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Process for the preparation of enantionerically pure

| - substituted-3-am noal cohols The present invention
woeb@vmoi7o a process for the preparation of PCT/EP2005/001781

enantionerically pure |-substituted-3-am noal cohol s,

particularly of (5)-(- )- and ( R-(+)-3-

-net hyl am nol - ( 2-thienyl)-1 -propanol, which can be

obt ai ned by asymetri cal | d of t
Procesor b8 PORAFHILIN IRBOTISEL I s ia%%ﬁ?ﬁ%—awﬁ?alw ols
particul arly of 3-i V-net hyl am nol -

2-thienyl)-1-propanone and a carboxyllc acid, in the
The prepere seveotiomfefers tmd plogess fonthepirepangioa of epsntioniesisalipue

and di I
1-substfgd AmBedomha ”ﬁsm'f%@ym@m anf (R Ea e fpine-
1- (2-th1bl’§}§1?— 55?9[52@15? wWHih daRSeibeansEb nﬁ*ﬁetncally hydro enating salts of the
Ayl -13- (I - napht hy| oxy) (H&E hi eny%) pr.opyl
corresppnchng amn(O&tgﬂOOf@m raeqarbcaqy iggeid: pareuleneot 3-damathylangpo-
ssi on
1--thigp: jrﬁf?lgﬁ“?g%%“ | SHBGY S GRRCH [ MBehded Bk cBpprsine a
transmdfﬁlﬁﬁfa@a&%) gA8d-916) . Several processes for

racemc ( 04/ 00 5239) and asymretric (Sorbera et al.
bel ow) hydrogenat| on of thienyl am noketone are known,

S)- (—)-ﬁgzgﬁﬁ%d%ﬁég? Bttes Sfyl)‘r-n?! o&;FHnE)gi ah%e en&ﬁdlﬁ@fpiﬂg% gl%garation of

(S)- G)%Yél;[gggﬂagl?ﬁ%l??ye)c?@+ﬂua@5ﬂ)¢pﬂ@5ﬂaagx)me Elmiicmwna); pe agent for the

treatmqn; afdspression 3ad g{lnwg%%ﬁ {(%ﬁlgg%é rolggﬁl ?&&03)% ﬂ? 26-29,

Sorber%%ﬁf%ﬁf‘%ﬁ'vﬁwﬁgzﬁ%m@)%@ HIPIZG ot ol describe a -
Pre?ﬁr at i 02001‘ (5)-(- )-3-

SeverarE o e L BB RO A R

hydro g%ﬁ‘atﬁp%f RHiESE Rfnd¥etdnleird BAJWAS fak Qellde ptdée&@@ forhirbloresolution of
oro-1|-(2- thlenyl)-l-propanone which is reduced

the resuiting 39 tiethmlaminoty@-thirnyin! -prapand|(WQ-A 2004/005220,

th - -
wO-A By BRBS AT A P b e AP MRl ph P Sy AR ARing
transm'oh B?b’iﬁ-l%aﬁd emlﬁefa@bl 8 dﬁ;eloaéd?inl ERAXB6ABEAS, P A I0rp26ebsane

S hl | - e
EP-A § $43:657 BPrhd 956 J08yma Woub0o(d03s2.) propanol , i ch

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

methylamine in tetrahydrofuran afforded (S)-(-)-3 -N-methylamino-1-(2-thienyl)-1-propanol.

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-
CONFIRMATION COPY
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2-thienyl)-l -propanol using sodiumiodide in acetone.
Subsequent treatnent with nethylamne in
woebwsaisgxdo of uran af forded (5)- (- PCT/EP2005/001781

)-3-i V-nethyl am no-1-(2-thienyl)-1 -propanol. Sorbera

et al. describe another preparation of (5)-(-

)-3-iV-nethylam no-I-(2-thienyl)- 1-propanol from

t hi ophene, which is essentially the sane as the one
1-(2-thitmybr 1-brepanyl usimg|borage @nd ghtalygicopuntsif(R)-3,3-diphenyl-

3-chl.oro-Ls(2-1hi I} & »propan N ' .
eSS AR RS SRRRRNE ) TS B ko heduction
@an%h%i‘g-lc Rlent 1) -paidlSn akidl® df §693 febnp Behldrd-1-(2-thienyl)-
affOrdma yItetrahgﬁro-g)jﬁ?ﬁ?olgklhg-c][l,s 2]oxazaboroﬁe
1-propanptEH hetler st alsd hebelr Compddbedivefiras 1333466, 213-223).
(5)-3-chloro-1-(2-thienyl)-I-propanol in a yield of
86% from 3-chl oro-1-(2-thienyl)- 1-propanone (Weeler
The dr@¥badks of thdilﬂaﬁratioﬁ@ BPE)-(Rrd1L B phakyamikdob (2-ffienyl)-1-propanol above,
213-223). The drawbacks of the preparatjons of ééaié-
are the)usg of (xR eIAeiRYEssic copRopRdesHph ps fin feteishlesie gpd henzens and/or the
the ' - i N .
us o Eif R B 0 AR IS L RO Behgas dditon
difficubiaeaaposisofs Thddisclosrdraspanetrichytirogenation pecesseewith diphosphines

being.in additign difficult tao . _dj.spa of. T .
are noaislyingsig fﬁ&%ﬁ&hﬁ %@dwm%@&éér&ﬁgﬁﬁﬁmék@wm
1-prop }gﬂpsphines are not satisfying in regard of the
PIOPRYdrogenati on of 3-i V-met hyl am no- 1- (2-t hi enyl ) -
1-propanone. It is an object of the present invention
. taq.provide an ecol ggi cal and econoni.cal pro
1eis g QUGS DL R BaFTeB SR POAS BLRgpRi gnd beXiBcd Brocess forthe
preparhﬁ&yéﬁédahﬁ&rﬁ&iéa}\l? puroRk@hialed-3 Ratihddedhald, parttilhrly of §S)-(-)- and
and (/7?)-(+)-3-Nnethylam no-1 - Z-thlenyl)-lépropanol.
(R)-(+)-B-N-snetlmpdammno- bf3-thianybr 1 -pravapele Hdnanqthsy obiech
r,ovi de ne t f . . .
to proBa YGRS Mpingst R hienyD fresgemnsae o opsapic acds
acids. These objects are achieved by the process of
claim1. Provided is a praocess for the preparation of

thg present invention

* These ohjects as¢ achiever thyiha precessiof it - an ami noal cohol of the

formula wherein RL is selected fromthe group
consisting of 2-thienyl, 2-furanyl and phenyl, each
Providegtis @ paickys oritietprdpatatidnwif shltsosfe or nore hal ogen at ons

and/ or ,one_ or re Cl-4-al kyl o
a carboxylic acid with an alrlrl?noalco ol of t{le ¥ormulia

Rl

Ia, and/or 2 Ib,
/R2 /'\/\ KR
N HO R N

|
H H

HO

Cainllllw_

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 C,4-alkyl or
C4-alkoxy groups, and wherein R%is Cj4-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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Cl- 4- al koxy groups, and wherein R2 is Cral kyl or
phenyl , each optionally substituted with one or nore
woabagsees7at ons and/ or one or nore C‘-al kyl or PCT/EP2005/001781

Cl- 4- al koxy groups, conprising asynmetrically

hydrogenating a salt of a carboxylic acid with an

am noket one of the formul anherein Rl and R2 are as

defi ned above, in the presence of a transition netal

conplgx of a di phosphine ligand. In Sakuraba et al.

Chem| Pharm Bull. 1995, 43, 748-753, and JP-A

SW a;yq’metri ¢ hydrogenation of HCO salts of3

- i< nmethyl anifio- 1- phenyl - 1- propanol and II,

3-ani no- 1 - phehyl - 1-propanone is disclosed.

EP- A- 457559 discl oses the preparation of HC salts of

3-fdi_netdryl am -{2-thienyl)- 1-propanone and (5)-(-
Wherely_llfi@%@_%’ia&%@%ﬁng(}é@vtehi enyl ) - 3- hydr oxypr opaneam ne as
in the pesdncasf & hangiial k@l sahplex of a (iphofphind ligand.

- di met hyl - 3- (| - napt hal enyl oxy) - 3- (2-thi enyl) -

propanam ne and (5)-(- )-

e Yiciid .2 L1935~ ad Fp-ansg- adfmmetric
In SalEFT 1Y i Pl B AR, e T nd Y A
hydrogeaatiauefISCbéalts of AV-methyldhinedt phemgh dipaepaonl afd 3-srgino-1-phenyl-

Lproppiors iseiosaPpradeAetd 4t R SR s feadfimethyl-
amino% lngf-ﬁﬂfengpgf-?ﬂ)?%ﬂe%d '(@a@-gJJ\P,N - cﬁﬁeﬂ?i-t% -(RithiBRlY-3-hydroxypropane-

ncr easl anount of - products. Using organic )
amine asivgl as thef aratate seits of (Dr (-, Visimethy k3 1(baepthaleaylexyni2-thienyl)-

HCl. and re . 1 ri sK_0 hthQp: Whi :
oo SR STCE Ry SR PSS BO o Bl pamamine The
latter tW@UHES Heing RforeATERMEEIST B bamnpeadids of Yoridita hDisenpreparation of the

process can be used direct|ly w thout exchange of the
respectivgé organicracid saiteisnat disclosgsbian the prior ark §ua?rﬁﬂtgg§b hgsg compounds can

l,i. gand_ i it ASX " ' -

o sy RO L ) RO s
Using Byghacavidy is @asupibld) sidtpthes ptd less-dcidio fiahiHiel audtthdrefore the risk of

conpl exes i s not possibple vvithou{: enerati.ng .th {]1. ee d
decompppikies WhyleiseRqenEPAE SINETECCYET P HhE RGN it Bdpced: (b Compounds
o BBl L8555 o YT 4 gps e ion

| -substituted-3- -al kylamno-l-pro ranols are

In a preferred embodiment, the diphosphine ligand is

P—=t-Bu
H

Hllll
P-1t-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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contam nated wi th by-products. Exchanging the

hydrochloric acid with a carboxylic acid all owsdirect
woydspgestat i on of the resulting, optionally puPCTiEeenos/001781

salt of a |-substituted-3-iV-al kylm no- 1-propanone in

high yields, high purity ang high enantioneric excess

(ee). Avoiding deconposition of the free am noketone

in the presence of base is another advantageous

direct Hydriganasionfoftheerepulting raptionalbypurdied, @irafexlysubstiaiaddi-N-gkylmino-
t he anj n f t t. d L i
1-propgene s e P hiebpBls” & iah BYEbhife Siesk MeB AYcilbfe .

decomRlttonWfithe B8 ARINARBGATRHOHE gre@énc_fe@fﬁhléeﬁg ahdthérudiartageous feature

Particularly preferred carboxylic acids are
of the preseptiavéngionl i ¢ aci ds. Di carboxylic or tricarboxylic

acids which do not forman inner salt |ike fumaric,

mal eic or adipic acid tend to give unusabl e resinous
Carboxi6 648} 1rAthe $neahlNdQ) e pregonbiXyhtich @€ catboxyliccdvidsdraningrone free

rnner salt and still have one free carbqgxy group are
carboxylcgrpup whiehican foren @83l with pp Améto ¢osppaag of éorawﬂ%fﬁ F”i*fi/ Pk

. ni ng of t esent, i ' : I j ; ;

Particuf B e kPRI b RO AR AR oot @ wicarbonyli
acids whtidh MANdtEerm® Bh jhrenealf lilecfuparibaxyleraradipiaadd smdito give unusable

‘ aci ds such_as aspartic acid or .glutamc acid, |
resinoyspecipitaies. oBEEYs 9arp1;péyh@éx|c Wpti.grb%(l)ggia&n 1p1§er§g]|t gla({] 8t 1 have one free

{05! 0B el L pmehdids BURShehMh@Of the present
catons PSS HA TR My AL PSR, BBt dr o
inventief Exkingpled dfakirantaidiylic acidskavisgumargtheh ene eatbesbgrahpreit having

the carboxylic acids, are. substituted wi.th o Q e
only e QPG Eresp @Ry cda Pyt st ity Gl R

protected carbonyl, hal ogen or hydroxy groups and

optionally further carboxyli cm%roups. Exanpl es for )
In a preRemedipioansi theaaitxylinacif és selested feprn the greupeansisting of optionally

..pr ss are.butyric, acid,valeri ' e s Y
st A5 RuSol Wt A BSG o 9BISkf e i
acid, 2-hydroxybutyric acid, 3-hydroxy-3-nethyl butyric
aci d, 2-hydroxy-4-phenylbutyric acid, L-aspartic agid,

In a préfesrsh ambpdiment the cprboxy aqidsarg @plaﬁtmged(g@tg_o[lg SUIMOEG 1-6-alkyl,

oot LR A0y B afa s s
optioné!ty fukthd: darboxdilic@rdwgmpr opy! i dene- 2- ket o- D- gul oni ¢ aci d.
Examples for Cj.js-alkanoic acids in the meaning of the present process are butyric acid, valeric
acid, caproic acid, pelargonic acid, lauric acid, palmitic acid, stearic acid, 2-hydroxybutyric
acid, 3-hydroxy-3-methylbutyric acid, 2-hydroxy-4-phenylbutyric acid, L-aspartic acid,
p-aspartic acid, DL-aspartic acid, 2-keto-L-gulonic acid, 2-keto-D-gulonic acid, (—)-2,3:4,6-di-
O-isopropylidene-2-keto-L-gulonic acid and (+)-2,3 :4,6-di-O-isopropylidene-2-keto-D-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
weoeubwstoseatbed with one or nore Cl-6-al kyl, Cl-6rarkexos/001781

hal ogen or hydroxy groups. Exanples for nono- and
bi cyclic aromatic carboxylig acids in the neaning of
the present process are benzoic acid, salicylic acid,
3-met hyl - benzoic acid and 1-, or

Here agd herpin HaWéh@mmﬁ’@nwuomemalév plte sompauE T eonHBEHeptically active

term..enant i nerlca conpri ses
compo%{slvglgr %e‘}f IPWSrISSﬁ%%%SLOWS??%ggwgnam| ONeri c excess
(ee) of at least 90 % Here and herei nbel ow the term

“Cl-n-al kyl ", for exanple "Cl-6-alk represents ?
Here and h@amb@lththammeallafallwl” é@b@i@nﬂ%@”égﬁ -alkyl), gpeespiop inear or

B R
substit@led ), c-allyd Rpresents dox ex@aitiple fethyl, cthyﬁqim{iyy 1somepylbbuty] isobutyl,

but yl entyl and_ hexyl Fbre and herei nbel ow t he
sec-butyértmﬂb@qyl,nfeam\é&@/ hexylor gx anple "d - -al koxy",
represents a linear or branched al koxy group having 1
to n carbon atons. Optionally with one or nore hal ogen
Here and Bersinbellost the tdred’ Gy, -aﬂ]kdm'i( yfor example ﬁC&G-ﬁbnoxE’X aegresents a linear or
nmet hoxy, ethoxy, .propoxy |so§ bu (0)4
t

branched albgk pup d@king i i Rycarkag aiop it o r mqge halogen atoms

G et fﬁﬁéﬂnﬂ%ﬁp@ﬁo&%&s&&éﬁ;@mﬁ%

isobutexgpseeseriexwy, terehuiosn peptyderycangrhsaplokavi ng 3 to n car bon
atons. Optionally with one or nmore hal ogen atons
substituted C3-10-cycl oal kyl represents for exanple

Here afi® ﬁ&‘enﬁ@ﬂm@lﬁ% YGHCPOG -y RAISYS T&*’Bﬁ(aﬁx@@’@%o-@y@lbﬂl@ylﬂpl}ebresents a
cycl obutyl, cyclopentyl, cyclohexyl, {CIohe pty

cycloahp]matm @qu havatgﬁm 9qr it atﬁmsb@pwy}allymg hongry more halogen atoms

substltu%g%lj &;%)a&%f @{gse% tgé Texar § hlg)ﬁlcl(ﬁif@’o%qlﬁ%}%hc ?Bﬁg '{gétgms such as

cyclopbep#, Tbgcl%bﬁt@l l&y@l@pé}ﬁjﬂl aydldi’ﬁexypﬁwmlﬂ@itﬂ'lycwlddct}d;miaﬁrantyl or

nore hal ogen atons subtituted C io-cycl oal kyl
norbomnghbr esent s for exanpl e cycl opropoxy, cycl obut oxy,
cycl opentyl oxy, cycl ohexyl oxy, cycl oheptyl oxy,
cycl ooctyl oxy and cycl odecyl oxy.
Here and hereinbelow the term ”Cs.q-cycloalkoxy”, for example “’Cs.1o-cycloalkoxy” represents

a cycloalkoxy group having 3 to n carbon atoms. Optionally with one or more halogen atoms
subtituted Cs_jo-cycloalkyl represents for example cyclopropoxy, cyclobutoxy, cyclopentyloxy,
cyclohexyloxy, cycloheptyloxy, cyclooctyloxy and cyclodecyloxy.

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 Cy.¢-alkyl, Cj.c-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 methy! or ethyl.

In a further preferred embodiment, the compound of formula IT is selected from the group
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Here and herei nbelow the term"aryl" represents an

aromati c group, preferably phenyl or naphthyl,
wopbismsed7by bei ng substituted with one or norePO@E@Y®E/001781

atons, nitro and/or am no groups, and/or optionally

substituted Cl-6-al kyl, G 6-al koxy or di-C

1-6-al kyl am no groups, wherein the al kyl noieties

bstit h. one or re ogen .
consistif g 8308 Pmiesbilibing LG Buctvbit BRP-RY. B3GR tamino-
1-(3- chRﬁ’szotﬁfé'nW Is §£ﬂdl L(!R?—Qﬂ%ﬂ\hnﬁﬂ@lzﬁﬁmﬁqt@ DEnpbaiet and
and R2 is ne or eth In a further preterred

(R)- (ﬂéﬁﬁﬂdﬁhﬂﬁmlﬂ%h@-@b]ﬂpb@ e@}’l)‘fldrrﬁi!ﬂnﬁll | is selected
fromthe groupconsisting of (5)-( - )-3-
-nmet hyl am no-1-(2-thienyl)-I|-propanol, (5)-(- )-

Ina prefﬂﬁédbfbm he trinstforcibial B-sdletiet €iowl the gtoupr @mal@’dhg of rhodium,

(i1?2)-( 3 3- -menylam no-1 -(2-thienyl)-I-propanol and
ruthenipiRyand inidigoy, preferably thodiws. 1- (3- chl or 0- 2- t hi enyl ) -
1-propanol. In a preferred process, the transition

netal is selected fromthe group consisting of
In a furthed gtefierred protesnitherdiphdsphinedigami ipseddctadabdny thehgrdip tonsisting of
a further preferred process, the di phosphine ligand is
sedect fromthe group consisting of (S)-" yPhos",
(R S Sy-" Tang?hos"
SSS - Ket al Phos" PamgtBuz 2) -
.p| ?2P™, ., <SC) - DuanP Al menti
from Chi I nc,

ercially avai | abhe.,.
] 'llt'B pre

| ae Ia and I b aregbt
with a carboxylic &g
aqueou hydrolysis in the presence of an alkall or

L | i,, hydr ox Q. Le salts o « »
(‘ggi lgg?jhlﬁ% %%ci d wi tt{ggﬁsﬁ%m)ﬁrraggp?%ne of the ?:rértulTunePhos
wherein RL is selected fromthe group consisting of
2-thienyl, 2-furanyl and phenyl, each optionally
substituted with one or nore hal ogen atons and/ or one
or nore @,ij‘é;al kyl or Cl1-4-al koxy groups, and wherein
R2 is -al kyl or phenyl, each optionally substituted
axOnor e hal ogen—a

(S,5.8,5)-“Me-KetalPhos”, (S) and (R)-“MeO-BiPhep” and “(Rp Rp,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 Ia 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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Particularly preferred, the carboxylic acid is

sel ected fromthe group consisting of C - s-al kanoic
weaeh@ngo7e PCT/EP2005/001781

)-2,3:4,6-di -0 isopropylidene-2-keto-L-gul onic acid,

(+)-2,3:4,6-di- Oisopropyl7 dene-2-ket o-D gul oni caci d,

2- ket o-L-gulonic acid, 2-keto-D-gulonic acid,

., L-aspartic acid, D tic acid, benzoic acid,
Prowd%-aﬁe&a% ob8 REBPEY ol Wi o B FQKelape §f g fommiila
2- napht hal enecar boxylic acid. Furthernore provided are
sB'ts of a carboxylic acid with an am noal cohol of the
fqrmul a wherei,n Rl is selected fromthe group IL
ristnag 2Rt hienyl, 2-furanyl and phenyl, each
Oopti onal | yy substituted with one or nore hal ogen atons
and/ or or;glior nore -4-al kyl or C -al koxy groups, and

V\,hﬁ_r ein is Owal kyl or, phen&, .each_opti gnal Ig
whereirsRbistseleated drom this gooitp emsigéngohitiesi Zfusaryl apd phenybsach

. r r. -4:al kyl or -4- | t

optionefl Rt ot duf Yoo pbogbr B RGO et €, Bkt or

cM-alk)ox;% gﬁdugs,@xﬂiw&réiﬁg@ﬁ@m—myh@ﬁmhﬁg each-cguibnallycsubstitdtedr with
(+)-2,3:4,6-di -Oisopropylidene-2-ket o- Er%}g}! oni c aci d.

one or mipes halegsamtomsansfariosn of Biorg Cusplikyl d-wyalktsy #19FPHWI ng
non-limting exanpl es. Exanpl es Exanple 1: Preparation
of 3-iV-nethylamo-1-(2-thienyl)-I|-propanone

Particulaylgippefbired, ithkeca BoRONe kicid)is feledted from thé group consisting of

2-acetyl thiophene (25.5 g, .,200 I t hyl ami . .
Cural ke et por At Ogisons by R F ekl A BT g 3-3:4.6-di
¥ 2808011 ' e - 2li&td10ahul6hit Acian

O-isoptflyiiddhe 200 FIBYbniBAGAEI RIAA. dhibiR d%de obt ai ned | ght
L-asparkic avid, B-abpertioacid sheppait edids dnmthydbenzdicpsid, sadicylipacid and
%{al};nol ggfm_ is renoved by distillation in vacuo.
2-naph fC YAPE°200 m.) is added to the residue to
afford a thick suspension, which is cooled to 0 C and
kept for 45 mn at that tenperature. The obtained
Furthenmiere prividedere salisof b sadaxylyc 3id withian@minericeho] afjthe formula
yieldjng 29.3 g 3-i V-nethyl am no-1-(2-thienyl)-I-
rror@anone hydrochl oride (PRON-HC, 71% as a slightly
yel Law powder R?
HO N

I
H

]

wherein R is selected from the group comprising 2-thienyl, 2~furanyl and phenyl, each
optionally substituted with one or more halogen atoms and/or one or more Ci4-alkyl or
C4-alkoxy groups, and wherein R? is C;4-alkyl or phenyl, each optionally substituted with one
or more halogen atoms and/or one or more Cy4-alkyl or Cy4-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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Conparative exanple 1: Preparation of racemc
3-i V-net hyl am no-1-(2-thienyl)-I|propanol (PROL-HC)
waadadissvdtydr oxi de (4.0 g of a 50% aqueous sol uPCOMP2G0S/001781

added to a m xture of PRONHCO (10.3 g, 50 mmol ) and

ethanol (35 nL) at 4 OC in gbout 5 min. Neat sodium

bor ohydride (0.95 g, 25 mmol) is added in several

portions in about 30 min to afford a bei ge suspensi on
Examples ch is stirred at 4 C for additional 4 h. Acetone

(10 nL) is added dropwise in 5 mn and the mxture is

stirred for additional 10 min before water (20 nL) is

Exampled € ®repdiatith of Qf]'ﬁ‘-_n'ie‘ﬂéﬂﬁm@l_ﬂﬂlI(Mtﬁﬁnﬁbqupr@ahbﬁeliyt'lfbchloride
vacuo and the obtained residue is extracted with
(PRONHEDbut yl nethyl ether (MIBE) (2x20 nlL). The

A mixt%% %frefd%icﬁegylg{i%%gng gic)sgsang,gz?)o%%oﬁf’fﬁ‘é&'iliahﬁh@ Hy&xgcﬁﬁeﬁ&'é)(MB g,
220 nnglzl;)),\'j:a{m&)hﬁhlaehy&é-(&ﬂ(gz 280 ix@mt) and etharop &109 m{PRAeatddlin an

an orange oil which cr stallizes,spontaqﬁﬁ%§

autoclaapt?éua@tor B0 9 for A nlke pbigimed dig! tbr@wnwleonﬁ eeplediiq 0o and
part of?%_ftﬂ%ng)’l ﬁ]@ @Ié 1sc6)1>emf@8(¥ ’6y g&gghttogﬁﬁvlﬁ_o ﬁgl&} ag%_té%' :(Z@rg 1%@) is added

to the Rsidbe {2affhrd m)thicR s@pehiSorswidoh isTodRd (@ 0FC apyl kep3ior MivRiin at that
(DVBQ:- d6, 100 MHz): 150.9, 6.3, 123.7, 122.3. .67
tempera@t.ms,T@@bﬂln%pre@p@ﬁwﬁiﬁe% ivygﬁ%mﬂnea@ drisdoYiglding 2 e
-N- iid-1-(2-thi ] ] H18ribd ) §18klightl
3-N-mBhi]-oifonf DTHHIARRR BROCHEHASFIRHCE ISP a0 lightly
yellowRR@ekiCl (250 ng, 0.56 mmol) in nmethanol (5 nl) and an

equi val ent anount of NaOH m xture is charged under
nitrogen. Afterwards, a solution of

ComphPt{veRRhmifte PUPAPa It of(rd cdmB-N-M et 14A Y- 1-(2 thiehyl)-1-

prepared under nitrogen is added via asyringe. The
propapok(PRQALAICH t hen cl osed and purged several times with

. nit , d . '
SRS IFELE e g B P 003
g, 50 iR 61 @hd ethagol (B8 L)k KI°Ciif @boutfemBl Neat sodéun borwbediéde DS g, 25

roomtenperature, Once cold, the clear yellow brownish, .
mmol)gs pddaddn speeralmeragnsin abput AP gnip tospftprd %%%S%B?qsm%cﬂ is stirred

oA et AT RHAO and Hcnis
stirred for additional 10 min before water (20 mL) is added. The mixture is concentrated about
5 times in vacuo and the obtained residue is extracted with fert-butyl methyl ether (MTBE)
(2x20 mL). The collected organic phases are concentrated in vacuo affording 7.2 g racemic
3-N-methylamino-1-(2-thienyl)-1-propanol (PROL-HCI 84%) as an orange oil which
crystallizes spontaneously after a few h. 'H-NMR (DMSO-ds, 400 MHz): 7.35 (1 H, dd, J = 4.8,
1.0), 6.94 (1 H, dd, J =4.8, 3.6), 6.90 (1 H, dd, J = 3.6, 1.0), 4.90 (1 H, t), 3.7 (2 H, m), 2.56 (2
H,m),2.25(B H,s),1.79 2 H, q); BC-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
((S)-PROL-HCI)

In a 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)|BF4 (2.7 mg) in methanol (2 mL) prepared under nitrogen is added via a
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Conparative exanple 3: Preparation O(S)-PROL A
solution of PRON-HO (250 ng, 0.56 nmol) in nethanol
wO03005l080376 char ged under nitrogen in a 50 nL aBRCOEP2006/001781
Afterwards, a solution of 1.8 ng Rh(cod) 2BF4 and 2.7
ng the ligand of fornula |14}, vvith R3 O, R4 = R5 =
dicyclohexylphosphinyl and = R7 =
Ehenyl phosphinyl, in methanol (2 nl) previously
syringep pamte@labﬁylséhm ¢lp$¢gl an puegsseyrsslitingsoyith Bitieeen, &\%Fé@ up to 50

. ORI P 0880 i SRRl Bk e e

stlrrlngbﬂie&ﬁto‘é!;&vb(ﬂs &&lé’(ﬂtoqooﬁ%p&@mr@ ot cali%he\clddPi€llow-brownish
npl e 2: Preparation of

solu‘uosls m‘o‘r&rmiw@tmarﬁﬁ nLroundhasion flask qod spasratiatedie dpmgssatfording a
2-k L- gul
vise s P LR RLARGED RIS, "0 i 7 (5510

47.5 mol ), MIBE (170 nm.) and water (20 nlL) is cool ed

to 0 OC, then sodium hydroxide (12.8 g of a 20%
Comparatixe example &:iPyieparasion dd69)-BRMwi se in 15 min and

A solut?(%ﬂ of ﬁgOf\lol%ICiL@SW xﬂ% 0¥d BROR"H Snethdi®l gSt f.éln §‘<91afg°ed under nitrogen in

Wo pfiases ar € separate the organic
a 50 mb m&tdchiwmﬁadvardd; b solatien of B8 nng Rh(cotpBFj; hied 2 the dted(gand of

T T TN T

phosot R Attt e o i

under wjfrogendi8 adddd) via n spfiBE. Thebydrogenatine 1qﬁa@md;qaut as described above,

ottt S Fiot A Dok SO BT B IR EL e, e

to half the vol une, there3|due|s heated to 50 to 60
0C and heptoane 2250 is added. Afterwards, the
Examlsla 2pBneparatipn of dY-@wthMmﬂmlf(Z@lePMB Isprapangpe and its 5

d off
AR T P SR PPy,
A mlxtM"B SEPTSONLHC @13 (Rg,0h7.5@ol), MEBRY1 'ZOSmBﬁaﬂd weteq (R00MmL) is cooled to

99. 0
0°C, then glohéqh gmrewgiirlig gﬁ?fﬁ%oc/k?/q“:‘iﬂgi)%qqp g 1%?435&3 %%%%01%31 5 min
and stifF8d Yor T M e iehWards, Ind-stiRE 1 886bRa dhb tW8 pRisel SreSepdra®d and the

organic one is washed with water (60 mL). Then the collected aqueous phases are extracted

with MTBE (2x50 mL). To the two collected organic layers is then added dropwise a solution
of (-)-2,3:4,6-di-O-isopropylidene-2-keto-L-gulonic acid ((-)-DAG, 13.1 g, 4.48 mol) in
MTBE (400 mL). The product precipitates already during addition. At the end of the addition,
the suspension is concentrated in vacuo to half the volume, the residue is heated to 50 to 60 °C
and heptane (250 mL) is added. Afterwards, the suspension is cooled down to 5 °C, the preci-
pitate is filtered off and washed with MTBE/heptane (1:2, v:v, 2x60 mL). Drying 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 a 20% NaOH-

solution are added and the reaction mixture is stirred for another 30 min at the same
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at a tenperature of 0 to 5 Cin a 10 L vessel. Wthin
0.5 h 576 g (2.88 nol) of a 20% NaOHsol uti on are added
wanastoses7o eact i on m xture is stirred for anot hecT@®2005/001781

at the sanmetenperature. After phase separation and

washi ng of the organic phasgywith water (1.3 L) and

extracting the aqueous phase with MIBE (2x1.3 L), the

conbi ned organic |ayers are cooled in a 10 L vessel to
temperifoteo WO pigise ﬁ@naeatlmdtwashm@fof ghesupunp phasstwigopalgr (1.3 ) and

202
sl o BRIAR YAEPE 22T e b B Db gibooted i
a 10 L as€lrto dedint 1007C. oA fié additivh alf hisalatibeof 890lg (s)uDAGa(Q 1) mol) within

smal | crystal of the product. After further stirrin
15 minfagyellpwishanixgure & @t@neff and qraﬁta@ﬁatlwuﬁgpwtﬁwm r after

addlt10é Ipz 3 ﬁl&’yts{‘a}h?z%ggn gfd%/ !s&?xfa{s\%h }lr?a e:é}e t Igisxft% Ih%re dlrrmg for

2 h at (6T, Qil&atloﬂl?%glghg Ml&hMTBEI’(Z@T 5 H’B@ﬂd diying Hgvdcao as0 to 55 °C,
suspensi on of 7 of the product of exanple 3, 5.3 L
the proffresit74thg oboff- W_th?eiO%Q AAtteR)yis O?Fé’é‘Féd under reflux. After

addition of further 1.8 L nmethanol at the sane
tenperature a clear yellow sh solution is obtained.
Examphe 4t I@c@@fﬂllm@whmfﬂ’R(ON&hEeMgﬂacn 3 h, the product

s B S et ol A1 3 95 Epfifo e neted
under Péﬁflk' Cf‘ﬁ%r aﬁg itoﬁ o? Purther 1 f¥EL ﬁ’fe@lﬁ%t at(t§é3§’an§b Rfnpdkiinire a clear yellowish

|sota|ned Exanpl e 5: oenatlono
solutiof 59 etREi@b& dktgeoling toX) tof BE mthlm$ h @ﬂqeép@gmtaf@s dfter

furthe gﬁan%e% Oﬁﬂ ggip@ng%gigﬁaq iof \ga%xbangtl\{[‘fﬁﬁ zg IBLfArltﬁd (llr§/1ng in vacuo

at 50 t& 9% ot 88 pRiduk Edf%vlﬁe solidyis ab@pieds) -
(norbornadl ene in methanol (2 nmL) is
added via a syrlnge to the first mxture. The

nat | o s N=Ye by escri bed above,
Exam&%%o?ﬁ%ﬁ 6?11% et met hyl ami nol - (
A soluioh Bf PK@N)—dl'keﬂégﬁlaé aNetangplel4 (250) m@/’(ﬁ% mmol) in methanol (5 mL) is
&@g PROL- di ket egul acz as a bei S @
chargedandenmiiregen;is apond. gtociare A selufign 9&%*8@( Rsszo%ef a‘ﬁgB‘%
£ I f
(norbo?%a)% %&@k‘% iﬁggﬁdr%leth%ﬁg hﬁag 3daéﬁ v?% ¥ g}%rﬁlsgg t(l) the first mixture. The
hydrog‘%Bﬁﬂimﬂils kairied wuass ddscibedmbloee, Bffosdingl thedsalt 0f fHFE)-0ré-meghylamino-
1- (2-thleny1) l-pro?)ancf)l and (5)-DAG ((S)-PROL-diketegulac) as a beige solid (0.22 g, 92%).

Conversion is 100% by HPLC, ee is 95% (S isomer id preferably formed).

Example 6: Hydrolysis of (S)-PROL-diketegulac

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 mmol) 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. Crystallization occurs spontaneously or after seeding and the sus-
pension is further stirred for 30 min at 20 °C. The precipitate is filtrated, washed with héptane
(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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water (22 m), CH A (18 nL) and an aqueous sol ution

of sodi um hydroxide (30% 2.07 g, 25.9 mpl) and the
woeearstoseato m xture (two phases) is stirred for RETAPZ05/001781

After phase separation, the aqueous phase is extracted

with CH2A 2 (12 nL). The cdrbi ned organi c phases are

washed with water (13 nL). The solvent is renoved at

0,06 in vacu I of 9.nm. Heptane (18 nl) is
Examl’i"d'ég‘up'e%rﬁt}?é‘ @é‘é?%ﬁéi/—%sﬂoqfﬁgfwgu ting solution is
A mixthrelof 1810 gq@NSafnbHFRONHER Q70 mISMTBE and/2Ea0. wite2id cboled to
stallization occurs spont aneousl &@or after seedi ng

Cr
5 to 10 6in £ 450 Sl vasarlshBer adslifiay fHieS & of f Path NepH solugion the mixture is

it e T A 0 S
water (?7 o)) gi)l(mﬂlel(aqﬁé?mi?@@ase(ig eltrgotaf \fzvigh M’EI;E EMSGD, mL). The combirﬁd

9 . : ti - ket o- I, - t
organiHAGHAES GOIEHOBPY 18 "6 ORI EFISPORIT A BE (G dprmoD)
21 Z T 0 A B BBt 8o oo
of the seblent is oslubéctomipptasimatety e halfeThd wactionrixture iheated,under reflux
T A S —
reflux %E% 8fih,8fe Hﬁitﬁrlew Bboltd i‘(?&om-tkmggﬁﬁlré @P@Lé}ﬁﬁth@ kSIRBtGs removed.

ases are cooled to below 10 C and within 15 mn a
The resnsip eesiduers pixesl witly 100 s: mrothpndl -aké the solid whasier & flédred o and

. ..400 nL ' dded. ticky s ension is forned.
dried inryaeug gf %E’Eséro%t ﬁ)é'lel I%@ﬁ?aq %Olflﬁél&%ﬁegd to approxi mately
the half. The reaction m xture is heated under refl ux

and 250 nL hep} ane are added. After further addition
Exampl¢ 83Becnystaflinatian of PRONketordgegwenate ref | ux for 30

} h i i. . .
52 ¢ g 738508 Bt LSO APBE ARG T

clear séfuti@bis\wbbled 1ORTrind AR Esiadepositn.dTHerixniat iktinridtfer 1 heur at RT. The
. filtered off and dried in vacuo at 50 to 55 Cto yield
moist rgsin igdriedrin yaguopt e 8 *Crtq aHprd.g £ okdan spdidmatiesat § on

Rﬂ_\k - - )| 2 g solid product of
Exam@%’(ghp ﬁgﬁérpﬁt%?g%\oﬁn era%? eflux with 100 nL et hanol .

A mixtrects] 5 ¢ (47.51gymd]NERONSHCLSI0uhL MITBE an6 0 el wateRis @oted to

a resin deposits. The_ pi.xtu LS Stir ho at. .
5o 103 SRR SEb Sl B B b s B s
stirred ¥ REHQNS findwhil® bhdsBRepRhtich dRUEEThe organic phase is washed with
water (60 mL) and the aqueous phase is extracted with MTBE (2x50 mL). The combined

Di

C

organic phases are cooled to below 10 °C and within 15 min a suspension of 5.5 g (45 mmol)
benzoic acid in 400 mL MTBE is added. An oily suspension is formed. The volume of the
solvent is reduced to approximately the half. The reaction mixture is heated under reflux and
250 mL heptane are added. The mixture is cooled to RT and stirred for 1 hour. The solid matter
is filtered off, washed with Heptane/MTBE (2x60 mL) and dried in vacuo at 50 to 55 °C. Yield:
10.4 g yellow-brown solid product.
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Exanpl e 9: Preparation of PRON-benzoate A m xture of

15.0 g (47.5 mol) PRON-HCO , 170ni MIBE and 20 nlL
woavesrsixsocooled to 5 to 10 Cin a 250 nL vesseCT/EARG081001781

addition of 12.8 g of a 20% NaOH sol ution the mxture

is stirred for further 15 A2n, while phase separation

occurs. The organic phase is washed with water (60 nlL)

Examp b Wg AR Ral RN nARC< °5 &' cool ea 0 el ow

10.3 g sbfid ?@d@&fbﬂ@xhﬂpﬁ 913 hehtad anderyERDSWIR 50fm]5eﬁiygtcétéﬁ Under
benzoic acid in 400 nL MIBE i s added.

stlrrmg,sth@ arssoaﬁloinss f:Qs:r eﬁb@ RTad ¢ splihdenssity. Hae @HW%{S SFlgred for 1 hour
to
arer. TR SRR 345 45 Ll o BRE. £ B ot
zﬁdded Ehe mxture is cooled to RT and stirred for 1
our. The solid matter is filtered off, washed with
Examplebk: dhdregemtionf FRON-bengoafei ed in vacuo at 50 to 55
A oty o R MGl AR LAIE REQIE 4 el S g nce
mtrogexpfrowlm:mL()afutm:ampAﬁeﬁNards heatutidnwideng [RIF((S)- Metlhulﬁ@sm

(oS SEEATIE S g SR R

[ T -
genatecge%s d'e%&g)gﬁ %%o&ecaﬁ'ﬁﬂﬂl %thff:if O?Jiﬂﬁprb&ﬁdt '('(S?—?ﬁ@g‘h ?&%ﬁgﬁtez ﬁﬂgersmn is

99% bynldPLEr ce IERATIN, & 1&<1rnel1-mrdfemj>é3nﬁm’ﬂcdm of PRON-benzoate A
solution of PRONbenzoate of exanple 10 (146 ng) in
nmet hanol (5 nL) is charged under nitrogen in a 50 nL

CompﬁthO&éﬁmple At P@é hﬁan oﬁrmmipmme@feslafdmte
[ Rh cl ooct adi ene)

A mixtsth 16918 @2 SrmmeDPRANGACH 140 2s YT aM Shal avatenis copled t

yd t d
st 10SF G OROFE o8 AERLE PP O 09 RO e s
stirred fd? lf6sthe2 @5 infin %mTéVphaSe sepanionpceds) Bidl orgdmic phabe is washed with
npar ati ve exanpl e 4: Prepar

water (HRORD B0 1 PaHESGH e EXRatT & i STBRE (339 L. Fhesgombined

I

p-tolueh@uffogicatidan ity tifHnstfl0uhl MATBEés addetluAr oily suspension is formed.

The volume of the solvent is reduced to approximately the half. The reaction mixture is heated
under reflux and 250 mL heptane are added. The mixture is cooled to RT and stirred for 30 min.
The solid matter is filtered off, washed with MTBE (2x60 mL) and dried in vacuo at 50 to

55 °C affording 14.3 g of product (tan solid matter).

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 stirring, 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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stirred for further 15 mn, while phase separation

occurs. The organic phase is washed with water (60 nlL)
wanastoises7aqueous phase is extracted with MIBE ¢2x502005/001781

nm.). The conbi ned organi c phases are cool ed to bel ow

10 OC and within 15 min a 48spension of 8.6 g (45

ol ) j’? t ol uenesul foni c aci d nonohydrate in 400 nL

hydrosSyB B ebtoenibed 4 Batiradte S iR bradBF sy pROL-
p-tolueﬁ@hffena?é}%éﬁ%@ﬂid)@ﬁ 5% kY WP, e hee9034, Siiscmer prefdrably &nthed.
nL hept ane are added. The mixture is cooled to RT

apd stlrLed for 30 mn. The solid matter is filtered
.prashed. wi 0 nm.) and dried t
Examp%b{% (}Waga'(%%o #Iﬁ%aﬁ% 01)‘ produclt (tlaﬂ \églclug :
A mlxtﬁf@totfesb g (@amnafrﬁt)l B@Nmp |1eo L ]EﬁlBE/&tchIO inf avatenis oboled to

/ ?-t ol uenesul fonate 14, 2 80 (SIHCt of
510 1086 parad mﬂeV@ﬁﬂnﬁﬁér b oniete ahuad ROt souon thegnixture is
stirred fir rﬁ%&’ﬁ?% Oxlvhll Fe'i)g} oh¥eurb Mhedreatic ?ﬁ’ésls'tlé Rished with

C00 eposits. The m xture Is
water (60 1)) @fd fheraqﬂlechxs lphasﬁ is Ri?:rac't'dftbwﬁh MTBE §2x40i reb).i Thewcambined

.at 50 to 5 £ f
organicBepRare wﬁ%@% 156 R i By D shaerSfh ofo.0 & (45 mmob)
dodecaﬁ&%ﬁ Qb(?' l?ﬂaaﬁﬁe(ﬁ&f@r YtHo@Rstirring no product has solidified. The
uenesu l e

-to fonate of conparative exanpl e
solvent(id ﬁﬁnm@)i in maquetand tid oifySresitdyie issobied i 50 mInerstonifrile @gjehﬁated

under rfﬁa% ,ggle @Tgwggis(%?)lo%\cﬁ?/ g%toaangiﬁw ra? z(?{ e% 39 %tt !ﬁ?ﬁ ag hl%eﬁ?tes, which

crystallizes Fh-a tenfpeR AR Gf bERWS (B3CT.I THESuspesiy &Y ﬁﬁtheﬁsttir&ﬂ fbﬁ30 min at RT,
carried out as described above, affording Q.12

than 3(pmbcsetonifiileprrrided to thelthickensdispencasiey. The eVl maatR 5 flkltered off,
wesh 05 AL 5 TR AR Y e 109

product. 5¢i€1d916.9 g whitesalifl s HO , 170 nL MIBE and 20 niL

water is cooled to 5 to 10 C|n a 250 nL vessel. After
addition of 12.8 g of a 20% NaCH solution the m xture

Exam]i%l% é?;l k%&‘:fzgtah&fauﬁ)ﬂ @?{101‘% Jadfdtd, While phase separation

ase 1's washed with water (60 ni)
10.7 g 861il procdua gl exaamplp hasseheaﬂedaxtdemﬂaxi witht 10 mEBEet@mtﬁlﬂ Under

s B o om RO PSSP 559 by 307

The mixture is stirred for 30 min at 10 to 15 °C and 30 mL acetonitrile are added to the

thickened suspension. The solid matter is filtered off, washed with cold acetonitrile (2x20 mL)

and dried in vacuo at below 30 °C. Yield: 6.3 g white solid matter.

Example 14: Hydrogenation of PRON-laurate

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, R,S,S)-Tang-
phos)(norbornadiene)]BF4 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, ee is 93.6%, S isomer preferably formed.
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Claimsm

dodecanoic acid in 200 nL MIBE is added. After 1 hour
stirring no product has solidified. The solvent is
woensw70n vacuo and the oily residue is sol vedTiER2@®8/001781
nm. acetonitrile and heated under reflux. The m xture
Is cooled to RT and stirredi4or 30 min. At first an
oil secretes, which crystallizes at a tenperature of
bel ow 30 C. The suspension is further stirred for 30
in at RT, than 30 nL acetonitrile are added to the
t hi ckened suspension. The solid matter is filtered
of f, washed with cold acetonitrile (2¥*10 nlL) and dried
AWW%J@T@PPWB@ ealfs 04f f or di ng 10.9 g product .

[ anpl e 13:
aﬁ@@royglt“’l%l |on OP&E lpglfl} L% 7 g solid product
of exgrpl e 12 i s heated underRllefI ux with 70 i

aceto rile. Under stlrrlng, the clear sglution is
cool e and panlbAnd/gkcr h _cRyst at%izes at
bei® ,58 mxture i H&tiRrr dfOIN3O mnat 10 to

15 C and 30 n] acetonitrile are addedII_Lo t he thickened
suspensi on TIHa solid matter is filtered off, washed

i l.d | 2x20. nL d, d j
S R el e .
e&éh 183" %ﬁh{f&éﬂ Rith BEODE sk 1Bl Seh afithd bl dpst o(hte or more )

| aurate of exanple 13 (184 nmg) in nethanol (5 nL

Gla aﬂkbdwg €dsahkdey griups.cmdrwhiencin R§0s Grs-alkybert gheayl, each
opigSAY bR GaRA edt s RalfPen @Piate o aos e gt or

(Iih)allk&( via a syringe. The mixture is
hydr oggﬁ%tg?g as descri bed above, affording 0.16 g
sol id product (()-PROL-laurate). Conversion is 100% by

cipbisiol SslufimPiclly pyuro BB BB BF £ 01 Y, T O T S i
aadhtlﬁbx\yahé hc1am&mnmholaémhe @‘ﬁthé fenfuty mul a wherein R1 is

sel ected fromthe group consisting of2-thienyl,
2- fudnyl and phenyl,

0O N II,

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;.js-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 (S)-(—)-3-N-methylamino-1-(2-thienyl)-1-propanol, (S)-(—)-3-N-methyl-
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each optionally substituted with one or nore hal ogen
atons and/or one or nore 4 -alkyl or C*-al koxy groups,

wandswee7ei n R2 is Cr-al kyl or phenyl, each oppcomabkdogo01781

substituted with one or nore hal ogen atons and/ or one
or nore Cl-4-al kyl or Cl-4-H koxy groups, conprising
asymmetrically hydrogenating a salt of a carboxylic
j ht i noket o of r i4N .
o B AR GRBRY, (R b7l tis Ryt o HhidhgH-
tprapaidl aad (ReEHI3 -Van@thg¥miioal <13 -phlos@pithienyl)-d irdpanol.
preferably of an aryl- or biaryl di phosphine |igand.
The process of claiml, wherein the carboxylic acid is
| ; A . ; o
R e S QM 1R, FEERi b Ben P Rllop Pclobid from the
golysdankistingl ofrhodim rotheyiom @ iddimng prafemblydhoditine
process of claim1l or 2, wherein RL is 2-thienyl,
optional Iy substituted with one or nore hal ogen atons,
’I\‘l;\ﬁg)r&?esé 8t 41! dBdlaif¥s &%?}’#&rher@ﬁh@ fiﬁ%ﬁﬁﬂé ligdndiign 3,

rein the conpoun ormula I'l' 1s selected from

seleeted fiompthe@eustdnsytiog 06) - ( - ) - 3-
-met hyl am no-1-(2-thienyl)-I-propanol, (-S)-(- )-3-
- metdayl axg no- 1| - (3-chl
(i?)-1¢F)-3yi V-net hyl
and

rg- 2-t hi enyl ) -1 - propanol
mn -_I_-t_(BZu-thl enyl)- |-pr¢

di phosphthe ligand is selected fromthe group

DA, 0 RS R, ) T2 s

(ijy' MeO Bi Phep" and "( P> P, Sc, 5c) - DuanPhos".

(S.5,5,5)-“Me-KetalPhos”, (S) and (R)-“MeO-BiPhep” and “(Rp Rp,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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The process of any of clainms 1to 6, wherein the
conpounds of fornulae la and Ib are obtai ned from

woheisrosenor espondi ng salts with a carboxylic aeCwER05/001781

hydrolysis in the presence of an alkali- or earth

al kali hydroxide. Salts ofa ggrboxylic acid with an

am noket one ofthe fornmula wherein RL is 2-thienyl or
2-furanyl, each optionally substituted with one or

redisof pLpdhgEsliaed duvidyaay agrnekedonsrofhe foronlaa| | cyl or

Cl- 4- al koxy groups, and wherein R2 is Cl-4-al kyl or

phenyl, gdch optionally substituted with one or nore

hal ogen gtons and/ or one or nore C*-al kyl or CMBI koxy
groupsuagth%?LL§ 9ﬂ80|ain18, wherein the acid is

sel ect@d fr t h&Ngroup consisting of C .is-al kanoic

acids, (- |

)-2,3:4,6-di - O i ddpropyl i dene- 2- ket o- L- gul oni caci d,

Whoreid, 18" i4 26thibiny 1 B fipanyhydatid epionalli etisstibited withiona ot thore halogen
2- ket o- L-gul oni caci d, _2-keto-D-gul oni c acid, ) )

atorgs gad/py %%ﬁ:?rdpm@%ss liog gé#‘&,lk%& s ndcagrein R” is Cru-alkyl or
AP LA gnatly SN TRE QAC ol haflch g Corfir bne or more
Carilkylydri € saadkakygrohpsan am noal kohol of the formul a

wherein RL is 2-furanyl or phenyl, each optionally
substituted with one or nore hal ogen atons and/ or one

Phie I 8 chird BkWheRin thd aditl KOeYe IR thARSuplishstiting B2
Is CMal kyl or phenyl, each optionally substltuteé

Qi-sstallomeicacidsp(9-haiH dodir0-agoprapydiderieo? -keiveL-gnlonisragid,

~4: al kyl ~or Cl-4.-al QUPS, . W the exceptiQ
G 2eiPp Qlontity Hfls kg 8iBio A 2ol GLEERE 438
2-k&t0R5-gilohi HRIE 1 2aslsatio abidglbl-la.gfﬂrﬁc acd dieaspartic acid, benzoic acid,
+)-2,3:4,6-di-Oiso propylidene-2-keto-D gulonic .
glethyl-benzoic acid, salicylic acid and 1-, or 2-naphthalenecarboxylic acid.

Salts of a carboxylic acid with an aminoalkohol of the formula

wherein R! is 2-furanyl or phenyl, each optionally substituted with one or more halogen
atoms and/or one or more Cj4-alkyl or C;.4-alkoxy groups, and wherein R?is Cj4-alkyl or
phenyl, each optionally substituted with one or more halogen atoms and/or one or more
Ci4-alkyl or C,4-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-iso
propylidene-2-keto-D-gulonic acid.



