-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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in EP-A {f Elz?gnﬁi%a“‘g%d‘ @‘E%H% 20 EP-A 0 945 457, EP-A 0 955 303 and
V\DA 02/ 40492 Hul | i ng et aI descri be a preparation of
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(S)-3-chloro-1-(2-thienyl)-1-propanol, which is converted to
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(8)-(- )hyardgeﬁwoﬁwf@mnﬁmﬁn&ﬁtdnh Iaﬁrlmb lasmam oﬁemb.ﬁ&@omha;h of
descri be anot her aration of ( é -)-3- Iam no- 1- (2-thienyl)-
1- pr opdhoresylfings? 'WEHDE'E Hemo-1-hien Ie@gmi@fq)y% 04/095%0.a5 t he one

descri bgeh. RYobbbds309). Rhilermore, processes for direct asymmetric hydrogenation nsing
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 (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-



rexcept-—that-—-3--ehl-oro--1--(2-t-hi-epyl) - 1-propanene-i-s—asymet-ri-cal-yreduced— ——
fto (S)-3-chloro- 1- (2-thienyl) 4- propanol using borane and catal ytic

_iam)unt s of (R)-3, 3-di phenyl 1- net hyl tetrahydro-3H pyrrolo[ 1, 2-c][1, 3, 2]

| oxazaborol e in THE. This asymmetric reduction afforded

1(5)-3-chloro-1-(2-thienyl)-1-propanol in a yield of 86% from
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-Nnet hyl am no- 1- (2-t hi enyl) - 1- propanol above, are the use of

toxic or _cargcin nic c ounds_such tin tetr |.0f | d benzene
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. and econom or the preparation of enantionerically pure
. 1-substituted-3-am noal cohols, particularly of (S)-(-)- and
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are achieved by the process of claiml. Provided is a process for the
pr epar at iwrPf xpessive eorapoundcweh axRarnIe A 19(%6%@%%%%3@5%@&1@9 t he

formul a dilﬁ?t:ultatg 3{38588% The HQ%MQ% :E'ymmetxic hydrogenation processes with diphosphines
are not satisfying in regard of the hydrogenation of 3-N-methylamino-1-(2-thienyl}-

i-propanone,

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—substituted—?»-amino—é
alcohols, particularly of (S)-(-)- and (R)-(+)—3-N—methylamino-1~(2-thienyl)—1—propanolL
Tt is another aim of the embodiments of the present invention to provide new saits 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
R!

- 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
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o
3‘“]?2“

optionally substituted with one or more halogren atoms and/or one or more Ca-alkyl or
Ci4-alkoxy groups, and wherein R*is Ci4-alkyl or phenyl, each optionalily substifuted with one
or more halo gen atoms and/or one or more Cy 4-atkyl or Cy.4-alkoxy groups,

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



wherein Rl is selected fromthe group consisting of 2-tiaienyl, 2-firanyl
and phenyl, each optionally substituted with one or nore hal ogen atons
and/or one or nore G _.4.-alkyl or Cl4-al koxy groups, and wherein R2 is
Cl4- al kyl or phenyl, each optionally stibstituted with one or nore hal ogen
atons and/or one or nore Cl4-al kyl or Cl4-al koxy groups, conprising
asymetrically hydrogenating a salt of a carboxylic acid with an

am noketoue of the formula 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 pmovided salts of a carboxylic acid with an aninoal cdhol
of the formula R VR HO-IN 2 wherein Rl is 2-furanyl or phenyl, each
optionally substi d_wint h_ehe or nore hal ogen atons aqglor one or nore
Cl4- al kyl or C143alkoxy gr&hps, and wherein R2 is Cl4-alkyl or phenyl,
each optionally substituted with one or nore hal ogen atoms and/or one or
nore Cl4-al kyl or Cl4- al koxy groups, with the exception of salts, wherein
t he car boxyhdrein&ciadd iRs afe-dp 4G 4bGYi - O i sopr opyl i dene- 2- ket o- L- gul oni ¢
acid or (+)-2,3.4,6-di0-isopr |\ i -2 - liani € acid, and with the
exception %%%%%F¥%§%§£%%?§Q@1§%§%F§§E§%ﬁé5?@98Q?§%&%ﬁ%§|ic acid, R is
phenyl and R2 is nmethyl. |In Salanaba et al., Chem Pharm Bull. 1995, 43,
748- 753, andne hided (B&e 7Ot Adddmmita sy mmethoxdiclagdrvoenariioralehoHdititsal t s of
3-K—nethyugéghno4 - phenyl - I - propane’ and 3-grni no- |-phenyl 1-propanone is
di scl osed. “A57559 di scl oses t he preparation of 11Cl salts of

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

(S)-H N, N-dirnet hyl -3-(2-thienyl)-3-hydroxypropaneani ne as well as the
-oxal ate salts of £§)-()-N,Ar-clinethyl-3-(1-naptha|enyloxy)-3-(2-thieny|)-
pr opananm ne and

(S)-(-)-N, N-di net 1-3-(1-@&phthalenyloxy)-3-(2-thienyI)pLopananine. The

| atter two ongg)ybel argfatic ethers of the conpounds of fornula I.
Direct preparation of the respective organic acid salts is not disclosed
in the prior art. SurprisSingly, these conpounds can be used in the

hydrogenati on reagction as well wthout increasi he.anmount of
by- pr oduct $hergky %gls&wg’réﬁeﬂﬁ ?@%f%&?@bﬁu%mqgﬁeh%ht%f TH%° Pael_g%enaci dic
than HCL apd,L Qﬁ&@i B%eeoﬁrﬂ&efdlﬁ-kaugﬁ of €5 QMRS ok s Wl ki ERNRE B € AL AlRE
dining recovery of the products i's reduced. The conpounds obtai nabl e by
t he presendr gifengk esclcapiohslyusbstitdiedevith pnept thena halegerthatage apd/ot pre &ni on.
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.



3 a In a preferred enbodi nent, the di phosphine ligand is Pt-Bu 13.ffit-Bu
(R RS, S)-"TangPhos". Asymmetric hydrogenati on of

1-substituted-3-N-allcyl am no-I-proganone hydrochl orides wth

di phosphi ne-transition netal conpl exes is not possible w thout generating
the free amnes by neutralizing the acidic salts. Due to the fact that the
free 1l-substituted-3-Nal kylam no- 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

al | owt 2 efgteé emberjaew gbn divhosyhipe ligtrad isesul ting, optional ly purified, salt
of a 1-substituted-3-Nal kyl m nol-propanone in high yields, high purity :
and hi gh enagz Qneric excess (ee). Avoiding deconposition of the free

am noket one { n jthe«wmesence of base is anot her advantageous feature of the

present in fon. 5 Carboxylic acids in the meaning of the present

i nvention arg, car boxylic acids having one free carboxyl group which can
forma salt an. m no conpound of fornulae Il and/or L Particularly
preferred cayboxyli"C aci ds are nonocarboxyh' ¢ acids. D carboxylic or
tricarboxyli cids which do not forman inner salt like fnmaric, makic or
adi pi LG igelec gi ve unusabl e resi nous precipitates. However, :
car bo(%}?'i %ﬁaiéiﬁ%gh%\%@? ch forman inner salt and still have one free carboxy

group are conprised in the definition of carboxylic acids in the neaning
of th : i nvent i on. Les fsald carboxyl i Cl having nore
*han oo oah s it 0 R3- Br) Bt e b aRr bt w8 e "am no
aci dsliphesphinstrasitivhinidgal @cindleess ighstipagiibleatitiut dmetfing ik amiRdbpr ocess,
the carbaoxylic acid i.s seleeted fromthe group consisting of optionally
sUbs PR AP SUE AR DR IS SHBSERT Brali Rt seCistomiio.  and
bi cy qlizepaofEREAT0@BkdSpose, the resulting 1-substituted-3-N-alkylamino-1-propanols are
contaminated with by-products. Exchanging the hiydrochloric acid with a carboxyiic acid allows




Iln_a prelied enbodinent the carboxylic acids are substituted with one or
{more Cl16-al kyl Cl4- al koxy, aryl, amino, optionally protected
car bonyl , halogen or hydroxy groups and 20 optionally fnther carboxylic
groups. Exanples for G -iral kanoic acids in the nmeaning of the present
process are butyric acid, valeric acid, caproic acid, pelargonic acid,
faint acid, palmtic acid, stearic acid, 2-hydroxybutyric acid,
3- hydr oxy- 3- net hyl butyri e acid, 2-hydrgxy 4- phenyl butyric acid, L-aspartic
acid, D-aspartic acid, DL-aspartic aci 2- ket o-L-gul oni c acid,

2- ket o- D-gul oni c acid, g )-2,3:4,6-di - 25
0- i sopr ogigtdt E@NQEBBEMQf < rgavliEng; eptivaally puwied, salt of a 1-substituted-3-N-alkylmino-

(+)-2,3: ahﬂﬁf rt her
preferr eg’pp g%%ngslﬁ car bogﬁﬁﬁ acl %é&%ﬁ%ﬁ%@e@?ﬁs@ec&y@l c %r omatic
acid, o pﬂeoon@bﬂﬂyomﬂihet frd;emnadok&tomh irothe pmrenee pEbasd isGmathknyddyarBGleGusdtaiuey |

hal ogen o %droxiﬁﬁg% oup 30 Exanpl es for nono- and bicyclic aromatic
car boxyl ? neanlng of the present process are benzoic acid,

salicylic acid, 3-nethyl-benzoic acid and 1-, or 2-naphthal enecarboxylic
acid. 5 Here and her ei nbel ow the term™ enantlorrerl cally [lalur,e conmpound”

c?n}an s;aGarbmheap §incfe moaniemnfibrprasenb iy $tign a’@ﬁﬁ?b@?‘ﬂ%%"}d% YT ?e) of
a eas gadﬁ arrp e
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carbon amnnmﬂmﬁmmmﬁnuﬂ¢@bwmm¢mmﬁmmmmxmnﬁﬁhﬂmﬂaﬂmﬂ&EMmNMmqﬁubstnﬂﬁm ic
sobutyl dedsarbe AR ot A PR s RO, i aichd RBY e R g, P
t1 gebifﬁUWﬁmgﬂuuﬁbe(&iﬁ{ﬁtey 'Hovf@ér exbamilie aclﬂklﬁrhﬁltl)lﬁﬁmn mmpaﬂaaﬁrstm P?vd dnedi@e Ofr
rancnead al Kox rou avi.ng on_.cC 0 tlona Wit one
or nore %ﬁ@&?ﬂﬁé@?@ﬂw@ﬂmﬁ@%}m@mﬁ %&Yﬁc *2‘
met hoxy,m&‘énhemsxaﬁpoxeﬁméam&ﬁ@m habmg%embﬁeﬁwaga@xygﬁﬁﬁ mwh@mg

tert butoxy, penty y and hexyl oxy
only one free carboxy group, are amino acids such as aspartic acid or glutamic acid.

15 Inapreferred process, the carboxylic acid is selected from the group consisting of optionally
substituted Cpaz-alkanoic acids and optionally substituied 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.



Here and_hereinbelow the term"C3..-cycloal kyl", for exanple ‘
.1"C3.10-eyel oal kyl ", represents a 15 cycloaliphatic group having 3 t0 n
carbon atons. Optionally with one or nore hal ogen atons substituted
C3_10-cycl oal kyl represents for exanpl e nono- and polycyclic ring systens
such as cycl opropyl, cydobutyl, cyclopentyl, cyclohexyl, cycl oheptyl,

cycl ooctyl, adamantyl or norbonyl. 20 Here and herei nbel ow the term
"C3.0-cycl oalkort, for exanple "C340-cycl oal koxy" represents a cycl oal koxy
group having 3 ton carbon atons. Optionally with one or nore hal ogen atons
subtituted C340-cycloal I cyl represents for exanple cyclopnpoxy,

cycl obut B3 and iercigpdaw fiedsyn “epmetionmsicgliyye capriuedepmrisssoptieli astce y1 oxy

and cydogﬁﬁly ﬂg% JH%E u?é?ﬁ ' germ"aryl" represents an
aromatic gr o%%&%lre era tfby p gn%%aer@})ﬁ%g#ta%?ﬁ%‘opt i onal |y being
substituted with one or nore hal ogen atons, nitro and/or am no groups,
and/ or tionally substitut C _6-al kyl , Cl4-al , or di - Ch6-alkyl am no
gr oups, Oﬁﬂ? raﬁﬁ?herfglﬁge'f%‘f%lte %tnfﬂgloﬁ?‘%é?ﬂgﬁych?é%ﬁﬁmef HEN one or
nor e shal KaethedblRirophatingd 16 heh®bh 8GnBORnIBNIRbné & Mork RABEM atom
optionally substituted witgh one or nore hal ogen atons, and RZQéiHs rrei hyl or

et hyl . ¢ Crealkyl repnysepts forzapmplemngsh progy3. isopreny) bptyl, isghEgbane! |
(S)-(-)-31 ' - oro-2-thienyl)-I -propanol,
(R-()- fﬁ%@?%ﬁ%‘ﬁfﬂh@@k‘é@?ﬁ%nyn -1 - propanol and
' (R -(+)-3-Nrnethyl am no-1-(3-chl oro-2-thieny0-1-propanol. 5 1In a
- preferr r ogess he,transitiop netal is sel.gct fromthe, grou
consi st?ﬂe@gﬁ&?@ﬁ%@e&ﬂmF% ‘ﬂ‘ﬁﬂ‘gﬁﬁ’?‘?’rie ?Iﬂﬁ]e §i‘%’ B0t SPPReRE egﬁ‘ﬁ' a
f ur tdoer _mﬁ@mmmﬁt@e t6lh posP R0, Optbanty with 58t &qhed hilosdn didies gr oup
consist Is&gstiguted Ci.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 with one or more halogen afoms.

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



15(.S,-5)- I\/h- DuPhos”, (R R, S, S)-"TangPhos" (S)- C4- " TunePhos",
(9051 S S) - " Me- Ket al Phos", (S) and (R)-"MeO-Bi Phep" and
"(RE) pfic, Sc) - DuanPhos”. All nmentioned |igands are commercially avail abl e,
e.g. from Chiral Quest, Inc, Monnmouth Junction, NJ, USA In a preferred
process, the conmpounds 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 Bydroxide. 7 Provided are salts of
a carboxylic acid with an arri noketone of the fornula wherein R is

cach opt{eaal s XPEFSAERESIRbROE A e Ll B Sk AR BN One or

nmor e Cl43-éd-kkibroed- ﬂﬁbmﬂadl-ﬂmpapoly (lﬁb(lﬂﬁ‘-s-mmmmeﬁm H(Zl-&ﬁenyii)-@&pﬁiohﬂd or

ggﬂgn;c/)lr n@@&hﬂ%@%ﬁ?”% SIC@ZLC ‘er o Ig_ﬂﬁggp%& r nore hal ogen atons and/ or

5  Inapreferred process, the transition metal is selected from the group consisting of thodium,

rutheninm and iridivm, preferably rhodium.

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

1
_ \PQ P—t-Bu
", _ i1 PP].‘!2
. ' H fine
_ d =ut-Ba ]?P]}2

(4

15 * (8,8)-“Me-DuPhos”, (R.R,S,8)~“TangPhos” (8)-C4-“TunePhos”,
0+.
W0
20 P
25

| (.S’,SZSL;S')-“Me-KetaIPhos”, (S) and (R)-“MeO-BiPhep” and “(Re 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 forraulae Ia 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.



Particularly preferred, the carboxylic acid is selected fromthe group
.fconsi sting of Cng-al k-snoic acids, '
(-)-2,3:4,6-di -Oisopnpylidene-24cet.o-L-gul oni c acid,
(-9-2,3:4,6-di 0-i sopropyl i dene- 2- ket o-D-gul oni ¢ acid, 2-keto-L-galonic
acid, 2-keto-D-gulonk acid, Laspartie acid, D-aspartic acid, benzoic acid,
3-net hyl benzoic acid, salicylic acid and 15 2-napht hal enecar boxylic acid.
Furthernore provided are salts of a cayboxylic acid with an am noal cohol

of the formula HO NR2-201 wherein Rl is selected fromthe group conprising
2-t hi eny. -furanyl .and, phenyl.., each optionally. sybstjtuted with one or
nor e haﬁ%Bgﬁmg?%ﬁﬁééﬂﬁfﬁ?gﬁﬁﬁaﬁp F8a6%¥$§PR9W%B?%€EﬁkhIkoxy groups, and
wherein R2 is Gl4-al kyl or phenyl, each optionally substituted with one 25
or nore hal og atons and/or one or nore Cl4-al kyl or Cmal koxy groups,
with the exception of salis wherein the acid is 1,

(-)-2,3:4,6 - | i dene- 2- ket o-L-gul onie acid or
(+)-2,3:4,6-di -Oisopffopyl i dene- 2- ket o- D-gul oni ¢ aci d. The present
| invedtion is illustraged by the follow ng non-limting exanples. 8

Exanpl es ample |l P aration of . . .

SN et RVCRATR o stipostd fREIEA 8 Rnsining of 2 Dispule fsprdand pheel D) 5 A

m xt ur e opfioRdlpestssiiutdd vifh@Rer (id%e Mmldken s HaBh) onaBitoiitt @Y-akyivedr ochl ori de
(14.99, 220 nunol), paraforml,dehyde (8.2 g, 280 mmpl) and et hanol (100
ral) i s GreRkoay Sups and, VBErle intiraliyiios phenyl. caghpptiondlly sybtitest avifed fi ght

brown s@hibi BfreihglosAPMEHs bRY/A e BPRARAE - 15%;%15%3@0 m.) is renoved

by distillation in“vacuo. Ethyl acetate (200 to the residue
to dPford a thick suspension, which is cooled to 0 C and kept for 45 mn

_ at that Particularly preferred, the carboxylic acid is selected from the group consisting of
Ci.is-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-paphthalenecarboxylic 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.



—io-tenperature.—The obtai.ned precipitate is isolated by filtration and

. dried, yielding 29.3 g 3-N nethyl am no- 1- (2-t hi enyl) - 1- pr opanone
hydrochl ori de (PRON-HCL, 71% as a slightly yell ow powder. Conparative
exanple 1. Preparation of racem e 3-N-netlaylam no-1-(2-thienyl)-1- 15
propanol (PROL-1101) Sodi um hydroxide (4.0 g of a 50% aqueous solution) is
added to a m xture of PRON-HCI (10.3 g, 50 mnd) and ethanol (35 nlL) at 4C
in about 5 mn. Neat sodium borohydride (0.95 g, 25 mmol) is added in
several portions in about 30 mn to afford a bei ge suspension which is
Stirreo'li%tﬁ 4C for additional 4 h. Acetone (10 nlL) is added dropwise in 5
m n and 8% xture is 20 stirred for additional 10 min before water (20
m.) is added. The m xture is concentrated about 5 times in vacua and the
obtained residue is extracted with tert-butyl nethyl ether (MIBE)_ (2x20
nL) . Théxapplebdaspyagan of 3¥\mmetylapiso dodutbisnybitlcpropanenedivareghlaidy ng 7. 2
g racem N hyl am no- 1- (2-t hi enyl) - 1- propanol (PROL-11C184% as an
orange oll which crystallizes spontaneously after a few h. 'H NWR

g D(I\S/;SG} g @ mixpge nﬁ&)a@etylﬂ?@ghmgms da; 2®4mm1)?mew{bnﬂi)ﬁ; h)?lf@?(olﬁldbiﬂtk&ig,zl 5;( 421. a ,

w5, 53 sl pittonlaGertyR s 2 0 giaqtlinty ciaal 190 iy e b %o 1 26, 3,

I%)23. 7, ?ﬂﬁcl&vef m;é@to m.@iﬁfghﬁeﬁﬁt@lw ]iigh% lgi@itﬁ?ﬁ_%élﬁﬁ?fz’ﬁ feaﬂaml y:i °|Z: a?:léi
reparati on = (z) - 9o: ne anl no- 1-(.2- I en - 1-propanaol .

((S) - PREET Rk ol E&ﬁ%@ﬁ&v@%ﬁ%ﬂwww%ﬁéw@a?ﬁ?& pBgisadded. 56

Mol ) i & #BFRReto dffordhihidnéhsfisBA Unial RRboRIRHNC Rhd g&gﬂ%r %&é%ifi LE&RAS

charged under nitrogen. Afterwards, a solution of [Rh DuphosABR:

( 2. 10 pglemparagise.Hehs obtajined procipiaiepsiselated by diiration cod dried, sicidinpP Iga a 9

R o S S e D S A
reachesyd®wpowdeAl ter 5 hat that tenperature under stirring, the autoclave

is cooled to roomtenperature. Once cold, the clear yell ow brownish
solution is transferred into a 50 nL round bottom fl ask and concentr at ed

t 0 dr yn€empafitive dkngpk 15 PRepagaticiodf e cdibic 33VinetByimife]-(2MbhyIR120 by HPLC) .
Conparati ve elx | e_3:. Preparation of (8)-PRCL
5 propano (% L-HCl)
. Sodinm hydroxide (4.0 g of a 50% aqueous solution) ig added to a mixture of PRON-HCI (10.3
g, 50 rimol) 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 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 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-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 (L H, dd, J=3.6, 1.0), 4.90 (1 £, 1), 3.7 2 K, 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-seluti-en-0f—PRON-HC1.-(250..ng, 0. 56..mmml.)..in nmethanol. (5.nl) is charged

. under nitrogen in a 50 nil. autoclave. Afterwards, a solution of 1.8 ny
Rh(cod)2BF4 and 2.7 ng the ligand of 10 formula Ill, with R3 = Owve, R4 =
R5 = dicycl ohexyl phosphinyl and R6= 1t7 = di phenyl - phosphinyl, in
met hanol (2 nlL) previously prepared by stirring the conmponents-for 15 mn
under nitrogen is added via a syringe. The hydrogenation is carried out as
descri bed above, affording (8)-PROL a® a beige solid (0.21 g, 84% ee:
about 11% by 'TLC) 15 Exanple 2: Preparation of

3- N- et hyl am.no- 1- (2-thi.ea -1- pyopanone gnd its,. .

() o RnRE R oty B o B R SPoesf o st heated up 0 50

( PRON- déds ehea@iptifugn & atilod wiie t&?r&ﬁ@lrdd@ies 30520 AGier 3 B-abiheiBinperaffeRndérl 70

m.) and water (20 nl) . is cooled to 0 C, then sodi um hydroxide (12.8 g of a

20% aquEBtae. &5 aqeliys is woled de somy sBRFa®rs. Fnescald.ihaplerryellowbepwibsh 10 ni n.

After ionl oy b ' d the
20 or garn Suon i SeuRlll HiGa 0B ol QAR toron ek M1 ARSRENGI GRS AARINELD
phasies baige wiid (G23 aP20, ebr AWPHEIEW BxHBLGL) . To the two col | ected organic
| ayers is then added dropw se a sol ution of
(-)-2,3:4,6-di -Oisopropylidene-2-keto-L-gulonic acid ((-)-DAG 13.1 g,
4.48 vi@b&pkﬂt%@ﬁg%ﬁ@@: Fi-gpaliGordfqSBROBr eci pi tates al ready during

n

1

R X D KRR R
hept ane, {PRP afflekiabs AlARskds A oRIVRBEES e Ih(SHS PR SHAN. 7 Sg 3R %pa8k gown to 5

C, the precipitate js filtgred off and washed w th MIBEAaeptane (1:2, v:v,
260 1 oyl wigh Bt = 9k, Fir- R~ fexcigniphasphinyiond Kz Wi dehensl- 0 (132 g,

pr epar AP Sty AR A bl efec . e Bla RS bororgle o 13T,
PRON- 1 u@der mitréges id_adﬂbi:l%ﬁa%?ﬁﬁg@ The hﬁk@?egaiionsi‘s carriedlogtas deacghq;gal;avw re of 0
5C .10 . . i %
momo:aﬁo?%@gmc?l?ﬁﬁohg((g%g%?ﬁ%%e?ﬁ%}?é‘é#i&iwyﬁ ed for another 30
mn at the same 10 tenperature. After phase separation and washing of the

organi ¢_phase with water (1.3 L) and extracti ngl t he agueous, phase with
M RE ( Bapmple 3: Preparatigniof Hmt%ﬂwwrla?e%m@ -BERaEgns andits 0 | vessel to

wi Ui n o O RED SRR PRI 2 00 e a1 o otcur s

spont adewisy o PROMN-BE! (15.0 g, 47.5 mmol), MTBE (170 mL) and water (20 mL) is cooled 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



~5—addi-tion-of-a-crystalhization aid,.such.as a small crystal of the

. product. After further stirring for 2 hat 0to 5 C, filtration, washing

- with MIBE (2x1.5 L) and drying in vacuo at 50 to 55 C, the product (740 ¢
of off-white solid matter) is obtained. Exanple 4. Reerystallization of
PRON- di ket egul ae 10 -A suspension of 738 g of the product of exanmple 3, 5.3
L MIBE and 2.7 L nmethanol are heated under reflux. After addition of
further 1 8 L methanol at the sane tegperature a clear yell ow sh solution
i's obtained. During cooling to O to 5 vaithin 3 h, the product

rec ates rther stir to 5C f 2.1

hah ho e pie bR apd g et heside bl Fithatmeeld S8 saf e
(538 g ghirashihd e aelmebds) phaSe @Rk MTBR2x13 Hxderbabied bhdhio 4as astak@ébowdm .
(S)- PRO\I—dl ket e ae A sol ution of PRON-di ket egul ac of exa e 4 é 250 nmg,

0.56 mbil§ quﬁS roglest 1 °53 fﬁ%dﬂéq‘r"a{-‘rf@éﬂh’ﬁﬁ%léf M & ol (104
I 3P4 (3
aut oc al’?;[nfl]ﬂaan ?l‘r hr hix | s a tan@cr%taﬂm%ﬁrs s]éfﬁlgs[ugl By rARE ] (

in ne via’a syringe to mxture. The
20 hey dr adgiétivat afererystallization gd, &uuha%smtélswstéj@dﬂwtmmaaﬁtﬁeoﬁdﬂmgsﬁtﬂm ®alt of

E(S)S)(P??@"‘g?ﬁ% ReliR M'&%ﬁ@%ﬁ%ﬁmd i )"E@Srﬁ"\tzg‘??%n(?s 100%

by I-1Pike rﬁactl(MméaﬁdiﬁWh&emidmatwmIebmbﬂy form?d) Exanpl e 6:
Hydrol ysis of (8)-PROL-diketegulae 25 9.0 g (202 mmol) of solid
PROL- di ket egul ac of exanple 5 is added in portions to a m xture of water

(22 rrL)Ex&@QJ;ZR@ ﬁmoﬂiﬂéﬂu‘ﬁﬂ b@emiat Ut i on of sodium hydroxide (30%

2.07 g, reaction mxture (two phases) is stirred for 15

"mi nto AfAéusmm@eo s7é§3rfﬁttﬁ@¥0dﬂch@f eésqmpb@s%riakﬂ'ﬁl?sat@a? b anaghpng) arhh@t@az
12 niL
gol ven%— I'S rgﬁ’-%g?‘ﬁé‘%?@‘f&ﬁﬂév}gﬁm@%% Fbun”e oﬁé}@y@m%ﬁ%%etg% (18

m,) i ssohdnbgds cttmmhéuieDnmal g cheoding il tdl‘b°¢@$thiﬁ0gh1@h$pbde:1dtpwclp8atbmnﬁtﬂmer
concentga ed.to a t uo_a at occurs

spont argGtgI Y e aiﬁ?%? é@%%gﬂfﬁ% ‘H@E‘% m&%ﬁ"'{o@ g?’?ﬁ'ﬁ@g’%ﬁ%’ed f or
30 m n #@B02P83 °F e ok (H38t F white bolid) ivstRginedvashed wi th heptane (7 nl)
and dried at 40C for 15 hat 25 nmbar affording (8)-PROL (3.0 g of white

sol¥d, 87%. Exanple 7: Preparation of PRON-24ceto-L-gul onate
Example 5: Hydregenation of ($)-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)-
(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%).



_A . nmoxture of 15.0 (A7.5 nmmol) PRON-HC1, 170 nil,. MBE and 20_.m. water.is

a

cooled to 5to 10 Cin a 250 znL vessel. After addition of 122 g of a 20%
NaOH sol ution the mxture is stirred for further 15 mn, while phase
separation occurs. The organic phase is washed with 5 water (60 nL) and

t he agueous phase is extracted wth MIBE (2x50 nL). The conbi ned organic
phases are cooled to below 10C and within 15 mn a suspension of 8.7 g (45
mmol ) 2-keto-L-gulonic acid in 400 nLIMIBE is added. A sticky suspension
is formed. The volume of the solvent is reduced to approximtely the half.

The reaglh@Rie™: Pidbas ﬁ@nm,gﬁ_yﬁggr H4¥ and 250 nl heptane are added.
Af ter fﬁ%t hgre add%t{l%n of 300 + and heating under 10 reflux for

30 mi n, Atrhigbag &b 1:Gg (49. WOB@W-&K&MW@%MEQM 0P} veutedl it dveleddd vent i s

ey 0 LA VSR el S L R e DI I

sol i d ngtirtedrfor fimrtheryils enif; wﬁmw&xf&bmﬁc&tommdrhd?ﬁw&pﬂae& ﬁwaslgﬂdlmﬂat e 15

o haol T (RSP A ge R S et RO ILE yana) BadPHler  osi n

deposi t Sroarkib ghd¥bsdrdlbédlédtoBelow BIPd 81d Wit U5 nidd a Rkpedshta ofml gzus %@h&&xs
dried in vacuo at 50 to 55 Cto afford 4 iné%of tan solid nmatter | e

9: Pr epikeierogrleic mib 48mb MIBhiselded, Astigky sspasign ixfprsedikas yolmmon- HCl

170 nmL @@%j ssel .
After a%ﬁgs(gﬂgo%qi %ﬁ&ﬂ%@?%{aw&%@?& %%ﬁg%ure |s stlﬁ)‘rgred
fiar fuaddis0 siibheptang Mdﬂed.pﬁfmﬁrﬁmpwddaiqnmﬁﬁ@mirmethﬁméamﬂmhngmﬂmse i's
vvashed th er. .and,t.he a ueous ha cted w th,MBE
(b ek 20 Bt oIS B CREBRERER By BB GS etierio e o
15 m n Bhéidsip@RIEducqs mbed vgth(14)5 oilfplefhahsiRad the salid thatisr idOBersd ofBEE i S
added. An aqily suspensjon |sq1fgr nmed. The volunme of the 25 solvent is

reducecﬁqqg’%ﬁﬁ?“ﬁﬁ? oery Gingt $6 s tEpsolidanatier.on nixture is heated under

refl ux and 250 naL heptane are added. The mixture is cooled to RT and

stirred for 1 hour. The solid natter is filtered off, washed with
Hept aneEmﬂe@Rmmvmam of TRON-Irketedugnlomat80 to 55C. Yield: 10.4 g

y gokf é g@uéﬁjoh&t BF Qe 7 e AR reflx WREHOO MR b s Qlicing, the

clear solution is cooled to RT and a resin. deposxts The mixture is stied for 1 hour at RT. The
moist resin is dried in vacuo at 50 fo 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.



~10.3.g-solid product of..exanple 9 is heated under reflux.wi.th 50 ni.

et Hyl acetate. Under stirring, the clear solution is cooled to RT and a
solid deposits. The mxture 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 Exanpl e 11: Hydr.ogenati on of PRON-benzoate A solution of PRON-benzoate
of exanple 10 (146 ng) in nethanol (5 nalL) is charged under nitrogen in a
50 mL autoclave. Afterwards, a solutibh of 3 ng [Rh((S,S)-Me-Duphos)-
(1, 4-cycl ooctadi ene)}BF4 in nmethanol (2 ralL) is added via a syringe. The

m Xtureﬁhﬁnsélk%me&&tﬂﬁ%ﬁ%f@@ﬁ%%ﬁg above affording 0.12 g solid
product ((S)-PROL-benzoate). Conversion is 99% by HPLC, ee is 96.7% S

i somer Bhegeelisrgduchefprampiediip Arded wderseslimp with 40 nby e vipeatate, Mnger

1 R B3t PR £odBiet WPt 818 okt The RBRID)s BRI ot 1D
Aft er add@® R Tharssin id&idd ig vaduoat 209\ whichhfionds 6 Ae ofilightime splil mmatierr ed f or

further 15 min while phase separation occurs. The organic phase is washed
wit R wat er (60 nmL) and the aqueous phase is extracted with MIBE (2x50 nlL)

The conBififgle 21 TGz RGEA Df PRON-BehAMtd 0 bel ow 10 C and within 15 min a
suspensi on of 8.6Cg1J 45 mol ) p-tol uenesul fonk aci d nmnonohydrate in 400 nlL
of ARG eﬁrérﬂeaed

MTBE i sA gefigtien bonzeats o€ pxaneile 18 (146 mma dn mpthanal £ dy) : A%t sol vent
IS T ed%ﬁ%@%é?gﬁﬂ%&ﬂiﬁ@&%ﬁ%ﬁm}m Jfg%félmmlﬁké’-b%g oy)heated under

reflux an eptane are added. The mxture'is"cooled to RT and
st i r r ed1fdeeycROctndione)[Pife irsokthanotd? tdy) is alded vie espdpgst The migwe ds yidedr MTBE

(250 o9 A5 k3600030 oo EHSRL L PR . Gttt (o
PRON- p-9994 b HEE Q) dein 06.8%] & istngr prelfdrablyfoathedt of conparative exanple 4 is

heat ed under reflux with 50 niL isopropanol. Under stirring, the clear
solution is cooled to RT and a solid deposits. The m xture is stirred for

1 hour @émﬁér'aﬁvéféﬁnﬁﬁéh@f@aﬁi joRbPRONGUShRhesaffoh#e55 C which affords
12.5 g of tan solid matter. 30 Conparative exanple 6:_ Hydrogenation of

PRON- p-A stigtaref dp L@ {41-8 muneh PRONHCh1 ThrdMIBEsnd 2R @k Mt ceolst to
conpar af ;@ ®XATBEE m?, vedseb ARL: allRuIRSPRIPL of 2 20% NaOH solution the mixture 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
' under reflux and 250 ml. hepiane are added. The mixtore 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



—(5 m) is charged under. nitrogen in a 50 m  autoclave. . Afterwards, a

sol'ution of 3 ngy [ Rh(Me-Duphos) (1, 4-cycl oocat adi ene) 1BF4 i n nmet hanol (2
m.) 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% by HPLC, ee is >90% S isoner
preferably fornmed.. Exanple 12: Preparation of PRON-lanrate 5 A m xture of
15.0 g (47.5 mol) PRON-HCI, 170 nL MBE and 20 nlL water is cooled to 5 to
10C in a 250 nL vessel. After addition of 12.8 g of a-20% NaOH sol ution
the m x{rSodndiicilib Ear@8H duPbs ARELNAabdwe, BEO ding/Di 106 M&%ﬁ‘oﬁ@ﬂ{@ﬁ'}ﬁfﬂ(ﬂn occurs.
The organi c phase is washed with water (60 nli) and the aqueous phase is
ext r act e-tolgnermivese). Coxsosien ip 5%l BbGisered?Br cfapiraermiseblydpenadool ed to

below 10 C and within 15 m n a suspension of 9.0 g (45 nmol) 10 dodecanoi c
acid in 200 nL MIBE is added. After 1 hour stirring no product has
sol i di f EesmplEl2: Bodpweationiof PRON¥antaten vat and the oily residue is sol ved

in 50 acetonitrjl nd r. ref The mxture.is led to RT
and St { FAESRFER 50 H1SAmP) REONEHC G 70 e M EE 2 el AR RR B at
t enper a y B0 @ inkEl50 WI3Resel. TR SHEIHERN Sf TIB & 6f 209 MROIB{dhitd@dhd @xnd0ismi n at
RT, than 30 m, acetonitdl e are added to the_thickened suspension. The

sol i d natinkedfor, figrther|15 i, yhskerphasessepasatinacpegiis. Tbe Sragniedbess s Pashicd Widtx 10 )
d drigg.i : D rTHE O« ehd: 10.9
and dr '@%ef {30‘&1}%&%&3&%}1@9&%986&5&3{ \Gdiﬂlfflgleﬁ @ns(c)) fﬁﬁ,gg%%{co Wbl g

white soli1d matter. Reer yst al é ) l'laurate 10.7 ¢
sol i d porgahic phasés aex emidddo beloivs! 0fEsud avithing BY mingf Juspengion of 70 g (45 mmol)

ac, etonitsik.. Under toi ' t he. cl [ | ut | i J and an
o 1 L ONpltoje IR 260 NP Paadb st T oSt M brb oct B84 flaiea. The 1S
30 m n gelvehfistremdvad & it 3kl thit ofie fkidae isrsblved Ay X9 mlldedondinilé el lichiedkened -
suspensi on. The soli.d matter js filter.ed, of shed with cold acetonitrile
(220 HOfengedus The qrisre s sapied o R sl stedtion 3 min Atging a3 off ergtog sy
mat t er . crystallizes at a temperatute of below 30 °C. The suspension is further stirred for 30 min at RT,
than 30 mL acetonitiile are added to the thickened suspension. The solid maiter 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 preferably formed.



25 Exanpl e 14: Hydrogenation of PRON-laurate A solution of PRON-|aunte of
, exdanple 13 (184 ng) in nethanol (5 nmL) is charged under nitrogen in a 50
mL autocl ave. Afterwards, a solution of 3 ngy

[Rh((R R 'S, S) - Tangphos) (nor bomadi ene) | BF4 in nethanol (2 nL) is added via
a syringe. The m xture is hydrogenated as described above, affording 0.16
g solid product ((S)-PROL-laurate). 30 pnversion is 100% by HPLC, ee is
93.6% S isoner preferably formed. 14 CLAIMS 5 1.Salts of a carboxylic
~acid with an am noal cohol of the formula R HQ(R -37-vTh\T 10 wherein R1
is 2-furanyl or phenyl, each optionally substituted with one or nore

hal ogen éég&gl nd/ or one or nore Cl4-al kyl or Cl4-al koxy groups, and
wherein i 14- al kyl 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, wth
t he exception of salts, wherein the carboxylic 15acid is

(-)-233:4, 6-Sltsof e sapowylid dciibwih 2o keinpalcofol diihefommpld or (+) -2, 3: 4, 6-di -
O i sopropyl i dene-2-keto-D-gulonic acid, and with the exception of salts
wherein the carboxylic acid is mandelic acid, Rl is phenyl and R2 is

net hyl .
y 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.



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 :![-5 substi t ut ed- 3- am noal cohol s,
particularly of (S)-(-)- and

(R -(+)-3-N-net hyl am no-1(2-thienyl)-1-propanol, by asymetrically
hydrogenating salts of a carboxyl iABSERAETW t h an ami noketone of fornula
(I'1), wherein RL is selected fromthe group consisting of 2-thienyl,
2-furanyl and®PRMERG$ FORREHE GIRERARATIENQD ENANKIONMERICALIGAEURE hor e hal ogen
atons and/ or one or nore SUBSAITKEEP-GrOIPOALGRHWRrein R2 is Cl_ 4-al kyl
or phenyl, each optionally substituted with one or nore hal ogen atons
and/ or one or nore Cl_4-al kyl or Cl 4-al koxy groups, and wherein the
correspondi ng dorided dehwlpsocase fobtiae rerepagticru los expaainmencailo pyss sl-of their

o ket LSRR B e R O GBSO o Ao

hydr ogenat(@rbiesy}-t-peoranok &y eawsmetrisshebydroggnating salts of a carboxylic acids
with an aminoketone of formula (I1), 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-alkoxy groups, and wherein R%is Cy.
s-alkyl or phenyl, each optionally substituted with one or more halogen atoms
and/or one or more C,_s-alkyl or C,4-alkoxy groups, and wherein the corresponding
aminoalcohols are obtained by subsequent hydrolysis of their salts. Furthermore
provided are salts of a carboxylic acid with said aminoketones and the
aminoalcohols obtained by asymmetriacally hydrogenating said aminoketones,

respeciively.




