of iRbfd € (4 alBi or C;4 alkox 2§

P, 1Sc, " Sc) - DuanPhos (ble4nzl§;1el)] 16 , Z%gr[OF%RSCIR 21? ??l%crg?d from the
groupggnsigin )lmg@;aqqﬂaﬁg@;eqﬁpq alkyl, Cs.g cycloalkyl and Ce.o9 aryl, the aryl moiety

: 2 (e b 2P Se - nkPhos) - DVSQ) ., and

P tlor{éﬁ?%@%%&?@@? ‘gﬁgla gﬁ%/gltlayes oail(t)ﬁel%(%org%%dé%r W5 M5 Cryg alkeyl or
Cs.¢ cytilealloylyamigwleerpindtds satettehirommlthé plohp BoRMBHASHEICXs AMYICH
C al%ﬁﬁgrcgontains 'l required di phosphine |igands. "5

620 EI0AIY], Ceo ¥l @ ¢ 10 apalied regidugs,and @qyl fanigeeidod Jomaa

the preparations of catalysts and catal yst sol utions

;  are disclosed in Ashworth, T. V. et al. S Afr. J.

R-S@heH 1987, 40, 183-188, WD 00/ 29370 and Madiij ma, K.

J. Og. Chem 1994, 59, 3064-3076. iOln a
particularly preferred enbodi nent the catal yst

wheretORPR 3k Hefedadoi€sponds to an idealized formul a
sel ected fromthe group consisting of
[Rh((R R 'S, S) - Tangphos) ( nor bor nadi ene) | BF 4,

The present invention also provides B-aminoketone sulfonates of formula

SN
VII,

0 NH, R*-S0,

|
R

wherein R? is as defined above and R? represents methyl, ethyl, isobutyl and zerz-butyl.

The present invention also provides B-aminoketone sulfonates of formula

NG~
VI,
+
0 NH, RS0,
R4

wherein R? is as defined above and R* represents methyl, ethyl, isobutyl and zert-butyl.
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15

[(S,S)-Me-Duphos-Rn]BF 4 and [Rh(NBD)(i? P, P, S'G
" Sc- DuanPhos) | BF4. I n yet anot her preferred enbodi nent
woheoetatiabyst conpri ses the di phosphi ne |i gandPCT/EP2006/001334
?P, 1 ?P, 5¢c, c) - DuanPhos' ', optionally containing further
conponents as outlined abovd’ In a preferred
enbodi nent the pressure during hydrogenation in step
Furtheb}not@ t ¥&nlinYeRfhn ali@ﬁr@wﬁéﬁeg ShfR] tdn@ l?&a'ie% Q}q(for%ula
. 0 bar and particul ar pre erre e ran
f 5 to 40 bar. In a further preferred enbodi nent the
action of step b) is carried out at a tenperature of
to 80 C, preferably of 20 to 50 C. The hydrogenati on
is carried out wwth a catalyst solution in @¥polar
0 nt+seJected fromthe group consisting o
0" cIn- alHoh®Ts30set hers, thioethers, di met hyl sul f oxi de
( DVBOR? dlnethylfornanide (DMF), acetonitrile (MeCN)
or m xtures thereof and is inert towards hydrogenation
whereinRt i as fefasdndeveoind Rere ﬁﬁ%@i‘cyﬁfethyl Rt Fiﬁcfbfu%ﬁ raﬁ&i tert-butyl.
enbodi nent ethers and thioethers are
al kyl aryl ethers or thioethers, the Ilnear or branched
' ndent t he
The p@&hﬁ){ nv@Hﬂéctﬁ}t %gé igir(liggghare}ﬁg CIqg Sy f%{Q?E?%og Lﬁ? erred
. ment ethers and thloethers are C3- cycloalkyl
and C3-8 cycl oal kyl thioethers. Particularly
efefred ethers and thioethers can be selected from
the group consisting of dinmethyl ether, diethyl ether,
d%%+ether and tert-butyl nethyl ether,

r aR;—8Pgret hyl thi oet her, di et hyl
t hi oet her ,p%t hyl nethyl thioether and net hyl
t hi oet her, thiolane and sul folane. Preferably the

whereiAGUdE a5 @RI b AR b oL hYe egl'S/P gﬁbﬁgﬁ §+&5 ek {:&tﬂf

met hanol , et hanol, isopropyl al cohol
tetrahydrofuran ethylacetate and a n1xture thereof

The present invention provides B-aminoalcohol sulfonates of formula

1

R
: Ia
HO/S\/\IT]H;L RS0,
R2
and
RI
HO/L\ANHZ R*S0, tb,
2

wherein R! is Ce.0 aryl or Cy.1p heteroalkyl, each optionally being substituted with one or more

halogen atoms and/or one or more Cj4 alkyl or C;4 alkoxy groups, R%is Ci4 alkyl or Cg.n9 aryl,

wherein the aryl moiety optionally being substituted with one or more halo gen atoms and/or
C14 alkyl or Cy4 alkoxy groups, and wherein R? is selected from the group consisting of

Ci-18 alkyl, Cs20 cycloalkyl, Cs.09 aryl and Cy.o aralkyl residues, and
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hi any case the solvent used in step b) may contain
further solvent additives |like dichloronethane. In a

wouondshaeriepr ef erred process, the free bases of PO®EP2006/001334

conmpounds of fornulae la and Ib are obtai nable from
the corresponding salts by d§ueous hydrolysis in the
presence of a base, preferably an alkali or earth
a sulf@iikaditl obysihxd de, |ike NaGH KOH Ca(OH)2 or
My( OH) 2. The present invention also provides
b- am noket one sul fonates of fornula wherein Rl
3_qhe sents C6-20 aryl or C4-12 heteroaryl, ch
R Séﬁﬁﬁgnally bei ng substituted with one or nnsg hal ogen
and/ or one or nore Cl-4 al kyl or Cl-4 al koxy groups,
R2 | s selected fromthe group consisting of |inear or
Whmfﬂ?%%@ﬁ@éeﬁﬂxﬁmﬁV%yl, C3-8 cycl oal kyl and C6-20 aryl,
the aryl noiety optionally being substituted with one
or nore hal ogen atons and/or one or nore Cl-4 al kyl or
The preSerfh imyeatiamhlky brovites pydieineil botisB shlforas 9F Efhuld om t he
group consisting of Cl1-18 al kyl, C6-20 cycl oal kyl ,
=20 aryl and C7-20 aral kyl residues, and a sul fonic
pd of fornmula R3-SO 2-OH VI, wherein R3 is as
defi ned above. The present invention al so provides
~am aaeket.one sul fonates of fornmula whereinXg3 is as
Hogg??ﬁgg}gbdg%‘%hd R4 represents nethyl, ethyl,

i sobutylg*and tert-butyl. The present invention also
and Pprovides b-am noketone sul fonates of formula wherein
R3 is as defined above and R4 represents nethyl,
|, isobutyl and tert-butyl.Furthernore, the

resent invention al so provides b-am noketone

syl fonates of fornula wherein R3 is as defined above
reprgsents nethyl, ethyl, isobutyl agg,
HOt er t~ budH, RTH®;present invention al so provides

b- am noket one sul fonates of fornmula 5 wherein R3 is as

3 T t et hyl
Where ey g 3 B e R AR aE M. BB g cerbuny

provi des b-am noal cohol sul fonates of formula

The present invention also provides 3-aminoalcohol sulfonates of formula

)

: X

HO™ " “NH, R%SO, Ha

R4
and
NG~

_ X1Ib

HO NH, R*—S0, ’
Lo

wherein R? is as defined above and R* represents methyl, ethyl, isobutyl and fert-butyl.
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wherein R1 is C6-20 aryl or C4-12 heteroal kyl, each
optionally being substituted with one or nore hal ogen

watewwsawd/ or one or nore Cl-4 al kyl or Cl-4 aPkoxEy2006/001334

groups, R2 is Cl1-4 alkyl or C6-20 aryl, wherein the
aryl noiety optionally beind9substituted with one or
nore hal ogen atons and/or Cl-4 al kyl or Cl-4 al koxy

The > oup
N S R S S
ary. and C7-20 aral kyl residues, anda sulfonic acid of
I a R3-SO 2-0OH V, wherein R3 is as defined above.
he~present invention al so provides b-am noal cohol
sul fonates of fornula and wherein R3 is as ggfj,ned
1O +Fiézl3_r§cpr esents nethyl, ethyl, isobutyl and
tert-butylz "Thespresent invention also provides
and b- ami noat’cohol sul fonates of formula and wherein R3 is
as defined above and R4 represents nethyl, ethyl,
iLsgbutyl and tert-butyl.The present invention also
i des b-am noal cohol sulfonates of formula Xl Ila
X|AFb, wherein Ris as defined above and R represents
gt hyl , ethyl, isobutyl and t r -butyl. TheZSﬁ sent
LAvention +al,so provi des b-am noal cohol sulf es of
HOt o ul a%elf‘a' 3R3 is as defined above and R4
represent's nethyl, ethyl, isobutyl and tert-butyl. The
present invention is illustrated by the foll ow ng
where s lafbf ARl i 3
ROR™ i 2 §H AT 2B AIRI IS repleSBis ﬁlktslﬁr[% %%lgfl, fgcfbélhg %E@ 5&? gﬁlcgl(s

process are outlined in exanple

The present invention also provides B-aminoalcohol sulfonates of formula

; XIVa,
+
HO/\/\ITIHZ RS0,
4
and R
XIVb,
<+
HO NH, RS0,
R4

wherein R® is as defined above and R* represents methyl, ethyl, isobutyl and terz-butyl.
The present invention is illustrated by the following non-limiting examples.

Steps a) and b) of the present process are outlined in examples 1 to 17 and 21 to 26

respectively. Since B-aminoketone sulfonates of formula IT in principle are obtainable by acid
exchange, for example of the respective hydrochlorides as outlined in examples 18 to 20, the

present invention also provides a process, comprising only step b) starting of B-aminoketone
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respectively. Since b-am noketone sul fonates of

formula Il in principle are obtainable by acid .
wexalsasyes for exanpl e of the respective hydroebirmreaeso1334

as outlined in exanples 18 to 20, the present

i nvention al so provides a pRBcess, conprising only

step b) starting of b-am noketonesul fonates of fornula

sl FISTRAER S0 S8 L FESLE ol BBl i

of formutaﬂamg acid bmhang@stﬁntmgtfﬁohﬁthe @bifrespoaditp hgdrochlorides. Thus the present
dro he present invention provides a

| ori.de,
mvent,l PB’I &S frife ﬁ‘glf g 0‘%1 r@ciXRhange. Exanple 1: A
m xture of ethanol (40 ni), nethyl anmoni um
nmet hanesul fonate (MAMS) (16.5 g, 130 mmol ),
Examplesket yI t hi ophene ( 11.0 g, 87.2 mml) and

AmiRGEBLMEHISEH, 2o e o R BLATE) B

130 m3ndt), tacktyBhiohBEHRY BOY €7, zmﬁolé%@géﬁﬁnhﬁeﬁﬁfé' @% ¢,8643nmol) in

C. The reaction mxture is concentrated to drynessS an

an autgclaysds heatedto BA0Ena1a totabpressurapkit. 6 bhy IA free 8 that (ﬁla(t t@@perature, the
oo PP S S A SRLEAR o st o

ethandM(Z(meaﬁHSethyMeﬁtea(@OD mIgtieaddeditd tHerradiggh, tAThebsiitihp
and unl oaded fromthe filter.

t hyl
susperpE sG] TR PHaNer 4 1 AfisEwaraahe precipAes Gitwtask washed
with eﬁfyh Xéue)t(a%g ?ﬁ%of’ﬁg@%‘l grgﬁ]ﬁe haRpe! TA‘{e%?ll}] sﬁglg%ﬁé &lgrﬁ tsﬁ’sg)ended in
a mlxtgtq ofretly] frestatd (200anl) fat ethamp (a'iOemu) eheatw & fefleg |am1 tadled to 0 °C.
tat e,

Once ¢ i(& tg?e?uéfaclarﬁorni% gtdé'reﬁﬁq%)s H?\%\é\f&?& ?ﬁn%tfg ﬁ‘ge p]@plpltgteﬁs th)en filtrated,
washeafwflthrdﬂhﬁ Acateliit fil)ahdaris®ht 4 «dadtr gacu%i;h/ 0 mbﬁr) for 15h

| am no-| -t hi ophen- 2-yl - propan-| - one nesy

afford%@dm pigosolid(MRR)E; 5% Nmﬂqu@@ Bthmﬂ@nwl)pmpe&-’&one

mesyl{tg i&ﬂrcﬁg% E)J q%%f 21111-}_]|‘IM%S E)I\ggg?-(g@ﬁw l\/é[{zjjb:é'éa(grﬁ szbl@agb 8.1

(1 H, dth), 8,0 (drHhaih), 7.303BH( ad)43 43)(2 H,’q?f;alsl\@ K Eal\/&@adﬁz 61(?(1{ s, broad),
9 142 133 28.0, 43.2

238 (:Mﬂ s IRMUR (DMSO- 36, 100 MHz) 189.9, 142 6, 135 4,133.9, 128.0, 43.2, 39.6,

34.5,32.7.

General procedure for examples 2 to 17:

A mixture of the solvent, 1 equivalent (1 eq) of the methyl ketone of formula IV (R specified
in table 1), the primary alkyl amine of formula V and/or a salt thereof (1.1 to 2.0 eq),
formaldehyde or a source thereof (1.1 to 1.5 eq), optionally additional sulfonic acid (total
amount 1.0 to 1.1 eq), is heated in an autoclave at a total pressure above 1.5 bar for 1 hto 5 h.
Afterwards, the reaction solution is cooled to room temperature (RT). Optionally the reaction
solvent can than be removed partly or in whole and a solvent like ethyl acetate or isopropyl
alcohol can be added under stirring, if necessary to facilitate precipitation of the product. The
suspension is cooled (0 to 20 °C), filtered after precipitation (0.5 to 10 h), optionally washed
and dried to afford a slightly white to light brown powder in a yield between 40 to 60%. The

product can be recrystallized from ethyl acetate and/or an alcohol as specified above, preferably
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34.5, 32.7. General procedure for exanples 2 to 17: A

m xture of the solvent, 1 equivalent ( 1 eq) of the
waorbdsyis7icet one of fornula IV (Rl specified in pabiEe2dy/p01334

the primary al kyl amne of fornmula V and/or a salt

thereof (1.1 to 2.0 eq), fordtal dehyde or a source

thereof (1.1 to 1.5 eq), optionally additional

ethan§IWrfigoprépyRalcohdit 'Pﬁ@f)re WBYs thef filtPatdd, WwaSBd witis o c%glte and
Eota B

in_an autocl ave at pressure above 1
dried at #boubhd®°G undsriveewwan C@Ouit thnbaatﬁtrl 16rh zsﬁﬁcbrdinlgomhlteﬁbelge to light-
d to roomtenperature (RT). Optionally the
brow@%ogéigl on sol vent can than be renoved partly or in
whol e and a solvent |ike ethyl acetate or isopropyl
al.cohol can he added under stirring, if necessary to
To fagikitetq iepetion spress Mthtcarsnsionof examplpd ddud 7, afhexamples have been

carried ngl@ﬁqzﬁ% gl{éis%%e %g%ﬁ{inés%bt%ﬁ c amélg(ﬁsdwg(lfr: L{;ler\%gg%gefalt)%tfae alkyl-, aryl-

or araﬂqyﬂeeninbmumfrﬁéthmaulﬁnawﬁaltym fr%ld Dl {%&Qﬁ{npﬁélollmsﬂﬁﬂﬂ@imd
roduct can

i 60%
((+)'Clr§u;“t)afs?§%’§f:ﬂd4 & \pq?ﬁ?lgﬁﬁgwﬁi&wl&e@% af me hwr_t;ne dn exireplRdl, methyl-
ammo?llﬂﬁﬁ ﬁftbﬁlgné?;gﬁ&?ate Ra{secfegﬁ ﬁgédyg'd ﬁ%ﬁ%ﬂ}? in g)?agrg)rlgsom%i%lgdl 6 the

al co precipitate
respeafjve lamanend the el fongc zamttihmel b&dn addedlzepdratély dadunisted within the

vacuu abouyt ffordi whi t e- bei g
reactigh T ERP R € (iokie i pichebhrcalllo S T upbotea
reactiod pradeets efild 88 isefat@iantho dfatdnd: J1700 {edqe§ clh@é’ farting

been carried out in the presence of t hanesul
amineg Fhejstariggpmines of iforgnuln ¥ reweivamchanged lakg ban bewsetl tﬁnr further

sal kyl anmoni um net hanesul fonate salt. In exanple 11
) canmphor - 10-sul fonic acid ((+)-CSA) has been added
to an ethanolic solution of nethylam neh I nbexarrpl ed

17, .nmet hyl ammoni um / >-t ol uenesul f onat e has been used.
Compﬂaﬁ'i‘Y‘i%Pk?lﬁq)éxanpl es 13 and 16 the respective
A mlx?tlﬁ: oe 2%%51‘?0 &FAMSQ(‘TE 9 ? %17 n@ﬁcﬁy Za&gﬁf?th%%ﬂg{ea(tl £l g,

m xed
87.2 mmol) and paraformaldehyde (2.6 g, 86.6 mmol) is heated to 80 °C under atmospheric

reacti

pressure. After 4 h at that temperature, the reaction mixture is cooled to 25 °C. The reaction
mixture is concentrated to dryness and a mixture of ethanol (20 mL) and ethyl acetate (400 mL)
is added to the residue, then the resulting suspension is stirred for 30 minutes at 25 °C.
Afterwards, the precipitate is filtrated, washed with ethyl acetate (40 mL) and unloaded from
the filter. The crude material is then suspended in a mixture of ethyl acetate (200 mL) and
ethanol (50 mL), heated to reflux and cooled to 0 °C. Once cold, the suspension is stirred for

1 h at that temperature, the precipitate is filtrated, washed with ethyl acetate (40 mL) and dried
at 40 °C under vacuum (20 mbar) for 15 h affording a rosy solid. The compounds of formula I
and IIT have been formed in poor yields (about 40% overall) in almost equal ratio. Data of
3,3’«(methylamino)bis[ 1-(thiophen-2-yl)propan-1-one] mesylate: "H-NMR (DMSO-d,

400 MHz) : 9.4 (1 H, s, broad), 8.1 (4 H, m), 7.3 (2 H, m), 3.4 — 3.6 (8 H, m), 2.90 (3 H, s), 2.38
(3 H, 5); PC-NMR (DMSO-dg, 100 MHz) : 189.6, 142.7, 135.3, 134.0, 128.9, 50.3, 40.3, 39.6,
33.1.
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reacti on vessel. Exanples 1 to 16 afforded total

yi el ds between 40 to 60% The expected reaction
wonrowwstise coul d be isolated in a ratio of abouPCREP2006/001334

conpared to the respective starting am ne. The

starting amines of formula ¥2remin unchanged and can

be used for further reactions. Conparative Exarrpl el

Com aq;ha Bx A felr f 2-butanol (40 niL), MAMS (16.5 g,
° I{ m IX) is2 af:cezt)ylthl ophene §11 0 g, 87.2 mol) and

A l’nIXFS%ﬁe @ffmgq%pmpﬁbﬂyﬂpl (33) 1@1@, M8¥I%(Srs) 44 insole Ataeetytthiofliene (10.1 g,
S0 mllf Sar BOARIRASHG O B TR bl s helb pa T shontedeo roftuxat

84 °CTinderrmambl mrossoiex IAlﬂfeEZG) ﬁ aCBRERAperhad, the f&:hﬁﬁlﬁéﬁs ﬁﬁglté‘%i at about
ure of ethanol (20 m_& and et hyl acet ate (400 ni)
80°C; ‘gasgieé adtheigonrony! pleghel32Q més) anddriedat0r |Cnlgld§usmlnm (@0 mbar)

f t
for 15'11:%%51{11 gsxzeﬂllfé; soﬁ grgﬁ)uﬁ'& ﬁ?og%&atfr? ti’ 1s<§815{1 8{1]3' in traces.
The C((mp)ounki)of Muhmﬂbéﬁjfé’d(nﬁatmmhﬁ)ﬁls[llt(ﬁﬁoph'éh@ y‘leidﬁan- -one]

e us ded in a mxture of eth
mesylgn‘gfs‘f(ﬂ'g‘g{’? 128](9%%13 % ?/h%Y?G‘FI{]XIS@ m.), heated to refl ux
and cooled to O OC Once cold, the suspension is
stirred for 1 h at that tenperature, the precipitate
Tablejls Rqacmlacmﬂltwmﬂoedxamphs étthﬂz acetate (40 nL) and

. o \ 5
ried—gt—40—Cunder—vactum-{(20—+nbar)—Fer—15h

No.gfKetoreti | ngymine 1| 0Soh@ol | fTerfh ePressurp OTinES Kedond DAfiliea %&m CH,O
and l Il hﬁye been for mf‘.%]: Zt ;%)r?r “Xi ?l Egm&?tt%%}ol]zl mé%ol] [mmmol]

LVIdII) i atnost—egpal Pat-a161
4 thienyl | 1 i SRl s[ 1120t hi Agheh3h yI §52 o 1300 ||-1308] | 86.6
rebighyt| enetiy] N\MBishENVEOA 26, | 406 Miz)h | &2.2 |(1%0.0H| 130.0 | 86.6
QrnRe rﬁbtl’-b 4 dthan®) - | 426 (248 s - B d3 oo | 1310
Q%@eﬁyﬁ Undi3 N L ah<1142_5326 JQE_4,§ 1,§jf” 82 1830650 198.7 | 866
oyl danathyl 33 TREomIANA0 | e 4 afihe | 28722) 130.0 | 1300 | 130.0
thienyl | methyl | methanol | 115 5.8 4h | 87.2 | 130.0 | 130.0 | 130.0
thienyl | methyl | iso-PropOH | 120 4 4h | 87.2 | 130.0 | 130.0 | 86.6
thienyl | methyl | sec-BuOH | 120 | 2.8 | 4h | 87.2 | 130.0 | 130.0 | 86.6

thienyl | methyl DME 120 3.2 3h | 87.2 | 130.0 | 130.0 | 86.6

© (o0 [N oy (U | w19 [
=
E.
1)
=]
<
'\

10 | thienyl | methyl | 1,4-dioxane | 120 n.a. 4h | 87.2 | 130.0 | 130.0 | 130.0
11 | thienyl | methyl ethanol 120 | 4.5-48 | 4h | 174.0 | 259.0 | 260.0 | 173.0
12 | thienyl | ethyl ethanol 120 5 Sh | 8.2 | 130.0 | 130.0 | 86.6

13 | thienyl | benzyl ethanol 120 4.8 4h | 872 | 130.0 | 130.0 { 130.0
14 | phenyl | ethyl ethanol 120 4.8 4h | 87.2 | 130.0 | 130.0 | 130.0
15 | phenyl | methyl ethanol 120 4.8 4h | 872 | 130.0 | 130.0 | 130.0
16 | phenyl | benzyl ethanol 120 4.8 4h | 87.2 | 130.0 | 130.0 | 130.0
17 | thienyl | methyl ethanol 120 n.a. 4h | 437 40.0 40.0 43.3

@!
—
P
2.
[

=]

=

methyl | sec-BuOH | 80 1 4h | 872 | 130.0 | 130.0 | 86.6

C2 | thienyl | methyl | iso-PropOH | reflux 1 20h | 80.0 44.0 44.0 44.9
n.a. value not available

TFE = 2,2,2-trifluoroethanol, iso-PropOH = isopropyl alcohol, sec-BuOH = sec-butanol, DME =
dimethyl ether.

NMR data of new compounds of examples 11 to 17 are given below:
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A m xture of isopropyl alcohol (30 nL), MAMS (5.6 g,
44 mol ), 2-acetylthi ophene (10.1 g, 80 mmuol),

woanwfosrwal dehyde (3.2 g, 108 nmol) and MSA (abOUEP04/001334
g) is heated to reflux at 84 OC under normal pressure.
After 20 h at that tenperatdPe, the precipitate is
filtrated at about 80 O0C, washed with isopropyl

. X d C 0
Exan?lbiflh@f g&p{%&mg&mmpﬁa g%}ﬁ?@g ok NIRA-(13C diH{Eh{r?é
2- OXOBEYFI)@[%IlHIePt-éd{D meﬁ@nﬂgmfmatd only in traces The

1
N O A S T oL iPEBHEA (o by B4 TS S} 29 (1
dd), 3@ Ehtep. 2x7c(nIHjt)be RO 6031 2. 6@%{0&@@11 (1 H d),22(1 H,
d. Reaction conditions for exanple
m, 285 H . ER B rac TR Py SRl o, 109 51 30753 G LS
2,2,2-trifluoroethanol, zso-PropCH = isopropyl
al cohol , sec-BuCH = sec- but anol , DVE = di net hyl ether.

ExampiR 2 8t Bthylamimo- B thipphoe-ybhrepannpoas nledylae 17 are

R B N S AR . 5. ypad)e b AhHL dmes (H 0,73 (15
- ane
m), 3.20 fZZL(-)IZOa ?aeBT?HhKIL brgag?is?@tfﬂcét‘ﬂrga Nigif%ﬂh % gh%d‘ﬁ b:
broad) 81(1H dm), 8.0 ( 1 H, rr) 729(1H

xanfilss: &t Bybtuy ibgorhiehl>-Bpbanihondnifbey "y )
H-NMR (BMS@ 39, 400 MHz) : 813 (2 11, § Hroa?d&*‘ii 1 (]m dﬂa) 9800 (1 ain) @)5 (5H,

3 (3
m), 7%@ H mEt%n&rﬁlfﬁ) 34§@Hpﬂé\ Q(%/H:ﬁffb@h(ﬁHy @ne rresyl at e
1H NVR (DVBQd 6, 400 MHz) :.8.4 (2 H, s, broad), 8.1
(1H dmj, 80 ( 1H dm, 7.3 ( L H, m, 3.40 (2 H
Exampletld; 33ViethyParhino- Ispherylpaopan-2-ode(@esilaté , broad),

s I i Bl D Feldih it

broad), 3.47 (2 H, 1), 3.27 (2 H, ), 2.64 3 1, 5), 2.31 (3 H, 5).

Example 15: 3-Ethylamino-1-phenyl-propan-1-one mesylate
'H-NMR (DMSO-dg, 400 MHz) : 8.5 (2 H, s, broad), 8.0 (2 H, dm), 7.7 (1 H, tm), 7.6 (2 H,
tm), 3.50 (2 H, t), 3.3 (2 H, s, broad), 3.0 (2 H, s, broad), 2.38 (3 H, s), 1.22 (G H ).

Example 16: 3-Benzylamino-1-phenyl-propan-1-one mesylate
'H-NMR (DMSO-ds, 400 MHz) : 8.8 (2 H, s, broad), 8.0 (2 H, dm), 7.7 (1 H, m), 7.3 ~ 7.6 7
H, m), 4.25 (2 H, s), 3.50(2 H, t), 3.30 (2 H, t), 2.31 3 H, s).

Example 17: 3-Methylamino-1-thiophen-2-yl-propan-1-one Dp-toluenesulfonate
"H-NMR (CDCl3, 400 MHz) : 8.8 (2 H, s, broad), 7.7 (2 H, dm), 7.6 (2 H, m), 7.1 (2 H, dm),
7.0 (1 H,m), 3.5 (2 H, m), 3.4 (2 H, m), 2.75 (3 H, m, symm), 2.30 (3 H, s).

The compounds of formula ITI, obtained in comparative examples C1 and C2 can be cleaved in
the presence of sulfonic acid and additional amine into the aminoketones of formula II. The

added amine in comparative examples C3 to C6 was MAMS. 4 different solvents have been
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1H NVR (DMSOd 6, 400 MHz) : 8.8 (2
(1H,dnj,8.0(1H,dm),75
WO 2006/08623 (2 H, s), 3.44 (2 H,
2.31 (3 H, s). Exarrple 14:
3- Met hyl ami no- | - phenyl - propdfi- 1 - one nmesyl ate 1H NMVR

(DVBOJd 6, 400 Mz) : 8.0 (2 H, dm), 7.7 ( 1 H, tm,
tried, c_ﬁggln{ez aé‘ét@nlfrﬂ'@ ,méfhyﬁ 1§<?ou|f'}|ll k§tone W‘I—)ﬁ‘ﬁ% @Nﬁﬁetﬁ%fﬂ'roﬁaone (NMP).

Reactlgnghqyeé)em caraeEphtyunalm pmsdurqxbfah;aht— $ptoopbar: Yied)d‘seof comparatlve

examlgg 2%%;6 8@ E‘ng ?Wspeg%d 1n7t§11716%) welovy %}‘% E;n %Ve(}chqfa the product
contalhmum&erﬁ:ﬂieﬂgld 8prod1)cts.3- 3(2H, s, broad), 3.0 (2 H,

s, broad), (3H, s), 1.22 (3 H, t). Exanple 16:

3- Benzyl am no | - phenyl - propan-1 -one nesyl ate

H 5 340000 MVHHzz)) : 88..88
Table% e L Lo ,Wo%@%‘%‘ III4

88..00 ((22 1H . dny.

No. 1 K76t<§ne] Aﬁ'nme”)Acﬂ 3 Solvenf "?erﬁb m‘asseff- CPirhé H, s),
3.50(2|Hpat). 330 (2 H.[tdoy p-31 (3 H. S]. Exanple

C3c.t1msm4, Mgt MSA i dighene 2} 20p | aigaelave pAS/IR| t ol uenesu

C4 || fthisayle nidthyAVMILDatet&itrd®D 1902 ) auto8ade [ B.5H | S,

C5 Diieel) nfetifyl ( R1$A dnﬂ/I;I‘BI.Z; 6 (L%OH aut@lqu %5(}3 H dm,

H, s, broad), 8.1
(5H, m, 7.3 ( 1 H
t), 3.30 (2PET/EP2Y06/001334

3- 2.75 (3
C6 eyl @W 5554 (W 20 rhantedlavel Sad b f (
formula I'l1, obtained in conparative exanples C | and

The saﬁ'g oFfHE aﬁuﬁol&'tcﬁ@y Sfforfniate \V@f?}%ﬁﬁﬂlﬁg a 1d% fo?léls{rrﬂﬂlreﬁ}c%ﬁ

additional amne into am noket ones
hydrogenatlm stadbde) abf dhri presentiprooespes @t bbtainaklzrgitheswits '[HGCN[EmﬁCh

et Ry A b S S SR L n o by

mixturdd€ a sEESHY hely raﬁ@h IrdeBEse(dMR aﬁb 6 {ogi@ P@\ﬁ@g@qF @;hglfrcfg bases

carried out under pressure o
of B-aroinoketopes ftforneula II can be obtained easily by hydrolyzing salts, such as the hydro-

chlorides, in the presence of an aqueous base and subsequent extraction with an organic solvent.
Examples 18 to 20 in table 3 illustrate a two step reaction starting with the hydrochlorides of
said B-aminoketones obtainable according to WO-A 2004/005239, with R! and R as specified
in the table. Yield was at least 83%.

Example 18:
Preparation of 3-methylamino-1-thiophen-2-yl-propan-1-one mesylate from 3-methylamino-1-
thiophen-2-yl-propan-1-one hydrochloride following the procedure of example 20, amounts and

conditions as specified in table 2.

Example 19:

Preparation of 1-(S)-(7,7-dimethyl-2-oxobicyclo[2.2.1Thept-1-y1) methane sulfonate of 3-
methylamino-1-thiophen-2-yl-propan-1-one from 3-methylamino-1-thiophen-2-yl-propan-1-one
hydrochloride following the procedure of example 20, amounts and conditions as specified in
table 2.
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exanples C3 to C6 (RL and R2 specified in table 2) are
bel ow 50% |In every case the product contai ned
wani@aatichi ed si de- products. Table 2: C eavagePOf/EP2006/001334
conmpounds of fornmula Il The salts of the am noketones
of formula Il with sulfonic2icids for asymretrically
hydrogenating in steb b) of the present processes are
Examp #y:nabl e either with the Mannich 0 reaction under
pressure as outlined above in exanples 1 to 17
Preparation pi3-meitlyyl eroinot lethiephen2-Wypropant Liore pitolaemsbif@miteirom 3-methyl-

i e SRR B 0y B S o
3-methgabioal -ﬂﬁ@blﬁﬂsi-i/]}’prblzfa}qd; V@hohydoaosd 09,2 S l@?lmza}%cgz,gﬁethyl
n

hydro chl ori des, presence of an aqueous

tert-bufplopthe KYERIDH 1 @ Rily) and weter (§Q mLhnodedjtnd 3C isodddedhtvithin
. i 3.1 t two, st
15 w0 B Aok PR e bbb ol BB ap mon. at o

end ofthendditides tineactivptixr isestia@e S @ diton¥Cnfhutes at that temperature
2004/ 005239, with Rl and R2 as specified in the table.

and thefvp ghapgg argsepasated. Wispremiephse isteashed withreaterdh8@mL), then the

g i no-1-1thi -1 sylate .
ol AN B0l BN e AR 3 08 YAl i e
are themapoledhd 6r°Cobmdfonké M;@nﬁﬂﬂe@f@?éﬁﬁﬁ&uﬁﬁnig iaaiﬂgiyﬁral’é)gzs 8g,

ecified i.n table

0.136 %Qngﬁbgne?ga%og%glgﬂﬂ% inaaﬂgcgcir(s)gwme in T5 minutes. The product crystallizes
spontahediRly duting-tHé SRLHNL. A&%@‘@%‘ JPHd Q%d?ti(ﬁqrh g]et}@&tti'oh ¥ikdure is allowed to

net hane sul fonate of 3- !'5 nethyl am no-
stand af 26 K Coppdlstirred g thatrtemperature fre 30 moinmt@s, rtherhthe andcipotate is filtrated,

=L hi -vl\-rropan-. d-gne drochl gri | 1 ow .
washog 8 A REYS a9, B Sndht hREh l  r S tuding o
light begvesidsiy eollid (89.5 g, 85%, relative pure product, according to "H-NMR). If necessary,
the crude product can be recrystallised from isopropyl alcohol (150 mL) affording a light rosy

solid (32.7 g, 70%), pure product).

Table 3: Preparation of salts by anion exchange

No. |Temp |Ketone | Amine |Acid Base Solvent Temp | Time
[°C] R R2 [°C]

18 |1*step |thienyl |methyl |--- NaOH |H,O/MTBE |5 50 min
2 step | --- MSA MeOH 0 1.5h

19 [1*step |thienyl |methyl |--- NaOH |H,O/MTBE |5 20 min
2™ step | --- (+H)-CSA. MeOH 0 53 min

20 |1%step |thienyl |methyl NaOH |H,O/MTBE |5 25 min
2™ step | --- --- tosylic acid MeOH 0 45 min

The hydrogenation of B-aminoketone sulfonates of formula II is outlined in examples 21 to C16

below.

General procedure for examples 21 to 26:
A mixture of the catalyst as indicated in table 4, a p-aminoketone sulfonate of formula II (1 eq),

potassium carbonate (0.05 to 0.5 eq), methanol (40 to 50 mL) and water (10 to 12.5 mL) is
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tabl e 2. Exanpl e 20: Preparation of
3-net hyl am no-1| - m ophen- 2-yl - propan- 1 - one/ ?-t ol uenesul
woammtos71es om 3- et hyl am no- PCT/EP2006/001334

| -t hi ophen-2-yl - propan-1|-one hydrochl ori de accordi ng

to table 2. To a mixture of 26

3-net hyl am no-1 -t hi ophen-2-yl - propan-1| - one .
chargéel%/ﬂ{edréﬁ Hitl%réblgﬁl a(r?a%tc?cl@»e ég?g?x}e) is 8{5%_(@/ ((1), ﬁ%f&b%a]&mes with
nitrogps, aadd@ﬂl thtdgen 1s1zsidmi nu’uh:he arpanme scasivai 10 ekymislex24lend 25) or

I iy T T
stirring] the k@hihi@p hiBrogddlistrelRARH CH}e‘T'MIye ﬁmeﬁtthé Raktidd erHB&Er@tléJ&iﬁJted to

and the two phases are separatéd. The organic
about \AQ A qusing m4MV@lrv0(1)11wt1m§)of metfgnol anel waibﬂ éuce doldqutl actresferred

50
ot « BOARER B oSGk it kb M GRS RBding B gty st of
sulfonfmnadd. @l dmoantd fithe! Etﬁrt@lfgmrﬁlﬂékéﬁﬁﬁ_f? Hiférended iA¢dble m%&&&bsnds to the
0.136 npl) and nethanol (20 nl) ,is add

amo“"é r"gﬂw Loy agig %t%lfeé&ectﬂm ampodetre. "Ehﬁyzs’i abllunmec& table 4 denotes
the exSRPRURRE %ﬁ%lythg Harsg&ﬁvte Q{?ﬁﬁ Iiﬁl%kal]éfi !éuri (S’q’ﬁf &ﬁ%lhtglfen

addltlon reaction xturei1's _
25 0C and stirred at that terrperaturefo[j 30hmnutB§s
then th reclipita is filtrated, washed with M

Inthe PEERIES 109, 2 B1300 5 Ko amiRRloopale o4 RITRUR Iy bpyisolated as

the fre@ @a& w tfréh"nﬁéﬁtg)f %éreglﬁggﬁﬁé}rcgﬁ\&nfrgtzy%&ﬁb qu &L% lgI'TIP?E (10 mL)

rel ative pure pr oduct accor
and aqne@tsssgémm hydrexide (fdaLmfad®0es aqmnum)lmt&m) YHieathvol ph@sks are then

h
separa egl ang tl‘aseg:%f Og%s ph%!éé,: /sg %g%ﬁcgtgc? B}tﬁ%@ﬁ% (S ﬁ—gml_g, gftelzrlw%rés trhgsc%l)llected
organiPpBisas fih iviictod ﬁﬁ@%ﬁe&pm{te%‘b&ﬁalﬁé‘(ﬁ RANG S cgze;r?r?dflum su fate filtrated
hy drogenatl on of am noket one sul fonates o

and copgentraicdfe drymess affordingapiresn pil which @mBlly crystallises after a few hours.

The release of the free bases of the aminoalcohols of formula I from the sulfonates corresponds

to the procedure outlined in examples 18 to 20.

General procedure for comparative examples C12 to C16:

A mixture of the salt of the B-aminoketone of formula II (1 eq), as indicated in table 4, in
methanol (25 mL) is charged under nitrogen in an autoclave. Afterwards, a solution of the
catalyst in methanol (10 mL) prepared under nitrogen is added via a syringe to the first mixture.
The autoclave is then closed and purged several times with nitro gen, then hydrogen is added
until the pressure reaches 30 bars and the mixture is heated up to the temperature indicated in
table 4. After the respective time at that temperature under stirring, the reaction mixture is
cooled to 25 °C. Once cold, it is transferred into a 50 mL round bottom flask and concentrated

to dryness affording the product as salt of a sulfonic acid.

Example 25: Data of (8)-3-methylamino-1-thiophen-2-yl-propan-1-ol mesylate of table 4
mp (uncorrected) : 62 — 65 °C; 'H-NMR (DMSO-dg, 400 MHz) : 8.4 (2 H, s, broad), 7.4 (1 H,
dm), 7.0 (2 H, m), 6.0 (1 H, s, broad), 4.94 (1 H, m, symm.), 3.00 (2 H, m, symm.), 2.59 (3 H,
s),2.39 3 H, 5), 2.0 (2 H, m).



bel ow. General procedure for exanples 21 to 26: 5 A

m xture of the catalyst as indicated in table 4, a
wo-2e0siosviéet one sul fonate of forrmula |1 (1 eq) PCT/EP2006/001334

pot assi um carbonate (0.05 to 0.5 eq), nethanol (40 to

50 ni) and water (10 to 12.87nl) ischarged under

nitrogen in an autoclave. The autoclave is then

Table™: Q%%ﬂlm&k*fc%@ﬁﬁﬁ%ﬁﬂh oi’ y unﬁla‘@é Jf cglntproﬁgﬁ of AR A"
he es

ydrogen | s ad unt | | sure-reac
No. ( eSttartpiges &aonm oCéﬁﬂ)ystc CaBlysb aT&nIa [ Tid%e [C.S/@&f § €ontédision | ee
ti detoas i ridineall ed i n tigphlp) PEt | t he respectl ve

21 regﬁa] el?g] c:l]r llljl D\Sfllilllr:elri-l ¢ Irlg(b::tu:%ﬁlﬁvn;l U? ;IET C%I T s6%
22 dixatipRe1 0 abOUt DUXMN ML sisi nO 25 41 L5 { VOljgsol ) e ur ¢ o49,

al Al il ni-v'\nofarrar*l
CUICT U1 HS—tFafst+e

23 :)‘?I’ff”g‘% ”@IO n1|_29}|3u]$§f1’§‘l&tdﬁq(}| sk ahd fednd@Bt f at 80%0 | 94%
24 [deyngsis saf bandi npushe | proguct g bal by 981 @] SULERRT C| o504

(£ +
acT d——The—amount —of the—starti+ng—pm-naketones

25 | examnlee la43- ﬁotagpé\l‘ﬁ co‘i-f’fes. oHls| 2bht|H®03PpuniOWh t h®2%
26 [setdnglé s [2qi.zh of DUDEN 1 eReetf vas amnd (kgpane. TRR, 2Nt 40,

coton PV ] fr omwhi-cl fhe

C7 [ E3anBle e Chonr | TAN G ar Aokt ihel U1 flonss o] had Seen] 80%
C8 |teammple 17 (045 exBRPERS 245 20 593, 534 (and026 t h6% 99%
C9 |kexampreogl lcohnl S DUANT ML 12 fRve1PEEN 21 $0] AT 8gyAsS |79,

C10[' Rl O3 %{EQPEWW&W AT (0% | ana% | 95%

CUOUTTC I T

C11 | gxammpled 16 0.di 20m |V HAD dé105 |n5hf| & R0%l89uboug0% 87%
C12 |selantplof)|. 1T [t RaNghasas.0arle sohein ssedansyefl amdogd he 79%

C13 |28Kaaiss INasH TISDEH aChe@ W tdy 'V“éth U489 M) - 159% | 91%

C14 s enamiplEs 17, MRS a)S0n e SR O%VJrvéQ‘g{'uﬁ 88%
C15 | sexamples |f 1120 JtRHARY dbAcantitatled it § APYnbss 35% 88%

C16 |aéxfanipl $i9 4.2 QDUAN | Whi ©h Inagoell sy, gryssal T7aes | 79%
after a few hours. The refease of the free bases of

t he am noal cohols of fornmula | fromthe sul fonates
Diphogphinred igaodsi sommerdigypradeldoee. Gotd Chied Queste kairMoamobéh Junction,

NJ, Uéﬁ, u%gd in the examples 21 to C16 are: [Rh((R,R,S,S)-Tangphos)(norbornadiene)|BF; =
TANG,

[(S,5)-Me-Duphos-Rh]BF, = DUPH, [Rh(NBD)( Rp, Rp,Sc,Sc-DuanPhos)]BF, = DUAN.

Example 27: (S)-3-methylamino-1-thiophen-2-yl-propan-1-ol p-toluenesulfonate

A mixture of (S)-3-methylamino-1-thiophen-2-yl-propan-1-ol (5.0 g, 29.2 mmol), methylene
chloride (50 mL), p-toluenesulfonic acid hydrate (5.55 g, 29.2 mmol) and methanol (20 mL) is
stirred 1 h at 25 °C, then concentrated to dryness. The residue (10.8 g) which solidifies after a
few hours is finally recrystallised from butanol (30 mL) affording a white powder (6.0 g, 60%);
'H-NMR (DMSO-dg, 400 MHz) : 8.1 (1 H, s, broad), 7.5 (2 H, dm), 7.42 (1 H, dd), 7.1 (2 H,
dm), 7.0 2 H, m), 4.92 (1 H, dd), 2.97 (2 H, m, symm.), 2.57 (3 H, 5), 2.28 (3 H, 5), 2.0 CH,
m); *C-NMR (DMSO-dg, 100 MHz) : 149.3, 145.5, 137.6, 128.0, 126.6, 125.4, 124.4, 123.0,
66.1,45.8, 35.1, 32.7, 20.7.
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General procedure for conparative exanples Cl2 to Cl6:

A mxture of the salt of the b-am noketone of fornula
woORodehseigs, as indicated in table 4, in nmethansCTER2006/001334

m.) is charged under nitrogen in an autocl ave.

Afterwards, a solution of tB& catalyst in nethanol (10

m.) prepared under nitrogen is added via a syrlnge to

Example2d:i(558- xﬁétﬁ?ﬁhﬁno Tt}ﬁlﬁo‘rl]'lteﬁ%t f’l Ogr 'Rﬁnt]htglrnl ﬁsl)gr 0 Ji thyl.z_

purged several tines
OXOblmdﬂda Zthept-l-MH-mthanmldfmm hes 30 bar s and t he

A minfigkpEES 3 RSP T Ruiofher Foloitiee 4! (FAde: eBhiperoht et

acetaté! (xmermsy is heatd@to 30"eC, HB&GCE InPhufdof(H)- @an‘lpchoP qglsﬁﬂ‘oﬁlg éid (464 g
Once cold, it is ‘transferred into a 3 ’

200 mﬁiﬂll 8k} acstate €198 nelorradrethaaok 09 mwnym dacmvusejatrﬁ@ Ahim
40 mlﬁqté’sd éﬂ}éeae%d%glﬂ{l aagi]dlnthnl, H{e&gsglgt%géﬁ%@q&pp 1%6%@&&[025% fLDZsihrred for

15 mmmissydt dliat temﬁpdrzﬁbﬁeet}&n ﬂ@olédl ﬂﬁZH ‘F@ C@rﬁ!é)cold fhe gea&l%n Gaixture is
s, broa

concelg[crq;P'\cllVR .éwne?s @nd( ezthy] aCﬁtfite (éOQ)m(L) 1is ¢.qlde§ t0 heaesidue. El“hgtps(lltmg
letUIIEl his fHer(l S o reﬁgg% E)tzatq'lat E%m}?éf%ﬂ[ﬂe) fﬂr %%g‘gm‘tg :fﬁgeg tholed to 25 °Cin
30 mlmy@srxmlgl;rmdmg tlefresatioh amiatues whén ﬁmmﬁpﬂd@r@feaémﬁ abduit 401°C. Once
cold, o ROTRE B Rensi 5 i, RS areod (repkl B R oA AR Srecrpaipitate i
filtratédnwashea RHEs °
eI e (BSETH B g 0 i
15ha g a['@gt@o.l gg%pgh}BNMR: (Coeh, 4@0?«([{51313)7(2 (1H, dm), 7.0
05, SR ) 5 2?#2@?’*%19? s 0 ST 97 s m.
symmmlm(ﬁaﬂextna; nl KIH[ﬁhl)CB;%(l Hhm), 1285 ?1 H, d), 1. 74|(1 H, m(gymm) 1.4 (1H,
ani no- i ophen ropan
In)l(%d%i§ﬁg§}§¥ 38t Hy| ene 10pchlor|ge ?SOan)
j >t ol uenesul fonic acid hydrate (5.55 g, 29.2 mml) and
met hanol (20 nlL) is
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stirred 1 h at 25 C, then concentrated to dryness. The
residue (10.8 g) which solidifies after a few hours is

woiomlosyieés ecr ystal | i sed from butanol (30 nlL) aPComeree001334

a white powder (6.0 g, 60%; 1H NVR (DvVsQd 6, 400 MHz)
© 81 ( 1H s, broad), 7.5202 H, dm), 7.42 ( 1 H,
dd), 7.1 (2 H dm, 7.0 (2 H m, 4.92 ( 1 H dd),

Claing 97 (2 H m symm), 2.57 (3 H s), 2.28 (3 H s),

2.0 (2 H 5 m; 13C-NMWR (DMBO-d 6, 100 MHz) : 149. 3,
145.5, 137.6, 128.0, 126.6, 125.4, 124.4, 123.0, 66.1,

5.8, 35. 32.7,..20. 7. EX l.e .28: .
(3SR Birihe B AL ATV MERB e sppippefcobpl sulfonates of ormula
)- (7, 7-di methyl - 2- oxobi cycl o[ 2. 2. 1] hept - | -yl ) - met hane
sul fdrate A m xture of
(5) - 3- met hyl ammo- | -t hi ophen- 2-yl - propan- | - olla §8Y4. 2 g,

398 t hyl3 t-ate (400 nL) is heated to 30
. then a m re” of §+§-canphor-10-sulfonic acid
(46.4 g, 200,2mol ), ethyl acetate (100 nL) and et hanol
(100 nL) is ‘added dropwi se at 30 OCin 40 m nutes. At
the ghd of the addition, the resulting solution is
heatqd to 50 OC, stirred for 15 m nutes at hpat
te at then cgoled to 25 C. Once cold,”the
A ctr on m'>lffd§e i Rcob@entrated to dryness and et hyl
acetate (SOq{ZrL) is added to the residue. The
resulting mxture is then heated to reflux, kept at

inl : Pt . . .
R G iy on Ol BTl e opAGIG BeIE hubirte it one or
wkee habogsa atomy andieanh os maboi4 ABylar Gnetkoxglgtoups /iR is selected

e ST N N o N—
vashabstitutdd withyhe @Gaér@halogdn a@ni¥lahd AP Enélbd Bt éda@k}@ or

under vacuum (20 nbar) for 15 h affording a whit
Sot 3loxyraroupsy andyghgreimRL inpRegtabiog: the grupidensisting of G4 alkyl,

0 . . 6 . 521 (1 H t),
??‘Q%%Oﬂ?ylmcg‘z%n?%aﬁfﬁgﬁl il?m/‘%m( 3 H, s),( 2.50 () 1
somprisimthesteps &3 (3 H, m), 2.1 ( L H 1), 2.

M, 1.85 ( 1 H d), 1.74 ( 1 H m symm). 1.

0 ( 1H,
4 (1 H,
a) reacting a mixture comprising

(1) a methyl ketone of formula

R1

%\ IV,
@)

wherein R! is as defined above,

(ii) a primary amine of formula
H,N—R® v,

wherein R? is as defined above, and
(iii) formaldehyde or a source of formaldehyde selected from the group consisting
of formaldehyde in aqueous solution, 1,3,5-trioxane, paraformaldehyde and

mixtures thereof,
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m, 1.04 (3 H s), 0.82 (3 H s).Cains A process for
the preparation of -nonosubstituted b-am noal coho
weoeubdepmatces of formula RL : la and wherein Rl PETEB2@6/001334

aryl or C4-12 heteroaryl, each optionally being
substituted with one or noré0hal ogen atons and/or one
or nore Cl-4 alkyl or Cl-4 al koxy groups, R2 is
ﬁﬁh@ﬁ?e@%c@r&msﬁl@&lg5&3%f%%ﬁ§l%lhng of Cl-4 alkyl, C3-8
cycl oal kyl and C6- O aryl, each aryl optionally belng
substituted with one or nore hal ogen atons and/ or one

B re,Cl-4 al kyl ar. Cl-4 al koxy groups, and wherein
E@SEpigglected fron?Y%e group consisting O Cl-18
al kyl, C6- 20 cycloalkyl, C - Garyl and C7-20 aralkyl
reS|due rising the steps of a) reacting a

Whsseiy R @@ﬁﬂ?lﬁﬁﬁ@OY%) a net hyl ketone of fornula

SRRED i diBafE GFH G BRRNE sollbiopBoRAL Bhai i Dter

wndford aIB)arxﬁlﬁblf@d)r‘;&dﬁ%ﬁat@bfﬁ)rﬁlﬁw ce of formnal dehyde
sel ected fromthe group consisting of fornal dehyde in

a eous solution, 1,3,5-trioxane, parafornmal dehyde and
tures thereof in the presence of a sulf0ﬂ|c acid of
0 e Nﬂ R*—s0,

R

wherein R!, R? and R® are as defined above,

and

b) asymmetrically hydrogenating said sulfonate, to afford a p-aminoalcohol sulfonate of
formula I, wherein R, R? and R? are as defined above, in the presence of a base and a
catalyst, the catalyst comprising a transition metal and a diphosphine ligand, at a

hydrogen pressure of 5 to 50 bar, in a polar solvent, optionally in the presence of water.

A process for the preparation of N-monosubstituted B-aminoalcohol sulfonates of formula

1

R
: Ia
HO s> “NH, RSO,
1o
Rl
/b\ 1o
HO R NH, R-S0;
'E

wherein R! is Ce20 aryl or Cy.13 heteroaryl, each optionally being substituted with one or
more halogen atoms and/or one or more Cy.4 alkyl or C;4 alkoxy groups, R? is selected
from the group consisting of Ci4 alkyl, Cs.5 cycloalkyl and Cg. aryl, each aryl optionally
being substituted with one or more halogen atoms and/or one or more C)4 alkyl or

Ci4 alkoxy groups, and wherein R? is selected from the group consisting of Cy.g alkyl,
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25

R -S®2-0H VI wherein R3 is as defined above,
optionally in an organic solvent, said organic sol vent

wopbiemsaleby containing water, to afford a b- anPookEe2®AB01334

sul fonate of fornula wherein R, R2 and R3 are as
defi ned above, and b) asymmdflrical ly hydrogenating
said sulfonate, to afford a b-am noal cohol sul fonate

of . SeIvdikal, '(}622{\5}9[5&({?05], A1 dgg are as defined

above in"the présence o?ra base and a catal yst, the

eemprising asyormwtiieallychydragenatiigtd pamivetkatonasulfanate of formula
di phosphine Iigand, at a hydrogen pressure of 5 to 50
bar glin a polar solvent, optionally in the presence of

wat 2. A process for the preparation of yj
ﬂ@gssybstj ¢ b-am noal cohol sul fonates of fornula
and V\herel PR @320 aryl or C4-12 heteroaryl, each

opti onal | ylﬁel ng substituted with one or nore hal ogen
at ons and/or one or nore C - alkyl or Cl-4 al koxy

whereiisR ', R2 ahé RS eteastdetindd syovthe group consisting of
Cl-4 al k I C% 8 cycl oal kyl and CB-20 aryl, each aryl
b BifaIcg o Pt BMieiatihdae vatqlmst@ﬁmpamng@rt@nmmgml and a

@ﬁ)ﬁ hAe9{o30d, APE hPdiro eglr o {30 9 it lar KR &ttt, optionally in
LR e L T bpdro i e 53

wher e 1 ¥cted fromt
ms&ssmqemgwaftero 18 al kyI , CG 20 cycl oal kyl C - 0 aryl
and C7-20 aral kyl residues, conprising asymmetrically
hydr ogenati ng a b-am noketone sul fonate of fornula 1 0

Fhehet&s of Haim B&de%@fn%l"ﬁ ZQEi‘ehﬂe 9]?] T a? bFllng shf\ituted with one

presence of a base apd a catal yst]
@dﬁ?fﬁhglqggn atonpsagng R isselegied Froarthe group con31st1ng of methyl, ethyl,

tert-butyl and cyclopropyl.

The process of any of claims 1 to 3, wherein the f-aminoalcohol of formula I is selected
from the group consisting of (8)-(—)-3-N-methylamino-1-(2-thienyl)-1-propanol,
(S)-(—)-3-N-methyl-amino-1-(3-chloro-2-thienyl)-1-propanol, (R)-(H)-3-N-methylamino-
1-(2-thienyl)-1-propanol and (R)-(+)-3-N-methylamino-1-(3-chloro-2-thienyl)-

1-propanol.

The process of any of claims 1 to 4, wherein R® of the sulfonic acids of the formula VI is
selected from the group consisting of

i) linear or branched alkyl residues, consisting of 1 to 18 carbon atoms, containing one

or more substituents of the group consisting of amino, halogen and hydroxy,

ii) cycloalkyl residues, consisting of 6 to 20 carbon atoms, optionally containing one or
more nitrogen or oxygen atoms and/or one or more substituents of the group consisting of
amino, halogen and hydroxy, and

iif) mono- or polycyclic aromatic or araliphatic residues, consisting of 6 to 20 carbon
atoms, optionally containing one or more nitro gen or oxygen atoms and/or one or more

substituents of the group consisting of amino, halogen and hydroxy.
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di phosphi ne ligand, at a hydrogen pressure of 5 to 50

bar, in a polar solvent, optionally in o the presence
wofhoosasere 3. The process of claim1 or 2, whePeTmPRD6/001334

is 2-thienyl, optionally being substituted with one or

more hal ogen atons, and R2 3¢ sel ected fromthe group

consi sting of nethyl ethyl, tert-butyl and

THe bﬁ)@é@@f'an% éﬁcl&msﬂ‘ﬁ) fp WAERES tHeba8d) ¥s f’fne&ll el O

3, wherein the b-am noal’cohol of fornu I's sel éct ed

fromthe group consisting of

hgpiopess afabaloRTh £ ¢ Roereit Gliafoh sl fopm the
gap ebusifting)of ¢Hodiem] MtHEaiuRY bAiHdREn, referabl thodium.
1-(2-thienyl)-1- propanol and (i7?) -6) nethylan1no-

1-(3-chloro-2-thienyl)- 20 1- propanol 5 The process

f ' 0 of, .t [.f oni c
The fiReRlorp bl s o, wISELFUE by edys oup
sadersedsfromghogroin) cdmsmlag ofr branched al kyl residues,
consisting of 1 to 18 carbon atons, containing one 5

or re bstituents t he group consi sting of _am no,
hal og ang hydroxy, /ii) cycloalkyl resi dues,
conS|st,n of 6 to 2 B4t ons, option IIA
oty ng-pne or note nltrogen or oxyge 0 z
mor e, subst i t N of the group conS|st|no of
gen and hydroxy:ntBad iii) no-
[ afaliphatic resi g2’

consisting’of 6 to 20 carbon so atons, opt|ona
cont'ai niYfg one or more nitrogen or oxygen atoms

@G- Re-DRPfos”, (R R.S,S)-“TangPhos”, (S)-“C4-TunePhos”,

(S.5,5,5)-“Me-KetalPhos”,  (S) and (R)-“MeO-BiPhep” and “Rp, Rp,Sc, Sc-DuanPhos”.
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10.

substituents of the group consisting of am no, hal ogen
and hydroxy. 6. The process of any of clains 1 to 5,

wohers@snics he base, is a netal carbonate. 7. TheCpED®s901334

of any of clains 1 to 6, wherein the transition netal
is selected fromthe group éénsisting of rhodium
rut heni um or indium preferably rhodium 8. The

Bf&ﬁﬁx%ﬁet@ﬁe AMonHes 6F BeTBrmuld © 7, wherein the
di phosphine ligand is selected fromthe group

congiisti ng of OSSK Me- DuPhos", ( , -'TangPhos",

()- - TunePhos", (SSSSK' Me- Ket al Phos", (9S) fand
(123 Bi Phe “and R,R, Sc, Sc - QuaaPhos

bOAN noket dyié, Ri tes of the formila mhereln Ris

C6- 20 aryl' r C4-12 heteroaryl, each optionally being
substituted with one or nore hal ogen atons and/ or one

- al .R2 |s. .
Rie B,y B 0 ik KR e B eyt o o
smbashalds gﬂnewbm\s s/ @nome @r nio9¢ €, halkgbenC At slkSxyPRdhsy, RONEC) 4-alkyl
nmore Cl-4 al kyl or Cl-4 al koxy groups, and erein

PEC1 s 5 Goch ary! PP%?ﬁailbi@e@géubstMﬁ@ Wgtﬁluqng opmore hadogen atoms

Ny e T

glovp eommﬁ:ngw Qe #RylaCydo cyclo@iyll T hedrel Gy amdioh residues.
optionally being substituted with one or nore hal ogen
atons and/or one or nore Cl-4-al kyl or Cl-4-alkoxy

BHAGKiRGalchib] kel fénhted o ke ordila C6- 20 aryl, each aryl
optional ly being substituted with one or nore hal ogen

ato and/ or one or nore Cl-4 al kyl or Cl-4 al koxy
groupgs, and wherein R3 |s selected fromthe groijp

q9nST S HCl- R&—adhy! , C6-20 cycloal kyl, C6-20
aryl and C7 gozaral kyl Tesidues.

R’
wherein R! is Ce20 aryl or Cy.12 heteroaryl, each optionally being substituted with one or
more halogen atoms and/or one or more Cy4-alkyl or Cy4-alkoxy groups, R* is C;4-alkyl
or Ce aryl, each aryl optionally being substituted with one or more halogen atoms

and/or one or more C;.4 alkyl or C;.4 alkoxy groups, and wherein R? is selected from the

group consisting of Cy.15 alkyl, Cs.29 cycloalkyl, Csop aryl and Cy.50 aralkyl residues.



