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WO 2005/ 080370 PCT/ EP2005/001781 1 Process for the
preparation of enantionerically pure

WO-28e8186370 ut ed- 3- am noal cohol s The present i nyenieipfuas/oo1781
refers to a process for the preparation of
enantionerically pure 1-supstituted-3-am noal cohols,
particularly of (S)-(- )- and (R)-(+)-3-N-nethylamno 5

Proces%fe&ﬁp&p#q%ggquﬁp %% Wcﬁ ;g)gré: rs‘g seq o%tdaé-ammozﬁcohols

correspondi ng am noket ones and a carboxylic acid,
particul arly of 3-N-nethyl am no-
The pregent dnvehtiemsgefors fo @pl@passcfnethamdemrmwﬁmamtlomupdly pure

t-subsipdEa B ERADIS R, S BRIy (AT 429 B3 W AR Laniho-

1-(2-thies)1)- -pro dﬁmb} Wdhydaamer&tdmé@w ﬂyﬁﬁ%ﬁ)icallyﬂ&@ﬂ%@ﬁéuﬂg%aﬂﬁofthe

i nternme for th e prep arat’i on of

corresp@:g}mg aineketanes-apd.a(carbayHe h@lﬁ:)%t@ﬁ%ﬁ%Néﬁ?ﬂhyﬁpﬂ@%y I
1--thifaf P Do ONE 4 (b BREH 0l Bfosbil of bcRBIF Blrmiiising a

transitidﬂlinéﬁlitﬂclya&gﬂ&ghﬂﬁh gdhd.29, Sorbera et al. Drugs of

the Future 25(9), 907-916). 15 Several processes
for racem c (W2004/005239) and asymetric (Sorbera et

(-C)-F 3R iDL BRERH L 3o Bhot 9ol by RRIROKE U VrcPiofion of
Oyl st ot bt
treatmely} G SpiESSOR AP WO FICRBARTSE (TG 4} o CHEEA 000 122625,

are disclosed in
Sorber B B O R °Eh. & 0 04 a57.

EP A 0 955 303 and WO- A 02/40492. Huiling et al.

55198 o bera A Rts e sov esppmetie e gl i)

Several(;g?ce(sse)s

hydrogéﬁh’tl@ﬁ Bﬁﬂ'ﬁenyfﬂrhﬁﬂk@tﬁﬁe b 16RWE kS W6 W4 prdcesses for chiral resolution of
| oropropanoyl chloride in the presence of tin
the resql’@mg Fdhinethy lﬁaﬁh@nﬂ)t lopropancl (WO-A 2004/005220,

WO-A J0H088:87), bl ﬁay%pes%%rf&ﬁtﬁé St n o SR dsing
transmé’n fletabAiQard c((ﬁn;ilé}-teﬁ Ay disdlofdaR TPOA O 6475a4R] EP220 9RE15DN
ansest erification usi 2120\” nyl but anoate and

EP-A Olqv"éa{’ég BP-# 8 Ap A0 ath WA PH A4 as catal yst in

hexane yi el ded (S)-3-chloro-1-(2-thienyl)-1-propanol,
which is converted to (S)-3-iodo-

Huilinglet @P.-deldribe k?‘e}ihranionﬁﬁ"r@) (—QS!—Ngn&h}zllamind- ]ﬁ@-dﬁenyl)- -propanol from
thlophe?lé‘:e @Eﬁ@pg rqﬁ%gﬁgrgqr&mté gtpthirc‘)sropropanoyl cl;IEt id ina € preselg]ce of tin
tetrachﬁﬁ)i% i Dempedd tg‘ét-&ﬂ&%m'ggﬂ 3@' i Bi‘orpgﬂéﬂe 'JvhR:‘hQQ fRked with sodium

i anot Her

era et at descr epar at i on
borohydtijle (&e)the&ol\torﬁeclﬂmloalﬂmm)(l)z-l {pnmlmnyll Kinetic p‘c&mﬂuttmi byf r om
‘u:amsf:s‘%:hI 0 h g e rﬁu‘ﬁ%ﬁe%t pgsl‘,el B frto&eCaSnac?Ea tarcr}zca as catalyst in

hexane yielded (S)- 3-chloro-1 (2-thienyl)- l-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.

Sorbera et al. describe another preparation of (S)-(—)-3-N-methylamino-1-(2-thienyl)-
1-propanol from thiophene, which is essentially the same as the one described by Huiling et al.
except that 3-chloro-1-(2-thienyl)-1-propanone is asymmetrically reduced to (S)-3-chloro-
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except that 3-chloro-Il-(2-thienyl)-1-propanone is
asymmetrically reduced to (S)-3-chloro CONFI RVATI ON
WCQRE/08072005/ 080370 PCT/ EP2005/ 001781 2 PCT/EP2005/001781

1-(2-thienyl)-1-propanol using borane and catal ytic
anmounts of (R)-3,3-diphenyl -
1- et hyl t et rahydro- 3H pyrrolo[ 1, 2-c] [ 1, 3, 2] oxazaborol e
in THF. This asymretric reduction afforded

1 (Z-th(®}’1)81fplh>lpemi king Dotane end ktaliytiomopanislof (R)-33ydiphcaybf

-methérﬁ grm §{-_ch%| %Eoctbéncéél § %ﬁ%ﬁqa@ﬁﬁ%aﬂng 8 etrllc?er:duction

affordea ?f%momﬂ (_ﬁtlﬁle ?@M‘éﬁﬁl&ﬁn&?ﬁl@éﬁ%{ fbhoNehefo-1-(2-thienyl)-

é“%l N- et hyl amno- 1- (2-t hi enyl ) - 1- propano

-prommm@ egleeetiaia) debelo€Compdi RadsephoemclI95926i2d 322apounds
such as tin tetrachloride and benzene and/or the use
of expensive compounds such as borane or sodi um

The draWBHMUS of Hard 1@&5&1@&:; bEISNG—)-B- Mgy fRno AL (2L thisal1)- L-propanol above,
di spose_ of . The di scl osed asynmetric hydrogenation

are theyise ebtoxissoneardinagepis @gmpumis such a3 én tetrackierideand bapzene and/or the

use of %&%_ﬁ&g? g&flécl;n\]ﬁlgg ¥\?Jh(a%%% Qr ?tfhu_ull 18111818,&%1% lnaéter s)ef-mg in addltlon

dlfﬁcuh b¢ &@pos@fof.t e discﬂ@séﬂhsymmeﬁld lgidrdgendticaMirdeesgss with dlphosphmes
| ogi cal and econom cal process faor the _prepar a{ ion

are not@ptlg'ﬁ@gtlp 5783Fd efdhe yycggg@atlon of 3-N-methylamino-1-(2-thienyl)-

- bstit ut ed- 3-am noal cohol s, particularly of
propé §§% and 15
(R) - (+) 3-N-methy|am'no-|-(2thienyl) 1-propanol . It

Itis aﬁiq i agg{. T?lgr Bq%ggaiﬁé f he [ sent epgmt I 300&()[5]’08{)%%??3 for the
prepar@ b @eﬁé‘xﬁi&n&ﬁhﬂ?gur@heﬁﬁs@ﬁkﬁcﬂ §mﬁ{oﬁlc%ﬁ$lb SEREeudM 1y J)’F(S) (-)- and

process of claim 20 Provided is a process for th
(R)-(+)p3-dpmetiylaoninofl -@ethiesyldfl-propandldi id anothat olfevti of mheapresent invention

to provige RO s 3 g et (P icypEl-propaitnd St EREC i

fromthe group consisting of 2-thienyl, 2-furanyl and
phenyl, each optionally substituted with one or nore

' These@hb@gewa&h@ﬁ@dbaﬁWwOQweowmmie C -a-al kyl or

Cl4- al koxy groups, and wherein R2 is Cl4-al kyl or
phenyl , each optionally substituted with one or nore

Prowdétaiscmec@tsmmh@px%@ﬁﬁ@nefﬁltswre Cl 4-alkyl or
Cl14- al kox%1 gr oups

a carboxylic acid an aminoalcohol of the formula
R' R’
§ r? Ia, and/or J\/\ R? Ib,
HO s~ N7 HO™ R N~

—z

wherein R is selected from the group consisting of 2-thienyl, 2-furanyl and phenyl, each

‘optionally substituted with one or more halogen atoms and/or one or more Cy4-aikyl or

C1.4-alkoxy groups, and wherein R? is Cy.4-alkyl or phenyl, each optionally substituted with one

or more halogen atoms and/or one or more C;4-alkyl or C.4-alkoxy groups,

comprising asymmetrically hydrogenating a salt of a carboxylic acid with an aminoketone of

the formula
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30 conprising asymmetrically hydrogenating a salt of a

carboxylic acid with an am noketone of the fornmula WO
WaQAB/H8@&0870 PCT/ EP2005/001781 3 R ,RZ O i ptrErkoeSo001781

wherein R and R2 are as defined above, in the

presence of a transition nekal conplex of a

di phosphine ligand. In Sakuraba et al., Chem Pharm

Bul . 1995, 43, 748-753, and JP-A 50-70412 the

asymgetric hydrogenation of HO salts of

3- N-rfet hyl am no- | - phenyl -1 - propanol and
3- a%rﬁg?l(-ph\en}[{{ 10 1-propanone is disclosed.
ER 59 ®i'scl oses the preparation of HQL salts of

3-di nethyl ani no-1-(2-thienyl)-1 propanone and
(S)-(-) N, N-diliet hyl - 3- (2-t hi enyl ) - 3- hydr oxypr opane-

Whem?g qgi%a%%%den’é'teahﬁng?llatngptsﬁglt Zny(;lf oxy) - 3- ( 2-t hi enyl

in the presept©PPA BEMdMorMEtal complex of a diphosphine ligand.
(S)-(-)-N, Ndinethyl -3-(1-napht hal enyl oxy) - 3- (2-thi eny
| ) propanam ne. The " latter two ones being aromatic

In Salqﬁfa’ﬂf&%lob L PROVE %%Qdfs'%f 430483 hnd B-heRE7 70412 the asymmetric

preparafion o especti ve ofganic aci d salt
hydrogendtiogi (fH Clssatts ofi3{\methiylaptineul tphefiyl- b-lpro;lanqil and 3tdmmine-1-phenyl-

oror SRS I AT A5 RSB SER Pt
B e e e

amine gewolipothietaxaletaalis of @rﬁt}eNtN-dUnﬂbﬂe&n(l-n@thdm}d@t)&) -3of2-thienyl)-

properpitine gl S A BB e BRTRPIRF s (P b RO raniltine. The

latter t6% ©ASBEN® hrohbific Rty bf tﬂ@cddgpcﬁlmﬂé of firfnath et ation of the
t he di phosphine ligand is t - Bu Hui. 25 P "

respective @gagiRafdsakty is W&d@@h@ﬂd in ﬂlfmrwrm Siprisipghvs fiesmeorappunds can
be usetﬁ E/n dtiig @ﬁ&fs? 1%#1‘50 rezttcﬁlon gé {%h %ih%ﬁt fncx%a? R@ H2 W nount of by-products.
Using organic acids is favourable, since they are less acidic than HCI and therefore the risk of
decomposition while concentrating during recovery of the products is reduced. The compounds

obtainable by the present process can be used directly without exchange of the anion.

In a preferred embodiment, the diphosphine ligand is

P~=t-Bu
H
H ties
P1t-Bu
(R.R,S,S)-*“TangPhos™.

Asymmetric hydrogenation of 1-substituted-3-N-alkylamino-1-propanone hydrochlorides with
diphosphine-transition metal complexes is not possible without generating the free amines by
neutralizing the acidic salts. Due to the fact that the free 1-substituted-3-N-alkylamino-
1-propanones tend to decompose, the resulting 1-substituted-3-N-alkylamino-1-propanols are

contaminated with by-products, Exchanging the hydrochloric acid with a carboxylic acid allows
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30 di phosphine-transition netal conplexes is not
possi bl e wi thout generating the free am nes by
waoeuusnadiregi ng the acidic salts. Due to the facpctfpioosnor7st
the free 1-substituted-3-Nal kyl am no- 1-propanones
tend to deconpose, the resujting
1-substituted-3-Nal kyl am no-1-propanols are
contanmi nated with by-products. Exchanging the
direct higghbgemstionof thearesulting, toptianalyrbwifiet saltat ad -abstiwed\AeV-alkylmino-
2005/ 080370 / EP2Q05/ 0Q1781 4 dir.ect hydrogenat.i on
1-propagpng H’g“gé ¥ﬁﬂ‘g"fﬁ§g PB{J& %ﬁgﬂg% SIRPRCEE ?X%ea%/@% %‘Vé’l mg
decompbseRF ke br&Oamdm bk b inThd Presdick bP BAR G Sdtibr Rl Gdhtageous feature
yi el'ds, high purity and high enantioneric excess (ee).
of the passentdhnweptiodeconposi tion of the free am noketone in the
presence of base is another advantageous feature of
the present invention. 5 Carboxylic acids in the
CarboxyB&Ri80inGhe hitaniAp ©F tHalpréRUERyEtdbnan e BB ¥kids hatihgone free

aving one free “carboxyl group which can forma salt
carboxyligreupavhighican faroyepewlirithan fmine foswopnd gfifprplap I1 and/or L

. rti cul r C I.Cy: ACH: . . 1
pari 35 G BT e ARPR 1 088 Pyl pemboryic
acids whfchdi®d n it stoinRed saltdikefamatie)1Rdleis @k hdiplckrid h@td give unusable

mal ei¢c or adipic acid tend to_give unusable 10

resinous pESCiRates pHewPYAL: eerkaxylic@eidy whichdarmp aa jAmes salicandsstifirhap one free

' stil .
carborc Bl 36 {HItheclh g Rnfich ot BUSIRIRidetif e HEIRIQL the prosent
inventio iBkamiptestof saidearborgliodcids tmvinganewtthar eneavatbiony group, but having

anpl es of said car,boxyl.ic acids havin re than.one
only ong S GPOSY SRR, BAATHEY FHES SR SR SREoT B PR Ao
group, are amno acids such as aspartic acid or
glutamc acid. 15 In a preferred process, the .
In a prefenrdsbprpbéss, the catbpsylivadcitis seletted firothihe granprovsisingef opjionally

.of aptigpal Ly .substit.ut .1s-al kanoi c ids and_ .. _ .
substingi €5ty s PRhowliOIR R i e BRklE; filatio acies
acids. In a preferred enbodi nent the carboxylic acids
are substituted with one or nore Cl.6-al kyl,

In a prefiarr@l etbegdipentthy carbexylisncidspne srvatitugedwith ers eramore Ci¢-atkyl,
bonyl . .hal h d i |
Cus-al ol ot SR pr e iy Sl Bl or 5 affRY Rt

optionall§i filfthéritatBiayliegivupg of the present process are

butyric acid, valeric acid, caproic acid, pel %r oni c, .

Examplesifer Ci-arlagoigcacifls ip themeaning,ef the peesent procesicarg butyric acid, valeric
. - i . i -1h - t i .

it o4 S YOl o s Bl el TR B oy
acid, 3@?&?—?%%@@%¢gw—whehﬂ?wﬁ% mid,—lgaéparﬁaﬁcid,

acid,. 2-keto-D ic acid,, (-)-2,3;4,6-di.25, . .
D-aspagitiacii, Dby PIB Ao R0 B e GFid, Zifond fpric acid, ()-2,3:4.6-di-
O—isopéo . gae&Lﬁk&bdd-g@ohﬁgefd%ml(#519,@et,@dic@f-@oﬁoﬁyﬁdmbiz-keto-o-gulonic

acid.

In a further preferred process the carboxylic acid is a mono- or bicyclic aromatic acid,

optionally substituted with one or more Cy.¢-alkyl, C;.¢-alkoxy, halogen or hydroxy groups.

Examples for mono- and bicyclic aromatic carboxylic acids in the meaning of the present
process are benzoic acid, salicylic acid, 3-methyl-benzoic acid and 1-, or 2-naphthalene-

carboxylic acid.
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In a further preferred process the carboxylic acid is
a nono- or bicyclic aromatic acid, optionally
weubesistitoed with one or nore Cl-6-al kyl, Cl.6rarkex005/001781
hal ogen or hydroxy groups. 30 Exanples for nono- and
bi cyclic aromatic carboxylig acids in the neaning of
the present process are benzoic acid, salicylic acid,
3- et hyl - benzoic acid and 1-, or 2- napht hal ene-
Here agdheygis §¢Ipw the fesm “porbosrceiBpecRoTpEREt GOhyBIEAsIptically active
44 onerically pure
compog%g?pe\g@g%; di%ﬁ%]?’?@égﬁoﬁ &85&%%11%3@?%/ conpounds with
an enantioneric excess (ee) of at | east 90 % Here and
her ei nbel ow the te c for exanple

Here anghergingelpy) the e#"@pr(éséﬂﬁg imr ng‘le Sr1-eplleyla fepregends klppear or

branchgﬁ 91#?,‘ %%F@v%%ﬁ g g r(r:b&% bR 55% ?ﬁ?lo%aﬁ%t\b@? 91{1%(811 nV{AorterhaPo%%n atorus

substltmeﬂ) U@.@-ahiyhefpmseﬁx iﬂiﬂﬁx@n@ﬁt Mythyl, EM loropid, Qmﬁro yl, butyl, isobutyl,
but yl |sobutyl sec-butyl, tert- utyI

Sec“bu'ﬁ(éﬁf”%% é’hd’eﬁﬁ’k dheslle and her ei nbel ow the term
"G _"-al koxy", for exanple "C . 6-al koxy", represents a
linear or 10 branched al koxy group having 1 to n
Here andhdyeinbelbwrtbe teﬁnt’iCQmailkquW fohexansplorCgpalkoxy], ca]msents a linear or

branch%zi %EB%%%ES I@%& dP gﬁ;@%?%l allt( s, Opt p{@f’ye o 8;‘(?) e R gen atoms
substltﬁt%&’ @‘HE ﬁﬁdéx%:écﬁﬁeﬁﬁfs%b’exaﬁéﬂ% Qﬁ% msﬁbége%}y i@fpfopoxy, butoxy,

e and here ow t ete
lsobuttugvofegé:luw tertottoxy, peplyboxyend bexydext. oal kyl "
represents a 15 cycl oaliphatic group haV|ng 3ton
carbon atons. Optionally with one or nore hal ogen

Here add Refeinbelowahé tdmhe‘tg %y&ﬁalkyp" fleiythple ey %ﬁ@ﬁﬂ@aﬂfﬁ’l’ represents a

exanpl e mono- and cyclic rlng systens such

cycloaliphatie grayp avmg@cqom n ateme. Qptonelly mtbmpgn Boye halogen atoms

s GRS oo XL 851 o OB 8 pBSPRK s g

cyclopmpalypycobtd, cycloyakyladtotigxyll ericRpel, Scychoﬁtz{@adalnwyor

group having 3 to n carbon atons. Optionally with one
norborgyl. pre hal ogen atoms  subtituted C3_io-cycioal kyl
represents for exanple cycl opropoxy, cycl obutoxy,
cycl opentyl oxy, cycl ohepyl oxy, cycl oheptyl oxy,
Here am&bérmb&lyﬁvdhqtmd’(tg;ﬁdy@b&lkykﬁx yor e2ampler;apdycloalkoxy” represents

rei nbel ter m arg/ r sent s an ar omat
acyclo 5 gl‘()blp torps. (fé gﬁ;wn SBE OLHNS b:ﬁogen atoms
subutu&ﬁ'digo-ﬁjf&%k)‘l%ﬁ@séﬁtst 1or 8RBnAE cﬁ&ﬁo@ﬁly‘) 9?&109&9}@? cyclopentyloxy,
tro and/ or” am no groups, and t'i ona
cycloh@@b@m excleleptylony, syelgoctylory enchcmmpxy
di -d _6-al kyl am no groups,

Here and hereinbelow the term aryl” represents an aromatic group, preferably phenyl or
naphthyl, optionally being substituted with one or more halogen atoms, nitro and/or amino
groups, and/or optionally substituted C;¢-alkyl, Cj¢-alkoxy or di-C;.¢-alkylamino groups,

wherein the alkyl moieties optionally are substituted with one or more halogen atoms.

In a preferred embodiment R' is 2-thienyl, optionally substituted with one or more halogen
atoms, and R? is methyl or ethyl.

In a further preferred embodiment, the compound of formula II is selected from the group
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wherein the al kyl noieties optionally are substituted

with one or nore hal ogen atons. 30 In a preferred
werbediseEnt R1 is 2-thienyl, optionally substi pored2605/001781

with one or nore hal ogen atons, and R2 is nethyl or

ethyl. In a further preferred enbodi nent, the conpound

of formula Il is selected fromthe group WD

o

i- (3~chI(ﬁd-r2(ﬂﬂen§3})4\l=-pinﬁndl JQ@) -3-N-methylamino-1-(2-thienyl)-1-propanol and
R§’3 chl oro-2-thi en A - pr.opanol ,
(B)-(H(3rd-methylamipari($ryhlers-Abienyl>1tmppangl.) - 1- pr opanol and
(R-(+)-3- I\I-msthyl am no-1|-(3-chl oro-2-thienyl)-1-propa
nol. 5 1n a preferred process, the transition netal is
Ina prefﬁ'atcﬁhirecbsﬁ rthertriisttigr aeial Beslscied ifag b gfdupcbouﬁihtmg of rhodium,
ruth &Jmandlrldlﬁlq% preferably rhodi In a
rutheniyn and dridigme prsferably 5 t he di phosphine ligand is
sel ected fromthe group consisting of 10 P X -not-Bu
PHCOO PPh2 P p....t-Bu PPh2 15 (S, S)-"Me-DuPhos",
a fur(th ReSre)d-procass Phodiph¢phinedighiid ivdeleotd, frond theprRhé@nsiRfing of
PPh2M—|Pi gP t-Bu t-Bu 25 O-
" Me- Ket al Phos” (S) and (R -"MO Bj " and
(R RP c, Sc) - DuanPhgs” ment i oned g are

IIy avai | abl %’P
h,

uth ,wJunction,

H Hn
d sit-Ba Pth
(S,S)-“Me-DuPhos”, (R, R,S,S)-“TangPhos™ (S)-C4-“TunePhos”,
o+_
-““‘ O

(5,5,5.5)-“Me-KetalPhos”, (S) and (R)-“MeO-BiPhep” and “(Rp Re Sc,Sc)-DuanPhos™.

All mentioned ligands are commercially available, e.g. from Chiral Quest, Inc, Monmouth
Junction, NJ, USA.

In a preferred process, the compounds of formulae Ta and Ib are obtained from their

corresponding salts with a carboxylic acid by aqueous hydrolysis in the presence of an alkali or

earth alkali hydroxide.
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In a preferred process, the conpounds of fornulae Ia
and | b are obtained fromtheir corresponding salts
Wa@i200%/08035ar boxyl i ¢ acid by aqueous hydrol ysi s poOr&bsos/001781
presence of an alkali or earth alkali hydroxide. WO
2005/ 080370 PCT/ EP2005/ 001781 7 Provided are salts of
a carboxylic acid wth an am noketone of the formula
LR 211, .5 H wherei is selected fro t he group
Providef el ph g cUPORREBHY It 53 2PSACksIARe gh BB cach
opgionally substituted with one or nor e halogen at ons
/[or one or nore Cl4-al kyl or Cl-4-al koxy groups,
a d wherein R2 is Cl.4-alkyl or phenyl, each I,
0 sBbstituted with one or nore hal ogen at ons
O%nd/or ond or more Cl4- al kyl or Cl _4-al koxy groups. 10
Particularly preferred, the carboxylic acid is
se] ected fromthe group consisting of Cl.18-al kanoic

whereingR| igselectpd from the @r@p -consisting of R thiehyh@-frayi and phrnybsach

optionafE sl P11 e S5 tglgep g i age or more Coallyl o

C1.4-alkdxK gloRps, 298 Ivitidiein RE is0C;.2alkell (rpheyl| @idh Gptietally substituted with
L-aspartic acid, D-aspartic_acid, benzoic acid,

one or moigelngen aten aadis pre OBRPFCY - ~dkglorE1aradkonty groups.
2- napht hal enecar boxylic acid. Furthernore provided are
salts of a carboxylic acid with an am noal cohol of the
Particulbudy ptdfﬁred?ﬂze%rﬁd@ylw adid isbelavke) feom the grosp saisidtihgdf f rom

Cras-aLbatoie TS ok i et PSR B ksioaL GRIoBis 10 AT o -0

O—1sopr§?ﬁiﬂ%n§-@%e@6—D%q@orﬁé ﬁk&b 1,4%%@5 loc8r 2-kEth- ﬁgﬁ‘iehﬁ%ld

oups, and mhereln or phenyl, each
L-aspam@acnd:,rmhmamnmd |bbnﬁoe®aqm,t3anmﬂg'lbeﬁ5mo rcidpsaticylid anjdand
5 abnd/ r gqne or nore CL.4-al kyl or O _4-al koxy
2-nap tg?lﬁ’&eﬁ@r a‘fﬁ‘e exception of salts wherein the acid
S (-)-2,3:4,6-di -0 isopropylidene-2-keto-L-gulonic

aC| d or

Furtherfneye progided eregialtoof @@ﬂgb@pwclaGMak aminoplcgholodite foringla
The _present invention is illustrated by the foll ow ng
non-gimting exanples.

_R* 1

wherein R! is selected from the group comprising 2-thienyl, 2-furany! and phenyl, each
optionally substituted with one or more halogen atoms and/or one or more Cy4-alkyl or
C.4-alkoxy groups, and wherein R? is Cy4-alkyl or phenyl, each optionally substituted with one
or more halogen atoms and/or one or more C;4-alkyl or Ci4-alkoxy groups, with the exception
of salts wherein the acid is (—)-2,3:4,6-di-O-isopropylidene-2-keto-L-gulonic acid or
(+)-2,3:4,6-di-O-isopropylidene-2-keto-D-gulonic acid.

The present invention is illustrated by the following non-limiting examples.
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WD 2005/ 080370 PCT/ EP2005/001781 8 Exanpl es Exanpl e
1: Preparation of
W@-2p05/8e31¢| ami no-1 - (2-t hi enyl ) - 1- propanone PCT/EP2005/001781

hydrochloride (PRONNHCO) 5 A m xture of

2-acetyl thiophene (25.5 g, 300 nmol), nethylanm ne

hydrochloride (14.9 g, 220 mmol ), parafornal dehyde

(8.2 g, 280 mml) and ethanol (100 nL) is heated in an
Examplet ocl ave at 120 to 130 C for 9 h. The obtained |ight

brown solution is cooled to 20 C and part of the

ethanol (50 nL) is renoved by distillation in vacuo.
Exampit ly Prareatioe of mxﬂ&nylmhﬂﬁﬂ@-thfeﬁymheﬁ,ﬂogﬁhéﬁ@h}&ochloride

afford a thick suspension, which is cooled to 0 C and
(PRONEHDf or 45 min at that 1o tenperature. The obtai ned

A Hﬁﬂ@%ﬁtﬁféﬁﬁ%{%ﬁ&@?@gﬁéfﬂs% £508¥nhbh Hhdhl AR L 5 A Side (14.9 ¢,
220 miBel) predfoythaldelyde 18.0 2; 280 2myol) anll-¢#i-0B(1006enL) is heated in an
h drgf | ori de J‘é*E’R\]/(?;LHCI _710/% as a slightly yellow
aufoclﬂa%\ﬂﬁ Hodgfpriat P e Tasebtpingd lightiyraya selshion issookedderf) ¢C and
e Ty
to the resitlust fooufiford s thicdmuspbmicn, nihidhlis eoaléd RN kgl kétFor34S win at that
50 | d.,eth (35 4 Ci hout | 1N,
tomperis, 106 4G GF SR EHT Base(Boaty fltason afd Rriclaacs 3 s
A
yellow powdgzet one (10 nlL) is added dropwise in 5 nmin and the

m xture is 20 stirred for additional 10 m n before
water (20 nL) is added. The mi xture is concentrated

Comp®fativt exdmpleE Preparation Of #pcknkil B-Nhﬁ&h?ﬁ%ih&ﬂl-@uﬂli&grg-l-
extracted with tert-butyl nethyl ether (MIBE) (2x
Pl‘OPa’HLlfPRmeI'EHDI ected organi c phases are concentrated in

Sodiunt RSP SR Ta 02T s AERon) 1y ded 1o mppis o BRQHC (103

g, 50 masolpandethagd (38 mLMat £ PC i iboait Alnhih A¥6at spdininciesiialride (0.95 g, 25
aftder afewatlL ' H NVR_(DVBO- d6, 400 MHz): 7.35 (1 H, .. .
mmol) igpddgd in sgvgral pertipng)in abgui30 win 1q affesd a beige guspensjop yhich is stirred

ot Clpriliiid 4 i ppeoge A9 ok M uind y15 phpd g el s
stirred fic3 @ddiiRngl DVBAIdE:fore Gdkidwt2) mL) 50adled 1PIG BixtdR3s doncentrated about
5 times3f Jadiognishe gbained rosidue is Sxttadted Wik feri-buty meths] thr (VITBE)
(oo 8RR R 2 i
3-N-maRdhniot1 (2 8denyl)-1 PrépnonGROL-HCI84Y6) nobn fnge pil avtdetan
crystallizes spontaneously after a few h. 'H-NMR (DMSO-dg, 400 MHz): 7.35 (1 H, dd, J = 4.8,
1.0), 6.94 (1 H, dd, ] = 4.8, 3.6), 6.90 (1 H, dd, J = 3.6, 1.0), 4.90 (1 H, ), 3.7 (2 H, m), 2.56 (2
H, m), 2.25 (3 H, 5), 1.79 (2 H, q); *C-NMR (DMSO-ds, 100 MHz): 150.9, 126.3, 123.7,
122.3, 67.8, 48.5, 38.7, 36.0.

—

Comparative example 2: Preparation of (S)-(—)-3-N-methylamino-1-(2-thienyl)-1-propanol
(($)-PROL-HCI)

Ina 50 mL autoclave a solution of PRON-HCI (250 mg, 0.56 mmol) in methanol (5 mL) and an
equivalent amount of NaOH mixture is charged under nitrogen. Afterwards, a solution of
[Rh((S,S)-Me-Duphos)]BF: (2.7 mg) in methanol (2 mL} prepared under nitrogen is added via a
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equi val ent anmount of NaOH m xture is charged under
nitrogen. Afterwards, a solution of

WORHMS(08)33Y - Me- Duphos) | BF4 (2.7 ng) in net hanol pCREMS/001781
prepared under nitrogen is added via a W 2005/ 080370
PCT/ EP2005/ 001781 9 syringg. The autoclave is then
cl osed and purged several tines with nitrogen, heated

. %to 50 C, then hydrogen is added until the pressure
syringe $he peeclare isdhen dpsedrang pnrg&ﬂ setraal ttrmﬁp@ﬂameem hgated up to 50

°C, the%%lgéefogé(}gﬁ’aﬁgﬁde %@%‘% 81;;% ST, @1 swa bap A eg l@ul} eﬁgﬁﬁ rt%ﬁﬁjergture under

stirring thensafoelave & ¢dvlal @ rbén ﬁérnffiéiatﬂfb b)mt:é oaidf ﬂha%l%aﬁ?ﬂlow-browmsh

concentr at ed to dr ness affording a 5 beige solid

solutiop & tpagsigrred pukp ac3) mbend lytvgrsilaskppd poncentasd tadiypess affording a

beige S@E‘%@%@% SPMGUR RSO sol vl on of

charged under nitrogen in a 50 nL autocl ave.
Afterwards, a_solution of 1.8 ngy Rh(cod)ZBF4 and 2.7
Compagtiyeexample iy Pd‘ﬁpmtlper*)ﬁﬁﬂaPRQL with R3 = OV, R4 =

A o O R A SR b iAo s e g pivogen i

a 50 m}sautoc]amg Aﬂmwautspm selotion 6501.8 tifg Ri(ood)pBHe anct12 Zrmogyéhe ligand of

tormu g Gt k7 SR VIR ~heslberg Bpapbeptandr S o alee

phosphﬁ_ﬂ/’l i Ir{e%ﬁ'ﬂsl ?‘%/Qevﬁﬁlslyﬁﬁ%edlﬁy Sridg bR dolnpbaes AFRsGnin

Pr epar at [ on
under Iatrtmenﬁ pddedming syrirge. The kydyogenation isgarrisdeoud asidésegbed above,

attordil (o ¥t bdee BOM QY &, 3308 o P TERBUHEO B8 6
47 5 rmol) MIBE (170 nL) and water (20 nL) is cool ed
0 C, then sodi umlaédroxi de 12.83 of a 20%

Examrda&&wagaﬂlm o3 V-methydeminog} igayl)-A-proppnene anbits
12346 S EHblor gl O3 PO s 1SRN Mg

A mixrmrelg]lm«mg&m (iswag lzsﬁss 1iinbl), MIBE (106 @nlg).énd ﬁéﬁmzo eL) is cooled to
o co te aqu_eo ases are .extracte W t
0 °C, thes,sagiug hydraygde ZIeZ f 88 EGPV%WS@PB&?PUSI@Q@ 4rop§’1$n%ﬂ15 min

. f
and tfFEHE) 1R AR B 1 kv f Biopposl fhe v phiases are separate and the
organiq(dne)is Bashed hgith water QG%BLDrd]‘h)enltlre colle&ed @Qﬁﬁbusrphaseé' e extracted
wit MIREE (4750 Bk 58 0k o0 coterie et 51 ent 4B Afomafisip solution
of (-)-2 3%4\@@9-15@1 1dehd2-ReR wgmmﬁmld GES) ﬂ»ﬁ}l 19;. head £8mbD in

50 and hept ane
MTBEMQ%mMrH@ prtamct @t@mﬁa@s @heacb' dmmg @dd@omAt &e sn¢of theaddition,

|t fi I a she o
the sus Hs ?réc% Eﬁ%tia in VQ;: %}g I:m?um% ﬁ%:%dg? af&dfto ]‘50 to 60 °C
and hegtAnd @50 &il)ﬁb adde ﬁ\%ﬂﬁards \#d duep&ionds cdde@d@wn ﬁﬁ%’c the preci-

(assay is 96.1 weight% purity is 99.6 area%
pitate 1@1_@)3 off and washed w1th MIB /heptane (1:2, viv, 2x60 mL). quymg at 30 °C for
15 h at 30 mbar affords a white solid (13.2 g, 66%). (assay is 96.1 weight%, purity is 99.6

area%, by HPLC)

Example 3: Preparation of PRON-diketegulac
A sticky suspension of 675 g (2.13 mol) PRON-HCl in 5.5 L MTBE and 0.9 L water is stirred
at a temperature of 0 to 5 °C in a 10 L vessel. Within 0.5 h 576 g (2.88 mol) of 2 20% NaOH-

solution are added and the reaction mixture is stirred for another 30 min at the same
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30 Exanple 3: Preparation of PRONdiketegulac A sticky
suspension of 675 g (2.13 nol) PRONNHCO in 5.5 L MIBE
wanaspseBh. water is stirred at a tenperature pET@Prio0sbo1781

Cina 10 L-vessel. Wthin 0.5 h 576 g (2.88 nol) of a

20% NaOH solution are add and the reaction mxture

is stirred for another 30 mn at the sane WO

2005/ 080370 PCT/ EP2005/001781 10 tenperature. After
tempergiies dfice phgsaseraationndagishing oftha organie ghase mﬁm@er W3 and

extract i adpors oo WA RETEH 3o P RN ERUSrPARIt ek cooted n

a 10 L oeetlad below B0 X0 Afrereddition of a Belugivh D550 % AHLBAGRI DR tohélpwithin
of a solutjon of 590@;1 (-)-DAG (2.02 nol) within 15
o2

15 mingg yellgwishimigiyra 5 ehisin d (gysj@lbgqltmcpcgm spontaneously or after
addltloﬁ gEﬁJs a'llf@hbﬁ) B0 gtfcya? ia}%t i cryste gﬁ’ ltﬁsle Lp%hd%g.tzgﬁ%'%g{tﬁmr stirring for

a cry

2hat (I:lb)&‘t(}; |ﬁ1@it1dn|;‘lﬁfa§t[1ﬁgju¢ﬂ1 MPBEg? < .81 aed dsftihg il vagud ar50 t8 55 °C,
filtration, washing wwth MIBE (2x 1.5

the pIOant&%P @P@@ﬁgvhlw sea&é mattsy) isobteiweds C, the product

(740 g of off-white solid matter) is obtai ned. Exanple
4: Recrystallization of PRON-di ketegulac to A
Example d pRociystallifatiéidf PRONdiketpgddect of exanpl e 3, 5.3 1L

MTIBE 2.7 net.han are t er fI ux
A suspieias S8 i ofae BOMREh R rsaned porie Mo RS 1 eibapgl are hoated

under rEﬁﬁiP AfBdr N &itiBn OF ﬁﬁ'[hey ‘F |8| lpi'ﬂeﬁﬁnolsé? et éaﬁfé t“:i ahhAd H8€ar yellowish
During cooling to Cwth 3 he product

solutlorp nmht@nc@ﬂlmngmmbmg torQJiOtfh%G wsﬂlm?r h,rige atodoctt edpitteso After

Pl ' 3 235 Bl sk MR B i i vacuo

at 50 tdSSJS *C@l)thé Eroatiéta(sm of WitE¥ald) lieobtainklt.dr ogenat i on of
(S) - P di ket egulac A sol ution of PRON di ketegul ac of

exarrple 4 (250 ng, 0.56 mmol) in methanol (5 m) is

e

A soluﬁmﬂRR@NL@kﬁéélﬁfcﬁof(e%a@]e 4 (250&111@@”133 mﬁiblﬁh)ndtliarﬁﬂ(fﬁﬁL) is
via_a syringe to the first mxture. The 2

chargedyades gétFogen dma P4 nefaautp@aveo d SOA%UWM&R SHoTaogphos)-
(norbox%gﬁlgﬁ%;[]ﬂg%@%hfg i lntletﬂino azs aﬁd%{%ﬁ%ﬁ&é 1 khe first mixture. The

propano
hydrog(aﬁs@onl?ﬁﬁrﬂdd ket glebaibed abmaa bifoigéngsthé salt ¢O(SP-L-)g3-Nadethylamino-

B3 e S B RO e 5 bR 22 92,
Convel(s@n £ 689, Py EHT0, Lée% 98% (9 1&)11931' i@ Prefor BBl metay.sol i d

ROL- di ket égul'ac’ of exanpl e I's” added™in portlons to
a m xture of water (22 nL), C}ECJZ (18 nmL) and an

Exampqg%eﬁsjrﬁro yélg E)i‘ &L} I;ﬁOiO(iiﬂ(u{pguh%dr oxide (30% 2.07 g,

9.0 g (20.2 mmol) of solid PROL-diketegulac of example 5 is added in portions to a mixture of
water (22 mL), CH,Cl, (18 mL) and an aqueous solution of sodium hydroxide (30%, 2.07 g,
25.9 mmeol) and the reaction mixture (two phases) is stirred for 15 min. After phase separation,

the aqueous phase is extracted with CH,Cl; (12 ml.). The combined organic phases are washed
with water (13 mL). The solvent is removed at 20 °C in vacuo to a volume of 9 mL. Heptane
(18 mL) is added to the residue and the resulting solution is further concentrated to about

18 mL in vacuo at 20 °C. Crystalhzatlon oceurs spontaneously or after seeding and the sus-
pension is further stirred for 30 min at 20 °C. The precipitate is filtrated, washed with heptane
(7 mL) and dried at 40 °C for 15 h at 25 mbar affording (S)-PROL (3.0 g of white solid, 87%).
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25.9 mol ) and the reaction mxture (two phases) is

stirred for 15 mn. After phase separation, the
wagusgses’phase is extracted with CH2CL2 (12 nliper/ERsues/o01781

conmbi ned organi ¢ phases are washed wth water (13

m.). The solvent is renovedlat 20 Cin vacuo to a

volume of 9 nL. Heptane 30 (18 nL) is added to the

| t i solution is further
Examp@%ﬁ'c@réﬁ?%&@& “??%@@%ﬁ'ke%gbﬁiqrﬁ‘% acuo at 20 C _
A mixtéieys t 0lg @A5imno) PRON-BORNTERFOMIIBE &1d 8 hewa6ad coded to
e sus- pension is further stirred for 30 mn at

and th
5 to 10 3¢ tiee 25 @l preseql phften addition of 12:% et 20%3¥aSH splution the mixture is

. . ' t 15.hat 25 nb .
st REFLRELS o M CHS A o 8 B (Bl i
water (GDAL) 68DHEAqRGOTS pRRRAD e T@ lwith MR (456 ndL). The combined

., Prepar ati OT of PFO\L 2-keto-L-gul onate A m xture of
organicjphayss gre oppled tpbglop Hityqapdmithuy b5 win afuspensinn o8- frg (45 mmol)

o L SN R NP T e ot

of the sbkentds rﬂd_llrﬁﬁzﬂ tbcapplfounh_ i iiiﬁly t]lexé Ihﬁilfvrﬂ‘valge\mbﬂtdtl\?mnéﬁﬁﬂﬁﬁe V\g?‘grm?ggm reflux
e ar i

o 55t RN S AP B B S

reflux f%éo min) SheCR TR ?@coc@é@%@m&&%ﬁ&ﬁu@é @ﬁ%ﬁl}?@e %ﬂg&ﬁmirsgﬁé‘snoved.

10 C and within 15 mn a suspension
The resinokeregidue if mixeid ovithc1 @ inh mMébanyil addrBE spBd edttedis filtered off and

. 1.Stick Rsd,oNn. i s forned. .The volunme of the
dnedms‘éafé"e%@@%se?l}%’bﬂa§'3g%gﬁ%o’*§2}l aétpg, the half. The
reaction m xture is heated under reflux and 250 mL

hept ane are added. After further addition of 300 nL
Example$:fersystatigationmof FBONddketag-gwomate for 30 nmin, the

' ' i ratur T)...an -
8.2 g sdfgthli LB 1Rl DRI EIREE Tt BT ), Lilfer stioing, he
clear sobdtio i3 Odbled torET Bada kestideiobigs. Tk intlx e s 8tirrk® £dri 1l iRk @R T. The
off and_.dried ipn vacuo at 50 to 55 Cto yield 8.3 g

moist rgsihisglgied in gt at 30 toRhpt & atoridet g of tan splbmaber. of
Examplé 9 \Pre %hl"ﬁqiﬁﬁ a 5te8-2 g solid product of
pexa'npl RHFNYS

eated under reflux with 100 nL et hanol.
A mixtihe df i 5.6tg (A7 Snypol) BRONHEEAL, 130 It MABE and@ohEdvater iRTooled to

5to 10\ 8 260 eF vorRl. AN seltkigh 568 6 3 SR eofylan aguiture i
stirred P fitfhef’1 § thidRlchithssdhaioh So Tl )?t?girng@%l%asgmgﬁd with

: Preparation of° PRON-benzoate A m 15.0
water (§UMLY anchible pqmRONphiGe, is eXtfactdd WITBMEBRI(2G 0mhL wdthe combined

. led t S5.to 1 ' 250, i, | . .Aft
onganic e s fet3 vl 1) °G 58t i e RO et oD
benzoid #id M400r80 MBE figdddear Ad oilfishspeddibd B fORASE THEROMuRld GFthe

occurs. The organi c phase is washed wth wat ergmgego

solventyis sedueed te Rpprayinessely tinbalt The reactiomurixtiras hpatedr Zsfbux and
250 mL'E‘re})tanya?e &ﬂgﬁ’.' 'fheeqnixture is cooled to RT and stirred for 1 hour. The solid matter
is filtered off, washed with Heptane/MTBE (2%60 mL) and dried in vacuo at 50 to 55 °C. Yield:

10.4 g yellow-brown solid product.
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organi ¢ phases are cooled to below 10 C and within 15

mn a suspension of 5.5 g (45 mmmol) benzoic acid in
WRQSPBOIMIBE i s added. An oily suspension is feaCcmed2005/001781

The vol une of the 25 solvent is reduced to

approximately the half. Thd2reaction m xture is heated

under reflux and 250 nlL heptane are added. The

' j nd stirred for 1 hour. The
Examplf 1 WebryBufARl G KRONAREORE | ol W ¢
10.3 g sbiid prdedtdT BiaripheBlistkjted ﬁﬁdﬁﬂ freﬂid{ with $aeloethilabdlate CUkder
C, Yield; .10.4 el |l ow brown solid product.

strring S GEO b M9 AHLURT 60d 7 84110 deporiiathp ambigre is stied for 1 hour
f
at RT. RGNS A0 18 udld & s08'S) o ERRARE 06T Hofifiht thn sgld ppater

et hyl acet at e. Under stirring, the clear solution is

to RT and solid deposits. The m xture is
Examp&}olrig@r?gﬁnagog QN“‘F?PZQQ‘He resin is dried in vacuo

A solut®h o? PRWSQ%nga@Hﬁ%T?Ewgﬂgéfgﬂ% th ﬁgthfh(%mris éﬁ’alr%éﬁ upder

er I on o enzoa

: mirogersml afil mh apfochRENAflerwandd, @ solutien afip ez [Rh((S19H6Viadl)uphos)-

(1 oy et ubE o deliinaled EKis PSRve Btk the Miture s Bdro-
genated #a6¢cHibed athdre RGBS 0.10 ébiﬁ)fﬁb&ﬁ@((@ﬂPR@)-ﬂ)&EGatbﬁ Conversion is

net hanol (2 nml) is added via a syringe. The m xture is

99% byi{Rle ceds Yo Sdsomeergesferablydfdrmaesbve af f ording 0.12 g
solid product ((S)-PROL-benzoate). Conversion is 99%
by HPLC, ee is 96.7% S isoner preferably forned.

Compammxahip!€4ﬁkﬂmi‘£h&1 of PROWN., pitbmﬁnébfulfonate
t ol uenesul fonate A m xture of 15.

A mixtiragt |5 PG oD PRON-HApE G ME B g alesiL. e dopecded to
510 10 1% 11%?2?0 {n?; ‘;eg%:& ?mtrﬂf Ii%s 811 a 20%% B Oﬁg&hﬁ{)f&e‘ﬁgmture is

1 on t mxture 1s
stirred foo furlhﬂl‘ 1 humin, ¥ehike phase/\taphmupﬂ asars Gkha lodg andoplese isrwashddeith

e G EED ARG S b (ol o
organicvc\palﬁtﬁﬁb ﬁfe%ooféﬁgﬂ BfowP I REE n oﬁgﬁﬂl f% ﬁ.}gﬁ@ﬂsﬁﬁ of%.6¢ M¥mmol)

mn a .suspensi on 0
p-toluenesulbonie amd uidnohydratedi éOﬁnﬂonBEisaddcd m:musﬁﬁﬁlmss formed.

The volf S heFBEn & R Ko FateDk el s Hacted Jinieps is heated
under réfﬁ@{%leBO Mh%ﬂt&d are B8R The HiMEIRSe ik 6&61[5‘& tc?‘R’@ aﬁ@@tu%d for 30 min.

hept ane are a The m xture is cool ed

 The solift mptiasds fléared gffmshedm Maaﬂj(zpsﬁo ndy) aind dned mawmo a1 50 to

o xX60 d d t 50 t
5> Caﬁ?&é‘fgd %g&f%ﬂ fféémb p’r'”c“ ctrl(?anI goriagu?m?ter). °

Comparative example 5: Recrystallization of PRON-p-toluenesulfonate

14.2 g solid product of comparative example 4 is heated under reflux with 50 mL isopropanol.
Under stitring, the clear solution is cooled to RT and a solid deposits. The mixture is stirred for
1 hour at RT. The resin is dried in vacuo at 50 to 55 °C which affords 12.5 g of tan solid matter.

Comparative example 6: Hydrogenation of PRON-p-toluenesulfonate

A solution of PRON-p-toluenesulfonate of comparative example 5 (155 mg) in methanol
(5 mL) is charged under nitrogen in a 50 mL autoclave. Afterwards, a solution of 3 mg
[Rh(Me-Duphos)(1,4-cycloocatadiene)]BF; in methanol (2 mL) is added via a syringe. The
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25 Conparative exanple 5: Recrystallization of PRON

p-tol uenesul fonate 14.2 g solid product of conparative
waaisises7d i s heated under reflux with 50 nL  PCI/EP2005/001781

i sopropanol. Under stirring, the clear solution is

cooled to RT and a solid dgposits. The m xture is

stirred for 1 hour at RT. The resin is dried in vacuo

at ..50. t whi;ch .af f ards : f, tan solid
hydroadlip At Qi MOURRA Mei e ifudied ozt SigiRed b cgremor-
poluetdisEifbratd)oCorereser fs39abe IR lebd 990%S isomer preferably formed.

PRON- p-t ol uenesul fonate of conparative exanple 5 (155

ng) in nethanol (5 nL) is charged under nitrogen in a
; € rds, a solution of 3 ng
Examp?e%h%%%&fg@ﬁ?f@%%n}‘%&%at adi ene) | BF4 in methanol (2

A mixtue of 115.020@%3 minal) PRONIHCe 170 he, MOBIGHI XGAB #hter is cooled to
P /EPg@%ﬁ;OOlml 13 hydrogenation_is_carried _ out as, .
5t0 10 fedpp Y55, Afterrasidiionpfo 2408 gt & 20%edNgs kd gefution the mixture is

+ - «D- i i 0 .
simed {of FCHEE LS mif YRl ARG EnORGh Bl TR Doty Rl lied v
water (GPmLPasptheatiiams phadeROMktratadawith MTBE{2«50mel )0 Thd bodbied

.(47.5 mol ) P o k70 M MIBE and 20 niL er |
organiclgiea 4 ok ig PelgCI§ 3 an%m%@%wsmse%@a?o@g@%wm@
dodecaftfic 4dd $n J0PIIAMEBI NAGNL S Alridk | BBuk $Hrifld X6 ProBlubihas solidified. The

stirred for further 15 mn, while phasée separation
solvent gexemoyed iEheacue gadthe gllyassidussiswalyhd th $@ ol acetanitrile(add heated

under s, G NE0E sPRT AR e b b et Sty which

crystallizds & mﬂlgw'ahhé Bf BEloWiz0 °T. Ths @@8;&11@&1 Rffufthd} stirred for 30 min at RT,
nunol ) 10_dodecanoic_acid in_200 nL MBE i s added.

than 30xpk epetanifile areqadded tothe Hiclsned sespersien. Jbe isalid medter iy filtered off,
washed i 601 ak Ao IR VA o Y Bl ichl yhilEo Rkl 85 tokding 10.9 ¢

product] Néeldd 2.9 g evhite sclidh@det 0 RT and stirred for 30 min. At
first an oil secretes, which crystallizes at a
tenperature of below 30 C. The suspension is further

Exam@%%%g@%é#}ﬁlg}?ﬁ@ Ef?k [amrhfi@n 30 nlL acetonitrile are

ckened suspension. The solid matter is
10.7 g dolidtpeschrtt of ¢xamble Vbiziheatedmhderaefluk with 70 ml acdtenifrile. Uriler

siringgb o oS ST B 8 kR B S o0 .
The mikiped ¥ ShiAbd FF30iRR 010 RRECE 3 3d ?TLl&e?Qrﬂﬁﬁ@irb dadeOEYRd
12 th 70 nmL

of exanple is heated under reflux w

‘thickenad suspension. The solidinmatteds ittevedioffy washesl witle cold so¢taniinila (2:620 mL)

.cool ed to ,RT and, ok | crets, ich crystallizes at
and arigeP ot & sl B yRid: S W el 52 B ST
to 15 C and 30 nL acetonitrile are added to the
t hi ckened suspensi on. The solid matter is filtered

Exampl¢ 14: HgdrogenatiorhofRONdomrafei tril e (2x20 nl)
A solution of PRON-laurate of example 13 (184 mg) in methanol (5 mL) is charged under

nitrogen in a 50 mL autoclave. Afterwards, a solution of 3 mg [Rh((®,R,S,S)-Tang-

phos)(norbornadiene)]BF, in methanol (2 mL) is added via a syringe. The mixture is
hydrogenated as described above, affording 0.16 g solid product ((S)-PROL-laurate).
Conversion is 100% by HPLC, ce is 93.6%, S isomer preferably formed.
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and dried in vacuo at below 30 C. Yield: 6.3 g white
solid matter. 25 Exanple 14: Hydrogenation of

WORMYBEIP at e A sol ution of PRON-| aurate of expopke2d$001781
(184 ng) in methanol (5 nL) is charged under nitrogen
in a 50 nL autoclave. AfterMards, a solution of 3 ng
[RhM((R R S, S)-Tang- phos) (norbomadi ene) ] BF4 in

Claim thanol (2 nmL) is added via a syringe. The m xture is

ydrogenat ed as descri bed above, affording 0.16 g
solid product ((S)-PROL-laurate). 30 Conversion is
100% b lggLC, ee is 93.6% S isoner preferably forned.
ARSOSE9ToBDBiromEen ebsosF00 1751 14 Clains 1. A

] [ of a carboxylic
R A A BRI TP B B BBME U7 SRR e
la, apd/or ~R2 Ib, HO-S HOR'HH wherein Rl is
sel ected fromthe gfoup consi §ting of 2-thienyl,
2-fQL§Q%L/aQ%D$DRﬁyaymmY@7e optieqal LR sub$tit ut ed
WHOT gne~or e hal ogen Bbn¥ and/ or Yone or nore
C . 4-al kyl or |Cl14-al koxy groups, and ﬂ@erein R2 is
Cl4-al kyl or phenyl, each optionally“substituted with

Rl TR Dot o i s
eachydpthillycaibbtituteddigoemnasdr ke %a.ﬁ%’eﬁ afdnsAndRk BRX ¥F nbre
acid wwth an am noketone of the_ fornmula Rl "IR2 O v

Cuprafiyl opGr4-plkpsy sioupsend wherzin BY is Ge-dlyli ovglicagiosaeh i n

o SRS BBl 5 o R e it o
hiratkyolkgigedups,phi ne | i gand.

comprising asymmetrically hydrogenating a salt of

a carboxylic acid with an aminoketone of the formula

wherein R! and R? are as defined above,
in the presence of a transition metal complex of a diphosphine ligand, preferably of an

aryl- or biaryldiphosphine ligand.

The process of claim 1, wherein the carboxylic acid is selected from the group
consisting of optionally substituted C;.jg-alkanoic acids and optionally substituted mono-

and bicyclic aromatic acids.

The process of claim 1 or 2, wherein R! is 2-thienyl, optionally substituted with one or

more halogen atoms, and R? is methyl or ethyl.

The process of claim 3, wherein the compound of formula II is selected from the group
consisting of (5)-(—)-3-N-methylamino-1-(2-thienyl)-1-propanol, (S)-(-)-3-N-methyl-
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25 2. The process of claim1, wherein the carboxylic
acid is selected fromthe group consisting of

wop0ssed7’dy substituted C _I 8-al kanoi ¢ aci ds ardT/EP2005/001781
optionally substituted nono- and bicyclic aromatic
acids. 3. The process of cl&m1l or 2, wherein R is
2-thienyl, optionally substituted with one or 30 nore

= R2 ] thyl  Or e Al The, . }

BPGIL-AlRTR AR TroPalth, (i BB byt aiop I Ribiony
T-propardod end (R)FO+B-MVhrethylamino- tohshistd-Dghiehyl)-1-propanol.
(S)-(-)-3-Nnethylam no-I|-(2-thienyl)-1-propanol,
(S)-(-)-3-N-nethyl WO 2005/ 080370 PCT/ EP2005/ 001781

18054 i IseCiy: 47t fi [z 1= Dk . -
TR A ReROof sy SSRAE L6, Phitih e EufiRRRHGI s scleoiod from the
2rR)p- qonyisGag\b Teiotinng mithenibm(@-idivar, preferabiyahydipmi - pr opa
nol. 5. The process of any of clainms 1 to 4, wherein
the transition netal is selected fromthe 5 group

TRprbdekt Shrof AR 4Ty 7 WhESH HEUPhosdhisH Hnd i
prert?erably rhodi um 6. Tﬁe proces?h8$ anyll)éc;%qcl: ains 1
selocted fimmetheignourheondispik@ebhi ne |igand is selected from
the group consisting of 10 P-~t-Bu P HO I / PPh2 H

- Xl ag, tRBU CO ~ 15 ( - " Me- DuPhos",
(R $SXS) - "ffangPhos", "C4-.TunePhos", O+ 0
) PPh /0 HP t-Bu o
S-S, S) - % Me- Ket al ", (S) and (R) r"MeO Bi Phg
Rl Rp, Sc,,Sc) - DuanPhgs! . 7. The progess of an
B 6, wherekn te¢Bypounds f

PRy
obt ai ned ffromtheir correspon

wi t heencapboxylic acid by hydrolysis in the 36
presence”of an alkali- or earth alkali hydroxide& 16
(S.5)-“Me-DuPhos™, (R,R,S,8)-“TangPhos”, (8)-“C4-TunePhos”,
o+
““\\0
@P
P
\\““‘“ O

5 t

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

The process of any of claims 1 to 6, wherein the compounds of formulae Ia and Ib are
obtained from their corresponding salts with a carboxylic acid by hydrolysis in the
presence of an alkali- or earth alkali hydroxide.
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8. Salts of a carboxylic acid with an am noketone of
the formula RIlI, ON~R251 H wherein R is
2-thienyl or 2-furanyl, each optionally substituted
with one or nore hal ogen atons and/or one or nore

Cl -4-al kyl or Cl4-al koxy groups, and wherein R2 is
Cl-4-al kyl or phenyl, each optionally substituted
with one or nore hal ogen atons and/or one or nore
Cl-4-alkyl or Cl.4-al koxy groups. 10 9. The salts of
claim8, wherein the acid is selected fromthe group
consisting of Cl.la-al kandibc aci ds,
(-)-2,3:4,6-di-0-isopropyl i dene-2-ket o-L-gul oni c aci d,

Salts)of 2,c3itbx§16 hoil idOR ' e-2: ket o- D-gul oni ¢ acid,
2- ket o- L-gul oni ¢ aci g é{’lteg&%gé_%%?qgmu aci d,
L- aspartfgc acid, D-aspartic acid, DL-aspartic acid,
benzoi cjaci d, 15 3-nmethyl -benzoic acid, salicylic acid
and 1-Mpht ?{al enecar boxylic aci d. I,
0 N~ :
I
H
. ~thienyl or 2-furanyl, each optionally substituted with one or more halogen
a
homs and/or omj: or more Cy4-alkyl or Cy.4-alkoxy groups, and wherein R? is Cr-alkyl or
phenyl, each optionally substituted with one or more halogen atoms and/or one or

Crs-alkyl or Cyy4-alkoxy groups,

wherein R!is 2

nwore

The salts of claim 8, wherein the acid is selected from the group consisting of
Cras-alkanoic acids, (—)—2,3:4,6-di-O-isopropylidene~2—keto—L— gulonic acid,

(+)-2,3:4,6-di-O-isopropylidene~2—keto—D-gulonic acid, 2-keto-L-gulonic acid,
2-keto-D-gulonic acid, L-aspartic acid, D-aspartic acid, DL-aspartic acid, benzoic acid,

3~methyl-benzoic acid, salicylic acid and 1-, or 2-naphthalenecarboxylic acid.



