-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.
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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-



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

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 ,
I R S b i e

. (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 - 3@?@@ mn%
substi t u@%ﬁ&t%d&gne%@%ﬁoﬂ%@{ohéﬁgen ato n%%ugﬁﬁg(%ae&g%%?ghﬁ . 4. -alkyl
or Cl4- ajrkaxysatjsfpingsn regad offferyiirga@tion of 3 N-methylamino-bhetjenylieach
optlonali substituted with one or nore hal ogen atons and/or one or nore
Cl4- al kyt™ *al koxy groups, conprising asymetrically hydrogenating a
salt of a carboxylic acid with an am noketoue of the fornula

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
- HO R

; o

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 Ca-alkyl or
Cy4-alkoxy groups, and wherein R? is Cy.4-alkyl or phenyl, each optionally 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

uw
o
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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 aci-d with an am noal cdhol of the fornula R VR HOIN
2 wherein R1L 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 kyl or Cl4-al koxy ‘
groups, with the exception of salts, wherein the carboxylic acid is
(-)-2,3:4,6-di -0 i g0propylidene-2-keto-L-gulonic acid or
(+)-2,3:4,6-di 0-i sgpropyl i dene- 2-keto-b-gulonic acid, and with the
exception of salt eretn the carboxylic acid is nandelﬂc acid, R is
phenyl and R2 i Lnethyl . En Sal anaba et al., Chem Pharh Bul I . 1995, 43,
748- 753, and .111-A 50-704%2 the asymretric hydrogenation of HCl salts of
3- K- et hyl ar ai no4 -phenyl -[-propane' and 3-grnino- |-phenyl 1-propanone is
di scl osed. wiEpeindo 288 & dicgs delswssg abec. pr eparation of 11C salts of

3-di nethyl.am no-1-(2-1thi enyl1)-1-pr o Tiaand

(S)-HN, I\I-Iaitng'ren%ﬂfsﬁi}ge- %%a(%% ¥ I%Péﬁq;]?&eﬁ)cgﬁﬁ%%&ggé rOf gﬁ%ea{t rF\Ge' as well as the
oxal ate salts of (S)-()-N, Ar-clinethyl-3-(1-napthal enyl oxy)-3-(2-thienyl)-
pr opanani nie caadspect, there is provided salts of a carboxylic acid with an aminoalcohot! of the '
(S)-(-)-NWH%QLQEthy1-3-(1-naphthalenyloxy)-3-(2-thienyl)propananine. The

| atter two ones being aromatic ethers of the conpounds of formula I.

Direct preparation of the respective organic acid salts is not disclosed
in the prior art. Surprisingly, these conpounds can be used in the

-hydr ogenati on reaction as well w thout increasing the anmount of

by- products. Using organic acids is favourable, since theﬁ are less acidic
than HCl and thergfore. thegrfi sk of deconposition while coficentrating

di ni ng recoveypof e pNoéducts is reduced. The conpounds obt ai nabl e by

t he present process can ﬁg used directly w thout exchange of the anion. 3
a In a preferred enbodiftent, the di phosphine ligand is Pt-Bu 13.ffit-Bu

(R RS, S)-"TangPhps". Asy ri ¢ hydrogenation of . _
1- subst i t UWBFSBLIR ’é!%@iﬁﬂé[%@ﬁp? &%}?@W%ﬁﬁ%ﬁ@e@_eﬁ ppre halogen _
di PROSPNi NG5kt 3dlot bANGTELRIC, CANBH 8K €9 LS9 lordbs Sbluonid ROWC geatppiat i ng
the free amnes by neutralizi'ng the acidic Salts. Due to the fact that the
free 1-substpienykdadr dptmhidiy sibstitoted 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.



1 -propanones tend to deconpose, the resulting

1-substituted-3-Nallcylam no-1-propanols are contam nated with

by- products. Exchanging the hydrochkgric acid with a carboxylic acid
allows 4 direct hydrogenation of the resulting, optionally purified, salt
of a 1-substituted-3-Nal kyl m nol-propanone in high yields, high purity
and hi gh enantioneric excess (ee). Avoiding deconposition of the free

am noketone in the presence of base is anot her advantageous feature of the
present invention. 5 Carboxylic acids in the meaning of the present

i nvenis aprered embtsugnti e divhorphingligarad sne free carboxyl group which can
forma salt with an am no conpound of fornulae Il and/or L Particularly
preferred cafboxylic acids are nonocarboxyh' c acids. D carboxylic or
tricarboxyliic ag-ég.Bghi ch do not forman inner salt like fnmaric, makic or
adi pi c aci d¥ d to give unusabl e resinous precipitates. However,
carboxylici%gids which forman inner salt and still have one free carboxy
group are € ésggﬁ#ﬁ the definition of carboxylic acids in the meaning
of the pres iynv i on. Exanples of said carboxylic acids having nore

t han one car group, but having only one free carboxy group, are am no
acidqggwg$jq%ﬁgﬂﬁy4ic acid or glutamc acid. 15 In a preferred process,
the carboxylic acid is selected fromthe group consisting of optionally
substituted CHral kanoi c acids and optionally substituted nono- and

bi cyc) J ' jc acids -.ln. a preli.ed.eabodi nent the rboxyl. c .acids are
subst‘AiL%"’%fﬂgJ(?tlég %4%8% f alo&Ofr%f)sPié&a%BcggT 'W%O’Cﬁq%“ﬁ%@,%% desiitho,
?pt Loiiﬂidsghém«ﬂfl_ﬁﬁioﬁdnaﬂrcbmpkkes ihlﬁéﬂpgfﬁbmgriﬂ;o&f %ﬁﬁh@ﬁ@%ﬁ%@ﬂﬁ&@bﬁp“ onal ly
nt her carboxyli ¢.grqQups. a s for -iral kanoi ¢ acids in the neaning
of t HE® @?&%ﬁ b‘i‘%‘g é§§ §P%‘f°g€q {}E‘i fgﬂée'f’ free spatiteedidiNalkdamingr ¢ aci d, :
pel arigebhsonsd i ! Ad 1.SaRiGinHed-S5IAE 'Ewﬁaa | roRadbydioxybut yric,
aci d, -%ydr ox%dS%%%%%%er%?ﬁé%, 2- Iﬁﬁ%dr 2>§iﬁgﬁp eny?gﬁ%yrl C gci d, :
L- as partemmated; with ipy-progucts. Exchaapias tioihsakerblaricaccwith a patkestytic beigaliomi ¢ aci d,
2-keto-D-gulonic acid, (-)-2,3:4,6-di- 25 -
0-i sopropyl i dene-2-keto-L-gulonic acid and
(+)-2,3:4,6-di -Oisopropylidene-2-keto-D-gulonic 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-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-naphthal enecarboxylic
aci d. '




5. Here and hereinbel.ow the term"enantionerically pure conpound” conprises

.joptically active conpounds with an enantioneric excess (ee) of at [|east 90

% Here and hereinbelow the term"Cwal kyl", for exanple "G ..6-alkyl",
represents a linear or 5 branched al kyl group having 1 to n carbon atons.
Optionally with one or nore hal ogen atons substituted G -6-al kyl -
represents for exanple nethyl, ethyl, propyl, isopropyl, butyl, isobutyl,
sec-butyl, tert-butyl, pentyl and hexyh. Her e and herei nbel ow the teun
"C _n-al koxy", for exanple "Cl4-al koxy™, represents a |linear or 10
branched al koxy group having 1 to n carbon atonms. Optionally with one or

nor e hal digeshhydregasationaftherandinecoptonaliwpifiolasslt efe hsebstiiedeAraliydniper hoxy,

et hoxy, pr e I X L5 00Xy - 5 OXWidih£r t - but oxy,
pentyl ox;E; pgo%gé g%ﬁ%ﬁg%%gh@#@ﬁ%%% nbe ogv‘ﬁ%(%ce&?gsrsg&b'&@@%§cl oal kyl ",
f or exanmieempGBtidiecfdlefmainkiydketone dpthe prndtrse af iSe Tyaobibed ddpigigecusdeaue
having 3 jgé[gen carbon atons. Optionally with one or nore hal ogen atons
subst i t uPge PESHIONEIO, | ky| represents for exanpl e nono- and pol yeyclic
ring systens such as cyclopropyl, cydobutyl, cyclopentyl, cyclohexyl,
cycl oheptyl, cyclooctyl, adamantyl or norbonyl. 20 Here_and hereipbel ow
t he t er n{Carboxyiic agids matﬁkwma Hribepasest r@ve@aetecJWESﬁ;%;é;ha%gﬁ%’fgﬁ s a

o o @%W%%E%‘%&ﬁg%@f@%@%@%ﬁ%@éﬁ?ﬂ%ﬁé’%ﬁﬁ or more
C S T ot B gy ool sy oy
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subst i t uhetkivh HxaRpRs efsaiméa@oeagﬁ@m VR Bnoreiah Bneealiory efdus b Ak ment
Rl is 2-thienyl, optionally substituted with one or nore hal ogen atons,

and R2 iebnenctige carbowy grpnp, areaspind geifsipch ps aspartic acid or glutamic acid.
(S)-(-)-3-Nnethylam no-1-(2-thienyl)-1 -propane!,
(S)-(-)-3-N-nethylam nol -(3-thloro-2-thienyl)-I -propanol,

(R) -15) - In hipraférred pocess the-chtboxylicemidliy sdleqiedofpam dic gaowp consisting of optionally
(R -(+)-3-N-rnethyl am no- 1-(3-.chl.or a- 2-t hi O-1-propanel . 5.n.
preferr e“HbSﬁ'F‘B‘E‘g %lﬁ'aﬁﬁﬁm? P?iﬁé i) m??@? gﬁlbslubg%él%@t gﬁ‘%ﬁ%@ﬁé‘m&? 8&1§S'
consi sting of rhodium rutheniumand iridium preferably rhodium

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.



1n a further preened process, the diphosphine ligand is selected fromthe

.igroup consisting of
15(S,,5)-"Me-DuPhos", (R R S, S)-"TangPhos" (S) - C4- " TunePhos",

(9051, S, S)- " Me-Ket al Phos", (S) and (R)-"MeO0-Bi Phep" and

"(RE) pfic, Sc) - DuanPhos”. All nentioned |igands are conmercially avail abl e,
e.g. fromcChiral Quest, Inc, Mnnouth Junction, NJ, USA 1In a preferred
process, the compounds 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 Provided are salts of
a car box¥ierecng derginhglew thederam svaniiomnsisalt purt eorfesiundl epmprises optically active

corapounds with an enantiomeric excess (e¢) of at least 90 %.

Here and hereinbelow the term Cyp-alkyl”, for example "Cy¢-alkyl”, represents 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



wherein- Rl is.selected fromihe group consisting of 2-thienyl, 2-furanyl
.land 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 nore hal ogen
atons and/or one or nore C 4-al kyl or Cl4-al koxy groups. 10 Particularly
preferred, the carboxylic acid is selected fromthe group consisting of
Cng- al k-snoic acids, (-)-2,3:4,6-di-0O sopnpylidene-24ceto-L-gulonic acid,
(-9-2,3:4,6-di 0-i sopropyl i dene- 2 keto D-gulonic acid, 2-keto-L-galonic

acid, 2- g 20 D- as enzoi c acid,
3- net hyl nzoD%c amgj,j :ﬂg I'C aC| &hﬂgpnfp?{ggﬁ%gﬁ (%‘%%YE%F?C aci d.
Fur t her nb{Ecirovd ﬂmnya-rleprepdnbls (mr(—r;;,adamﬂmam}m act—dnmyi)m-pmpm agal cohol
‘of the f sel ected fromthe group conprising
2-t hi eny@{)r@-’?@g‘o%’y ”]lﬁgn%}‘f gtﬁ?ﬁy@ﬂfﬂrﬂrﬁ?ly substituted with one or
nore hal ogen atoms and/or one or nore Cl4-al kyl or Cl4-al koxy groups, and

vvherel n i s, Cl4-al kyl_ or phenyl each optionally substituted with one 25
or 2 Rugferedprasrss: Hivdraprition et} gm FHagrdumpeongising Kokedigmoups,

Wi th themggégﬁ&tdngr;ng{m the acid is
(-)-2,3:4,6-di -0 éoprgﬁéﬁe}%ﬁ%-%{}@‘et o-L-gulonie acid or
(+)-2,3:4,6-di -Oi sopropyl i dene- 2- ket o- Dgul oni c aci d. The present

IEQ;?rB} 'egﬂ arrpef g}é ! g&:goﬁgq;aqje hgepklm%\ﬁgar%i is se ecte %% g?-())(u%rgnszstmg 0%

3-N-net hyl am np- 1- (2-t hi enyl) 4- propanone hydrochl oride (PRONNHCI) 5 A

m xt re of 2-ac | thi ophene (25. 200 mmol ), met hyt"aryne hydrochl ori de
(14.9g, 220 nuno par af or mal de ydeP(.Bt_gug, 280 mml d et hanol (100
raL) is hegteo arr .autocl ave g 0 to 130 or U Ihn Fhe PBh,ai ned fight

is codled to 20 an part of the ethanol (50 nm.) is renoved

by distill3 i.n vAcuo. Ethyl 200 is a to_t he residue
to affordathlc syspensi on, which cobl ed to H Phor 45 nin
at that o

15 - (§5,8)-“Me-DuPhos”, (& RS, 8)-“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.



lo tenperature. The obtained precipitate is isolated by filtration and
.fdri‘ed, yielding 29.3 g 3-Nnethyl am no-1-(2-thienyl)-1-propanone ”
hydrochl ori de (PRON-HCLl, 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 borohydridg (0.95 g, 25 mMmmol) is added in
several portions in about 30 mn to afford a bei ge suspension which is
stirred at for . additional. 4 .h. .Acetone. (10 .S added dropwise in 5
mn and l?rﬂ‘élﬁﬁ%ﬁg?fﬁl’fét)?gc%gwgy PHE PSR 2R ?Oﬂﬁg%&ﬁg)%“ﬁ bef ore water (20
m.) is added. The mixture is concentrated about 5 times in vacua and the
obtained residye is extracted with tert-butyl nmethyl ether (MIBE) (2x20
m.). The collected or geig%g: phases are concentrated in vadha affording 7.2
g racemc 3 -M0- 1- (2-thi enyl) - 1- propanol (PROL-11C184% as an
orange oil which crys ial lizes spontaneously after a few h. 'H NWR

| (DVMB® d6, 400 MHz): 7g85(1 H dd, J = 4.8, 251.0), 6.94(1 H dd, | = 4.8,

- 3.6), 6.90(1 kk.dd, J.= 3. 1.0), A4.90 t 3.7.(2,1 2.56(2 H,
)5 optpty R igttlectia Forksls grdng dongilme e Biom) 2itad i eyl bish s 1 56, 5,
123.7, bphodily 6ubsBiuteliByith ond®r forsiléken atomsQaNBASRL dr\tiore KNPl of
Preparation of (S)-(-)-3- N-m%tghyl am no- 1-55"1-i:hi enyl)-1-propanol 30

((S) - PRE&+1ELRY Eioups. gbd whergifh df Gurealkyles phsnyh fachroptipeliyisehstipieh Wgh 0. 56
nol ) i I Dl mxture is

char ged Bﬁﬁglte@&%i(ﬂ%lro g%é%&]i%tﬂﬁe‘?ﬁg? gg%ﬁbﬂlgl ut’i g}rze{%ﬁl?%ﬁ}a%%s: Me- DuphosABR:
(2. 2%ny) in nethanol (2 mL) prepared under nitrogen is added via a 9

o tr ogoRerRRady R frbide BUERSEIORAN (M BE R ARk TS ccur o

r eac hes Clg-dikmoicAkidey(-p2 3 sl 6-tih@tisdpemytdak«-ectangelonit deld, (e, 3:4)6eliaut ocl ave

is coolegd.to roamt erat yre. old,,the ¢l ear, yellow brqwnish
sol ut | o??qﬁs‘%mfwyiﬁ % -%gta-q- %HL'{ &a%qé%%fe%?"ﬁ'mnﬁmdlaﬁ’ifaw‘%’ gUlgn 2ei8ncent r at ed

t o dryngsspaatid 2id b%gﬁtigwcﬁ@,'tﬁ&q%%ci@ 3hfetBAbshzoR A, SficylalRidand 7% by HPLC) .
- Conparative exanple 3: Preparation of (8)-PROL A solution of PRON-HC1 (250
ny, 19. 5&-vapshaleneparheligdeil- (5 nl) is charged under nitrogen in a 50 nil.
autocl ave. Afterwards, a solution of 1.8 ng Rh(cod)2BF4 and 2.7 ng the

ligand of 10 formula IIl, with R3 = Owe, R4 = R5 = di cycl ohexyl phosphi nyl
and Re6=Fuutlitrmoms ippivided|are salis of a carboxylic acid with an amincalcohol of the formula
-
RZ
20 I
H

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.



—phosphi-nyl—-in. et hanol_(.2.m) previously prepared by stirring. the

. conponents for 15 min under nitrogen is added via a syringe. The
hydrogenation is carried out as described above, affording (8)-PROL as a
beige solid (0.21 g, 84% ee: about 11%by 'TLC) 15 Exanple 2: Preparation
of 3-N-net hyl am no-1-(2-thieayl)-1-propanone and its

(-)-2,3:4,6-di -Oisopropyl i dene-2-keto-L-gulonie acid salt

(PRON-di ket egul ac) A m xture.of PRON-HC1 (15.0 g, 47.5 mmol ), MIBE (170
m.) and water (20 nL) is cooled to O C, then sodium hydroxide (12.8 g of a
20%aqUﬁ%tst ?Ol ution) is added dropwise in 15 mn and stirred for 10 mn.
Af t er wa e stirring is stopped, the two phases are separated and the
20 organic one is washed with water (60 nL). Then the collected aqueous
phases are extracted with Ml 3E (2x50 nL To the two collected organic

| ayer s Exapplinl:daureration ghs-demaiybiine dri2fhienyl)-1-propanone hydrochloride

(,[4R ﬁ?lsopropylldene 2-keto-L-gulonic acid ((-)-DAG 13.1 g,
4 48 Vi 0 in BE (400 nL) The product precipitates already during

addi i ouﬁmﬁwﬂt’rh&-@wl&ﬂonhme @44ig. 2@hmmobermsthyfaenisd lgwrocklaida (e gat ed in
vacua t due .C 25 and

hept anegg(g@b{ %9%%%%@%%@%%01 'fnﬁcge‘g g@@%ﬁ@%‘%%&léﬂ down to 5
o b e e
X ra t%?%ﬁor at ar affords a |te30| g,
66%) . ¥§ ol (5 Yhicomoysd by distiflationgn yaciioc Byl aptatsri2e§ may 1%@3% e 3:
Pr epar a’éd tﬁé\re@fdu?m&ﬂ E%agwsoﬁmen,%am céb!‘écﬁ’ﬁm"@ﬁn Bfor 49 ofin atjtﬁatrml )
PRON-11C1 in 5.5 MIBE and 9 L water is stirred eg erature 0

to 4¢C i??ﬂﬁ?elf@“ﬁ %@b@med\mcmmteos solated pp frationgsd daatc}, mldxm (7
NaOHsol her 30
mn ot TReAROlRRETes aRann FhobERs LAl sl BrON BTG of Slude NOL DL

or gani cyqihm“ﬁeth water (1.3 L) and extracting the agueous phase wth
M RE (2x1.3 L), the conbined organic |layers are cooled in a 10 L vessel to
below 10 C. After addition of a solution of 590 g (-)-DAG (2.02 nol)

Wi t hi n Comphrntive xohiapisi1s mr?mwxﬁoﬂracaﬁhai-mﬂetnyﬂnﬁml(mlbﬂﬂ)-non occurs
spont aneouslx(gi{ after 5 addition of a crystallization aid, such as a
smafd cPieRpapl GROLECH) oquct. After further stirring for 2 h at 0 to 5 G

filtratg 55 C,
t he prod(lsja(i:t':m( ;?gmgfg %? %taggés&%f ?:gﬁﬁm?tq%rdq écllftscf%%{:dg?rﬁg?moﬁtﬂépab@

Reer yst &PPinzael) awe etharpR3S et ¢ 86 in akout § ninNesp sothmhomhﬁlﬁ%(g-%%lﬂﬁe

et . mAPDE A el o W@Oﬁﬁ%@&éﬁﬁ%&%ﬂ%ﬁ@ R e

cI ear yz&l4|°6lvﬁxsdlﬂdﬂn:lmi4 hn%ae&nebl(hnh)eﬂad&drdmgwe@ﬂi 3 mgl 4@ the fodxtire® Wi t hin 3
1 1 o R K aafiiagaTp ot Bbtesd WD S0 ARG g e soh el fhons ¢
t he pr cgiiets ﬁ&a&;@xﬁfthmwﬁed&ehm)m b)&rd@i%ﬁﬁbhﬂﬂgrf—butyi methyl ether (MTBE)
© (2%20 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 (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



-—15-Exanpl-e--bi—Hydr.ogenati-on..of (S)- PRON-di ket egul.ae A salution_ of

. PRON-di ket egul ac of exanple 4 (250 ng, 0.56 mmol) in nethanol (5 nl) is
charged under nitrogen in a 50 nL autoclave. A solution of
[Rh((kit"S, S)-Tangphos)- (norbomadi ene)]3P4 (3 ng) in methanol (2 rol) is
added via a syringe-to the first mxture. The 20 hydrogdgenation-is carried
out as descri bed above, affording the salt of
(S)-(-)-3-Nnethyl am nol-(2-thienyl)-3% pnpanol and (-)-DAG
((S)-PROL-di ketegul ac) as a beige solid (0.22 g, 92% . Conversion is 100%

by I-1PL eeql. S 95% (8 4 soner .id preferably. forngd).. EX 6:
i ar ol ySneg Tt apoebe 5 A e ritL RS S By s S e e Bt o 50
PROL- di Mtt&gxlﬁy&ﬁageﬁ iseXdaddakifil thel pBestiele &fichad 3P Okt AGIRE 5 LAt fhatiedbétb@reaind¥at er

(22 m),. CH2C12 (18 nli) apnd an aqueous sol ution_ of sodium h)édroxi de (30%
2.07 g, StyBng oclayp i oriedte som ERpeREEG Pack el hhelsayplowbawnisheq for 15

Bl e - - e - CHP C12
mn §o;%£hgﬁ?%ﬁ%s§e§§éhﬁ& h 8B mil Ao BtRR faR éoﬂcéntﬁﬁfécf b soMifo

(12 ) organi ¢ phases are washed wth water” (13 ).~ The
sol vent baige so8d (R 2Hg. YR Be:@bont W7cbpoHPLCR vol une of 9 nl. Heptane 30 (18
m,) is added to the residue and the resulting solution is further
concentrated to about 18 nL in vacuo at 20C. Crystallization occurs

spont angemphnatiot etdrple 35 Pediangtidef (§PRROUS- pension is further stirred for

30 mn at 20C. The precipitate is filtrated, shed with heptane (7. nL
and dr i % doltomef N-H (7 mgs0.sympoRrin meﬁaaﬂﬁ%?ﬁsmarwvegﬁ n&iﬂrogém e)

sol i d, SIPhT, aule¥BiR | Mhefiards, QRBBbE 811.9 bngF DS L - ok B HoBadofm Xt ur e
of 15.0 ¢ \5147 5 mmo) ) PRONLHCL, 170 nil,” MIBE™an gg nL, Wwater is cooled to
5 ti9 100apa IR wEoR A OMe Bs el R pdiexolohgurdphasphingfand B =R oF diphengby NaOH

sol uti ﬁﬁ& P L1S S 15 m | .separation
occur,s&:mﬁl e ﬂ?glg%ﬂ}é?:h%lﬁﬂz(%zﬁl}')sﬂ’ r‘g‘!\/;%%gc}xéﬁ‘ﬁngs\f\.}]aﬁiér %‘6'(3&%1%6 gqu%q? %%ﬁaqueous
phase iwmdextiregenddadded hiahlEBEng ThOhnt)gendifon is cavtiededt as dgmuibal ghheses are
cool ed el and w t hi. m su 40N 7 g (45 mol)

2- ket o-%ﬁ%%@yg@gﬁai . hﬁ{&%égq%eﬁ&gg‘gﬁﬁo@ﬁ%&éj suspension is
formed. The volunme of the solvent is reduced to approximately the half.
The reaction mxture js heated under reflux and 250 ml hept ane are added.

Af tiér  mample 2:krepavadion of SsanathylypineshGHthisrrDrbaronsgonnart 1810 ref | ux for
Ve o N 0 " Lo ol |
mat t er A mixtietof PRONHECL A0 gird7ominal MEBE (470 10) ansl w@er (28 mli)as epolddog t an
sol1d gRid fon sGtAMRY Erolide TEEE YR 20928 hdot0 s@leidrly e htdied BloBivtle B4 PIAT ©
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



-ﬁ;l__5_8.w2 g--s0k-i-d-product of -exanple 7 is.heated under reflux with 100 nml

. ethanol. Under stirri ng, the clear solution is cooled to RT and a resin
deposits. The mixture is stirred for 1 hour at RT. The noist resinis
dried in vacuo at 50 to 55 Cto afford 4.5 g of tan solid nmatter. Exanple
9: Preparation of PRON-benzoate A m xture of 15.0 g (47.5 mmol ) PRON HCL,
170 mL MIBE and 20 nalL ‘water is cooled to 20 5 to 10C in a 250 nL vessel.
After addition of 12.8 g of a 20% NaOjd solution the mxture is stirred
fiar further 15 mn, while phase separation occurs. The organic phase is

washed wi th ter. (60 roL ue h t t h, MTBE
(x50 nidresliEe s st Sy o RSl o iie Bgpeatvs SbrBirrLoaLNAR: w thi n
15 min gxtEdSREMS hitotd plasdwih mmmlm It)eihé@bﬁabﬁéd drgaﬁc{ag@rsr&e AbBE ih S,

added. An 0|Iy suspension i s e  volune of the 25 solvent is

r e]g:JcedatlB Lastsebiribgierel 4,°G. Wéfehafiqmmﬂfé SP@E@{* PHP0E &tdA (B0Gwmab adthihder
d
1 RN RS B O S AT

stirred our The sol i rratte
Hept aineaddiBE of 2x60tablizetiomalddwickeas & smalburysbalaf thsprodncd BEter ﬁl@bﬂstminig for g

yel | ow SOl roduct ..12 . - Reerystal.lizati f 50

bRoN bR D gl A - E e ViR Rtk o b L afet TReB S  ux

Wi t h 50theiprodattyAmE 6f eHf-avhitbIs6iRt mattery i bbigined.he cl ear sol ution is cooled to
RT and a solid deposits. The mixture 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 nﬁ&&:ﬁ{-lefis%l@ﬁ%h&aﬁﬂn M@m@&g Re Of PRON-benzoate A sol ution of
e o0

PRON- benzo I N rret hanol (5 nal) is charged under

exanpl e 10
"ni t togeh shpersigrofy3s &ﬂfﬂlﬂ vé!wt ﬁetxemw&ﬁdé 3 IaMddRandgh7 bimeghangl are heated

Rh( (S,
Eidd(e((j v@ae%@s%?%%&dll&gn& érqchcﬂ'a%{hgﬂa)ak%%ahgt@cfp%g%&escrf%g%}q%bove
af f or di sofptidn iPobgnisal. anpgmiﬁmngtc(ﬂﬁ)s mmmducﬁpm@ﬁsﬁmmﬁes 99% by

bt epar AP BRBARTYS T2 SRS tAR T WEEget) B e Bvitato
PRON4| Gt 50 10785 70, lthe BRIt 653@ o20F white Wl fis blgaifi@D| ed to
15

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%).



155 1t0.10C in a. 250 mlLl vessel After addition_of 12.8 g of a 20%NaCH ..

sol'ution the mxture is stirred for further 15 min 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 organi c phases are
cooled to below 10 C and within 15 mn a suspension of 8.6 g (45 mol)
p-tol uenesul fonk aci d nonohydrate in 400 nL MIBE is added. An oily
suspension is formed. 20 The volune ollthe solvent is reduced to
approximately the half. The reaction mxture is heated under reflux and

250 ”aLEQQ:BPEWeP?épﬁrﬁﬂﬁP&Pﬂ-@ﬁ-ﬂh&%ﬁﬁlﬁﬁa tgooled to RT and stirred for 30

mn. The solid natter i1s filter washed with MIBE (2x60 nl) and
dried iA mxbueols. GO7d @M)Mﬁqi,gl@mﬂsl\ﬁmﬁ NE}MBW%EQI &rcoslsditel

Tone T 6 o R B BB SiccRBR 18k 3 oA Miption e i 4 i s
ol UL on 5 e00l 60 Lo KT and b aor et e T e T req f or
o hetr CHetep @Dty 1R et e Sentmod B MIna (50 Tes! BhSeadited { or ds
12.5 ¢ &fgaﬁlaahaﬁséy drél cotRdd B helodOt (CARRAILHLY §5 SFRARlsBediontdf @r0o@8 dirh@y Of

PRON- p-t ol uenesul fonate A sol ution of PRON- p-tol uenesul fonat e of

conpar atkgie-lesmenit ecibiy40§anb ) TBE ispddadaAaitic epsios irfeanrek d e Helame

R - S bhachycplis sl BN Sl BBl Fho Racth ik OhydedBderpetue
Syri ngeand'ﬂié mil Bephane mogeided. iAdter Gisthenadditenh 003'600 . metbanol bmihatmgfmder

s B iyt 30 the BB Seoud oo et ok SoRE e SRR Rt e o' O
Pr epar arhe@sifdusPEiddelisiniad evith I@Ofﬁkhﬁﬂﬁnﬂfand-ﬂ}e@oﬂd fnﬁﬁerﬁs ﬂl‘l&bd oﬂ’Bﬁl\l- HCl
170 mL MIBE and 20_ml water cooled to 5 to 10C in a 250 nL vessel.

Aft er a@?ﬁdt’PBﬁ‘P“Bﬁii(bw@:sDC&f’Yé??‘k S A€T-on the mixture is stirred for

farther 15 mn, while phase separatl on occurs. The organic phase is washed
with water (60 nL) and the aqueous phase is extracted with MIBE (2x50 ni).
The corﬁmﬂeﬁrgawmﬂa‘@@sﬂ RO etg-Ir-gulpeatew 10 C and within 15 min a

ok
SHSPENSE 98 oBid Srodud of SA{HIPY & nlof RURE AL GuAAICH il oty TrndTBh S aaflded.

I'FrTng no-pro e so ‘vent noved in
vat an cblédneolandwis baﬂeeﬂtmeRT andoierindieposiis Thetmiaimed is siitred foe 1 hot 483 The under

reflux. The ni xt C00 tQ " for,30 min At first an oil
secr et dROSYIRTR é‘i‘};’m“f’ ?ﬁgndtﬁtsgaargn 'érf'dlﬁj ng{; B B0C. The suspension
is furtipgimsie 9{1»&433{-@;[0“?@311@%“55% than 30 nl, acetonitdle are added to
t he thi ckened suspensi olid matter is filtered of f,
A mixiure of 15.0 g (47. S mmoi) 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 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.




—15.washed-wi-th cold acetonitrile (2x10.m) and dried. in. va.cuo.at hel ow

30C, affording 10.9 g product. Yield: 10.9 g white solid matter. Exanple
13: Reerystallization of PRON-laurate 10.7 g solid product of exanple 12
is heated under reflux with 70 raL ac,etonitrik. Under 20 stirring, the
clear solution is .cooled to RT and an oil secrets, which crystallizes at
bel ow 30C. The m xture is stirred for 30 mn at 10 to 15 C and 30 nL

acetonitrile are added to the thickenbBd suspension. The solid matter is
filtered of washed with cold acetonitrile (2x20 nlL) and dried in vanp at

bel ow %&plgllglﬂec@mmgﬁmlﬁnmger 25 Exanpl e 14: Hydrogenation
of PRON-laurate A solution of PRON-launte of exanple 13 1831;&%9) I n

met hanol0-3 5 sefid productefzoxgaple i deaterd wdetyevx with 58 olnethyiae

After g, ?Jzescgi{aygamn 1o PR 431&&512%5@ HPLAMCIOLRAARA PRRY] BF

I n et hano AL Syri e mxture 1's hydrogenated as
descr i bha@®Talby esina$ draddn mgeud.at 60 ¢p SO0 Whph offords 6.1 (£9)f-1igRCan kalidmste)y.. 30
Conversion is 100% by HPLC, ee is 93.6% S isonmer preferably forned. 14
CLAPMB 5 1.Salts of a carboxylic acid with an am noal cohol of the fornula

Ri HO(&:xé:?dplﬂit\ﬁy&‘agéﬁwwlo!ﬁPﬁbN%eizofaw anyl or phenyl, each optionally

substitute one or nore hal ggen at ons and/or _.one_or m)re Cl4- al kyl or

Cl4- al k@ﬁ‘;lug%@ﬁ%o}&h@pmﬂépmeﬂ%(léﬂnﬁwwthémlﬁ% fis chaggefl vadEi onal |1 y
subst i thg, %E?Oﬁﬂ%u&cla%ﬁ%&é@aﬂﬂ%s&&%f@%[%{ _ME-DPAA)-C14- al kyl o

Cl4- al Koxy~groups, Wt e exception of salts wheréin the carboxylic
{1 4—cyclooctadlene)]BF4 in methanol (2 mL) is added via a syringe. The mixture is kyydro-
10 genated as described above affording 0.12 g solid product ((5)-PROL-benzoate). Conversion is

99% by HPLC, ee 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
' 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



-lbacid is (=)-2 3:4 6-di-0O.isopropylidene-2-keto-L-gulonic_acid or

(+)-2,3:4,6-di- Oisopropylidene-2-keto-D-gulonic acid, and with the
exception of salts wherein the carboxylic acid is mandelic acid, Rl is
phenyl and R2 is nethyl. 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-

substi t ut ed- 3- am noal cohols, particulbly of (S)-(-)- and

(R -(+)-3-N-nethylarmino-1(2-thienyl)-1-propanol, by asymetrically

hydr ogenalib fiadd ik Sarféd Gt GRIENDE B0 RS hES AN DN 2aNRIHRASE @S)PRGLT or mul a

(1), wherein RL is selected fromthe group consisting of 2-thienyl,

2- f ur angtotaengsylfesniy). ConvasirmistiobialPLCsutist 0 arSdsomprmelonblydprmagy e hal ogen
atons and/or one or nore Cl4-al koxy groups, and wherein R2 is Cl1_ 4-al kyl
or phenyl, each optionally substituted with one or nore hal ogen atons
and/ or Bxemple 120Pepaiatién af PROMNauTifed- al koxy groups, and wherein the

correspondi 1 .noa hol s ined S e hydr ol ysi,s of their
S T e T T M
ani noke$ NEE° @G 250 enfavdss. A B@hakiGoN bf BLOE 6f P0% BaOFEsohitiahd Mixture is
hydr ogenati ng saj d_am noketones, respecti vell)ﬁ . . .
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 13 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.



