-1-Process-f-or--t-he preparation.of enantionerically pure

[1 subst i t ut ed- 3- ami noakohol s The pr esent invention refers to a process for
the preparation of enantionerically pure 1-substituted-3-am no al cohols,
particularly of (S)-(-)- and (R -(+)-3-N-nethylamno- 5

1- (2-thi enyl)-1-propanol, which can be obtained by asymmetrically

hydr ogenating salts of the correspondi ng am noket ones and a carboxylic
acid, particularly of 3-1\r-methyl am rnol-(2-thienyl)-1-propanone and a
carboxylic acid, in the presence of a catalyst conprising a transition
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20 EP-A 0945 457, EP-A 0 955 303 and WO-A 02/40492.

&

Huiling et al. describe a preparation of (8)-(—)-3-N-methylamino-1-(2-thienyl)-1-propanol from
thiophene. Thiophene is converted with 3~-chloropropanoyl chloride in the presence of tin
tefrachloride 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 bufanoate 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 sodinm iodide in acetone, Subsequent freatment with
methylamine in tetrahydrofuran afforded (S)-(—)-3-N-methylamino-1-(2-thienyl)-1-propanol.
30
Sorbera ef al. describe another preparation of (8)-(—)-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-



rA-{-2-+-hi-eny 1)-4-propanol-—usi-ng-berane -and—eat-al-yti-c—-amunt-s--

i(R) 3, 3-di phenyl 1- net hyl t et rahydro- 3Hpyrrol o[ 1, 2-c] [ 1, 3, 2] oxazaborole in
iTHE This asynmetric reduction afforded
|(5)-3-ch10ro-|-(2-thienyl)-l-propanol inayield of 86%from

1 3-chdoro-1-(2-thienyl)- 1-propartone (Weeler et al. | Label. Conpd.
Rachopharnz. 1995, 36, 213-223). The drawbacks of the preparations of
(5)-(-)-3-Nnethyl am no- 1- (2-t hi enyl) - 1z propanol above, are the use of
toxic or carcinogenic conmpounds such as tin tetrachloride and benzene

and/ or the, f.ex ive ou ds ch as bo um i odi de, the
latter beérifc @WﬁhHBFEF%§“8P$$?T “@ﬁ%ﬁ%ﬁ%ﬂ%P£@a %?%gsgsed asymetric
hydr ogenathanyRESSRIS 8 H- u%bf@[ﬁﬂ@][@spﬁlb}fh@&o@dlem said sfyiegiciraiucigar d of
. the hydrogenation of 3- N- i net hyl am no- 1- ( 2- thlen%ﬂi éig&ggzgggg L is an
Laimof th 0@%@13@@%@'16@ -tripeyt p-esparclime i Sitto R ancdt®Weyi cal
:and econ r I t |1y pure ,
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. (R -(+)-3-N-nethylarni no 1 (2-thi enyl) 1- ProPanol . It IS another ai m of
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preparation of salts of a_carboxylic acid w.th an am noal coho]. of the
for nul a usexf cxprasiye cRRpoEndiaRigs horang ferseimppd: ﬁ%t%eg 38’6@ M%e group

consi st = %’!““é%‘ﬁ?% LB AR 8inhosphin:
substi tu@%ﬁ&t%d&gne%@%ﬁoﬂ%ﬁoﬁ% en ato n%%ugﬁﬁg(%ae or m)?ig %P .es -alkyl
or Cl4- adrkamysatjsfyingsn regad offterhyirogmtion of 34V-methylamino-bretinylieach

optlonali substituted with one or nore hal ogen atons and/or one or nore
Cl4- al kyt™ *al koxy groups,

It is an aim of the embodiments of the present invention to provide an ecological and
economical process for the preparation of enantiomerically pure 1—subst1tuted—3-ammo—
alcohols, particularly of (S) (-)- and (R)-(+)-3-N-methylamino-1-(2- -thienyl)- l—propanol
Tt is another aim of the embodiments of the present invention to provide new salts of

| 3-N-methylamino-1-(2-thienyl)-1-propanone and organic acids.

These aims are achieved by the process of claim 1.

Provided is a process for the preparation of salts of
a carboxylic acid with an aminoalcohol of the formulz

Rl

- s ¥ .
ia, and/or 2 Ib,
Rz )\/\N/ R
d HO” R

! !

wherein R! is selected from the group consisting of 2-thienyl, 2-furanyl and pheny], each
optionally substituted with one or more halogren atoms and/or one or more C)4-alkyl or
Cy4-alkoxy groups, and wherein R? is Cy.4-alkyl or phenyl, each optionally substifuted with one

or more halogen atoms and/or one or more Cy 4-atkyl or Cy4-alkoxy groups,
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o
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comprising asymmetrically hydrogenating a salt of a carboxylic acid with an aminoketone of
the formula



conprising asymmetrically hydrogenating a salt of a carboxylic acid with
an am noketoue of the fornula R2 01 wherein R and R2 are as defined
above, in the presence of a transition_netal conplex of a di phosphine In
one aspect; there is provided salts of>a carboxylic acid with an

am noal cdhol of the formula R VR HOIN 2 wherein RL is 2-furanyl or
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 wherein R2 is Cl4-al kyl or
phenyl, each optionally substituted with one or nore hal ogen atons and/or
one or nore Cl4-al lyl or Cl4-al koxy groups, with the exception of salts,
wherein the carboxylic acid is,

(-)-2,3:4,6-di - O r i dehe- 2- ket o- L-gul oni ¢ aci d or,
(+)-2,3:4,6-diOl?sopropyliH%ne-Z-keto-b-gulonic aci d, an&’mﬁth t he
exception of salts wherein/the carboxylic acid is mandelic acid, R is
phenyl and R2 is methyl. n Sal anaba et al., Chem Pharm Bull. 1995, 43,
748- 753, awikrein R1-aad 50 apod fofincH@basy met ri ¢ hydrogenation of HC salts of
3- K- net hyl.arai no4 -phenyl -1- pr ' ~3- 1L.00-. 1l phenyl 1- propanone is
di_sclosed.ln -%ﬁ%?%gﬁﬁ%g%%FﬁgEgeﬁﬁé“nggﬁgggﬁgﬁmgF‘DF@? salts of

3-di net hyl am no-1-(2-thienyl)-1-propanone and

(S) - H N, N-idiona abbadt -tBere 25 prhvidatysiaits 3 hydrioxylsrecidaridsan aneneaicaiel ¢f tags t he

oxal ate salts of (S)-()-N Ar-clinethyl-3-(1-napthal enyloxy)-3-(2-thienyl)-
pr opanam ne and :

(S)-(-)-N, N-di net hyl- 3-(1- napht hal enyl oxy) - 3- (2-t hi enyl ) pr opanam ne. The

| atter two ones being aromatic ethers of the conpounds of formula I.
‘Direct preparation,of the respective organic acid salts is not disclosed
inthe prior art.RSurprisingly, these compounds can be used in the

hydr ogenat i on rggéaggg\gs wel |l w thout increasing the amtnt of

by- products. Eging ganN€ acids is favourable, since they are |ess acidic
than HC1 and therefore the risk of deconposition while concentrating

di ni ng recovery of the pHoducts i s reduced. The conpounds obtai nabl e by

the present_ process can be used . direct] i thout exchange of the .anion. 3
a |n a pre¥hearigy ’éW%thie?ﬂee@s&ﬁéﬁﬁ%@%%ﬁgﬁél“"ransoq’lgto-r i falfen

atoms and/or one or more Ci4-alkyl or C;4-alkoxy groups, and wherein R? is C4-alkyl

or phenyl, each optionally substituted with one or more halogen atoms and/or one or
more Ci4-alkyl or C-alkoxy groups, with the exception of salts, wherein the carboxylic
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, and with the exception of salts wherein the

carboxylic acid is mandelic acid, R” is pheny! and R? is methyl.

In Sakuraba et al., Chem. Pharm. Buli. 1995, 43, 748;-753, and JP-A 50-70412 the asymmetric
hydragenaﬁon of HCl salts of 3-N-methylamino-1-phenyl-1 —proﬁanol and 3-amino-1-phenyl-
1-propanone is disclosed. EP-A-457559 discloses the preparation of HCI salts of 3-dimethyl-
amino-~} -{2-thienyl)-1-propanone and {S)~(—)-N,N-dimethy}-3-(2-thienyl)-3-hydroxypropane-
amine as well as the oxalate salts of (S)-(+-N,N-dimethyl-3-(1-napthalenyioxy)-3-(2-thienyl)-
propanamine and ($)-(5)-N,N-dimethyl-3-( 1-naphthalenyloxy)-3-(2-thienyl)propanamine. The
latter two ones being aromatic ethers of the: cbmpounds of formula L. Direct preparation of the
respective organic acid salis 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-produsts.
Using organic acids is favourable, since they are less acidic than HCI and therefore the risk of
decomposition whils concentrating during recovery of the products is reduced. The compounds

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



13.ffit-Bu (R R S, S)-"TangPhos". Asymmetric hydrogenati on of
1-substituted-3-Nallcylam no-I|-propanone hydrochlorides with

di phosphine-transition nmetal 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 kylamno- 1 -propanones tend to deconpose, the
resulting 1-substituted-3-N-allcylam no-1-propanols are contam nated with
by- products. Exchangi ng the hydrochloric acid with a carboxylic acid
allows 4 direct hydrogenation of the resulting, optionally purified, salt
of a @me&@m@p@bmphmﬁmanone in high yields, high purity ’
and hi gh enantioneric excess (ee). Avoi ding deconposition of the free :
am noket one En Yt he presence of base is another advantageous feature of the
present inv t%fﬂhug@uCarboxylic acids in the neaning of the present
invention gf arboxylic acids having one free carboxyl group which can
forma salglm@th an am no conpound of fornulae Il and/or L Particularly
preferred ¢ ‘Ljﬁgacids are nonocar boxyh' ¢ aci ds. Di carboxylic or
tricarboxylic a i ds #hich do not forman inner salt like fnmaric, makic or
adipic acid to gi ve unusabl e resinous precipitates. However,

car bapgyk kS)-epideniti ch forman inner salt and still have one free carboxy-

group are conprised in the definition of carboxylic acids in the meaning
of the present invention. Exanples of said carboxylic acids having nore

t han 16 [ QUL . DAV nly.one free car oyp, .are am no
e <D AR SRR of d S o Rl Bt e RS st sPHBir Bt ocoss,
t hg G_ﬁpﬁmpﬂ:ﬁbd éwﬁaxaliﬂoﬁimﬁalm_p?k@ds i‘é@t@ms_ﬁbﬁ vlgﬂmpgl dg@&ﬁh@tﬂedfﬂe@m majrgnal ly
substi tute ral.kanqi c_aci nd, opsignally substituted nono- an
bi cy(ﬂchEal’éT‘D@%{? P%&ﬁéﬁﬁspqutée%?‘éﬁ?téﬂe gﬁﬁéﬁﬂ?ﬁ‘ﬁf“@"ﬁ'@“‘@ﬁﬂ%ﬂ c acids are -
substiLggba@nd il ©WcdtipddB ik Chfind K&ﬁbsﬁhﬁed—%ﬁ]%l%ﬁﬁﬁuluﬁfaéémhﬁﬂé no, .
optionally protected carbonyl, halogen or hydroxy” groups” a 20 optionally"
f mt hepntgmpmstdywithcbigprotyns. Excheampk & Hysrodbloricragidcaiitio i carbetyifs atid alitves neani ng
of the present process are butyric acid, valeric acid, caproic acid, -
pel argonic acid, faint acid, palmtic acid, stearic acid, 2-hydroxybutyric
acid, 3-hydroxy-3-nethylbutyrie acid, 2-hydroxy-4-phenylbutyric acid,
L-aspartic acid, Daspartic acid, DL-aspartic acid, 2-keto-L-gulonic acid,
2-keto-D-gulonic acid, (-)-2,3:4,6-di- 25
O0-i-sopropyl i dene-2-keto-L-gulonic acid and

(+)-2,3:4,6-di -Oisopropylidene-2-keto-D gul oni ¢ acid.




In_a further preferred process the carboxylic acid is a mono- or bicyclic

.jaromatic acid, optionally substituted with one or nore Cl.6-alkyl,
Cl. 6- alkoxy, hal ogen or hydroxy groups. 30 Exanples for nono- and bicyclic
aromatic carboxylic acids in the nmeaning of the present process are
benzoic acid, salicylic acid, 3-nethyl-benzoic acid and 1-, or

2- napht hal enecarboxylic acid. 5 Here and herei nbel ow the term
"enantionerically pure conpound” conpriyjses optically active conmpounds with
an enantioneric excess (ee) of at least 90 % Here and herei nbel ow t he

term"Cwal kyl", for eXanple "Ci..6-alkyl", represents a |inear or 5
br anc heddﬁWéYﬁwwqﬁﬁwgﬂdﬁ%OW@élwﬂ&ﬂéﬁg of phisebstittadyd-Kraleywive- or

nor e hal it | . r | e met hyl,
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and hexyHecotpogtiana theftei ankindketont frethe preserlt€of rasaislaosthts, adiartagesa fpdiare

"Cl4- al koxy", represents a linear or 10 branched al koxy group having 1 to

n car bon® W“&?ﬂ”ﬁ}?& ly with one or nore hal ogen atons substituted

G _6-al koxy represents for exanpl e nethoxy, ethoxy, propoxy, isopropoxy,

but oxy, isobutoxy, sec-butoxy, tert-butoxy, pentyloxy and hexyl oxg. Her e

and her eCabendgatidein the mpanig of the ppssyt %Wnt{onﬁ@rcaé%m ggids baving one fiee

"C3.10-¢e . g ' i ' 3ton
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carbon atons one or nore hal ogen atons substituted

C3_10- cyRdrtdalldclyl prefepedeenixglid aidsexemphasarbongic saidd. Piotpoxdic iortricabgxdiest ens

h I | dohut vyl t . | oh ,
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"Gy ﬁﬁ@ﬁﬁﬁﬁ?ﬁi&pﬁa&@ﬂ%@@@&?bﬁb&:@ﬁé?@iﬂ&/@}:ﬁhfdﬁ_ﬁi@f’iﬂﬂi@ paleadntil havefgnelfmal Foxy
rou avi.n on car pogn Qns L1 Oonha A ne or npre _ nal ogen at ons
Subt |t ut@éﬂogfsgwuem @&Pﬂé@ﬁa‘m idife 8 %Wxsﬁn %@Mféﬁ&%ﬁ&i&e present
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and cydodecyl oxy. 25 Here and hereinbel ow the term"aryl” represents an
ar omat i conbr engrecsADDEY goNg: apERnP agids sugh pt appartic agid pbg}la%nyc -ng
substituted with one or nore hal ogen atons, nitro and/or am no groups,
and/ or optionally substituted C . 6-al kyl, Cl4-al koxy or di-Ch6-alkylam no

gr oupss, Inkaereférrediprecesd, khelcarboigid aeid is pdleotenilirdny tharasoup donsistingto€ dptivnally one or
more hal ofeh . af QB alkanoic acids and optionally substituted mono- and bicyclic aromatic acids.

In a preferred embodiment the carboxylic acids are substituted with one or more Cr.¢-alkyl,
C1¢-alkoxy, aryl, amino, optionally protected carbonyl, halogen or hydroxy groups and
20 6ptionally further carboxylic groups.
Examples for Cy.jg-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,
D-aspartic acid, DL-aspartic acid, 2-keto-L-gulonic acid, 2-keto-D-gulonic acid, (-)-2,3:4,6-di-
25  O-isopropylidene-2-keto-L-gulonie acid and (+)-2,3:4,6-di-O-isopropylidene-2-keto-p-gulonic

acid.

In a further preferred process the carboxylic acid is a mono- or bicyclic aromatic acid,
optionally substituted with one or moré Cy.g-alkyl, Cr.-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.



30 In a preferred enmhodinent RL is 2-thienyl, optionally substituted with

.ione or nore hal ogen atons, and R2 is nethyl or ethyl. consisting of
(S)-(-)-3-Nnethyl am no-1-(2-thienyl)-I -propane!,
(S)-(-)-3-N-nethylam nol -(3-thloro-2-thienyl)-I -propanol,

(R -()-3-Nnethyl am no- 1- (2-t hi enyl) -1 -propanol and

(R -(+)-3-Nrnethyl am no-1-(3-chloro-2-thieny0-1-propanol. 5 1In a
preferred process, the transition mata% is selected fromthe group
consi sting of rhodium rutheniumand ifidium preferably rhodium In a

further preened process, the_di phosphine ligand is selected fromthe group
consi sti epad hereinbelow the term “enantiomerically pure compound”™ comprises optically active

(1 g g g 1, g) %W%ﬁ%%ﬁx%%%@%ﬁ%@bg%h e-rl)-u n 2 EQ os",

"(RE) pfic, Sc) - DuanPhos" . Al mentioned I gands are commercially avail abl e,
e.g. fr Oﬁér%hainé ﬁérel%e?g‘}.r theltgn%i %{2%%'1“, ?OIJGI}'%QI%%)]L gaié-a ! 1”H§§e9ents a linear or
5  branched alkyl group having 1 {o 1 carbon atoms. Optienally with one or more halogen atoms
substituted C-alkyl represents for example methyl, ethyl, propyl, isopropyl, butyl, isobutyl,
sec-butyl, fer-butyl, pentyl and hexyl. .

Here and hereinbelow the term ”Cy.~alkoxy”, for example “C1¢-alkoxy”, represenis a linear or
10 branched alkoxy group having 1 to n carbon atoms. Optionally with one or more halogen atoms

substituted Cy_s-alkoxy represents for example methoxy, ethoxy, propoxy, isopropoxy, butoxy,

isobutoxy, sec-butoxy, fert-butoxy, pentyloxy and hexyloxy. |

Here and hereinbelow the term *Cs-cycloalkyl”, for example ”Cs.po-cycloalkyl”, represents a
15 cycloaliphatic group having 3 to n carbon atoms. Optionally with one or more halogen atoms
- substituted Cs jp-cycloalkyl represents for example mono- and polycyclic ring systems such as
cyclopropyl, cyclobﬁtyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, adamantyl or

norbomyl.

26 Here and hereinbelow the term “Cs g-cycloalkoxy™, for example ”Cs.jo-cycloalkoxy™ represents
 a cycloalkoxy group having 3 to n carbon atoms. Optionally with one or more halogen atoms
~ subtituted Cz 1p-cycloalkyl represents for example cyclopropoxy, eyclobutoxy, cyclopentyloxy,
cyclohexyloxy, cycloheptyloxy, cyclocctyloxy and cyclodecyloxy.

* 25 - Here and hereinbelow the term “aryl” represents an aromatic group, preferably phenyl or
naphthyi, optionally being substituted with one or more halogen atoms, nitro and/or amino
groups, and/or optionally substituted Cy.s-alkyl, Cy.¢-alkoxy or di-Cy.s-alkylamino groups,
wherein the alkyl moieties optionally are substituted mth one or more halogen atoms.

30  Ina preferred embodiment R is 2-thienyl, optionally substituted with one or mote halogen
atoms, and R? is methyl or sthyl.

In a further preferred embodiment, the compound of formula 1T is selected from the group



1ln_.a preferred._process, the conpounds of formulae la and | b are obtai ned
J~fron1the|r correspondlng salts with a carboxylic acid by aqueous T
hydrolysis in the presence of an alkali or earth alkali hydroxide. 7
Provided are salts of a carboxylic acid with an am noketone of the fornula
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 Cl4-al kyl or Cl4-al koxy groups, and wherein 1(2 is
Cl4- al kyl or phenyl, each optionally substituted with one or nDre hal ogen

atons an G | kox 10 P dcularly
preferr eg&gfs}'ue ca(gfb%g? Il?glgglgdag&glls(el e%yz)d?PmB ?ﬁ%‘? nl:egﬁ' g of
(Cng gl I:; bpridomel- ﬂmn}’D-I)ITr&pa’ﬁDlQ{lﬁ-(dﬂ%Wmﬂgmﬁﬂl d- ﬁwﬂgéﬂﬁg)elk-pmba@ﬂhﬁlﬁl c acid,
g |s ro onlc aci et o-L-gal onic
acid, 2- @%ﬂ g‘ﬁth ri]i%rﬁg‘r ]gégﬁﬂ" pafplaspartic acid, benzoic acid,
3-nethy|ben20|c aci d, sallcyllc acid and 15 2- naphthalenecarboxylic aci d.
Furt her npre pir ovided are salts of a car boxt\;l ic acid with an am noal cohol

of the f FredoyReRes: s trappiiprmgtaRis splsctadiremn thegrovpensivéngpistgsdionnpr i si ng
2-t hi e”%me%&n%aw&um%ﬁ%@% digach optionally substituted with one or

nmore hal ogen at ons and/’or on nore Cl4-al kyl or Cl4-al koxy groups, and
wherein R2 is Cl4-al kyl or phenyl, each optionally substituted with one 25

or nore I nd/ o re Cl4-al ky, Cm al kox rQups,
wth thé“%x}if'%b? PSR Rl o gy e ron e oy comitdiad o
(-)-2,3:4,6-di Oigopropylidene-2-keto-L-gulonie acid or

(+)- ,3 4, 6- dl\G((i\c?Jropylldene- t o- D-gul oni c aC|d

1

P—t-Bu
PPh,
H LELYS
d =ut-Ba PPbZ
15 - (8,5)-“Me-DuPhos”, (R.R.S,S)-“TangPhos” (8)-C4-“TunePhos”,

Sy
\é" ] 0
20 P

o“'

\\‘

25
' (.S’,S:.SL.S')-“Me-KetaiPhos”, (S and (R)}-“MeO-BiPhep” and “(Bp Rp.Sc,Sc)-DuanPhos™.
All mentioned ligands are commercially available, .g, from Chiral Quest, Inc, Monmouth
_ Junction, NJ, USA.
30

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
¢arth alkali hydroxide.



The present invention is iJlustrated by the followi ng non-limting
.jexanpl es. 8 Exanples Exanple |: Preparation of

3- N-net hyl am no- 1- (2-t hi enyl) 4- propanone hydrochloride (PRONHCI) 5 A
m xture of 2-acetylthiophene (25.5 g, 200 nmol ), nethyl am ne hydrochl oride
(14.9g, 220 nunol),.. paraf or mal dehyde (8.2 g, 280 nmmol) and et hanol (100
raL) is heated in an autoclave at 120 to 130 C for 9 h. The obtained fight
brown solution is cooled to 20C and payt of the ethanol (50 nlL) is renoved
by distillation in vacuo. Ethyl acetate (200 m.) is added to the residue
to afford a.thick.suspension, is cooled to O0.C and kept for 45 mn
at that éjIBWfI%T%%FaAtF Fﬁg??@'%ﬁﬁf\qg @1 ?(5’50{1%9 ?goq”é‘% ated by filtration
and dried, yielding 29.3 g 3-N-nethyl am no-1-(2-thienyl)-1-propanone

hydr ochl ori de PRO\I— HCl, 71% as a slightly yell ow powder., Compar ative
exanple 1: Preparation ofzracem e 3-N-netlayl am no-1-(2- dhi enyl)-1- 15

pr opanol (P, um hydroxide (4.0 g of a 50% aqueous solution) is
added to a m xture of RON-HClI (10.3 g, 50 mind) and ethanol (35 nlL) at 4C
in allout 5 mn. Neat §10d| um borohydrlde (0.95 g, 25 mml) is added in

‘several rt. ns i,n_a Omnta d, a e s i O ichis

sti rred ke glﬁelg%]‘ﬁt? r@? glau%conﬂéé%c%? %B%n%'%“@iﬁg‘gg% 81:’18%% sein5
m n and optienally xibstiitddswiflomlor m@hﬂ@enaﬁdastm@ﬂabnel& it Gpehkyieorwat er (20
m.) is added. The m xture i$s entraited about 5 tjnes |n vacua and the

obt ai nedi Oaﬂgwilgsaéswa%rﬁ@éw r-aliyicor byl easd apgionalinaebstitiadseyity 2x 20

m.). Th onas a affording 7.2
g racem%gEgJAﬁﬁ%&?ﬁ%ﬁ%ﬁ%ﬁ%&mﬁﬁféﬁfa@l 1- prg{g}ﬁgl 6§W10184% as an

orar@e oil which crystallizes spontaneously after a few h. 'H NWR

58y, cRup ) biglemel. 8yl ia s Bt g Boyo oty br 74 5 5

m, 2. 2531.6&1]&;110&)&1(1&, (79232, 64di-isopBpyhilidne e ¢hlonkORidyk¥)2,3:45010, 126. 3,

b opar alEBiPpey 3k BilRit i i E-oloRe e A el T NRBR AN 30

((9)- PRQasﬁdﬁlé acid) Daa ahcla,tﬂeﬁfdxc%@d a~xﬁ€thylb¢r&61c%1d,%@5rﬁd%ﬂa%ao ng, 0.56
mol ) i n net hanol m_) an
15 -naphthalenecar xylic acid.

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

wherein R! is selected from the group comprising 2-thienyl, 2-firanyl and phenyl, each
optionally substituted with one or more halogen atoms and/or one or more Ci4-alkyl or
C14-alkoxy groups, and wherein R? is C4-alkyl or phenyl, each optionally substituted with one
25  ormore halogen atoms and/or one or more Cy-alkyl or Cre-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.



—egui-valent—anpuntof NaOH.mixture .is.charged under nitrogen. Afterwards, a

. solution of [RhaS, S)-Me-DuphosABR: (2.7 ng) in nethanol (2 mnlL) prepared
under nitrogen is added via a 9 syringe. The autoclave is then cl osed
and purged several tines with nitrogen, heated up to 50 C, then hydrogen
I's added until the pressure reaches 30 bar. Alter 5 hat that tenperature
under stirring, the autoclave is cooled to roomtenperature. Once cold,
the clear yell ow brownish solution is gransferred into a 50 nL round
bottom fl ask and concentrated to dryness affording a 5 beige solid (0.23
g, 92%;E§ ibout 97% by HPLC). Conparative exanple 3. Preparation of

(8) - PROC &m?‘ﬁutlon of PRON-HCL (250 ng, 0.56 mmol) in nethanol (5 nmL) is
charged under nitrogen in a 50 nil. autoclave. Afterwards, a solution of
1.8 ng Rh(co 2BF4 and 2 the ligand of 10 formula 111, wth R3 = CNb,
R4 = R5Exagp, %l%ﬁ%&l&?ﬂﬂh@%%? W@Ybﬁﬂﬂ?{éz@rﬁmnﬂ)drwmne hydgeqilinida

met hanolpk@NIigcppr evi ously prepared by stirring the conponents for 15 n1n
under nitrogen i's added via a syringe. The hydrogenation is carried out as

deschi bédomihoy of 2-a¢dtpittdophgng @ﬁﬁmo mBmé), tmethylansnd hydrdcblczide 614.84% ee:

S ot Mt PR DUD 62 PRIl Gt a0 s e
E P??O%I— gaitoaath at Q20 &o1B0TaY ot ﬂﬁr?:ﬁ;bf@ieﬂc Qgtgﬁgls@uﬁsﬂx i coalled to 20 °C and (170
| m re o
H) andPRBPERS pREalI0 L) EatmBed s A iiania e P SR ML) A of
20% aqueaus rexilub td S¥rd. bm@%gmﬁkb@,%a? 'cﬁoﬂ:étd]@ e %’ftﬂke?t ForuS ¢hih QO M Nn.

, e two ases arée separated and the

Afterwards, the stirring is_.s

20 @ gatwpersiEe. h e\ﬁh@ém@mwm@éw@mummdmbwmw%a aqueous
phases faﬁ%ﬁ b ganic
| ayers ?gﬁ?h%k dcgg drop\RiMrre a so 8 th«gr?&(i’ﬁ%l\f%l,%/l)%ﬁgﬁgh‘a‘}

(-) -2, yddicg-phiwedex.i sopr opyl i dene-2-keto-L-gulonic acid ((-)-DAG 13.1 g,
4.48 vi ol) in MIBE (400 nmL.) The product precipitates already during
addition. At the end of the addition, the suspension is concentrated in

vacua t Golphfativeexaaplene Préﬂaeaﬂi@mfdaeemﬁ 3 WahHyhfifd 1 i(-tfienyd)-2> and
hept ane 250 ’&5 ded Afterwards, the suspension is cooled down to 5
C, the éﬂ; }iltered off and washed wi th MIBEAaeptane (1:2, V:v,

2X60 r ; 3.2 g,
o st Y T

Pr epar o258 el muhzmoﬂ(@t%ggm 24 °C in about 5 min. Neat sodivm borohydride (0.95 g, 25
mmol) is added in several portions in about 30 min o 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 mixtore 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 phasés are concenirated in vacuo affording 7.2 g racemic
3-N-methytamino-1-(2-thienyl)~1-propanol (PROL-HCI 84%) as an orange oil which
crystallizes spontaneously after a few h. "H-NMR (DMSO-dg, 400 MHz): 7.35 (1 H, dd, T=4.8,
25 1.0),6.94(1H,dd, 7=4.8,3.6),6.90 (1 H,dd, F=3.6,1.0), 490 (1 H,1),3.7 (2 H, m), 2.56 (2
H,m),2.25 (3 H, s5), 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 (5)-(—)-3-V-methylamino-1-(2-thienyl)-1-propanol
30 {(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

[RB((S,S)-Me-Duphos)]BF; (2.7 mg) in methanol (2 mL) prepared under nitrogen is added viaa



—A-sti-eky--suspensi-on of..675.g (2.13 nol) PRON-11Cl1 in.5.5 L _MIBE and.O0.

9L

. wat'er is stirred at a tenperature of 0 to 5Cin a 10 L vessel. Wthin 0.5

h 576 g (2.88 nol) of a 20% NaOHsol ution are added and the reaction

m xture is stirred for another 30 mn at the sanme 10 tenperature. After

phase separation and washing of the organic phase with water (1.3 L) and

extracting the aqueous phase with MRE (2x1.3 L), the conbined organic

| ayers are cooled in a 10 L vessel togbelow 10 C. After addition of a

solution of 590 g (-)-DAG (2.02 nol) within 15 mn a yeIIovvish m xture is

obt ai ned_and stallization o ont aneousl y_or. aft 5 ad on of a
crystalﬁ;l?g? "@ﬁ%'éo a%ﬁg[?? g&gqugrulrge@ E?Q%IQ?F Wem'ﬁ?%’ ?Oeédfurther
stirri ng filin Wdfogai isGdis tﬁlﬂmefpréshirai*daa{ts 30ashiATGr %TahthMTtBE éraide tndéy) and
drying in vacuo at 50 to 55 C, the product (740 %hOf of f - whlte solid

mat t er ) SHENS Hieaunslpve Segpisddo monrismpyrag. Onsaeqld ibeslemmelowbramithul ae 10 A

suspens I\%’%
nmet hano%oggiogli%zg{%g&cmg% %FQ%O HMﬁ&b[?{ogfr?ﬂa ('?F%lr?e‘g?a%? urt hier Saﬁ% %Et hanol
at the xagesolié (H2T atAile ca abbutt7%/et HBLLE h soI ution is obtained. During

cooling to O to 5 Cwithin 3 h, the product precipitates. After further
stirring at 0 to 5C for 2 1i, filtration, washing with MIBE (2x1 L) and

dlroyl ng Csmlit?&ﬁ%aiaﬁﬁetsor aﬁtxdﬂlﬁ(s)npn?ﬂ §5§go%|r gf kvvhl te solid) :s

obt al ne roge tIOI’lO | ket sol ution
of PRoxga?lveB%@ﬁPTg%ﬁﬂfmég%s 515 c&@n@é 5 oI chargeﬁévﬁqmogersmm i s
char ged, Mﬁ%mf&bia{r@mm&d@ aXalifib Ed 'dﬁH' Wh%iheh d of

Rh((kit"S, S)-Tan bormad h 2 roL
A T e MO TR R dabont 2 101

?§§ (© pREREL T oRBRKE: 3 B A Ry lbine the compongyts for 15 min

((9) - Pl%ﬁdem&meegwcﬂed vias syribgs. The bplrogingitond cgried8has dGuribakabbon is 100%

Fyar of yECE o) BROL g berReny (2B 380 8 At a3 TeRpLEE oo o

PRCL- di ket egul ac of exanple 5 is added in portions to a m xture of water

(22 m_) CH2C12 (18 nlL) and an aqueopus, sol utign of sodi um hydroxi de (30%
g Example meyamntoﬁé-f?fw& qmmwki?u%eﬂ(ﬂ)vbpmp&gegs aditsijrred for 15

m n AfL s;gigﬁ_ _ o-BPARRHS sywi t h CH2C12
(12 nm) ?he conbi ne ; éinl(‘:3 phases are %ﬁ?%ﬁ@ﬁﬁ%ﬁ%ﬂ I The

sol ventA mixtpremb YRONGHCP (158 g erpmoD MTBE(STUmb) arid watet (20 Fﬂﬁﬂ&m%ed to
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 orgarnic layers is then added dropwise a solution
of (—)-2,3:4,6-di-O-isopropylidene-2-keto-L-gulonic acid (—)-DAG, 13.1 g, 448 mol) in
MTBE (400 mL). The product precipitates already during addition. At the end of the addition,
the saspension is concentrated in vacuo to half the volume, the residue is heated to 50 to 60°C

25  and heptane (250 L) 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



~—30—(-18-m;)--is-added-to-the residue _and.the.resulting. solutjon is further

. concentrated to about 18 niL in vacuo at 20C. Crystallization occurs
spont aneously or after seeding and the sus- pension is further stirred for
30 min at 20C. The precipitate is filtrated, washed with heptane (7 niL)
and dried at 40C for 15 hat 25 nbar affording (8)-PRCL (3.0 g of white
solid, 87% . Exanple 7: Preparation of PRON-24ceto-L-gulonate A m xture
of 15.0 g (47 5 mmol) PRON-HC1, 170 nig$, MLBE and 20 nL water is cooled to
5to 10 Cin a 250 znL vessel. After addition of 122 g of a 20% NaCH

solution the mxture.is stirred for .further 15 .mn, while separation
ocar o Poptrbagi S Bied s@arliof gud Bttt o 1 orgmuf biiss Wi et ol Fa35P ooy
phase i gxieaiifi®t aghostd habd-Bih (RPRFO(2L 3. L) THhe cﬁﬁﬁﬁws%aﬂigﬁ?@fs%fmﬁﬂinar e

0

cooled to below 10C and within 15 mn a suspension 45 ol )

2- ket o- 2 1fdiverekiodelow 107 ddterpddifimmliasoliar af SH s)-DAG &@hualivehn s

f or med. q{“-xbg : j 5@%12&% ' e hal f.
The rea%:%?%ﬁyﬁéﬂgﬁsrhe 'S Ieszj'? l:eagtfég%&e?ryre ux a&ﬁ%@%&nﬁﬂeﬁ%ﬂéﬁ%& gre added.
Aft ex faddiferofadujistallimatiof ai§ 0@chis avetdilmpdtal afi thelpeaduich g flen fethed Sirmeg foux f or

> omoved? bRa B i o Wi IR CETBR Bttt Hnd 0 B e sol 1
mat t er 48 pidduttq740lg of §i-antte eslicadatier) iv obimedt 50 to 55C to yield 8.3 g tan

solid matter. Exanple 8: Reerystallization of PRON 2-keto-u-gulonate 15
8.2 g solid product of exanple 7 is heated under reflux with 100 nL

et hanol gy Y: RbbryEdal@atibil 6F PROJKLAROLHILON IS cooled to RT and a resin
Re . ; an

deposi ts. e mxtlre 1s stirre or 1 hour at RT. The noist resinis

dri 8 i A syspensionsaf 788 giof tBpraluchofexpiopls 3455 IgMIBH andd XD impthanek ase heasdanpl e

9: Pre ' ' HC1,
o o e e A ARAEOEARE 11 e el i@ SRR T
Af t er agbiition dsobidind Drigg ofoliag 2004oNa T Fithinl 3 i, itheprothact prexdpitates. iAdiest i r r ed
fiar further .15 m Ll.e phase separation. oc The organi ¢ phase is
wnehed WP siEpen: PP St 2 R S I L1l Hielp PSR
(2x50 r&hoﬂf&o@mrmt@gg@dﬁvmagﬁgiﬁml ed to bel ow 10C and within
15 min a suspension of 5.5 g (45 nmol) benzoic acid in 400 nL MIBE is

add¥d. An oily suspension is formed. The vol une of the 25 solvent is

reduce PB! ATkt tonl JTESPR bN-ﬂ-fﬁlEt gtion mxture is heated under
refl uxC%%ﬁnQSO ngL _ eptﬁzg)r]{edrgr e added. ‘Igﬁgmm' xture is cooled to RT and
st rr edA salptidn fARON-Tikstegolar df exatpler4 (280 g, 066 eeinol) in methariob (5 mid Is
Hept anej Ml x60 nl). a i_ed d cuo. at wYiel d 10.4 g
yel | ow ?I(%ué‘%f e og?%l& &C%S) zgf, atioclale. Ao Riod of ]?lgh(kﬁﬂ,%,s.g Ta&pqlog)-
(norbomadiene}|BE; (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 sali of {(§)-(—)-3-N-methylamino-
1-(2-thienyl)-1-propanol 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 g20.2 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 aquecus phase is extracted with CHyCly (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 spontancously or after seeding and the sus-
pension is further stirred for 30 min at 20 °C. The precipitate is filtrated, washed wih heptane
(7 mL) and dried at 40 °C for 15 h at 25 mbar affording (S)-PROL (3.0 g of white solid, 87%).



12 Exanple 10: Reerystallization_of. PRON-henzoate. 10.3 g.solid product of

exanple 9 is heated under reflux with 50 m . ethylacetate. Under stirring,
the clear solution is cooled to RT and a solid deposits. The m xture is
stilled for 1 hour at RT. The resin is dried in vacua at 50 to 55C which
affords 6.1 g of light tan solid matter. S Exanple 11: Hydrogenation of
PRON- benzoate A sol ution of PRONbenzoate of exanple 10 (146 ng) in
met hanol (5 nal) is charged under nitibgen in a 50 niL autocl ave.
Afterwards, a solution of 3 ng [Rh((S, S)-Me-Duphos) -
(_1,4'Cyﬁk&ﬁﬁfe@@?@é};&%ﬁtﬁﬁf‘of@@ﬁlﬂgmlb okAL) 1S added via a syringe. The
e

m xture 1s nydro- 10 genated as scri bed above affording 0.12 solid

pr oduct A(I@SWPF&F@Q&%Z@I@PD PBANN-4HE] 11 1ils MR md 3Pk ek i C@Df 7% S
PR p- £ BT LE AT ORET Beiot RERT gy B BB 200 AR thaife vy s £
U, s ot o e o tor st

f ur ther Wgsr @ﬁ“ﬁ\ﬁl‘f&%{@ aﬁﬂ%’é PE@S&? ?%‘t’qal:)tﬁi Wgy’gﬁb %Oﬁ@aﬁ%%@ i s washed
Wi th wabeanit fRastd are ddifed DBRFURPUS adVARED 1| $ n@X b é@g&&ﬂm\ﬂﬂsh’ Earby 50 ni)

The conbined organi ¢c_phases_are cooled to below 10 C and within 15 mn a
suspensi-atodigwordc gpid wetlPmal MIBE isaddete Atitloniusprasign itieaned L ae solpme 4100 nL
MIBE is | S ' T |g§“ﬁ1 -Lin | vent
S redu%@g'gl 0 °§‘€%F§‘§<‘+’¥rﬁ%‘t§’é@9‘%§l %ﬁﬁg:ﬂ%]{aﬁle re%t%?’lnon' me%% 5%% |sd%{:§tﬂe' under
refl ux awid5P5L hepiank ept mided. dfer fidthedadditom afi3R0 mieméethamwdahdibatiog #dennd
stirred for .3Q.m.n.. The sol.id tter is filter of f,. washed w th BE
(o b ek £ S0 e nd R i ol Rogh BatpetabeP Aot 1o SRARGS Weddllalt o™
sol i d nBid Réiheus2idiRiPRAl-Riivwit Woanphethanol Raé thesbad aatis Ghered off and

PRON- p-t ol uenesul fonate 14. %}# solid prqoduct of conparative exanple 4 is
heat ed FHdar vapREL Widoh (o virld 8.3 & Sidster- Under stirring, the clear

solution is cooled to RT and a solid deposits. The nmixture is stirred for
1 hour at Rl'. The resin is dried in vacuo at 50 to 55 C which affords
12. 5 g ¥otampls 85Be¢rystallization of PRON-2-kete-L-gulonate

15 8.2 g solid product of example 7 is heated under reflux with 100 mL ethanol. Under stitring, the
clear solution is cooled to RT and a resin deposiis. The mixture is stied for 1 hour at RT. The
moist resin is dried in vacuo at 50 to 55 °C to afford 4.5 g of tan solid matier.. '

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 fo
20 5to 10 °C in a 250 mL vessel. After addition of 12.8 g of 2 20% NaOH solution the mixture is
stirred for farther 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 aud 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
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.



30 Conparat.ive exanple.6._Hydrogenation_of PRON p-tol uenesulfonate A

sol'uti on of PRON- p-tol uenesul fonate of conparative exanple 5 (155 ng) in
met hanol (5 nmL) is charged under nitrogen in a 50 nL autocl ave.
Afterwards, a solution of 3 ng [Rh(Me-Duphos) (1, 4-cycl oocat adi ene) 1BF4 in
met hanol (2 nL) is-added via a syringe. The 13 hydrogenation is carried
out as descri bed above, affording 0.12 g solid product ((S)-PROL-

p-tol uenesul fonate). Conversion is 5%y HPLC, ee is >90% S isomner
preferably forned.. Exanple 12: Preparation of PRON-lanrate 5 A m xture of
15.0 gtfﬁgglemécr%%d@nofjﬂﬁ) Nk and 20 nL water is cooled to 5 to
10C in nL vessel. After addition of 12.8 of a 20% NaCH sol ution
Lhe m Xkt & 01 rrodur efgcmoplopis e wBeraefiv Wb 5L npneBHos R EMFon 0CCUr S,

The or r ks 3G LERS e Sy, ]ppﬂfﬁ-. S
extrac%ﬁ?ﬁ%@%ﬁﬁgﬁj&%%%@% O(lgg rgang 1a§%s arzf cooled to
bel ow 14 RT. &helrosmtihdnedtih vadue ah 58 ttsm‘r&whnhaﬁmﬁsﬁlg c(le@hmmlst)h(ﬂmautMecanm c
aC|d in 200 nL MIBE is added. After 1 hour stirring no product has

sol i%di fi ed. The solvent is renoved in vat and the oily residue is solved

in 50 nﬁ.xaaﬁdﬂmmﬂydﬂoge,ﬁ,mnm?mm%gﬂwﬁw eflux. The mxture is cooled to RT
and stirred for 30 mn At first an oil secretes, which Cré@ialll es at a

tenper o gelation Oﬁ?a%bggeatepﬁéx@%ﬁé%&Méﬁns)snmﬁhﬂlmI( gﬂtl')larr nn at

RT, tpRliALe t | on. The
soli d matt%m ?Eﬁ't ereﬁgf%ﬁéﬁgﬁgd& é%tg)v]\ln(?% col d ac tonlt e (2x10 ni)
and dr |(é¢l—¢m1weiafbm)ml"4 beinothand ¢ nﬂt)ft&ﬁddﬁﬁ'gamm@ 'ﬁhmu@ure IM‘EB@-‘Q:I 10.9 g

1011 SR IR Sl ARG 2 B Al | PRORLS RS Stk 7 9

ac, et org9es bk HFUG & is 96.7%, S isomer preferably formed.

Comparative example 4: Preparation of PRON-p-toluenesulfonate
A mixture of 15.0 g (47.5 mmeol) PRON-HCI, 170 mI, MTBE and 20 mL water is cooled to
1_5 5to 10 °C in a 250 mL vessel. After addition of 12.8 g of a 20% NaOH solution the mixiure is
stirred for further 15 min, while phase separation occurs. The organic phase is washed with
waier (60 mL) and the aqueous phase is extracted with MTBE (250 mL.). The combined
organic phases are cooled to below 10 °C and within 15 min a suspension of 8.6 g (45 mmeol)
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
nnder reflux and 250 ml. beptane 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 produect (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: Hydregenation 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 mi) is added via a syringe. The



20 stirring, the clear.solution is cooled to RT and an.oil secrets, which.

crystallizes at below 30C. The nmixture 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 of washed with cold acetonitrile (2x20 nL) and dried in
vanp at below 30 C. Yield: 6.3 g white solid matter. 25 Exanple 14:
Hydrogenation of PRON-laurate A solution of PRON-launte of exanple 13 (184
ng) in nethanol (5 mL) is charged undbf nitrogen in a 50 nL autocl ave.
Aftermards a solution of 3 ng [Rh((R R S, S)-Tangphos) (nor bonadi ene) ] BF4

i n et hanpbedadidhli cdrﬁe@(ﬂﬂﬁ@'déébﬁbe@ a%We! BESdin gloeurg 96kl Rodust nated as
descri bed a ove, affording 0.16 solid product S)-PROL-Taurate). 30

Conver sh-&etugnesulfoger) Coryern isé% b.y HBLGoe IQ?WB@ﬁOIﬁ?IéF@P@leOdeEd 14
CLAIMS 5 1.Salts of a carboxylic acid with an am noal cohol of the formula
R HOR -37-vTh\T 10 wherein Rl is 2-furanyl or phenyl, each optionally
subst i t BxedpltlZhPoperagion wb PROMagete at ons and/ or one or nore Cl4-al kyl or
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orgamc phases are cooled to below 10 °C and within 15 min a suspension of 9.0 g (45 mmol)

10 dodecanoic acid in 200 mL MTBE is added. After 1 hour stirring no product has solidified. The
solvent is removed in vacuo and the oily restdue is solved in 50 mL acetonitrile and heated
under reflux. The mixture is cooled to RT and stirred for 30 min. At first an oil secretes, which
crystellizes at a temperature of below 30 °C. The suspension is further stirred for 30 min at RT,
than 30 mL acetonitrile are added to the thickened suspension. The solid matter is filtered off,

15 washed with cold acetonitrile (2x10 ml) and dried in vacuo at below 30 °C, affording 10.9 g

product. Yield: 10.9 g white solid matter.

Example 13: Recrystallization of PRON-laurate
* 10.7 g solid product of example 12 is heated under reflug 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 matier 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
nitrogen in a 50 mL autoclave. Afterwards, a solution of 3 mg [Rh((R &.S.,5)-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)-PROIL~lauraie).
30  Conversion is 100% by HPLC, ee is 93.6%, S isomer j}referabfy formed.



15 ABSTRACT PROCESS FOR THE PREPARATI ON OF ENANTI OVERI CALLY PURE 1-

. SUBSTI TUTED- 3- AM NOALCOHOLS Provided is a process for the
preparation of enantionerically pure 1- substituted-3-an noal cohols,
particularly of (S)-(-)- and

(R -(+)-3-N-nethylam no-1(2-thienyl)-1-propanol, by asymetrically

hydr ogenating salts of a carboxylic aciftlks with an am noketone of formula
(I'1), 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 Cl4-al koxy groups, and wherein R2 is Cl1_ 4-al kyl
or phenyé:I ASﬁfé;oopti onal ly substituted with one or nore hal ogen atons

and/ or ok re Cl_4-al kyl or Cl_4-al koxy groups, and wherein the
correspondi ng am noal cohol s are obtai ned by subsequent hydrolysis of their
salts. Furthernore provided are salts of a carboxylic acid with said

am noket bnesSadts @1 e serbaxylivoasit wiitb ks amimegiqobd! dfythestopmidat r i acal | y

hydr ogenati ng sai d am noket ones, respectively.

Rl

HOX/\N/RZ I,

|
10 H

wherein R’ is 2-furanyl or phenyl, each optionally substituted with one or more halogen
atoms and/or one or more C4-alkyl or C;4-alkoxy groups, and wherein R?is Cyy-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 carboxylic
15 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,r and with the exception of salts wherein the

carboxylic acid is mandelic acid, R'is phenyl and R? is methyl.



