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WO 2006/087166 PCTIEP2006/001335 Process for the preparation of
enantiomerically pure I-substituteed-3-aminoalcohols The invention
rotates to a process for the preparation of N-monosubstituted
WO-i§8HIahol sulfonates of formula 5 R la HO S NH2 RBGBD20R201334
and 10 RIlm HO R NH2 R- SO3 R2 wherein Rl is C6,20 aryl or C4a2
heteroaryl, each optionally being substituted with one or more 15 halogen
atoms and/or one or more CI-1 alkyl or C1.4 alkoxy groups, R2 is selected
from the group consisting of Cl.4 alkyl, C38 8 cycloalkyl and C6-20 aryl,
each aryl optionally being substituted with one or more halogen atoms
Pancdiooie premositod bf alkytionGledliakoxyt-ginuioseanchinesRishel3 IS
selected from the group consisting of CI-13 alkyl, C6-20 cycloalkyl, C6-20
,d?ryl and 07,20 aralkyl residues, 20 comprising the steps of a) reacting a
B A P S R R B PR rRAEE B B el R
syfcastgefifredwdbove, (i) a primary amine of formula 30 H2N-R2 V,
whe;sin R2 is as defined above, and

g Ia
HO/:s*\/\bIIH; RS0,
Rz
and
Rl
JV\ o
+ 3 -
HO p NH, R=80,
1‘{2

wherein R! is Cgao aryl or Cy.1p heteroaryl, each optionally being substituted with one or more
halogen atoms and/or one or more Cy4 alkyl or Cy.4 alkoxy groups, R? is selected from the
group consisting of Cy4 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 Cy.4 alkoxy
groups, and wherein R is selected from the group consisting of Cy.5 alkyl, Cg.9 cycloalkyl,
Ceoz0 aryl and C7_20 aralkyl residues,

comprising the steps of

a) reacting a mixture comprising
(i) amethyl ketone of formula
R]

)\ IV’
O

wherein R is as defined above,

(it) a primary amine of formula
HN—R? v,

wherein R? is as defined above, and



10

15

20

25

30

WO 2006/087166 PC'1/EP2006/001334 2 (iii) formaldehyde or a source
f for hyde selected from the group consisting of formaldehyde in

Wgtf&ég(??s‘,%%lution, 1,3,5-trioxane, paraformaldehyde and miXtlfESIfENIsP

in the presence of a sulfonic acid of the formula 5 R3-.SOZ-OH VI

wherein R3 is as defined above, optibnally in an organic solvent, said

organic solvent optionally containing water, to afford a (3-aminoketone

iiif doatel ddfpdemia diuicel hf Oridk2eRBie SED:cRA irbwar e grouR 2oasicting

are as de }%ﬁé ove 15 and B) asummetri a% hydrogenating said

gﬁ%%rnma%e,gt af?gpr%ﬁa I-aminog?céb’(%}é;%%%gt%é %’r%fr%lﬁg%yv%' %et%ceﬁn R', R2

ssrss drerepd.defined above, in the presence of a base and a catalyst,

in thefi<cAtRIySh compiisingia tiapsiipninetal and a diphosphine ligand, at a
hydrogen pressure of 5 to 50 bar, in a polar solvent, optionally in the

presence of water. 20 (S)-(-)-3-N-Methylamino-i-(2-thienyl)-I-propanol is
R>—sm,intermediate for the preparation of

(S)-(i)-methyl-[3-(I-naphthyloxy)-3-(2-thienyl)-propyl]-amine (duloxetine),

an agent for the treatment of depression and urinary incontinence (Huiling
wherat &Y, i€ hird¢fin 08 ve20®edly Sonbergesicat! Druigsast thgafigtae@00ponally

contag]%(g\vagz 't%ja@ox%%ﬁ%ﬁﬁ@ﬂ@ﬂe%ﬁﬁ@ﬂt@%ﬁ&ﬁﬁtﬁgesence of an inorganic

or carboxylic acid has been disclosed in WO-A 2004/005239 and affords
fhe salts of said inorganic or carboxylic salts of the compounds

A~ I,
+ -
o) NH, RS0,

2

R2

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.

(S)~(—)-3~-N-Methylamino-1-(2-thienyl)-1-propanol is an intermediate for the preparation of
(S)-(+)-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 in
an auntoclave vessel. Pressurized reactions bear the risk of damages, which increases with the

reaction time.
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of formula Il. This process has the disadvantage of a long reaction time of
v@@%’r} %4]]1% more in an autoclave vessel. Pressurized reactions bear the
riak of amages, which increases with the 30 reaction time. {f¢/EP2006/001334
2006/087166 PCT1F,P20061001334 3 N-Monosubstituted
(3-aminoketones were first synthesizéd in 1922 by reacting methyl
ketones with formaldehyde and primary or secondary alkylamines in the
N-MgrosabeiusetifvoitolrenseiteastnipithGiztiah, 0@ hy BatiddRR5bketones
withSofndfRhyiibsaidenshpas i ARmA AMATINGS JImalR LSRN 4ciq
-ketg amino hydrochlorides of formula Itt R prevallg over formation of

(3:
(Magpic Ha‘?ﬁ/aésﬂéf@aﬁ‘frné%%ﬁécﬁﬁén%@: Irieid maetings witrerioary alkylamines

forntatippoftediyyBieke afidolyAahchEs oBREml4 2, 64, 451-454) and
Becker et al. (Iss..Z. Tech. HLochsch. Chem. Leuna-Merseburg. 1969,

1! 38-41). Accordingytb Mannish et al., steam distillation of tertiary
(3-aminokegpnes results in formgation of secondary p-aminoketones in

tl %:’t iy accomnied by vinyl compounds 15 and other
by-products. JLoor yields of tertiary (3-keto amines of about 40 to 60% and
loss of morB'than 50 % at subsequent cleavage render the Mannich

T itahl | ig tion, A distillatj f th
’ eﬁf%%%ﬁ%&g&%@%?% RS S
3

supprischbrBlitleret Rl é dimdEfien- SoroARdRior ot thet BorredRuvliingt al. (Wiss. Z
TeclS SLANSELYChEM TDRAEv apinossioneBlipke et al.). 20 Several

methods for racemic and asymmetric hydrogenation of thienyl
aminoketones are known, as well as processes for chiral resolution of

Acc@dingrietMaamihet|a(2 deenyistiprapasabrid O praRR06 2L E1R 1A formation
284189 LWO'QG%OO“/DO%%XV -A 2004/005307). 25 Hulling et al.

of seqentaE L g AGoReS I AcomeRRd by Hiogtspamernds

escri aprepargﬂ%snl%
and @bmb;hjup&mtmffbrqw_' emeﬁﬁngwgrki%wm sCiHareRran3n eyl clanes of
epresence of tin tetra- chloride i zene to . . i
mor eyt iR SR e S Rih Bt pedustsa
prodpgférivé fieestranollioiBatinior6 tle (2 thienybdrompanchliioe 4e Fasalistion Merein
R! idtpRgesiaaticat i inyl butanoate lipase B from Candida
lsantar%ftsica s ca%&@i%\g}gr?% ?/\I% quce 2 ompa%ﬁ)n of tliae corresponcﬁng secondary

N-meaymetylfsmpoksiens Blighopahdl, which is converted to
(S)-3-iodo-I-(2-thienyl)-

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 2004/0053 07).

Huiling et al. describe a preparation of (8)-(—)-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
(8)-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.



I-propanol using sodium iodide in acetone. Subsequent treatment with
methylamine in tetrahydroll ran afforded

(S)-(--)-3-N-methylaruino-I-(2-thienyj,)-|-propanol. 4 Sorbera at at disclose
anotherpreparation of (3)-(-)-3 N methylamino-I-(2-thienyl)-1 propanol

from thiophene, which is essentially. the e as the gne n fr
Sorbeys o HABIape shaiee e aan o oo iy it D et A ropanol
from thisyiems trivehyis eskentidlly {8 s@rehio the g fmomwy FrdrpEhilimpbsing cept that

S S D e R Y e
1-propge} yeigg Borane et satatyiia araeunys O (Epdrofinhenibitoe&abstiabysiro-

3H-py3r6iRiaro-4(2 3 hiRdlabBroRan ot (WS alomBb@ic Jedithith HRIRRE (5)-3-chioro-
P Radiopha?fm. 1995, 36, 213-223). In. Saku aba etcal., Chem, Pharmg%ullc.:mom

1-Q2-thigeil A Propaneias & Merel B e Foma o chltincrinytrd qepranoRc M Rgeler

et al. Kaltsbef Lhinpak theydespHaoml.-pFEN g6, 12peepze)ol and 3-amino(r)1-phenyl-
1-propanone is disclosed. EP-A 457559 discloses the preparation of HCi
salts of 3-dimethyl- amino-i-(2-thienyl)-1-propanone and

In Sakgiabd <t AN -CheretiRHaBA(2Bille K753 By M8 3 epd AP s fifidy 0kl Yy el yamnibizic

nydroRSRiale %?Fﬁ:?£&ék@ﬂ$€ﬂmﬁ¥l§:ﬁéﬁ9ﬁ§hﬁ$&$¥%@z%f&%l@-’l%ﬂény}-
P d nyloxy)-3-(2 thienyl)p

ropanamine and{s}-{) IVN dimethyl-3 (1 naphthale \
1?%%&5%%@%%@%12@\7@% Firsleass dae prepmphion ob Rl el fadioretby-
mmgt'@ | @Ig% oh auth ey T B by cabagt PR
._national registration authoyi regarding optical purity of chira .
sming o L B R APV SO R SRt SR MR g e
propahenideepd (@A) Viassethylhe Grapithaleayibiyy- 2D ihiarrpaepesataine.
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
Althonsh sevaad Repeissie fgs esomangien sidr egrmpstarfsha whinokistmasse Hiormula-TI
are kBOWIL Mol igicadie dgtipERaint i AAIHOR AUHEHEA A RIRPRRE QbR optical
. disclosed asymmetric_hydrogenation processes with diphosphines are not
Pty o SRTPFBRTRFGF N & Tt BRPRARST Bpogssitate constantly mproving of the
prepistietiptamies-1-(2-thienyl)-1-propanone. it is an aim of the embodiments
of the present invention to provide an economically and ecologically
improved process for the preparation of enantiomerically pure
The fifaviontlss ob Stitgbenaprareatsal oot orpnatisitadf GH{S)-B-Wanethylamino-
- 1-2 Bk 3-Dlomeilly BEROH SRRV ERFORARAL TG IR Sach as tin
tetrachloride and benzene and/or the use of expensive compounds such as borane or sodinm

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 aim of the embodiments 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. Furtilermore,

the present disclosure provides an improved process for the preparation of the aminoketones of
formula II, which makes the sulfonates thereof directly accessible.



the present disclosure provides an improved process for the preparation
of the aminoketones of formula E, which makes the sulfonates thereof
directly accessible. 5 These aims are achieved by the process of claim 1.
In one aspect, there is provided a grocess for the preparation of
N-monosubstituted (3-aminoalcohol sulfonates of formula Rt Is HOf
S nd RI R R3 SO 1Z wherein Rl is C6.20 aryl or
These a@%ﬁe %ﬁ%ﬁ%&cﬁ%%’%o%a?%‘ge}ng substituted with one or more
halogen atoms and/or one or more Cl.4 alkyl or CF-1 alkoxy groups, R2 is

Iﬁ one SRIECIRG OB HNG L BHREORS 'ﬁgrﬂ)geﬁérggoﬂ%ta?@g Vgﬂﬁ%}g@tftgg kggrlrl%loa ol sulfonates of

C6-20 aryl, each aryl optionally being substitute one ormore
f°mm%alogen atoms and/or one or more C1.4 alkyl or C14 alkoxy groups, and
wherein R3 is selected from the group consisting of Ca-1a alkyl, C6.21)
Bycloalkyl, C6-20 aryl and C7.20 aralkyl residues, comprising the steps of
Wmixtuge comprising (i) a methyl ketone of fBrmula RI 1V,
HO" wherein as Befing@,above, (i) a primary amine of formula HZN--R' V,
wherein R%is as defined above,

and

Rl

/k/\ * ®
HO g NE,  R™S0,

RZ

wherein R is Ceao aryl or C4.1» heteroaryl, each optionally being substituted with one or more
halogen atoms and/or one or more C,.4 alky} or C;.4 alkoxy groups, R? is selected from the
‘group consisting of Cy4 alkyl, Cs.3 cycloalkyl and Ce.o9 aryl, each aryl optionally being
substituted with one or more halogen atoms and/or one or more C;4 alkyl or Cy4 alkoxy
groups, and wherein R is selected from the group consisting of C;.13 alkyl, Ceq0 cycloalkyl,
Cg.20 aryl and Cy.g9 aralkyl residues,
comprising the steps of
a) reacting a mixture comprising

(i) a2 methyl ketone of formula

RI
)\ v,
O

wherein R! is as defined above,

(i) a primary amine of formula
H,N—R?

wherein R? is as defined above,

(i1i) 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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(i) formaldehyde or a source of formaldehyde selected from the group
\98%56%% 6of formaldehyde in agueous solution, 1,3,5-trioxane,
baraormaldehyde and WO 2006/089166 PCTTKP2006/001BE8EEE2006/001334
mixtures thereof, in the presence of a sulfonic acid of the formula
R3-S02--OH VI 5 wherein R3 is as défined above, optionally in an
organic solvent, said organic solvent optionally containing water, to afford
avgduaehiheteefone sulfonate of formula RI 10 + I, O NH2 R3 - _SO3 R2
in tIWDSEEiR-RbF R i RIS 3R-A6fipgd above, and 1-5 b) asymmetrically
hydrogenating said sulfonate, to afford a f3-aminoalcohol sulfonate of
formula I, wherein R’, R2 and R3 are as defined above, in the presence of
R*-sdasaiand a catalyst, the catalyst comprising a transitionynetal and a
diphosphine ligand, at a hydrogen pressure of 5 to 50 bar, in a polar
solvent, optionally in the presence of water. 20 The term "enantiomerically
wheprindR dnmpdefinedcampsises optically active compounds with an
: i Tl = ).ofat least 85 %. The term "Cl, alkyl", fqr
e AR SRS A RN
B-ampokatonsyselfonste ofammaly with one or more halogen atoms substituted
Cl1.18 alkyl 25 represents for example methyl, ethyl, propyl, isopropyl,
butyl, isobutyl, sec-butyl, tert-butyl, pentyl, hexyl, octyl, decyl, dodecyl and
ecyk-Theterm "Cl-" alkoxy", for example "CI-6 alkoxy, represents a
Hnear or braHHneg‘éTk”o%@a group having | to n carbon atoms. Optionally
with one or Riore halogen atoms substituted

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 Rl, 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. alkyl”, for example “Cy.15 alkyl”, represents a linear or branched alkyl group
having 1 to n carbon atoms. Optionally with one or more halogen atoms substituted Ci.13 alkyl
represents for example methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl,
pentyl, hexyl, octyl, decyl, dodecyl and octadecyl.

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

sec-butoxy, tert-butoxy, pentyloxy and hexyloxy.



30 CI.6 alkoxy represents for example methoxy, ethoxy, propoxy,
isopropoxy, butoxy, isobutoxy, sec-butoxy, tert-butoxy, pentyloxy and
hexyloxy. 7 The term "C3.m cycloalkyl", for example "Ca.1o cycloalky!", r
is a cycloaliphaiic group having 3 to n carbon atoms. Optionally with one

h Iyl

e e e BT B
havingy-to Fetaphrcajesieh Snfianatin m&ynew:mmwmmm sibsongedny|.
C}xo% r%?es@:ﬁé' f(tpém&é %ﬂ i 5 Bﬁ@%ﬁ&t%&ﬂgmt%% g{&&ropyl

having 6 to'n carbon atoms, olptlona y belng substltuted with one or more
cyclohufgy SRR SRR, SYHBPSRY, SimBAL e CPE eIy,

Cy s alkoxy or d| C1.6-alkylamino groups, wherein the alkyd moieties

Q, IIy ubstltut ith or mo haI en atoms -20 Ar
T B 5 B SR OT o ORBTARDF AR B S RIBUAHEH 6 B o cbon
atoms;npnenhﬁbbmg'ﬁhhsmtnd ‘Gitihete rm:mx;ditefhllegaimmmﬁ;énﬂx& hredapaasyti/or

HISH o&1at ﬁSﬁ nc n atoms and
opue containing | to I%e ete oatoms In pendenﬂ"g ecte?’fgpm ﬁier%rou S the alkcyl
mmeév@ﬁ mﬁmlbf mm@eﬁ%@geh mmor@mﬁmmgcmmmwmmts for

B AENYa AR A SRS oBAH{AS ARfenally substituted
aIkyI Cl 6 aI oxy or di-C1.6-allWlamino groups, wherein the alkyl

m0|et|es optionally are substituted with one or more halogen atoms.
The @ﬁﬂEOiﬁwwiMTﬁMMﬂmﬁxmhMyﬁthﬁm&&@&bﬁWgwp

._.thereof as utllned e, prel er b fu and 2-th e te m
ha\ng a Eyl for examﬁ?e 8’3 ot 5‘?3 ‘ééres% span aréir?? %‘deé‘rc}'up avméo?m the
grou oanstikget Mmmmbma@mmmmum ke anore

I f
m&iﬁ%amﬁ?ﬁ?ﬁnﬁ%ﬁeﬂ%&ﬂ@ben%%f‘ﬁ?i%“;| ek, %
FORAIBR R ®sh

i A lah @i THeT entieR rEr SHRStiteed vt one or
mor§ m&g&n&m&r @pﬁ%ﬁbﬁm@&&ﬁ%&&f& ai&uipﬁ%y@lk%eeﬁ and derivatives

e TR Ho AT (raPE0 S BUMEL above. In another aspect.

there Is provided a process for the preparation of N-monosuhstituted
Thegéﬂpj@;gl ”S%%é)&f;%w Tepresents an aromatic group baving 7 fon
carbon atoms, wherein the alkyl moiety of the aralkyl residue is linear C,.5 alkyl and the ary]
moiety is selected from the group consisting of phenyl, naphthyl, furanyl, thienyl,
benzo[b}furanyl, benzo[blthienyl, optionally being substituted with one or more halogen atoms,
amino groups, and/or optionally substituted C;_¢ alkyl, Cy.¢ alkoxy. or di-C,_¢-alkylamino

groups. Cepp Aryl represents for example benzyl or phenylethyl and derivatives thereof as
outlined above.

In another aspect, there is provided a process for the preparation of N-monosubstituted f-aminoalcohol
sulfonates of formula

RI

HO/S\/\II]HZ RS0,

RZ



HO-NI-RSC3 128 and RI Th, . R, , + R'-S03 R2 wherein R1 is C6-20
aryl or C4..12 heteroaryl, each optionally being substituted with one or
more halogen atoms and/or one or gnore C1.4 alkyl or C1.4 alkoxy
groups, R2 is selected from the group consisting of Cl.a alkyl, C3-8

and cycloalkyl and C6-20-aryl" each aryl optionally being substituted with one
or more halogen atoms and/or one or more CI -4 alkyl or C1.4 alkoxy

ups, and wherein R3 is selected from the group consisting of C118

akyl, Ce_. 20 cycloalkyl. C6_20 aryl and C7 w aralkyl resigues comprising

y hyd ing a p-aminoketone sulfonate of formula RI |1,
HO 5k "s03 whelg @PZ and R3 are as defined above, in the

presence R base and a catalyst, the catalyst comprising a transition
ala at a ress re of 5 to 50 bar, in
wherdFILI8S G108, BT T ENE BruCHLL ATV RREE TR JPatd bl o o o
mOgemmmbmmmmessammr@mmswmdﬁ)wsﬁm@mﬂm
fr r of I 2:fu
(?S éﬁ%nﬁg egﬁ%eellr% ﬁt.@?‘%@%g su stl%tié a?glg{ ri"g'f‘}r%ear
subsusmsﬁawéh EEP N R PRI SR AORB B PR IRatR Gy @ezeoc@m alkgky

groupsFahdGafetei PR3 e Roni i é%ﬂ}?&(ﬁ{s@;ﬁffggﬁnpoﬂ St | zo?cycloalkyl Cop0aryl
represents a residue selected from the group consisting of linear or
and G0, RpHicH #54%8%y 1, C3-8 cycloalkyl, Phenyl, 1-naphthyl, benzyl and

compibyipenahmeaiehlly hydrogenating a p-aminoketone sulfonate of formula

R
)\/\ ‘ L
+ .3 .
O ]TIHZ R—S80,
R
wherein R}, R? and R are as defined abaove,
in the presence of a base and a catalyst, the catalyst comprising a transition metal and &

diphosphine ligand, at 2 hydrogen pressure of 5 to 50 bar, in a polar solvent, optionally in the
presence of water.

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

In a farther preferred embodiment R? represents a residue selected from the group consisting of
linear or branched C,4 alkyl, Cs.¢ cycloalkyl, phenyl, 1-naphthyl, benzyl and ethylbenzyl, each
ary] or aralkyl optionally being substituted with halogen, linear or branched C, alkyl, linear or
branched C;.4 alkoxy, Cs.6 cycloalkyl, CFs, CoFs, OCF; or OCoF;5 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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aryl or aralkyl optionally being substituted with halogen, linear or branched
< inear or branched C1.4 alkoxy, C3-6 cycloalkyl, CF3, C2Fs,
‘gécé@mdgﬁ, Particularly preferred the methyl ketone of FsrHiti2P$¢/951334
step a) is 2-furyl methyl ketone (2-acetylfuran), methyl 2-thienyl ketone
(acetylthiophene) or methyl phenyl kefbne (acetophenone). WO _
2006/087166 PCTflsP2006/001334 9 The primary amine may be used as
The peimprasanitdorayiia tsedes fefibesk alf dvenalady pacdefeRdabdiRr as a
con@éﬂ&@ﬁ{gséﬁféng{gp particularly preferred that the primary amine of formula
V'in step a) is a linear or 5 branched C1.4 alkyl amine, more particularly
preferred is methyl amine, ethyl amine, propyl. amine, isopropyl amine,

It is RISty baméniuig Qsrart araiae iRy iR DeLeATL AP ISR PAFR Qq_iﬂéar?)r
bra cgg&eéponﬂé,l sulfona(}e. Ina E'ﬁaferred embodiment the prlmari/ amine o
U TROKT AL PEARS TRt s o aspissu ol avnisehaiopy!
amiw, thepmepfhyhiietohetyfdinine sobityP ariiew|ar i preieyr aghifte saeiak OOARE or as
aco%ﬂ&%mg keions of formu_la IV to the primary amine of formula I\_/ is
between I:1 and 1:2. Particularly preferred are processes comprising
steps a) and b) or step b) only, wherein R" is 2-thienyl or phenyl, each
In a GRIERBA-HBHIhRAP B WIGH MRS AT HRERNRIN0G aaf@? AR5 R ount at
1 tseles:teg fro th%t%r}oup consisting of methyl, ethyl, tert-butyl an _
east SATBPPOBy P rasihek&riapintiiprb BERarisnmirarrfarepthaynolar ratio
of thendett)ydk st by bty it rigepRSHRSLSTFRRTIAY IS BRIRERT:1 and 1:2.
from the group consisting of (S)-(-)-3-N-methylamino-
1-(2-thienyl)-1-propanol,
Partieyacty prefomediayt- arataesds(Goohiosng sthjsrmy hud-pyopatep bP6only, wherein R is
2-th{RY BBy naitiRIRMY Giianylsl q 2
(R et S S s o aomse
seleeiti ImstRaererneRyisHire o exbslymbraciens bt 656 ¢ veluwopal
2004/005239 reduces the required reaction times under pressure of step
Eved d;gmr%%iecr;ty&/ig m arggéjstsgsh to 25 about 1 to 4 h, In addition, when using
SUITORIE acids corrosion |ssue0§%lgﬁ‘sé%gﬁé@%&)téﬂd$’3%ﬁ?@(ﬁ’)@‘m’o%m‘n the
compisbet doaaias. JAdittoted frosulie moaridmsstngse(iy-te) 88 o Sjidsino-
12 01 MBRHOR B0 A0 OAOH B BIE IR NSRRI N0 o)
factitate et

Moreover, sulfonates tend to crystallize easily and thus tac covery
RGP ihed Frstii e diosiePstBiranbipepanehand (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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inventive process. A large variety of sulfonic acids is available, since these
ol (;Iﬁ;gre of 30 immense technical interest as lubricants, softeners,
emulsifying agents and surfactants for example for washing P& gfiffge01334
and yarn spinning purposes. WO 2006/087166 PCT/EP2006/001334 10
In a preferred embodiment in the pro&é)sses comprising steps a) and b) or
step_ b) only, R3 of the sulfonic acid of the formula VI is selected from the
In apecfried sabndimsnbin e BrospISea e tietesidl rrl ovrsitirty) ofly, R of the
sulﬂ;ﬁisaébbd?fﬂ’%e msnmﬂwfi Y @g&lﬂ% %rogm@ Qyﬁg@{ﬁlgt)}hle gr0|U|O
., ;:c0Nsistin inQ, halpgen and hydraxy, 5 ii) mono- or polycyclic
D BSLTEE, EEHORHREPOFBE o0 oS B oAing one or more
subsigintaininftiong@pmongistiteemubig kylierraiadsyansigr one or more
i St isting of amino, halogen, hydroxy and .
o O R 8 Rt ekl
confaining-aip ShTRMMIELBEoNAIKY 2o rtamirg dnecaemome i rdgtinantox) g@nproup
cong@ﬁg@gg{gfopﬂﬁdyemgﬁrggpggg@g%gf ihg group 10 consisting of

..., amino, halogen and hydroxy. Without limitation, according to i) above, It of
i) PP RO PRUSXRYS 81 resifvsR sRatisinecthfItaddmebyn sotys, optionally
contzeaifg ibyk ftll ?mamtﬁ?w{@ﬁaﬂkﬁ%hga@dlﬁ@ .ade/IMQSI;] | Zﬁﬁlﬁdimdretgﬁg%ﬁf&gl@%mﬂb group
' arpethyl, perchloro roxymethyl, 2-hydroxyethyl an
Con%%m%r?c%%%ﬁ%’l ?H%ﬁ%ﬁ%ﬁ%’n, according to ii) above, an example for

a polycycloaliphatic sulfonic acid of formula IV having an oxygen

Wiﬁ@@@ﬁfhﬁ@ﬁ%?%@ﬂﬂg @S SR ISRA Z%ﬁ%ké&géﬁggﬁ ol IP% can be methyl,

{ ; fo
cyclo[2.2.1]hept-1-yl)methanesulfonic acid. 20 Further non-i
ethyly SRR RRY o Pt froirsbabTh e dimainhesvond  polalandlegriomtiyt, trichloro-
metiy0) e oYY herarydoEdialkybiresishas, Are RNRSRREHIARIF A5t noethyl.
guaiacolsulfonic acid, morpholinopropanesulfonic acids,
_hydroxy-(2-hydroxy-phenyl)-methanesulfonic acid, benzene- sulfonic acid,
WitBagtdinythtinty berrdivgdgulirieoacidn 2xaBple fet-amihalyeatiprawiaiBnic acid of
forrRIA 1VARTRHRORGAZERE SHHORIE ACIL AN eI aniling)benzenssulipnic
acid, 2-, 3-, or 4-chloro 25 bqnze_nescu%ﬁ{(?%c%%f %9 %?n%ypg OxOB1
cyclplg il dhgrsdivmetiansitioniscroids dinydroxybenzenesulfonic acid,

4-dodecyl-benzenesulfonic acid, dodecyl-, 4-hydroxybenzenesulfonic acid,

Fur&fér%bgrlimiting 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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4-toluenesulfonic acid, anthraquinone-I-sulfonie acid,
I-aquinone-2-sulfonie acid, anthra- quinone-2,7-disulfonic acid,
Vﬁg%%%%%%g-z-sulfonic acid, 4-amino-naphthalenesulfonic at§d/FP2006/001334
3-chloro-2-naphthalenesulfonic acid, 5-hydroxy-I-naphthalenesulfonic
acid, naphthalene 30 1,4-disulfonic atld, naphthalene-1,5-disulfonic acid,

naphthalene-2,6-disulfonic acid, 8-amino- naphthalene- | -sulfonic acid,
4'hY§f%ﬁﬁ?@hﬁﬁmléﬁ§“2%ﬁ@im&ymmmpmlhm%wlﬂmiuIﬁdd;da‘g’r_dxoxy-
naphéh@lHeq Mﬁ@%‘i@ﬂf@%@ﬁkﬂaﬁmlm%f @%%?o%&%%tﬁ%i&e-
9. &-amlnoga thalene-1-sulfonic acid, . o
SULORHfiHAd ‘%ﬁq‘&m apHtsRn 2 UamseihddnatamioQuigidazolylazo)-
1-suloh16 hoH7 466 R ER2O0600kL3B adhlidtbislvoxyRanbihalesesutanic
el 9-dimethylaminonaphthalene-I-sulfonic.acid, 5-hydroxy-
nap hﬁé%ﬁ%ﬁé?]%ﬁ%ﬁ%ﬁésg%ﬁgg ‘7“#1%’ rosSh a%’ﬁ%%?éﬂ%‘- BT acid,
6-hydroxynaphthaleno- 2-sulfonic acid, 4-hydroxynaphthalene- | -sulfonic
PartidGigh PRV AFRd s (i R fon | isti :
a2 e B conitog o pthanonlfonic
acid ?f&%@éf@a@&@ﬁiﬁfﬁnﬁxsbmﬁﬁ%?amwwmlv@mmmfmm@id,

p-tolnaiticitanty prfenesetensuligsnic acid. is selected from the group
consisting of methanesulfonic acid, ethanesulfonic acid,

(7,7-ditnethyl-2-oxobicyclo[2.2.1)hept-l-yl)methanesulfonic acid,
In a fuibleramefsuiéd mvbaiirantibeozaniesoliamniciacidp 1PiirdushedpmiasRgon
Ephodinent e Alapicslyant d 3 IS inert towar reaction..
con condition% sﬁeps a@Mégf%ap%%fé{s gﬁ? tﬁ?g?réa%?cm BORE r%sc 8???11% r‘fzsi%)so xylic esters,
etherg) thigsthersaspbinae Biferides mdmbiimsiereot Wittions! s otiurivieg fnther

addiffieduresHaxeof. watienalypeasirining Birthes: aRiMe s ERRAVEYR R hed
c wat r.a#n ﬁ Preferred embodiment alcohols are linear or branched 15 CI-12
-2 %)1 AIEBHT

ols. Particularly preferred aliphatic alcohols are linear or
branched aliphatic or cycloaliphatic CI-12 alcohols, including di- and/or

PartiliAYG RSN YR MONIONG ik AV AL ARSI %ELVS‘PV%%@%
each’of said Ci-12 alcohols containing I'to 3 hy roxy%roups.“é(ﬁ Bs
Cr-irgleehilaprelnding ditcor s threerireeiatmic stvems bproparialy Moyromdetyl
derivalepiiaherRuoneh SORMANG). eSO @RiAnRUA08 n JaRESIBN .

2-pentanol, 3-pentanol, 1-hexanol,
Examples for suitable C.12 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.
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2-hexanol, 2,2,2-trifluorethanol, 1,2-ethanediol, 1,2-propanediol,
[,2-butanediol, 2,3-butane- diol, I,4-butanediol, 1,2,3-propanetriol,
1,2,6-hexanetriol, diethylene glycol, diethylene glycol 25 monomethyl
WAREYS/BRERSIene glycol monoethyl ether, diethylene glycol rB6EGHA6Y6/001334
ether, diethylene glycol monoacetatg, triethylene glycol, triethylene glycol
monomethyl ether, tri- ethylene glycol monoethyl ether, triethylene glycol
MORQ [ triethyle lycol monoagcetate. 30 Particularly
Ifl * prefe r%%ﬁ(:%% zltc%tﬁe %%Q%&gtgﬁ%%ﬁﬁg P%l?ﬁ swah ﬁé‘iff Sithiqsthers, the
lineap pispasishersdisvbpytistico helnbindenshdsaliy Giohlketttheitayioh disidsyieng phenyl.
glycol and triethylene glycol. Carboxylic esters suitable in the reaction of
ple ethylacetate or butylacetate. WO 2006/087166

tep a) are for exam C
na é@%@%ﬁ%ﬁlﬁi@&mﬁt rhrafethiastbanheE fenexslnele bettiemioathers
Cs.¢ eyelcdiitafidythivostigd pryhathings 106 DingIRe! o therlinganor branched alkyl

moieties being independently C1.6 alkyl, the aryl moieties being phenyl.

_In a further preferred embodiment ethers and thioethers are C3-8
Paﬂlmté}aﬂwf@rhé@ﬁrﬁdtﬁi&ﬁl@scimlﬁmw?ﬂig%fhg:]@eg:@nht&m nieGeledtidm the group
consi PSR RRBMIEAgMEBAisuat Arelsad eihers it gufiopes

an sulfoxidegil. can be gelgcteg fro%k?é‘%ﬁrbgueé% %oaﬁgé fs %pﬁoﬁ ther,

tetrahyifrofugiahyi-disreme diprathetisyl dnctiothol tartiserydtyb thethgtivalfide and
tert-etyphieiglvnsmie] Bacinxane, dinsibybawide Higthvlsiidesgiyl methyl

sulfide and 10 teat-butyl methyl sulfide, 1,4-dithiane, thiolane, sulfolane
and dimethylsulfoxide. In a preferred embodiment the pressure during
In a pesfgtiohstbpdiintbopecdstrbdurimoraaieiataply) inhw sangsaidor Greferably
in thad cﬁﬂ%ﬁgrﬂW@%XdO eferred in the range of 1.5 to 52 r.151na
fur#r?gr preferred em od*gme?nltlﬁ & feac |0?1I&% ﬁ%ﬁagﬁﬁ?ﬂ %Ig)dSS ata
temperature of 80 to 150 C, preferably of 100 to 130 C. The preferences

In  fERYIPRERIIBIRMAARAVE RaIINgrhe s e5idueS:RE ’%@?ﬂ%z%%&%?eeof 80 to
150 o%oml%)u%%s o{lg%mulae L lland VI also apply in sj[ep in the following

paﬁ. g RthS \X?elé)%r% the salts of sulfonic acids of the

(3-aminoketones of formula Il much easier to handle compared to the

The SEPREGEVEIRG ic.or.organic salts, asymmetricglly hydrogenating of
31gaid sulfonatetrslgggllgé/én osrt‘l 4 o%’? ‘ﬁ’erle aﬁé:‘sl)f/lrgg enlf?\ﬁ}g%s o%s%ﬁtﬂ&ﬁgﬁion
compimdioh fgmulae I, I and VI also apply in step b) in the following part.

Although we found the salts of sulfonic acids of the p-aminoketones of formula IT 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 hydro genating yields were increased dramatically
and even the enantiomeric excess (ee) of the B-aminoalcohols has been improved. Additionallj;r,
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 B-aminoketone has

been added as a sulfonate or as the corresponding free base and a sulfonic acid.
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diphosphine ligands. 25 Surprisingly, in the presence of a base during
hydrogenating yields were increased dramatically and even the
enantiomeric excess (ee) of the (3-aminoalcohols has been improved.
WORMRYET6 in several examples the substrate/catalyst ratioP(SIEY 1086001334
also been raised remarkably (table 4)13Another surprising effect of the
added base is the possibility to reduce the temperature during 30

j ut 0 C.to 25 to 50 C. This improves the
I B B e o L LA R O o P
equiTiHeRtHODW el ferdheRrdimgriokbedhenhiask iiean ddeiesiRSIR Sulfonate or
as the corresponding free base and a sulfonic acid. WO 2006/087166
PCT/EP2006/001334 13 In a preferred embodiment of step b), the base
Particaladyanefrisdahe o iosuinorsamiohasco Gunatentspt@fasetbtBeSmedanic base is
metibgatdingdMb Paaminekeiae Rt LRAIsURY ieferred. the allali

carb%%stee i  an in?r[%a‘il;iﬁ%ﬂgé? e. Even more preferred the inorganic aseisa

Metal CargBRSHE ‘%ﬁﬁfﬁutﬁ?@?aﬁﬁéﬁeﬁl@af%ﬁérﬁﬁmp@a«»bmanela';g@ofLizcos,

Na G6fRatiné K1GQuth alkali carbonate. In a preferred embodiment, the base is
selected from the group consisting of Li2ZCO3, Na2CO3 and K2CO3. The
catalyst used in step b) comprises at least a transition metal and a

The gplgsripkingiand) commiseprélersed embitidimens] thd sransdipRiIMatakia.
selected from the group consisting of rhodium, ruthenium and iridium,

In reéera}%li.lgﬁrgo lium. In another further preferred embodiment, the

2 A SHAESHITR gt dhedraptttipnareiahis spiseied fowdhsisting ofisiPitetal

rthodfnn2rdRniuCa2Diridium RricR @y GhbRhR. (9,S)-"Me-DuPhos",
(R,R,SS)-"TangPhos", (S)-"C4-TunePhos",

In another further preferred embodiment, the diphosphine ligand is selected from the group

consisting of
N O O
P, - 0 PPb,
Hm
d P tBu O O PPh,
(5.5)-“Me-DuPhos™,  (R,R.S,S)-“TangPhos”, (5)-“C4-TunePhos”,

OJV*
\\éo
@P |

gt

=N 0

. /g_

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




aO+ "SOPPh2 -OPPh2P 11lr t-But-Bu Oso:_
(S,S,SS)-"Me-KetalPhos", (5) and (R)-"MeO-BiPhep", and
"(Rp,Rp,Sc,S5-)-DuanPhos". 14 The catalyst solution can be prepared in
situ by dissolving a ruthenium salt R&t" Yg, wherein n is 2 or 3 and
wherein Y is Cl~ Br, I', BF4 , AsF6: , SbFC, PF6 ; ClOe or 0T1

L r keiflated.or another suitable counterion in a
e o e R b herins
is2 or Boraddehersptivnadl CTuBiie I hidtat WilReatSeBS! PRE, DIl sing Tigaaifinormethane
i t Lt obtained by mixing a catalyst .
R R G S e s
amouns pEthfirbasahingtisensdsoprtionabiy b aried iwithps least oive stebilipiee Ligand.
suitable amount of further diphosphine ligands. The catalyst precursor
complex may comprise at least one stabilizing ligand such as a diene,

Alternativelts 18P S3ERS" FOLGoR: 2R BE ORIHBBH P SREIRE & eabHliatEr FREpeT pomplex, ic.
a prefdrbedycibeniadienezadyhivrbematiede (ohe)oatN-ayIaRe46YMng ligand, in a

Particularly preferred the stahilizing.ligand.is p-cymene, In a further
polar s R b e R AP Lo aLee e
complgkanehisamplishasshineigsabil irirg figtherspelrtictdatipnprefesrecr arene. In a preferred
bomRRUERNNEcafalNapTes! %%@5@@& RlRES ALdeas! olar
o Osolvent molequlega?i%%‘abilizm %ﬁiga(r)[d., suc g@ﬁ’nﬁggﬁéﬁﬁ &%@%&%O),
P-CYIGHE MR WWG%QE@MQRWGJNMWQI% for catalyst

In a fRRSUHSRRA BRIGEH GRAY Qi yEYSRestAlll INGHIGARNR A6 at Teast one chiral

divh %Ehzi? cym)2], [Rh2Br4(cym)2],
pho ,Rp,ScSc)-DuanPhos)(benzene)]Cl, [RhCI2((Rp,R

,.SGSc)-DuanPhos)-DMFj, [RhCI2((Rp,Rp,Sc Sc)-DuanPhos)DMSO] and
Ina ﬁ%@%ﬂ%&@}f%&%ﬁw embodiment the catalyst precursor complex comprises at least

one polar solvent molecule as stabilizing ligand, such as dimethylsulfoxide (DMSO), dimethyl-
formamide (DMF) or acetonitrile (MeCN).

Examples for catalyst precursor complexes containing such stabilizing ligands are
[RhyCla(eym)z], [RhyBry(cym)z], [RRCI((Re. Re.Sc. Sc)-DuznPhos)(benzene))Cl,

[RhClo((Rp. Re,Sc. Sc)-DuanPhosy DMF], [RhCly({Rp, Rp,Sc. Sc)-DuanPhos)-DMSO) and
[RzCla(cod)," MeCN].

Furthermore, the catalyst solution can be obtained by dissolving a preformed chiral ruthenium
complex which aiready 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. Af. J. Chem. 1987, 40, 183-188, |
WO 00729370 and Mashima, K. J. Org. Chem. 1994, 59, 3064-3076.

In a particularly preferred embodiment the catatyst composition corresponds to an idealized

formula selected from the group consisting of [Rh{(RR.S,S)-Tangphos)(norbornadiene)]BF,,
[(8,S)-Me-Duphos-Rh]BF, and [Ro(NBD)(Rg, Rp, Sc, Sc-DuanPhos)]BF..



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 catglyst solutions are disclosed in
Ashworth, T.V.et al. S. Aft J. Chem. 1987, 40, 183-188, WO 00/29370
stieoshiaod enbRcR eI SRPAAROIR AR TgHIATY

w JP re e d;rnent the_catalyst composrtron corrésponds to an

e VD T B P ORI S RRRIRGHS 13 ouined above,

[Rh((R R,S,S}- Tangphos)(norbornadrene)1BF4

BF4 ,50,S Ph BF4.
i ap[@eﬁr%a )I/%% g%ot eeq§|ct>$e erre a;éém %ﬁf)é?ﬂgéggf?gﬁé) lsgrn %V%?ﬁf)s bar, more
preferghlyién Bisirmatin ah 8- 5(RY) Ry, SuiPe)dubnp posteromtinnhd Y008 GIBIRY40 bar.

further components as outlined above. In a preferred embodiment the
pressure during hydrogenatron in step b) is above 1.5 bar, more

In & fihe PBTGTTRO ARSST BT sRetenIodistanch piarteuriad pusreste teewbimatines of O to
80 °ogqmeﬁ1§wm@ao ofn) a further preferred embodiment the reaction of
step b) is carried out at a temperature of 0 to 80 C, preferably of20 to 50
C. The hydrogenation may be carried out with a catalyst solution in a polar
The hygrpsgnaiitacray horarting @m‘wpltmnsi&bﬁgsoﬁlﬁm-mlaqhﬂﬂs,S&l‘i?t&fﬁselected from the

Ifor DM F
acetonrtrg bg@eg\l%%gﬁ%%q%eregﬁsa S gé
dimefhy, %m%fﬁieammm@(mﬁb! barmnm@auememmwm

hydr@aﬁtﬁ)gﬂgtgg@%@ gfglgrggg,\ﬂ,ggr alkylaryl ethers or thioethers, the

linear or branched alkyl moieties being independently C.G alkyl, the aryl
moieties being phenyl. In-a further preferred embodiment ethers and

In a ghifeethiembréithgetyatoatkthidines &B@cﬁ‘a@&l Qif%%i@lt Biggthgr ﬁno ethers, the

: rficular erred et ers and thio e selected from the
hneag(%)ép c%‘ﬁér@f{(ﬁ R et%yﬁéﬂq%?“%ggﬂ%r gc {hf;}ﬂe iqiies Deipg phenyl.
Ina ﬁeﬁxﬁmgﬁfmmmmm rofl fenptisin eﬂaﬂ;@ isetbeliydietivyt and
Ca.p SBH agiayldnethyl thioether and tent-butyl methyl thioether, thiolane

and sulfolane. Préferably the polar solvent is selected from the group
consisting of methanol, ethanol, isopropyl alcohol, dimethyl ether,

Partitelasiyydefineareiaihyiac dileansanBX Seheraah the eroup consisting of
dimethyl ether, diethyl ether, ethyl methyl ether and tert-butyl methyl ether, tetrahydrofuran,
dimethy! thioether, diethyl thioether, ethyl methyl thioether and tert-butyl methy! thioether,
thiolane and sulfolane.

Preferably the polar solvent is selected from the group consisting of methanol, ethano],
isopropyl alcobol, dimethy! 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 hydrotysis in the presence of a base,
preferably an alkali or earth alkali hydroxide, like NaOH, KOH, Ca(OH), or Mg(OH)..



‘In any case the solvent used in step b) may contain further solvent
additives like dichioro- methane. In a fg([jther preferred process, the free
bases of the compounds of formulae 1a and Ib are obtainable from the
corresponding salts by aqueous hydrolysis in the presence of a base,
preferabivian alkadt ahganthpatkadichyslroxipek ikt NaGbhL bk Gafeml)2
or Mg(Olr). 15a In another aspect, there is provided (3-Aminoketone
sulfonates of the formula R I, O NH R -SO; R wherein R' is 04-12
,each optionally being substituted with one or more halogen
atoms ang/or one or more C1-4-alkyl or C1. -alkoxy groups. R2 is C-,-.-
each aryl optionally being substituted with one or"more
halogéh atoms andf@k.or&oroke C1-4 alkyl or C14 alkoxy groups, and
wherein R'is selectgd from the group consisting of CI-19 alkyl, C6-20
cycloallryl, C6_20 aryl and 07.20 aralkyl residues. In another aspect,
there is provided (3-Aminoalcohol sulfonates of the formula R HO~~NH,

R3 SSiareiRR witdrein Rethsaae/26aely anionaliy mitgrosrylivewdivith one or more
Opt'oﬁ!ﬁ@%&emﬁwﬁw&ﬁe&w@ 18&%06% I ilf%%f%@é%%%%‘)@? is Cya-

or more C.-alkyl or C_4-alkoxy groups,
eachadityl optienatitybeanh satinititethiiitheaine swbswored aityencatomesre halogen
and/ r 0 Cl-g]?!!:ﬁ;o Y gro rej [Spn: s D3

selec(:?%% EO%CI?%Z grrlgl?)ﬁa Egﬁés%ﬁ‘lg 0 |-i§aﬁ<}fl ,l%%o_%%gyc o%élkyc,iﬁclé%%n R s
aryl axatb@R Jooarahy/leresitigensistng 1vé presedkisClosuescitedploidesaryl and

(3-an@';|_(2)0k§,tdquﬁ §ég{g@£§es of formula

In another aspect, there is provided f-Aminoalcohol sulfonates of the formula

Rl

5 ,
HO/\A}]IH; R*—S0, b
|

RZ

wherein R’ is Cea0 aryl or Cs.12 heteroaryl, each optionally being substituted with
one or more halogen atoms and/or one or more C,4-alkyl or C;4-alkoxy groups,
R® is Ciu-alkyl or Ceao 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.j5 alkyl, Ceo0 cycloalkyl,

Ce-20 aryl and Cr.9¢ aralkyl residues.



RI, (r) Siprs R3 sso3 RZ wherein R1 represents Cc-20 aryl or C4-12
heteroaryl, each optionally being substituted with one or more halogen
and/or one or more C1.4 alkyl or Ci-4 alkoxy groups, R2 is selected from
the group consisting of linear or braihnghed C14 alkyl, C34 cycloalkyl and
C6.20 aryl, the aryl moiety optionally being substituted with one or more
The thedegeiisalosns ahd/provhr Op-amidctof-dkiloart&s syebealkyl, and
Whereln e is selected from the group consisting of C1_18 alkyl, Cs-20
ycioalkyl, Csao aryl and C7 -2D aralkyl residues, and a sulfonic acid of
MRB SC2-QH VI, wherein R3 is as defined abovegThe present
O~ disttosur scRére\BdE;s (3-aminoketone sulfonates of formula S VIL
0"~NIEz R3 SO R; wherein R3 is as defined above and R4 represents
methyl, ethyl, isobutyl and ten-butyl. The present disclosure also provides

wherBiA! gﬂgecsuf WJ%M%’%W X R3 Soé‘&?{ﬁ Wher%n R'ig as

deflned above an represents m ISO “ﬁl one
or morg Hﬂ}é’ﬁﬁb%d/ﬂﬁé”b?ééé?ﬂfa @eko@lﬁ)’b%%pnﬁmm(@aamﬁakemd from the
grouﬁ@ﬁﬁ&iﬁiﬁ@dﬂfﬁ&ﬁﬂ@iaor%hﬁ@ﬂfv &%2 %’d%pov %?:B 1 moiety
clo

o ents meth hyl, |sobutyl and’ tert butyl e present sure

op 3&% SF?}/ é’f‘lfr%’ ﬁﬂ’f%ﬁﬁ%@g@efafeﬂma djor one or mm'a Ci4 aliyl or
Cs.¢ cycloalkyl, and wherem R’ is selected from the group conszstmg of Cy.5 alkyl,

Ce-20 cycloalkyl, Cego aryl and Cryp aralkyl residues, and a sulfonic acid of formuta
R*-S0~OH VI,

wherein R is as defined above.

The present disclosure also provides B-aminoketone sulfonates of formula

NG
o Igﬁz RS0,
4
wherein R? is as defined above and R* represents methyl, ethyl, isobutyl and terr-butyl,

The present disclosure also provides B-aminoketone sulfonates of formula

——

O 7
+ i
O I?IHZ R=—S0,
4

wherein R” is as defined above and R* represents methyl, ethyl, isobutyl and rerz-butyl.



0 R=s03 R4 wherein. R3 is as defined above and R4 represents methyl,
ethyl, isobutyl and tert-butyl. The present disclosure provides
G-aminoalcohol sulfonates of formula Rl la O~i2 R=SO3 R and R HOR
NR2 R3 SO3 R" R2 wherein R1 is@6-20 aryl or C4-12 heteroallcyl, each
optionally being substituted with one or more halogen atoms and/or one
Furtheomoroy e Eprtoadity i Ik k@i GVaidRS-BRiD Keléh@ MY &3P Al 1
wherein the aryl moiety optionally being substituted with one or more
halogen atoms and/or CI-4 alkyl or C1.4 alkoxy groups, and wherein R3 is
Q lected from the group consisting of C1-Is alkyl, Ca-20 cycloalkyl, Cc-ZO
aryl and C,-20 aralkyl residues, and 18 a sulfonie acid of formula R3-
SO,0fl V, wherein R3'is as defined above. The present Hsclosure also
provio (SRémi;ﬁxjalcohol sulfonates of formula Xla HO NkiY R'SQ3 4 R
and Og*

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

The present disclosure also provides B-aminoketone sulfonates of formula

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

The present disclosure provides B-aminoalcohol sulfonates of formula

1

R
: Ia
+ 3 -
HO 5™~ “NE, RSO,
R?
and
RI
J\/\ + Tb
HO™ p NH, RS0, ’
R2

wherein R! is Cga0 aryl or Capp heteroalkyl, each optionally being substituted with one or more
halogen atoms and/or one or more Cy alkyl or C, alkoxy groups, R%is Ci4 alkyl or Cgpp aryl,
wherein the aryl moiety optionally being substituted with one or more halo gen atoms and/or
Ci4 alkyl or Cy4 alkoxy groups, and wherein R 1s selected from the group consisting of

Ci.1s alkyl, Ceo cycloalkyl, Ceap aryl and Co aralkyl residues, and



XIb HO NH2 R3-SO3"' R wherein R3 is as defined above and R4
represents methyl, ethyl, isobutyl and tent-butyl. The present disclosure
also provides C-aminoalcohol sulfonates of formula u Ho~~~NHz R'-s03
~' R4 and HO NHy R3 so3 Xllb Rfigvherein R3 is as defined above and
RA represents methyl, ethyl, isobutyl and tert-butyl. 19 The present

a sulfddiRclerisedlsmprovides [ -aminoalcohoi sulfonates of formula Xllla HOB
R3 sO, NH2 e and Xlllh, H9)'~NH' R3 SO3 R4 wherein R3 is as defined
above and R4 represents methyl, ethyl, isobutyl and rent-butyl. The

R>-s@rasEnt disclosure also provides (3-aminoalcohol sulfonages of formula
XIVa, HO 'Th &so03 R and ’

wherein R? is as defined above.

The present disclosure also provides B-aminoalcohol sulfonates of formula

)

HO/\/\IT]H: RS0, | -

4

R
and
SN
HO NE, RS0, b,
iy

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

The present disclosure also provides B-aminoalcohol sulfonates of formula

Ho/\/\tm: RS0, Xl

K
and
S\ A
HO NE, RS0, ’
iy

wherein R’ is as defined above and R* represents methyl, ethyl, isobutyl and fert-butyl.



XIV6, HO ilx R--so3 R4 wherein R3 is as defined above and R4
represents methyl, ethyL isobutyl and tern-butyl. Embodiments of the
present invention is illustrated by the following non-limiting examples.
Steps a) and b) of the present proc&§s are outlined in examples | to 17
and 21 to 26 respectively. Since P-aminoketone sulfonates of formula Il in
The preseimcifid @recohsaipabigd)panidnexcbasios)] ferfxasmplemiihe respective
hydrochlorides as outlined in examples 18 to 20, the present invention
provides a process, comprising only step b) starting of
aminoketone WO 2006/087166 PCT/EP20061001334 20 sulfonates of
fofmula 1l. Examples 27 and 28 are directed to prepare fizaminoalcohol
| of formula | via acid exchange starting from t rresponding
HOhydrochIoﬁ%e&.—TﬁBs the present invention provides a feasible method for
and @acid exchaﬁge. 5 Example | A mixture of ethanol (40 mL),
methylammonium methanesulfonate (MAMS) (16.5 g, 130 mmol),
tylthiophene (11 A g, 87.2 mmol) and paraformaldehyde (2.6 g, 86.6
) in an autoclave is heated to 120 C at a total pressure of 4.5 bar.
After 3 h at that temperature, the autoclave is cooled to 25 C. The
reacti ixture is concentrated to dryness and a mixturé9ab10 ethanol
HQ20 mL) affethyl%betate (400 mL) is added to the residue, then the
resulting skfspension is stirred for 30 minutes at 25 C. Afterwards, the
precipitate is filtrated, washed with ethyl acetate (40 mL) and unloaded
wherginRy 8 @siiesinett oy s i Arepesinth oxetivs péimylettdbuiylridtens-bhsthy |
acetate (200 mL) and ethanol (50 mL), heated to reflux and cooled to O C.
Once cold, the suspension is stirred for 1 h at that temperature. The

The prosspisitsglosurhalsonmiotids Brminsaiseimts eionasesfiermiemL) and
gried at40 C under vacuum (20 mbar) for 15 h affording a white-beige
X

] (19.4 g, 50%, 3-methylamino-I-thiophen-2-yl-propan-l-one mesylate

ae£0ordirfd to 'H-NMR);'H-NMR (DMSO-d6, 400 MHz) : 8.5 (2 H, s, broad),
8.1 (1 H, dm), 8.0 (1 H, dm), 7.30 (1 H, dd), 3.42 (2 H, t), 81842 H, s,
bresd), 2:6 (3 tSrbrarsd), 2.38 (3 H, s); '3C-NMR (DMSO-d6, 100 MHz)

- 189.9, 142.6,}{135.4, 133.9, 128.0, 43.2, 39.6,
and :

HO NH, R*S0,
iy

wherein R’ is as defined above and R* represents methyl, ethyl, isobutyl and terr-butyl.
Embodiments of 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 I in principle are obtainabile 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 p-aminoketone
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20 34.5, 32.7. General procedure for examples 2 to 17: A mixture of th_e_
solvent, | 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
‘5%28?16198}%6160rmaldehyde or a source thereof (1.1 to 1.5 eq)}’@ﬁfﬁiﬁﬁwﬂ‘)l%“
additional sulfonic acid (total amoungd.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

IgPeSQUMIRR | roomtemperature (RT). Optionally the
Sulf(?gﬁ%[igﬂf solvéprg c%ﬁ%%g%gz ?8%:%%/33 par {?o?olﬁ) PP sTRiaOalsRAgh sHikdanates

of fozmled céraddopidemespsirtteshiahdhe doerasgidedinnbigtrsthilodiiel. Thus the present

inveRGSepEAMIOSasilineEeER iR g product. The 30 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
Exatmpleden 40 to 60%. The product can be recrystallized from ethyl acetate

| cified above, preferably WO 2006/087166
A L S g e s sl PHAMSL pdie i
130 maalyilg-anstyl hieshedewithegh§? Acetads) mnﬁpﬁaﬁdraﬁlaagk?_velt@.@bgy 68" mmol) in
BPRE), ffordin ite-beige.to light- brown
o alggﬁldég %S('?%?g% iﬁ%te rea%gt%ﬁygigh%g%ﬁtﬂge%{(%}ép ioé}#gf %iaqg FRRFaYEP, the
autoglgveis G0oied 1A e e Eanstion stixiwreheconesemerdonisthas eadlfanigture of
emamﬂi@@ﬂmmﬂs&mgaaaéwﬁmﬁ@ma @ru{é-%s?&aéknl@lm%%ﬂ’éng
methane ulfgr}atg alt. In example | 1 (+)-camphor- I_Oj ulfonic aci
sosp PO A A i 5 % GOl e e piethysditisinvashed
witheaigsietatd (40 ethykremmoxiehfipriohemiasuifpa @iﬁd@@ﬁa&?ﬁ@ik‘ﬁﬁhsuspended in
: it j 16 espective amine and the .
amlﬁtl%%lb%?cg%lgda !f%etl%% eer%%ﬁgag]%e%né)rtﬁe(ﬁ/m%étﬁ%g? Jaafr and sealeditnn0 °C.
Onceealdefhesusnearien iﬁcﬁi@?éff@tdédatdlat (ieiptsdteto St #Opi6H04s Tbe filtrated,
wasledpadiethyRastas RLUsheavich RedsoRigd P falla A rplgalijrg %of%' 15h
ompared to the respective starting amine. The starting amines 0
o R ERRS ATHCE  Ca B e s oot Lo
mesytpmoerativg t XERMR); (BINMR (DMSO-dg, 400 MHz) : 8.5 (2 1, s, broad), 8.1
(1 H, dm), 8.0 (1 H, dm), 7.30 (1 H, dd), 3.42 (2 H, 1), 3.3 (2 H, s, broad), 2.6 (3 1, s, broad),
2.38 (3 H, 5); "C-NMR (DMSO-de, 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 t0 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 barfor 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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A mixture of 2-butanol (40 mL), MAMS (16.5 g, 130 mmol),
2-acetylthiophene (11.0 g, 87.2 mmol) and paraformaldehyde (2.6 g, 86.6
mmol) is heated to 80 C under atmospheric pressure. After 4 h at that
VERPYEAE, the reaction mixture is cooled to 25 C. The reaBGBAERD06/001334
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

lon 15 stirred for 30 minutes at 25 . Afterwards, the precipitate is
< e P S o o bshagcn b b et amd
drieq HeabputidOria temier igathiom Selsp Atlebim)efon bt e fof iy haRIBE:6A0 6 sht-
brovilshgd ethanol (50 mL), heated to reflux and cooled to 0 C. Once cold,
the suspension is stirred for 25 1 h at that temperature, the precipitate is
filtrated, washed with ethyl acetate (40 mL) and dried at 40 C under

To freitivaterdatitionBaneiowith R-alpsdinegr éﬁaﬁﬁﬂk?@ﬁ%ﬁh@,%% (s 0f been
fo ml{la ﬁl and Il have been forEne_d in poor yields (about 40% oyeraﬁ) In
camgﬁr’ﬁgs i, s e ?g?}i()cglsfﬁeﬁ}anesul onic acid (MSA) or using the respective alkyl-, aryl-
or arglyiamethytam mmau(mmn:&wmgﬁmgml gnﬁae%gﬁyl?tgsﬁfd}lg\é §0i4d
EMSH: M), -, S, Qroa : , m), 7. ,m), 3.4 -
5% (2%50%33 ﬁgd %o 3 Hﬁ%@é‘é@d %‘3‘%‘)?1 ?ﬁ}?ﬁ% AL [P Rfaepisd s msthyl-
ammgpyyipr igdugnesuifopatedmebers 1w d1 A6 4SOy, 40. 8BS kes BBahd \Whe
2806/R8HEGH PR HRZAOKALIS ' 1812,452) A
o Ixture of iso ropgll alcohol (30 mﬁeahﬁi\%gs@?%ﬂé%%ﬁ%?n%%ed Wg%u) the
reachO Ve HBRES (0P 1 TR Balmbrivne A e (R Bha omected
reactiompipdirats 'f‘ﬁm mhmm?mjm iatheateso efluxmbadd G %_fléq%ﬂg@(ﬁ%a%tarﬁng
R egSLY 4 at temperature, the precipitate js filtrated at about
amll¥E§ér'80 C,%vrg%%%%iﬁv%ﬁ %%p%’é?/rl{}a%%’ﬁl& ?é%ﬁgﬁ%‘j duhaysst 2y &ihsaer
reacleRsaum (20 mbar) for 15 h affording a white solid. The compound of
formula | could be isolated only in traces. The compound of formula Il

3,3- meﬁh lamino)bis[l-(thiophen-2-yl)propan-l-one] mesylate) could be
Cmé%f Yo ’éﬁ'&fﬁ&d‘%l verall yield. 10 Table 1: Reaction conditions for

A migstarmpfestiutenGR(Men K tana ISmios S0I8enkhsrR Resssisphime Ieione

87 .23%% ﬁ%%a%%&%]}g%s%%r%%%l ggr%ﬂ 1rsn egtlergg%lo I"Elhllx?lgei’ ggr?cfggheric
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 II
and III have been formed in poor yields (about 40% overall) in almost equal ratio. Data of
3,3’~(methylamino)bis[1—(thiophen—2-yl)propan~l-one] mesylate: '"H-NMR (DMSO-dg,

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); "C-NMR (DMSO-ds, 100 MHz) : 189.6, 142.7, 135.3, 134.0, 128.9, 50.3, 40.3, 39.6,
33.1.
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2 thien | meth 1 ethanol 120 4.5 1h 87.2 130.0 130.0 86.6 3 Chien 1 meth

| ethanol 120 4.5 3h 87.2 130.0 130.0 131.0 4 thien y | meth 1 ethanol

120 4.5 3h- 87.2 130.0 138.7 86.6 5 thien 1 methyl TFE 120 4.8 4h 87.2
WQ3085083166130.0 6 Chien | methyl methanol 115 5.8 4 h 8PCIERR006/001334

130.0 130.0 7 Chien 1 methyl iso-Prg,OH 120 4 4 h 87.2 130.0 130.0

86.6 8 thienyl methyl sec-BuOH 120 2.8 4 h 87.2 130.0 130.0 86.6 9_

e 03.23h87.2130.0130.0 86.6 10 thien | methyl
C : .
° : ,%%?BJ;E%I‘%(I)Q??%% 87.2130.0 130.0 130.0 11 Chien I meth 1

A migyzeof wopropsl alephoh GG mbR BEAVEHS.6 278 onmaliRercétzifhibpiban(l0.1 g,

_ i 4204840
- RAGEARA a1 EEIASOSO541

S sreel e Mgt Y Teth b lersrsatinantherpposintate iz 6latgban about
80 °Qpnashed billisthapyl d2hdl B4P0SHID a&pﬁé&&gda@&fw&iﬂ% &0 mbar)
: A~4h 43.7 40. 043, ien. 1 me ,
for S NED TR DS Ty al el o e ot oreces.
The empeund ofHaorg Mnldﬂ’:@ﬂﬁﬂmm(\)his[é (i eplaitedig ypfdpaa-1-one]
mesylate tlH OISENANPI %ﬁw@&b&aﬁg&w’y‘ alcohol, sec-BuOH

=.rec-butanol, DME = dimethyl ether. 5 NMR data of now compounds of

examples | 1 to 17 are given below: WO 2006/087166
TabRTTHReRAMNG/00B34s 2ok Examps 1 2 _

S=-Methytamino--thiephen-2-y-progan-l-one--(S)-(Z,7-dimethyl-
No_pKstsing :Ié@@.lihe%ﬂ#eyl) m&tan@ssifonatieatE KR [(DMSO -6 @H,0
MH2z)R'8.4 (2rs, jproad), 8.1 (fed], Anf)a§-G (1'H, 'MOIZ'E%J&]HM% [enmol]
8 lanf [ Onchl| Clodly 20248 1. s Z G4 T 9), 21018 §1T Y, 95 5
AL iy ot | S dngr O (180 M) 1.7 (L 1T, D b SO oo L @
I eyl P o O “tbditol " P20 | 45 | 3h | 872 | 1300 | 1300 | 1310
thienyl | methyl ethanol 120 4.5 3bh | 872 | 130.0 | 138.7 | 86.6
thienyl | methyl TFE 120 4.8 4h 87.2 | 130.0 | 130.0 | 130.0

4

5

6 | thienyl | methyl | methanol 115 5.8 4h | 87.2 | 130.0 | 130.0 | 130.0
7

8

9

thienyl | methyl | iso-PropOH | 120 4 4h 87.2 | 130.0 | 1300 | 86.6
thienyl | methyl | sec-BuOH | 120 2.8 4h | 872 | 130.0 | 130.0 86.6
thienyl | methyl DME 120 3.2 3bh | 872 | 130.0 | 1300 | 86.6
10 | thienyl | methyl | 1,4-dioxane | 120 n.a. 4h | 872 | 130.0 | 130.0 | 130.0
11 | thienyl | methyl | ethanol 120 | 4548 | 4b | 174.0 | 259.0 | 260.0 | 173.0
12 | thienyl | ethyl ethanol 120 5 Sh | 872 | 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 | 872 | 130.0 | 130.0 | 130.0
17 | thienyl | methyl ethanol 120 n.a. 4h | 437 40.0 40.0 43.3
C1 | thienyl | methyl | sec-BuOH | 80 1 4h | 872 | 130.0 | 1300 | 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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Example 12: 3-Ethylamino-I-thiophen-2-yl-propan-l-one mesylate IH-NMR
(DMSO0O-d6,400 MHz) :.8.4 (2 H, s, broad), 8.1 (1 H, (1m), 8.0 (1 H, dm),
7.3(1LH, m),3.40(2H,t),3.3(2H,s,broad), 3.0 (2 H, s, broad), 2.32 (3
Ve P5463 H, 1). 10 Example 13: PCT/EP2006/001334
3-Benzylamino-I-thiophen-2-yl-propayyl-one mesylate IH-NMR (DMSO-d6,
400 MHz) : 8.8 (2 H, s, broad), 8.1 (1 H, dm), 8.0 (1 H, dm), 7.5 (5 H, m),
Exachple(1155 Wethybonimbla Shi HiBed3042 H, 1,230 3.4, ). 15
@ El;;iaml Ig 14. 3-Meth ?alrr%]%ﬁgplli%hl%n?fglr‘g %gigﬁg ?ﬁ@ﬁtﬁé‘?ﬁ‘ﬂﬁ%
2-oxopjretel g Litspniryd) methapesubigmnats 7 (1 H, tm), 7.6 (2 H, tm), 7.5 (2
THL-NINIES (INISails 3460 I(/Iﬁld) iB.‘? @H%,F:lréﬁd)’% -@.‘Iﬂ B, cﬁ)r),zl'sqt)](%ﬁgﬁﬁﬁzg (1H,
et -|-phenyl-propan-1-one mesylate -
O, TRt db S} 20 (o ok, AT oRay 60 AL A a2 1 B,
m), 204 1R H) 19, (3 BOne2, MBS0 (BB, B,H,3520a0) 1308 (2 55, 07038 238 (3
H, s), 1.22 (3 H, t). Example 16: 3-Benzylamino-1-phenyl-propan-I-one
mesylate |[H-NMR (DMSO-d6, 400 MHz) : 8.8 (2 H, s, broad), 8.0 (2 H,
fﬂxanam A thylaminpsl-thigniren-2-Fh-propan Fsoifehipa)]3t60(2 H, 1), 3.30 (2
H-NMR)I2ME0@ 100 Mxample Gy, s, , 8. '
33&\4@%@ it ot orenamad 81 (L H, dm, 8.0 (LH dm AL
m), 3 :[4%5 i% y %%‘ » #0 E,Z 'b”Eo“an?%d)z BUEHS7 206 HM), 7.1 (2
FI, dm), 7.0 (1 H, m), 3.5 (2 H, m), 3.4 (2 H, m), 2.75 (311, in, symm),
16S). ke compoynds,of formula |H, obtained in comparative
?xa@?n!lgfli%%ﬁ%%&oggrgﬂg%p%ﬁee%\zl%'ﬁ0&%‘&'@?@%&%@%Ifonic acid and
H-NMR Air€0ABTme & (BdketdrmesddiFarth e dn) B AddethgNTBsH,

), TSN BRAA\VES $3G3 19 F&va iff t solvents have
. be(e?n WO§ 2006)5(/%?&7)?66 PC /Eb%’OO%%O@fMé?dﬂ?g}tﬁ(re%’]sjglyme,

aectonitrile, methyl isobutyl ketone (iY1IBK) and N-methylpyrrolidone
ExanfhiivlP): 3Rdetijtnainavegiramicarsghaubsngasygssure of about 4 to 5

. NRAs % f iV le 0 C6 (R' and R2 specified in
H tablé@?ﬂg?e%’eq&g;% ; |§'°ee(v§§?; @%‘ & tZétlp’FCoa‘Bg"éoﬂ%gn@a)u%@rﬁfiéd
broadyjdedp@dlidls3-27 2 H, 1), 2.64 (3 H, 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, 1), 3.3 (2 H, s, broad), 3.0 (2 H, s, broad), 2.38 (3 H,s),1.22 (3H, 1).

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, 5),3.50(2 H, 1), 3.30 (2 H, t), 2.31 (3 H,s).

Example 17: 3-Methylamino-1-thiophen-2-yl-propan-1-one p-toluenesulfonate
"H-NMR (CDCls, 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(2H, m),3.4(2H, m),2.753H,m, symmy), 2.30 (3 H, s).

The compounds of formula I11, 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



10

15

5 Table 2: Cleavage of compounds of formula Ill No. Ketone Amine Acid

Solvent Temp Vessel Time R'RZ __ CC C3 thienyl methyl MSA diglyme

120 autoclave 5.5 h C4 thien 1 meth 1 MSA acetonitrile 120 autoclave 5.5
VP BEAFEAYI meth 1 MSA MIBK 120 autoclave 5.5 h C6 thiBRTIES¢/p01334

MSA N MP 120 autoclave 5.5 h Thegalts of the aminoketones of formula

Il with sulfonic acids for asymmetrically hydrogenating in steb b) of the

. tainable.either i e nic reagtjon
e RS S PO D RO S T el e epem.
Reactionsrhgyshparirarsed ailiimder antebedtahes Hiss bithsiddsahinnketaties

exa (&P e EllL a.r U é:’\ C
o A e

b -
Contaﬂ?%‘igw teRHsse and subsequent extraction with an organic
solvent. Examples 18 to 20 in table 3 illustrate a two step reaction starting

i ' i -ami btainable accordin
o S 55 o B s speciiea i the bl vield vias
Neatf Keloh8B#minkampid 18:53teparatDagf| Vessel | Time
3imathylamird-1tthiophen-2-yl-pro paa-pne mesylate from _
cBmathylamingeL | wIAPRen:ZYI-prepan LaRgfYqradpiide following
cAReiRERS FOHEROT BYAFIE 2L, AMOUYS Y, RIS a5 ppecified in
Ci @é‘ﬁ%@ﬁ M’Sir u%?lgﬁ}é%[lzozl‘?ﬁe 3?“1&)?;;@???&!15&.51@ sulfonate of 3
6.} mgﬁﬁs{ly methyl S 55h

S i-thinnhan l_nra. | Nad

4 artr mrmoprnc "y pgropar=r-uor +HH+H .
3-methylamino-I-thiophen-2-yl-propan-l-one hydrochloride fplloyvmg the

The sphscddirervieketonsie 2Toambuil tsitndifondisicas s speeifieddarfable 2.

hydr(}ﬁ@agg Q Q{Q?éﬁjb‘i Qi 14&'@3) %Q%%QQS%@;’ g:e %%ta%rﬁ%wep e!ﬁhzeg WIth the Mannich

reaction under pressure as outlined above in examples 1 to 17 accordingly to step a) or by

mixture of a sulfonic acid and a free base of the {3~aminoket6nes of formula II. The free bases
of B-aminoketones of formula 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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Preparation of 3-methylamino-I-thiophen-2-y|_-propan-|-one
p-toluenesulfonate from 3-methyl- amino-I- trllophefn 2-yl-propan-l-one
drochloride according to table 2. To a mixture o

%éﬁ@fﬂ?ﬁii’ﬁﬁwo I thlophgen 2-yl-propan-l-one hydrochloride (28 2/Ep2006421334
mot), methyl 5 tert-butyl ether (MTBE)(510 mL_) and water (60 mL) cooled
to 5 C is added within 15 minutes aqueous sodium hydrOX|de_(38.4 gofa
3&@/%) agueous solution, 0.192 mol). At the end of the addition, the
reaction mixture is stirred for 10 additional minutes at that temperature

Preparation e tienstiabenined %m@e&ﬁpmmgémebasﬁme&ﬂﬁh%da \ﬂtﬁg;] 3-methyl-
cted wi
mnlﬂUatth@}?@ﬂllL}l— Hj? o HSHI%S&&%%%&? aree%: !{ﬁ a 88?&&?(?%

E (2x.150 mL). The colleCted organic hases
‘m%ﬁ )::& fr? %)Pr%n‘( turersmykomeheda md@c@t%/gtra@zzﬁoaz)gnemyl

S :The

”e”f‘n;}”;f‘jm"’“ﬂﬁ?ei‘mgmg‘“m“?if‘?g?ﬁ?gtﬁ?iﬁvéi%ﬁ%ﬁ%% Wine
15 {li tiorT e reactioh §1 &éa WiAnirueass solytensArkad mol). At the
end Qﬁ&%ﬁ@mﬂmrﬁam@mamsmmdrferp«ema&ﬁaﬁﬂim% FM15 fitrature
and fw&th}E%e@ a?d?gidﬂ?edo 81118 ebglfgles"vv\é%%/eg m Oépﬁbjﬂéqsm&en the

affording a 15 light brown-rosy '
colleg@g[ﬁ@fﬁ UEoPRISRAVITS cH i pried st THHB @’ﬂlﬁé} pnbx)iuﬁmamh&d organic phases
are thenkysirtiised fORdSRRYY,ARALEF) T ATAHNG.3, “E 5 yieae (35, léd

0 t). Table 3: Preparation o alts y anlon
04356?)’(% nggeo /%aﬁé'{fg)@,eﬁg f?gaslxc}?ﬁﬁgomeaes%éé wins: Termpotioterj@hiRzes
sponRpefOyly Sisingt s miejuyhmﬂettmyl end b hAdARANTBRR G RiRnte & 5H8¥ed to
& 25 %%(Mﬁ% Qtjthgtlf' S o%lqlen | meﬁﬂyl -- NaOH H20/M'tl'rBEd
stan. a't e'\f \éteﬁﬂ %}}esgrgf%tﬁgq:éﬁﬁl ate

0.min 2nd step --- ---

washﬁge‘fﬁ% NIBE q.ﬁ@@Mq@EhseQBtrﬁ@ﬁQuhdmp’aeuuﬁD@ﬂlﬁlMMM (f@lh‘hﬁ'(ﬂ-&ng a
hght s Pok i SoliiBOaeRat R Pélﬁl@é’?m@ lf)%ﬁﬂ@t lgRAL 530 Mai] I%%cessary,

%tllne(éln exam les 21 to C16 below Genera procedure for ex

uct can b recrystallised from isopropyl alcohol (150 mlL) 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 | - (+)-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 11 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 B-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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I5 A mixture of the catalyst as indicated in table 4, a P-arninoketone
sulfonate of formula 1l (1 eq), potassium carbonate (0.05 to 0.5 eq),
methanol (40 to 50 mL) and water (10 to 12.5 mL) is WO 2006/087166
VBEPEH880366/001334 26 charged under nitrogen in an autoBEVEPTI6/001334
autoclave is then closed, purged sevetal times with nitrogen, and then
hydrogen is added until the pressure reaches 10 (examples 24 and 25) or

h C. After the time as indicated |n table 4 h at the respective
e e%%?éﬁr%‘%‘r?é GRaer alslt?rtrll?tc]ia‘{ﬁe fe‘?t"ilﬁﬁ B BifdtsgerioRsderuasedsexper tipes with
nitrogay %%&M@mmmwédsddmﬁbm@&abmmmmb usiiged 24 Rl ¥9))or

soviRbiuse oS RebAROLARANAIRGONGEAA | f HEnSiened, 10 8 o0 e

" roug}d bottom flask and concentrated to ness a
stnipgy the remaiging iy dipaenitielarsed prrefule Srenthgramiivoketstesis diluted to

abouteffedenCediin tﬁhb(@@ﬂﬁ sRRRAS 40 thenAdMALRhiiRessiRIg 8’99 t?:Insferred
into 5% pectlg%o ?{ gtonge The 2" d column of table 4 denotes

example from which tha f ﬁSBﬁ%’éfﬁﬁtﬁ@@%ﬁﬁﬁf@R%@%m@mﬁems ofa
sulfopictrid KB alﬁollmthé th«mmpi@aﬁﬁnafet%ssz%ﬁo%@ ﬁﬂﬁﬂ;le 4 %orres onds to the
a ave been isolat s.4the free base

et e gk et EOLEaN RS Ui LGB B denotes

the eﬁ?l?}?]&rfﬁ’ghﬁb'@b@%émmmf@mde @Eam@temae%lﬁqmm sodutiandn.

The two phases are then separated and the aqueous phase is extracted

In thW'th MT ?f’r?é(zxs mL). Afterwards, the collected 15 organic phases (in
reciditkiens 26bsifeyinrelenhsls ovidormdiimtsykdtesn isolated as

the fxfd@rhﬁeelbgaﬂdaﬁﬁ&@t&fﬂﬂ@é@é&i&x@ M@%%ﬂéﬁt%gﬁ%ﬁpm%%%fgﬁ%’ﬁ%m

e free bases o

lis |
and & ei%%éa 1CO (r)lfs ormu?gﬁ“f’ rﬁat 8r§§f?}}s§§({)%§0@gfp§g~Mq@hh@s are then

SePafHF@éé@f@ttbeouttmd phaexareptesttd 162 01 POEXeRs iat Pracreliaiiothe collected
ati@ rRMEaNaMPLS |xt e of the salt of the
e f3 rgﬁl@notﬁetone of for%ll%la I'ijt1 i%;ig)"%@ﬂe a{eg ) %#Yn?ﬁé‘tﬁ’éﬁdﬂtmwd

and CPZ*S"?WE?@&?]Qmé’d%ﬁfﬁeﬂlﬁﬁr%bwmoahmbmﬂmwmaﬂms afbalution hours.
The 1efethe ofalialfist ibuseetTanOkiL AN OHNE BRSELUNOEE DY Rge ;i %'dec%évre%ponds

r(tﬂ%e to the first mlxtuLe The autoclave is then closed an

to t
o the g\%%? mes Wi ‘ﬁ%ﬁ]@ Ft%ﬁot%g’drogen is added ?5 until the pressure

reaches 30 bars and the mixture is heated up to the temperature indicated

Gene!f‘aﬂﬁP&%éﬁ?J%r t&%ﬁ%ﬁ%‘%ﬁ@’% %lgtp a &at te&%erature under stirring, the

reaction mixture is
A mixture of the salt of the B-aminoketone of formula I (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 tnL) prepared under nitrogen is added vig a syringe to the first mixture.
The autoclave is then closed and purged several times with nitrogen, 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 (S)-3~methylamino-1—thiophen-Z—yl—propan~1—ol mesylate of table 4
mp (uncorrected) : 62 — 65 °C; 'H-NMR (DMSO-d¢, 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), 239(3H s), 2.0 (2 H, m).
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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. to Example 25: Data of

W8 U8TSAamino-I-thiophen-2-yi-propan-I-ol mesylate of tablEAPRafs/001334
(uncorrected) : 62 -65 C; 1H-NMR (DMSO-d6, 400 MHz) : 8.4 (2 H, s,
broad), 7.4 (1 H, dm), 7.0 (2 H, in), (1 H, s, broad), 4.94 (111, in,

in, s (3H s), 2.39 (3 H, s), 2.0 (2 H, m).
Tab ) §8% ??‘}(fé’é/ é%%{)%% (%?{ Sz‘v‘)?‘amﬂans&%#rfﬁmﬂ&a I
Nohydftereinati M@If@ambsmmumof{ﬁa{mplg/u: NbcSEoEReh | e
KetdioTatalysm@dkalyst TemiFold S[ECTonversjon ee |ketone [mmol]

21 [perathiid 21 examplepkahOp BYANIS. 1750 ’UZ) 0070 9085 21 36%

xam AN-5-12125-5-h-205100% B
22 4 & P??J’rfi m\iq(’r’ﬂ V8% 9dok? 24 edan pﬁeh5 27206 QUANGY% 25 #1%
23 zranledd 989225 dxeimible 5148 DLSAN 44 40 2doh LO0RHHI0% 9494
24 Q28%adplesampia e LBORWAN 1.0 5 RTPY T U7/ VNN ﬁ({q%:d" Fqﬂgo
TGN S5 POt Co pam DUPL 4552
PR B0 dPNAR e 442 11 BPUARLID 0166294 h 200%004 929
26 c,m@mlméha 11129 20130/ |1110.60 5 B3.0P 20%(9506 CIl epgample (14,
C71.2GunpAN 110450 5hal0g 20%.87% G42|exampledzy 1.20 TANG T80,
C84QLalOIR0%.49% Stisetampie 5 1550 DURH T h5q 511 1G5 5,
1

=

D

Co¥ardplch 9Xample » HEmPYPT) {108 - 1o P 187
CLPRTRIRS 1120 QPMBERG 90 169 S0 chib ,fg%gz b
22 \%i(:a .jélﬁ .faz“d'. C.’ﬁgmu ,sglichrég}r;Jlﬁh 1unE8dn| NPUSA, LIS
Ciz] example ¥4 120 TIANG L 110 | 80 [ 5k | 109 | 30% | 79%

013[ RERRES 6). 5200 HohdhAdiensyBF4 B | 109 15% | 91%
Cl4| example5 | 1.20 | DUPH | 11.0 | 80 |45h| 109 20% | 88%

Cl5| example5 | 1.20 | DUAN | 11.0 50 | 5h | 109 35% 88%
Cl6| example5 | 120 | DUAN [ 11.0 80 | 5h | 109 40% 79%

Diphosphine ligands, commercially available e. g. from Chiral Quest, Inc, Monmouth Junction
NJ, USA, used in the examples 21 to C16 are: [Rh((R,R,S,S)-Tangphos)(norbomadiene)]BF4 =
TANG,

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

Example 27: (S)~3—methylamino-1-thi0phen—2~yl—propan—1-ol Dp-toluenesulfonate
A mixture of (6')-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 récrystallised 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, s), 2.28 3 H, 5), 2.0 (2 H,
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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5 TANG, [(S,S)-Me-Duphos-Rh]BF4 = DUPH,
[Rh(NBD)(Rp,Rp,Sc,Sc-DuanPhos)|BF4 = DUAN. Example 27:
(S)-3-methylamino-I-thiophen-2-yl-propan-I-olp-toluenesulfonate A mixture
VEP 289588 éthylamino-I-thiophen-2-yl-propan-l-ol (5.0 g, 29.2ramiz006/001334
methylene 10 chloride (50 mL), p-to%enesulfonic acid hydrate (5.55 g,
29.2 mmol) and methanol (20 mL) is”stirred 1 h at 25 C, then
frated to dryness. The residue (10.8 g) which solidifies after a few
B e A GRS OPSOARIY A ey
oxohigyiokai?- 2ol thgp09d)-miekidMR DI B©-d6, 400 MHz) : 8.1 (1 H, s, broad),
A mikiEd2 Yot et O 2H, dm), 7.0 .Mm), 4.92 (1 H, dd),
ml2.97 qiazkkl-klssurjnl symm.), 2.5%%0%1%6%2,2 glz%r?g}n ',1 é?g@%%?#o?%"mw and ethyl
acetafeOQNAR) (RIS A6 356, Mher p mixiors of 485t BhG: NR&THARGA (46.4 g,
200 thafmy, dRA. doct2d Q005G ) A3 Sihdsol (139 . 06/087168, .
" mPCEHEK?%O6/910]13ig4 )Example ! éﬁ% EIL%.QS a{d\éég d%gp\mse at]3% Cin
{gli-%s-'met Viamino-th %‘Eh-@%}i‘?ﬂ%ﬁéﬁ%‘%ﬂl@)emcﬂdiﬁﬁ’e‘lﬁyﬁﬁrad for
e e A
-3set - en-2-yl-propan-I- .2 0, 200 mmol) and
cO,ncethylezzgl’?:?iata e 4%%47%%22%%% eégg?g 5@ Sﬂﬂ?g%&at Greide. The resulting
mIXiEe iz ek Rereroias rfbimckapi di( et 4egp&20@ formicl et ABetasoldd 25 °C in
30 mimbieandietbammid 100:mbids 365010 40 minytes, Al the
cold S of gt*:e additioén, the resu|§r?§q§%8{%%v%%§8%a%%?ﬁ%‘§d eé?Hs] ?#8&%9 1% Once
‘minutes Setar i ihiired s ¢ sdfiicusanimtendootdid eheaetipitate is

flrstecamshis wishedyatetd to(oes0ei and @lbyhade ' 00 Mlolia BHIEKLIDor
] | r n neateda 1o retiux, Kept at tha

i s R il A RN

(1 HL 8% 14 thb 7oa8tfor(irilire dviieH, this essage g 20qbas, 30WoAd &, m,

T D A o A e 4 (1 5,

f rtisr tgze recipitate is filtrated, was
m), IQ{?%%%S Pe 6(5% *under vacuum (20 mbar) for 15 h affording a white

solid (71.5 g, 89%); 'H-NMR (CDC13, 400 MHz) : 7.2 (1 H, dm), 7.0 (1 H,
m), 6.9 (1 H, m), 5.21 (1 H, t), 3.3 (3 H, m), 2.82 (1 H, d), 2.75 (3 H, s),
2.50 (1 H, in, 15 symm.), 2.3 (3 H, in), 2.1 (1 H, m), 2.0 (1 H, in), 1.85 (1
H, d), 1.74 (1 H, in, symm.), 1.4 (1 H, m), 1.04 (3 H, s), 0.82 (3 H, s).
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WO 2006/087166 PCT/EP2006/001334 29 Claims 1. A process for the
preparation ofN-monosubstituted G3-aminoalcohol sulfonates of formula

Wb hkherigs HO-- NHZ R- S(r)3 R2 R 10 HO R NH2 R3Sp%ET/§Pﬁ&/001334

wherein R' is C6-20 aryl or 0412 heteroaryl, each optionally being
substituted with one or more halogeA%atoms and/or one or more C14 alkyl
or C14 allcoxy groups, R2 is selected from the group consisting of Cl4

Clai&!kyl, C3_8 cycloalkyl and 06.20 aryl, each aryl optionally 15 being

substituted with one or more halogen atoms and/or one or more C1-4 alkyl

or C1-4 alkoxy groups, and wherein R3 is selected from the group

cOrREReRSE or g?—ﬂ%@??“@éfi@w@mt@ﬁ&mﬁnyhmm@%%&éﬁ le¥lformula
residues, comprising the steps of 20 a) reacting a mixture comprising (i) a
methyl1}<etone of formula R IV, 25 wherein R'is as defined above, (ii) a
prima;y’qrniﬁne\of fogmul% H2N-R2 V, 30 wherein R2 is adasfihed above,
adtYjiipformaldeiibide dt'as®ice of formaldehyde selected from the

group consistin 12

. Ib’
HOJ\/\ + 3 -

wherein R! is Cg.,0 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 selected
from the group consisting of Cy.4 alkyl, C3.4 cycloalkyl and Cg.y aryl, each aryl optionally
being substituted with one or more halo gen atoms and/or one or more C;4 alkyl or

Ci4 alkoxy groups, and wherein R? is selected from the group consisting of Cy.;5 alkyl,
Csa0 cycloalkyl, Co0 aryl and Crp aralkyl residues,

comprising the steps of

a) reacting a mixture comprising
(1) 2 methyl ketone of formula

RI

A v,

wherein R’ is as defined above

3

(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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of formaldehyde in aqueous solution, 1,3,5-trioxane, paraformaldehyde
and mixtures thereof, WO 2006/087166 PCT/EP2006/001334 30 in the

weesrbes Rka sulfonie acid of the formula R3-SO2-OH VI SPWP[%%H%%ﬁ 334
is as defined above, optionally in an organic solvent, said organic So vent

optionally containing water, to afford3& (3-aminoketone sulfonate of
formula 1 10 O'v 'NHZ R3 SO3 Il, RZ wherein R1, R2 and R3 are as
defibedraprve ofamii)msymidneftticafiyhyrrogenating said sulfonate, to
afford a (3-aninoalcohol sulfonate of 15 formula I, wherein Ri, R2 and R3
arg as defined above, in the presence of a base and a catalyst, the
c&éﬁ%’t‘@&nprising a trans¥fon metal and a diphosphine ligand, at a
hydrogen pressure of 5 to 50 bar, in a polar solvent, optionally in the

presence of Wa'ﬁer process for the preparation ofN-monosubstituted

2.
RIASIen R, Jsos C&finghaba¥ef formula 20 R la HO S NH, R3 SO3 R2 and

"2ptloRIbin-HOodgR N BaIRBSE organic solvent optionally containing water,

to afford a p-aminoketone sulfonate of formula

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 Rl, 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 p~aminoalcohol sulfonates of formula

1

R
: Ia
HO /S\/\ITIH; R*-50,
R2
Rl
kﬂ o
. + z -
HO™ p NH,  R*-—SO, -
R2

wherein R! is Cé-20 aryl or Cy.12 heteroaryl, each optionally being substituted with one or
more halogen atoms and/or one or more Cy_4 alkyl or Cy4 alkoxy groups, R is selected
from the group consisting of C;4 alkyl, Cs 5 cycloalkyl and Cg.9 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 C_y5 alkyl,
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RZ wherein R1 is C6-20 aryl or Ca-12 heteroaryl, each optionally being
substituted with one or so more halogen atoms and/or one or more Cl-4

vl ks34 alkoxy groups, R2 is selected from the group cﬂ(;g%ﬁ 996%1334

Cl-4 alkyl, C3.8 cycloalkyl and Crr20 aryl, each aryl optiona ein
substituted with one or more haloge® atoms and/or one or more CI-4 alkyl
or Cl-4 alkoxy groups, and wherein R3 is selected from the group
cEnsistinlpdk @) Coalkyl MIQ 2QQEMRSTIGGHRE, T/EP2006/001334 31

( - and C7-20 aralkyl residues, comprising
e RS s B
TI, 5191 ~~NH2 R3 So03 KZ wherein R', R2 and R3 are as defined above,
in the|presence of a base and a catalyst, the catalyst comﬁrising a
trMﬁﬁd}@gg osphine ligand, at a hydrogen ptressure of 5 to
50 bar, in a polg]“3olvent, optionally in 10 the presence of water. 3. The
process of claifh 1 or 2, wherein Rl is 2-thienyl, optionally being

S ituted with orm haJogen atoms, and R2 is selected from the
g?g%glg{o%ﬁéi\gina&%é? maé?k?ys/%r%ﬁ% a%@?f?butyl and cyclopropyl. 15 4. The

protieseretars obhdisierad dodslysaheinaths Coamprenica ool mua bis »
?gl;ﬁ(%- _I\flf%m@ %9‘1&9&_%}%{1%%3?% of 5 to 50 bar, in a polar solvent, optionally in

-meéthyfamino-I -propanal,
(812 @yesenRe e tiFamino-I-(3-chloro-2-thienyl)-1-propanol, ()?)-(+)-3-N
methylamino- 1-(2-thienyl)-1-propanol and

(R)-(+)-3-N-methylaming-I-(3-chlorp-2-thienyl) 20 1-propanol. 5. The

p?(?)léé’%(s)co Sa‘%};%f/‘& g??ﬁ §’I Péﬂ(hﬁ,%ré"l r%ﬁgeaf’iﬁ@’g@#@l}ﬁ’d)%ﬁﬁlbﬁih@d with one

fonmere YiligepsiertethftbRT iheciparp feensiFIRS® consisting of methyl, ethyl,
tert-butyl and cyclopropyl.

The process of any of claims 1 to 3, wherein the p-aminoalcohol of formula I is selected
from the group consisting of (S)~(—)~3—N—methylamino—1—(2-thieny1)~l—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.

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

1) 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) eycloalkyl 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

1ii) mono- or polycyclic aromatic or araliphatic 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, halo gen and hydroxy.
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1) linear or branched alkyl residues, consisting of | to 18 carbon atoms,
containing one ?5 or more substituents of the group consisting of amino,
vtfﬁlﬂﬂ%s hydroxy, ii) eycloalkyl residues, consisting of 6 to 20 carbon
atoms, oz{t%gnally containing one or more nitrogen or oxygeﬁcgi’gmgomm”“
and/or one or more substituents of tt2 group consisting of amino,
halogen and hydroxy, and iii) mono- or polycyclic aromatic or araliphatic
réidpesesontining Qiiniol 30 Sareriomions, AinRalv.5epkajaing one
or more nitrogen or oxygen atoms and/or one or more substituents of the
group consisting of amino, halogen and hydroxy. WO 20061087166
Pﬁimm@eﬁw%m&&g Bid’ﬁ;,geuhm_rheﬁsﬁ' OfraijtiohcHia) f slslsé&c'ilea\@%&;?{ﬂe
t SOniSBnEF MRSl e Pracess of any of claims | to 6,
w ergin the trf?;lsition metal isese ectoérﬁ%urﬁltﬁree%%ﬁr%ﬁ%ng of
rhodium, ruthenium or iridium, preferably rhodium. 5 8. The process of any

offulsimsclstot inyibryeiniihe diphAsRIRRUaand i, felRgied from the

ar ec':é)gsstflg% of P-tBu!\10rHPP H,tBnC b

(§?§F—t cBUPREE RS e afangPhos”, (S)-"C4-TunePhos", 15 a--I--_
PPI ..., PPh2 20/OH1/ a/\HP

\\Q P—==1tBy
P H
@ l” H l '. '
d "1tBu
(S,8)-“Me-DuPhos”,  (R,R.S,S)-“TangPhos”, (S)-“C4-TunePhos”,

P i P
{~-Bu E~Bu

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



at-But-Bu (S,S,S,S)-"Me-KetalPhos", (S) and (R)"MeO-BiPhep" and
"Rp,Rp,SGS5-DuanPbos”. 25 33 9. (3-Aminoketone sulfonates of the
formula RI1l, O NH R3 SO3 R2 2 whesein Rl is C4_12 heteroaryl, each
optionally being substituted with one or more halogen atoms and/or one
or more C1.4-alkyl or CF -4-alkoxy groups, R2 is Cl.4- alkyl or C6.20 aryl,
9.each arhopsioniatly hefngasedsfithiteddmmvitiaone or more halogen atoms
and/or one or more CI-4 alkyl or C1.4 alkoxy groups, and wherein R3 is
selected from the group consisting of C1.18 alkyl, C6_20 cycloalkyl, C6.20
aryl and @7-20 aralkyl residues. 10, [3-Aminoalcohol sulfonates of the
formula HO-- NI-1 +2 R- SO 3- 1, Rz wherein Rl is C6-20 aryl orp4 12
hetero yg‘quh/‘pt Iylgeln ubstituted with one or more halogén
atoms and/or one o yl or Cl.4-alkoxy groups, R2is
Cl.4-alkyl or C6.20 eryl each aryl optionally being substituted with one or
more halogen atoms and/or one or more CJ-4 aIkyI or C1.4 alkoxy groups,
and w ereln 3is %53 d fro rou ﬁ? obel 14 I“ylh
C6- ZJVC ylls erﬁgf d é@)té g & %% strtuted with one or more

halogen atoms and/or one or more Cj4-alkyl or C;4-alkoxy groups, R? is Ciu-
alkyl or Cg.o0 aryl, each aryl optionally being substituted with one or more halogen
atoms and/or one or more Ciy4 alkyl or Ci4 alkoxy groups, and wherein R is

selected from the group consisting of Cj.13 alkyl, Cg9 cycloalkyl, Cs90 aryl and

Cr.0 aralkyl residues.

10. B-Aminoalcohol sulfonates of the formula
R!
X/\ L
HO ITIH R—SO
R>

wherein R' is Ce.p0 aryl or Cap heteroaryl, each optionally being substituted with
one or more halogen atoms and/or one or more C,.4-alkyl or C;4-alkoxy groups,
R? is Ci4-alkyl or Ce.0 aryl, each aryl optionally being substituted with one or
more halogen atoms and/or one or more Cj.4 alkyl or C;4 alkoxy groups, and
wherein R® is selected from the group consisting of Cy.1g alkyl, Ce.p0 cycloalkyl,

Ce-0 aryl and Cy.p aralkyl residues.



