1 Process for the preparation of enantiomerically pure

1-substituted-3-am noal cohols The present invention refers to a process
for the preparation of enantionerically pure

1- substi t ut ed- 3-am noal cohol s, particularly of and (R)-(+)-3-Nnethylam no
5 1-(2-thienyl)-1-propanol, which can;be obtained by asymetrically
hydrogenating salts of the corresponding am noketones and a carboxylic
acid, particularly of 3-N-nethylam no- 1-(2-thienyl)-1-propanone and a

car boPybeess i the preparationnEexmivnuirically gk j substifped-3iamjnaalcehalnsi t i on
metal and a di phosphine Iigand. 10

(S)-(-)-3-N-Methylam no-1-(2-thienyl)-1-propanol is an internediate for the
pr eparbippdtet invention refers to a process for the 2pre%aratlon of enantlomencally pure
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known, as well as processes for chiral resolution of the resylting
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2004/ " ses for direct asymetric hydrogenation
usi ng%a?‘ggé%n}elforz}h@rgflﬁ&ﬁm%%#ﬁgnpl exes are disclosed in EP-A 0 647 648,

EP-A 0 926 152, 20 EP-A 0 945 457, EP-A 0 955 303 and WO A 02/ 40492.
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antarctica as catalyst in hexane yielded

(S)-3-chloro-I-(2-thienyl anol, which is converted to (8)-3-iodo-
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1- propanol fromthi ophene, ich Is essentially the sgma as, t he, one
descr i WEHAIRIOHOOS 3G Rarthgrmore, processes for direct asymmelnc ogenation using

transition metal-ligand complexes are disclosed in EP-A 0 647 648, EP-A 0 926 152,
20 EP-A 0945 457, EP-A 0 955 303 and WO-A 02/40492.

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
25  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 te (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.
30
| Sorbera et al. describe another preparation of ($)-(—)-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 (5)-3 ~chloro-



except that 3-chloro-1-(2-thienyl)-I-propanone is asymmetrically reduced to
(S)-3-chloro 2 1-(2-thienyl)-1-propanol using borane and catal ytic anmounts
of (R)-3,3-di phenyl- 1-nethyltetrahydro-3H pyrrolo[1,2-c][1,3,2]oxazaborole
in THE This asymetric reduction afforded
(S)-3-chloro-I-(2-thienyl)-1-propanol jn a yield of 86%from
3-chloro-1-(2-thienyl)- 1-propanone (Weeler at al. J. Label. Conpd.

Radi opharm 1995, 36, 213-223). 5 The drawbacks of the preparations of

(S) - (- ) A2tINengl)-NyprapanoDusding Borbdu amlydataltipaneanods @Syediphanéd- t he use of
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an object of the present invention to provide an ecol ogi cal and econom cal
protess for the preparation of enantionerically pure
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sel@ct as rot satisfiing rogard of theihydoggnatiorpofihNensthylamirost-424hiemAl phenyl , each
optionfl I$/ substituted with one or nore hal ogen atons and/ or one or nore
Cl. 4- al WYPAYPIC.C1. 4- al koxy groups, and wherein Rz is Cl.4-alkyl or phenyl,
each optionally substituted with one or nore hal ogen atons and/ or one or

nore Cl.4-al kyl or Cl4-al koxy groups, 30 conprising asymetrical Ify
hydr ogBrsien abjeet of she prefentinyentinnp previde pajeqolegical and peanioruead Reocgss for the

preparation of enantiomerically pure 1-substituted-3-aminoalcohols, particularly of ($)-(-)- and

=

15 (R)-(+)-3-N-methylamino-1-(2-thienyl)-1-propanol. It is another object of the present invention

to provide new salts of 3-N-methylamino-1-(2-thienyl)-1-propanone and organic acids.
- These objects are achieved by the process of claim 1.

20 Provided is a process for the preparation of salts of

a carboxylic acid with an aminoalcohol of the formula

Rl

2 Ia, and/or 2 Ib,
K /k/\ K
HO R N

|
H

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

]
O:<IUIIIIWH
m—Z

H

25

optionally substituted with one or more halogen atoms and/or one or more Cj.4-alkyl or
Ci.4-alkoxy groups, and wherein R*is C 14-alkyl or phenyl, each optionally substituted with one
or more halogen atoms and/or one or more Cy.4-alkyl or Cy4-alkoxy groups,

30 comprising asymmetrically hydrogenating a salt of a carboxylic acid with an aminokgtone of

the formula



the forrula 3 RRZ O1 Il, HS5 wherein RL and R2 are as defined above,
in the presence of a transition nmetal conplex of a di phosphine ligand. In
Sakuraba et al., Chem Pharm Bull. 1995, 43, 748-753, and JP-A 50-70412
the asymmetric hydrogenati on of HCl salts of B

3- N-net hyl am no- | - phenyl - | - propanol ang 3-am no-|-phenyl- 10 1-propanone is
di scl osed. EP-A-457559 di scl oses the ggeparation of HCl salts of 3-dinethyl
am'no-1-(2-thienyl)-1-propanone and

(S)-(-)N, N-di hyl - 3-(2-thi enyl) - 3-hydroxypropane- amne as well as the
oxal ate salts (S) (+) N, N- di met hyl - 3- (1- napt hal enyl oxy) - 3- (2-t hi enyl ) -
pr opanam ne an d

nmet hyl - 3- (1- xy) 3-(2- thlenyl)propanan1neIIThe | atter two ones
being aromatic ethers of the conpounds of formula I. D'rect preparation of
the 15 respectlve organHc acid salts is not disclosed in the prior art.

Sur risin 1 £ CO s can be used in the hydrogenation reaction as
Fr‘%ﬂ{R ?’F&f@a@rﬁﬁgﬂﬁi@ 288\t of by-products. Using organic acids is
favourﬂpﬂh@;preiéﬂb%%ftam%)ﬁsﬁbﬁlﬂe%ﬁo ﬁlgﬁ'c?aﬁﬁ]ﬂi%sﬂ%eﬁg’&dt herefore the risk of

deconposition while concentrating during recovery of the products is
reduced. The conpounds obtainable by the present process can be used
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10 l-propanone is dlsclosed EP-A-457559 discloses the preparation of HCI salts of 3-dimethyl-
amino-1-(2-thienyl)-1-propanone and (S)-(—)-N,N-dimethyl-3-(2-thienyl)-3-hydroxypropane-
amine as well as the oxalate salts of (8)-(+)-N,N-dimethy1-3-(1-napthalenyloxy)-3-(2-thienyl)-
propanamine and (S)-(—)-N,N-dimethyl-3-(1-naphthalenyloxy)-3-(2-thienyl)propanamine. The
latter two ones being aromatic ethers of the compounds of formula I. Direct preparation of the

15  respective organic acid salts is not disclosed in the prior art. Surprisingly, these compounds can
be used in the hydrogenation reaction as well without increasing the amount 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.

20
In a preferred embodiment, the diphosphine ligand is
P—=i-Bu
o
Hllu
25 P-t-Bu
(R.R.S.,S)-“TangPhos”.

Asymmetric hydrogenation of 1-substituted-3-N-alkylamino-1-propanone hydrochlorides with
30  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



30 di phosphi ne-transition netal conplexes is not possible wthout
generating the free amnes by neutralizing the acidic salts. Due to the
fact that the free 1-substituted-3-Nal kyl am no- 1-propanones tend to
deconpose, the resulting 1-substituted-3-Nal kylam no-I|-propanols are
contam nated w th by-products. Exchan%]ng the hydrochloric acid with a
carboxylic acid allows 4 direct hydrogenation of the resulting, optionally
purified, salt of a 1-substituted-3-Nalkylmno- 1-propanone in high
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car box can an am no compoun f for rrul ae 11
and/ or off the pRa¢dtiiewention.y preferred carboxylic acids are nonocarboxylic
acids. D car boxylic or tricarboxylic acids which do not forman inner salt
like fumaric, maleic or adipic acid tend to give unusable to resinous
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group,
pref er Bf 85 Bot fo?x? AR like RfdeHict MaRfl &Cédﬁﬁc b6iQRridh8 ghleQibsable

consi s | ng o opt1 ona substituted Cl-18-al kanoi ¢ acids and optionally
subpt | fesineas precipitates d{dwewx; Icaltboaylmmdsc?vlagh Ggm an inner sp}t endpilbbevermsdiatent

t he carbpxylic acids ar.e s ted on

C1- 6 afRoRy, 2rd e amprsed ot SrHiRGR ohesrbudy Be BGidT Bish FreeRind gl masseht . oxy
grou psuﬁrﬁ:ﬁw%oEﬁa%bl@Q 81 daid Ed#b&18HC abidE hm% forgthat Pae calatpgrep,itut having

Cl- 18-al kanoi c acids in the neaning e present process ale butyrlc

aci d, oulyent Gee carboxy grapp.ire ammomm dseneh goaspeartigerd orjghirmic a8 d, palmitic
acid, stearic acid, 2-hydroxybutyric acid, 3-hydroxy- 3-nethy|butyric aci d,
2- hydroxy 4- phenylbutyric acid, L-aspartic acid, n-aspartic acid,

Dng;ls pﬁfé pz‘éfeﬁ%ﬂ§roo%s§< ghercakbaxiylio aéid ivslattedXrdirtite Roapl bmmstmgof optionally
(-)- O i sopropylidene-2-ketqg-L-gul onic

(+)- 2, $!bﬁt,1®t°d| Ciax-elkepeis95ids anheptionplly substifiedmpno- agg%béychc aromatic acids.

In a preferred embodiment the carboxylic acids are substitated with one or more Ci¢-atkyl,
C.¢-alkoxy, aryl, amino, optionally protected carbonyl, halogen or hydroxy groups and
20 6ptiona11y further carboxylic groups.
Examples for Cy.g-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-phenyibutyric acid, L-aspartic acid,
D-aspartic acid, DL-aspattic acid, 2-keto-L-gulonic acid, 2-keto-D-gulonic acid, (-)-2,3:4,6-di-
25  O-isopropylidene-2-keto-L-gulonic acid and (H)-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;.s-alkoxy, halogen or hydroxy groups.
30
- 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.



In a further preferred process the carboxylic acid is a nono- or bicyclic
aromatic acid, optionally substituted with one or nore Cl.6-al kyl,
Cl _6-al koxy, hal ogen or hydroxy groups. 30 Exanples for nono- and bicyclic
aromatic carboxylic acids in the neaning of the present process are
benzoic acid, salicylic acid, 3-nethyl-benzoic acid and |-, or
2-naphthalene- carboxylic aC|d 5 Here and herei nbel ow the term
"enantionerically pure conpound” conprises optically active conpounds wth
an enaﬂbﬂe%ﬂfhbfkuﬁiehﬁﬁﬁle(tﬁﬁi “eﬁ‘ant@dmd::ﬁﬁﬂjr pﬁﬁe &mpdand” esbrires eptidaly awitehe term
"d.,; alkyl", for exanple "Cl.6-alkyl™" Brﬁeents a linear or 5 branched
al kyl Wﬁ&%‘h@n@%‘ﬁwﬁﬂeﬁf&r@ﬁﬁﬁﬁé@e@ﬁﬁaﬂ@ﬁ Br&l Iy with one or nore hal ogen
atons substituted O _6-al kyl represents for exanple nmethyl, ethyl, propyl,
i sopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl and hexyl. Here

and heHejerdag hemirtbeiovt ﬁmem:ﬂﬂ(;l a}hylk,oﬁoyéxanmﬂe ”exaahkylé’ tePieseata b liogar oy
represents a |inear 10 branched al koxy, gr aving 1 to.n carbon

at dirs. brapehed il gragpt fvigad eemww&mwaﬁ 905 8F 1OFR RAOKSP MY K oxy
repr eSS ftéarclgxetﬁlgxiyr, SRR excBlloK b eggﬁy?xggn%ﬁ;iggm Xbut P&Hoﬁﬁﬁyl

i sobut'oXy, sec tert-butoxy, pen Xy . Yére and

her ei nizeltaity]f fea-ButylnpenBa and hyxyloal kyI , for exanple "C3.10-cycl oal kyl "
represents a 15 cycloaliphatic group having 3 to n carbon atons.
Optionally with one or nore hal ogen atons substituted C3.10-cycl oal | cyl

repr eSﬁ&fe%lnE%r ﬁ?b%[ﬂ% fhe P C ALK PR Y fo¥ %kélﬁ I”mmkfm;&a@htsaﬂmear or
cycl opropy cycl obutyl, cyclopentyl, cyclo cyc oheptyl cycl ooutyl,
adsnmanbghched allmylgmnpl havm IHermcagbrh diems Q!mﬂn@ﬁy whid one ronmﬂmhalogeﬂ atoms
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subt i t 4bRdoks bbRyRy, @@%uioxsz,qmgﬂ@w ﬁldfifwcymrml e cycl opropoxy,
cycl obut oxy, cyclopentyloxy, cycl ohexyl oxy, cycloheptyloxy, cycl ooct yl oxy
and cycl odecyl oxy. 25 Here and herei nbel ow the term™"aryl" represents an

ar omat o ARt 1

ubst 1 Here S i e ey RO Ao R 3 dple R0 Rpdouky Pk Rsente

anglf or cyejaliphdtic gprogplstng 31tcedl cﬁﬂao@aﬁiﬂsyd)pu&hllﬂjwﬁﬂkmmronord halogebatatniey | anmi no

groups substituted Cs.jg-cycloalkyl represents for example mono- and polycyclic ring systems such as
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, adamantyl or

norbornyl.

20  Here and hereinbelow the term *Cs.p-cycloalkoxy”, for example Cs.jo-cycloalkoxy” represents
a cycloalkoxy group having 3 to n carbon atoms. Optionally with one or more halogen atoms
subtituted Cs.10-cycloalkyl represents for example cyclopropoxy, eyclobutoxy, cyclopentyloxy,
cyclohexyloxy, cycloheptyloxy, cyclooctyloxy and cyclodecyloxy.

25  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, C¢-alkoxy or di-C;.¢-alkylamino groups,

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

30 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 IT is selected from the group



wherein the al kyl noieties optionally are substituted with one or nore
hal ogen atons. 30 In a preferred enbodinent RL is 2-thienyl, optionally
substituted with one or nore hal ogen atons, and RZ is nmethyl or ethyl. In
a further preferred enbodi ment, the conpound of formula Il is selected from
the group 6 consisting of
(S)-(-)-3-Nnethylam no-1I-(2- thlenyl) 1 propanol, (8)-(-)-3-Nnethylam no-
1- (3-chl oro- 2- thlenyIAf ro an

onf

(R) - ( pngisipgmed (§)(an- Iammﬁ@vr(%ﬂ)wnylbﬂ ayenapl, §7d(—)-3-N-methylamino- f ;
R + [Se; ﬁrﬂ
I(Or ZJCSESQSBB%}# frhgﬁém t gﬁrdr%%afe eI egﬁéﬁgﬁ% IELL a%@oi groﬁgjl@ta?lngr gf e

r hodi YR)-(+)- BLU\hﬁi&thymnﬁﬁﬁL1I-(Bl-cd]ﬂdtm}ﬂhlsﬁgrgrlapﬂopaﬂdlpdI um In a ftirther
preferred process, the diphosphine Iigand is selected fromthe group
consisting of 10 PH P--~t-Bu OPP h2 P P t-Bu CO PPh2 15

) Aok g SO 0 s S, 20

(R) " MetheRiuRhapl iridiveh, "piéZpraBly, thodiSm) - DuanPhos™ nentioned |igands are
comercially available, e.g. from Chiral QJest I nc Monmout h Juncti on,
NJ, USA. 30

In a further preferred process, the diphosphine ligand is selected from the group consisting of

RS
P-=t-Bu
P ", . H PPh,
, Hlllr
P Put-Bu PPh,

15 (S,8)-“Me-DuPhos”, (R, R S,5)-“TangPhos” ($)-C4-“TunePhos”,
0+
e
20 : :P
P
25
(S,5,5.8)-“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.
30

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.



In a preferred process, the conpounds of fornulae la and | b are obtained
fromtheir corresponding salts with a carboxylic acid by aqueous
hydrolysis in the presence of an alkali or earth alkali hydroxide. 7
Provi ded are salts of a carboxylic acid with an ami noketone of the fornula
RR ON-5 Hwerein R is selected gron1the group consi sting of
2-thienyl, 2-furanyl. and phenyl, each optionally substituted with one or
nore hal ogen atons and/or one or nore Cl4-al kyl or Cl4-al koxy groups, and
wher eiPpoRded are @iltsdofal deyboxplic ptié mith, ansaghokspenecrfahe forsulisti tuted with one
or nore hal ogen atons and/or one or nore Cl.1-al kyl or Cl4-al koxy groups.

10 Particul agly preferred, the carboxylic acid is selected fromthe group
consisting of Cl.18-al kanoi c aci ds, 11,
(-)-2,3:4, | - O~s0pr | i dene- 2- keto-L-gulonic acid, (+)-2,3:4,6-di-

O i soprop@l’i dene- 2- 0-D-gul onic acid, 2-keto-L-gulonic acid,
2- ket o- D-gul oni ¢ aci 4, L- aspartic acid, D-aspartic acid, benzoic acid,
S-ﬁethylbenzoic aci d salicylic acid and 15 2-napht hal enecarboxylic acid.

Fur t heyepsis RBEDI ke e ﬂa@é@b%)?&fnsﬁtiﬁgbngbﬂbhﬁ? 2indnylidnd phenydyeanival cohol  of
the formula Wz 20 | NCR H wherein RL 1s selected fromthe group

conpr ioptianally substigntgr with engroamare helagprrings and/geone FJEpsAamakd 0bst i t ut ed

w th qne r a d/ 5 iQfed Gkt al koxy
ar oup o ek e arth R R Eeafll S, BREEopibaly Sbtififed. SRR (O
Wi th Qe of modé hdlBsdh Aehe gebiondnens neorel Opy-atkyt o0CalkexCirbups.ky|  or
Cl. 4- al koxy groups, with the exception

10

Particularly preferred, the carboxylic acid is selected from the group consisting of
C1.13-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, benzoic acid, 3-methylbenzoic acid, salicylic acid and

15  2-naphthalenecarboxylic acid.

Furthermore provided are salts of a carboxylic acid with an aminoalcohol of the formula

20 |

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 C;.4-alkyl or
C;u-alkoxy groups, and wherein R? is C14-alkyl or phenyl, each optionally substituted with one
25  or more halogen atoms and/or one or more Ci4-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.



of salts wherein the acid is

(-)-2,3:4,6-di -Oisopropylidene-2-keto-L-gulonic acid or

(+)-2,3:4,6-di -Oisopropylidene-2-keto-Dgulonic acid. The present
invention is illustrated by the following non-limting exanples. 8

Exanpl es Exanple 1: Preparation of

3-N-net hyl am no-I|-(2-thienyl)-1- proparﬁ)ne hydrochloride (PRONHCI) 5 A

m xture of 2-acetylthiophene (25.5 g, 200 nunol), methylam ne hydrochl ori de
(14.9 Bxampk® mmol ), parafornal dehyde (8.2 g, 280 mmol) and et hanol (100
m.) is heated in an autoclave at 120 to 130 C for 9 h. The obtained |ight
brown solution is cooled to 20 C and part of the ethanol (50 nlL) is

| At I th
Fesi da Pl R g AR 413 SR b 1 AN L BRbhobe b5 aREaC P { 07
45 m n(BERONKHCI) 0 tenperature. The obt ained precipitate is isolated by
filtration and dried,_ yieldi

3-N neAHan&ﬁf: RbZtacetylthin wmﬁ’ ig&%aw&lﬂenw#aﬂ%ﬁp bydreehlopefN4s®, 719 as

a sli racemc
3-I\I—rrgt yl'am ﬁ%gjl%m -1 |ﬁ ny )- - pang@%@dawgy%ﬁlum ydr oxi de
(4 0 gautbclavesQ %28 del @DMSC Sl Uik, iTtha)obtamedd@dbﬁomnmohaMus eoadéd PRONCHEI ( 10. 3
g, 50 mml ) and et hapol_ (.35 4 ..n about I.N. odi.um

or oy oiihe giteBol 30 31 prstared B disillati et HygreE 2ol REABAK S0 i n
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Acetone (10 nm.) 1s added dropwse in 5 mn and the mxture is 20 stirred
f o0 adigimpertare. Tiee olitainod procipiteie isisolaed Mﬁl&a@mmeimaldm&%‘% gis

i U ee e PO it oS npp o Res PG, PRI gl '

phasesydiosy ntrated in vacuo affording 7.2 g racemc
3- N- et hyl am no- 1- (2-t hi enyl)-1-propanol (PRCL- H0184% as an orange oil
which crystallizes spontaneously after a few h. 'H NVR (DMSO d6, 400 MHz):

1,35 by iy, P i o b0, 1
s)1s 1. ﬁ&p@aﬁol‘(.PR[)L-H@l} NVR (DVMSO-d6, 100 MHz): 150.9, 126.3, 123.7, 122.3,
°7. 8, 4<?dn?m h?f?lro;de @. 0 g of a 50% aqueous solution) is added to a mixture of PRON-HCI (10.3
g, 50 mmol) and ethanol (35 mL) at 4 °C in about 5 min. Neat sodium borohydride (0.95 g, 25
mmol) is added in several portions in about 30 min to afford a beige suspension which is stirred
at 4 °C for additional 4 h. Acetone (10 mL) is added dropwise in 5 min and the mixture is
20  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 fers-butyl methyl ether (MTBE)

(2x20 mL). The collected organic phases are concentrated in vacuo affording 7.2 g racemic
3-N-methylamino-1-(2-thienyi)~1-propanol (PROL-HCI 84%) as an orange oil which
crystallizes spontaneously after a few h, HNMR (DMSO0-d;, 400 MHz): 7.35 (1 H, dd, J = 4.8,

25 1.0),6.94(1 H,dd, J=4.38,3.6),6.90 (1 H,dd, ¥=3.6,1.0),4.90 (1 1, 1), 3.7 2 H, m), 2.56 2
H,m),2.25 (3 H,s), 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-V-methylamino-1-(2-thienyl)-1-propanol
30 {((S$)-PROL-HC])

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)|BF; (2.7 mg) in methanol (2 mL) prepared under nitrogen is added via a



Conpar ati ve exanple 2: Preparation of

(S)-(-)-3-N-nethylam no-1-(2-thienyl)-1-propanol 30 ((S)-PROL- HCl) In a 50
nmL autoclave a sol ution of PRON-HC1(250 ng, 0.56 mmol) in nethanol (5 nL)
and an equival ent ‘anobunt of NaOH mixture is charged under nitrogen. '
Afterwards, a solution of [Rh((S,S)-Ne-Duphos)]BF4 (2.7 ng) in nethanol (2
m) prepared under nitrogen is added via a 9 syringe. The autoclave is
then cl osed and purged several tinmes with nitrogen, heated up to 50 C,

t hen hyginggeeiaatoatisets thoh closédeadyuegsiueeeranbesitl Qitlaen, Héﬁtteémlafﬁo ﬁo at that
tenperature under _stirring, the autoclave is cooled to roomte ure.
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I s charged under mtrogen ' a 50 nmL_autoclave. Afterwards, a solution of
1. & noparE whidY9BE S, FHa, ‘ze?bwﬁW%b}{HB%ﬁb of 10 formula I11, with R3 = Owe,
R4 = R5 = dicycl ohexyl phosphinyl and R6 = R7 = di phenyl - phosphi nyl, in
met hanol (2 nL) previously prepared by stirri ng t he conponents for 15 mn
under Qolpagstiveiesamplicst Fiepasation of (§pPROIe hydrogenation is carried out as

ggzﬁ[ 'g%&uﬁgﬁ \é&@%{lﬁ%gs%f g%.&;‘?lﬁqtgelo fS mi, 18 ch(agge%i under n14(y§enefref :
”Eagkwh%ra Adve{ ARERYRMY g)soﬂ:’ueﬁ epﬁeqlagexéaggdhm and 2.7 g the ligand of

|sopropy ene- 2 nic acid

( PRC]\I-ﬁinhelnéHuwahR £ @Mt B & Rif= dirgiohegyiphospbinyg ; andR 5 erdwhermrBE (170 n)
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Af t er waiddBnitdoBéh Bladied Vi a's?nﬁéé) TRe ﬁydfb g&ahw ifhasabodnae ds&naécaﬂﬁﬂre,and t he
20 organic oné is washed w wat er Then the collected aqueous

phas esaffnding (S BROBds a\hetgq: SWII@@ %122515‘%6@)3 abp@t {hée wydPE6) | ect ed organic

| ayers is then added dropwi se a solution of
(-)-2,3:4,6-di -Oisopropylidene-2-keto-L-gulonic acid ((-)-DAG 13.1 g,

4. 48 rmkamplaz IFEfarafioh of B)N-nidiBylanies+E(2hivayl)iltpiogmnahe andijts dur i ng
addition. At the end of the addition, the suspen3|]§n | S concentrated in

vacuo G-2skd.6-dir-isppropdideng-keteilagrlonis agidsali(PRONliketegpfae) o5 ang
CoPL pak ofigiile BEPROR-RENAS:0 147 MR MHRE (FARENMPRateF (DL PR 83813 © S
0 °C, then sodium hydroxide (12.8 g of a 20% aqueous solution) is added dropwise in 15 min
and stirred for 10 min. Afterwards, the stirring is stopped, the two phases are separated and the
20  organic one is washed with water (60 mL). Then the collected aqueous phases are exiracted
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
25 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)

30 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



pitate is filtered off and washed with MIBE/ heptane (1:2, v:v, 2x60 nL).
Drying at 30 C for 15 hat 30 nbar affords a white solid (13.2 g, 66%.
(assay is 96.1 weight% purity is 99.6 area% by HPLC) 30 Exanple 3:
Preparati on of PRON di ket egul ac A sticky suspension of 675 g (2.13 nol)
PRON-HCI in 5.5 L MIBE and 0.9 L wategols stirred at a tenperature of O to
5Cina 10 L vessel. Wthin 0.5 h 576°g (2.88 nol) of a 20% NaOH sol ution
are added and the reaction mxture is stirred for another 30 mn at the

same l@mpbeine MidiphaseNchRbtiphasewashpgy dtthoorganid phaﬁwﬂgmfer {h&Lyeghni c
phase W|th water (1.3 L) and extractln% t he aqueous g@ca e wth I\/[r E (2x
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the pr M{nﬁ ) Exeiseed:
Recry |za%ﬁ§nﬂg?{1$&e§@%et egul ac @&Eq%s)uagg?ﬁm% (7)??8 g of the
IOFOdUCﬂle@fochw(rmOgo’fofféwBltd.sdﬂﬂBﬁm)isttﬁmednet hanol are heat ed under

reflux. After addition of further 1.8 L nethanol at the same tenperature a
clear yell owi sh solution is obtained. During cooling to O to 5 Cwithin 3

h, e d r stirring at 0 to 5 Cfor 2 h,
fi Itra |£lﬂg}é%s}% ﬁ%&ﬁl&%ﬁ&ﬁnfﬁﬁiﬂ(}_]k&f)ﬁﬁgﬁg dr :ngI |g vacuo- at 50 to 55 C,
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via a syringe to the fir The 20
hy i o s ibgaideors e raispernibees Wb MIBRCE) b it SnBdar o
(05 A BPReC o PRI C3Y BBy pBBBR” 0205 ¢ Lonversion s 100%
by;sHPLC, ee is 95% (S isoner id preferably forned).
Example 5: Hydrogenation of (S)-PRON-diketegulac
A solution of PRON-diketegulac of example 4 (250 mg, 0.56 mmol) in methanol (5 mL) is
charged under nitrogen in a 50 mL autoclave. A solution of [Rh((R,R,S,S)-Tangphos)-
(norbornadiene)]BF, (3 mg) in methanol (2 mL) is added via a syringe to the first mixture. The
20  hydrogenation is carried out as described above, affording the salt of (S)-(-)-3-N-methylamino-
1-(2-thienyl)-1-propancl and (-)-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
25 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 CHCl, (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
30 (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 heptane
(7 mL) and dried at 40 °C for 15 h at 25 mbar affording (S)-PROL (3.0 g of white solid, 87%).



Exanpl e 6: Hydrolysis of (S)-PROL-di ketegulac 25 9.0 g (20.2 mmol) of solid
PRCL- di ket egul ac of exanple 5 is added in portions to a mxture of water
(22 mL), CH2ClI 2 (18 nL) and an aqueous sol ution of sodi um hydroxi de (30%
2.07 g, 25.9 mmmol) and the reaction mxture (tw phases) is stirred for 15
mn. After phase separation, the aqugpus phase is extracted with CHO Z
(12 m). The conbined organic phases are washed w th water (13 nL). The
solvent is renoved at 20 C in vacuo to a volune of 9 nL. Heptane 30 (18 i)
i s addéxpmple{’nBrepaypton obRRONR-katettgulempteol ution is further concentrated

.7 20 g e SRS P MBSO SpRBpReLsL )

after e 'sus- pension 1’s mn at 20 C
The preei i Caine 159 hi vegsal. edter wadition ofl 2.8 ghef p2alENaQH svlyticarthle ohixtent 1at 40 C

for 15 hat 25 ar, affording, (S)-PRO. (3. f white solid, .879
Exanplsérred & wfg&ﬁ A5 B, Hgﬂen@wemmecgmsoﬁﬁ ergmmpk@%?rlewaﬁheﬁ@@ g (47.5

Sy b (O b b R s R e M RERR TR TR SRR, e &

st i r r eggdmie phased drecodlbd td bglowtiol°€ qmlda&dlméﬁmmialsuspenmom oE8.7 @S ammab)i ¢
phase s washed .wit, eoys ext ract ed

o oh warbetodsoninasi im0 e aamd F alagh o cacky Spension BtiRRedd Thg B 10 ¢
and W&f%@soléenmﬁe&c%aw bﬂ&a@ély fhehalf. (l"ﬂére%%r) nm&uﬂé% Healeecuuzldeﬁ%&luam din

400 nL MIBE 1 s added. I cky suspension i1s forned he vol une
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heated nd reflu t an re.ad r furt.h ition
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residue is mxed with 100 nL nethanol and the solid matter is filtered off
and dirieddn vacupa 06 tad5 B0 te pickEB.Eetten solisi maters g tan solid matter. Exanple
8: Recrystallization of PRON2-keto-L-gulonate 15 8.2 g solid product of

exanple 7 is heated under reflux with 100 nL ethanol. Under stirring, the

cl ear Eﬂhﬂﬁk@ﬂRe&rﬁﬁﬂhﬂdmhmflfR(aNdz-aeiroas-gulodﬁﬁoSl ts. The mixture is stirred
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moist resin is dried in vacuo at 50 to 55 °C to afford 4.5 g of tan solid matter.

Example 9;: Preparation of PRON-benzoate
A mixture of 15.0 g (47.5 mmol) PRON-HCI, 170 mL MTBE and 20 mL water is cooled to
20  5to 10 °C in a 250 mL vessel. After addition of 12.8 g of a 20% NaOH solution the mixture is
stirred for further 15 min, while phase separation occurs. The organic phase is washed with
water (60 mL) and the aqueous phase is extracted with MTBE (2x50 mL). The combined
organic phases are cooled to below 10 °C and within 15 min a suspension of 5.5 g (45 mmeol)
benzoic acid in 400 mL MTBE is added. An oily suspension is formed. The volume of the _
25  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.



20 5to 10 Cin a 250 nL vessel. After addition of 12.8 g of a 20% NaCH
solution the mxture is stirred for further 15 mn, while phase separation
occurs. The organic phase is washed with water (60 nL) and the aqueous
phase is extracted with MIBE (2x50 nL). The conbi ned organic phases are
cooled to below 10 C and within 15 m a suspension of 5.5 g (45 mol)
benzoic acid in 400 nL MIBE is added. An oily suspension is formed. The

vol une of the 25 solvent is reduced to approximtely the half. The reaction
m xt uFeamplp 8 Rerrgvtalizatien pERREMNbepmatei | hept ane are added. The nixture
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olid deposits. The m xture is stirred for 1 hour at RT. The resin is
drledin vacuo at 50 to 55 C which affords 6.1 g of light tan solid matter.
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stirred for further 15 min, while phase separation occurs. The organic phase is washed with

water (60 mL) and the aqueous phase is extracted with MTBE (2x50 mL). The combined

organic phases are cooled to below 10 °C and within 15 min a suspension of 8.6 g (45 mmol)

p-toluenesulfonic acid monohydrate in 400 mL MTBE is added. An oily suspension is formed.
20  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).

25  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.

30 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



under reflux and 250 nL heptane are added. The m xture is cooled to RT and
stirred for 30 mn. The solid matter is filtered off, washed with MIBE
(2x60 L) and dried in vacuo at 50 to 55 C affording 14.3 g of product (tan
solid matter). 25 Conparative exanple 5: Recrystallization of

PRON- p-t ol uenesul fonate 14.2 g solid product of conparative exanple 4 is
heat ed under reflux wth 50 nL isopropanol. Under stirring, the clear
solution is cooled to RT and a_solid d%%6§lts The m xture is stirred for
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exanple 5 (155 ng) in nethanol (5 nL) is charged under nitrogen in a 50 nL
autocl ave. Afterwards, a solution of 3 ng
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Example 13: Recrystallization of PRON-laurate
10.7 g solid product of example 12 is heated under reflux with 70 mL acetonitrile. Under

20  stirring, the clear solution is cooled to RT and an oil secrets, which crystallizes at below 30 °C.
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.

25 Example 14: Hydrogenation of PRON-laurate
| A solution of PRON-laurate of example 13 (184 mg) in methanol (5 mL) is charged under
pitrogen in a 50 mL autoclave. Afterwards, a solution of 3 mg [Rh((R,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).
30  Conversion is 100% by HPLC, ee is 93.6%, S isomer preferably formed.



10.7 g solid product of exanple 12 is heated under reflux with 70 nL
acetonitrile. Under 20 stirring, the clear solution is cooled to RT and an
oil secrets, which crystallizes at belf¥v 30 C  The mxture is stirred for
30 min at 10 to 15 C and 30 nL acetonitrile are added to the thickened
suspension. The solid matter is filtered off, washed with cold acetonitrile
(2x20 m.) and dried in vacuo at below 30 C. Yield: 6.3 g white solid
matter. 25 Bédiffi:e 14: Hydrogenati on of PRON-laurate A solution of

PRON- | aurate of exanple 13 (184 ng) in methanol (5 nlL) is charged under
nitrogen in a 50 nmL autoclave. Afterwards, a solution of 3 ng

[Rh((R,R S,.S) - Tang-. phos) (nor hornadj ene) ] BF4 in nmethanol (2 nlL) is added
via a dyri S@l .Ofﬁﬁ’érl?ﬁxﬁilgla@di@thW@g@h@!‘%@fﬁﬁ@é@@ﬁi bed above, affording
0.16 g solid product ((S)-PROL-laurate). 30 Conversion is 100% by HPLC, ee
is 93.6% S isorreRlpreferany formed. 14 CLAIMS: 1 . Salts of a carboxylic
acid with an am neal kohol »the formula RL z |, 20 HO'Iyv NCR H wherein
R is 2-furan r Nyd;~cach optionally substituted with one or nore
ha®dgen atons and/or ong or nore Cl.4-al kyl or Cl.4-al koxy groups, and
wherein Rz is Cl.4-al kyl Hor phenyl, each optionally substituted with one
or nore hal ogen atons and/or one or nore 25 Cl4-al kyl or O _4-al koxy
groups, Wi whereineR bis@efitranyh oophenal, €ach opitienalisnsubseétuted whth ene or more halogen

B e e
phenyl, each optionally substituted with one or more halogen atoms and/or one or more
25 Ci4-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-iso
propylidene-2-keto-D-gulonic acid.



