WO 200811.22511 PCT/EP200S/053515 -1 MICROBIAL REDUCTION

OF AN ACETOXYKETONE The present invention relates to a process for
wehaopsapration of 2-amino- [5-(1- hydroxy-2-hydroxy or halogenvethydrlesssis

-pyrazine derivatives of the formula H R~N~N1 R1 OH wherein R is

lower alkylcarbonyl or an amino protecting group and R' is hydroxy or 5

halogen, by enzymatic hydrolysis and/or enzymatic asymmetric reduction

of a ketone of the formulaHi: RZ O wherein R2 is lower

alkylcarbonyloxy or halogen. 10 This process is especially useful in the

preparation of naripsnericap DUE(S)-OF AN ACETOXYKETONE

[5-(1,2-dihydroxy-ethyl)-pyrazinyl]-2,2-dimethyl-propionamide. This

compound is an intermediate for a glucokinase activator,

2;(3-chlﬁrprékmeﬁmemﬁ<2ewbmeﬁwb&sw&m§ %t?ébfb}}a{lél %lizanﬁin%— [5-(1-

- in- ionamide,.of the u ich is
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H3C 6/0 (N~'OH 15 O O CHOH DK/ 21.01.2008 WO 2008/122511

PCT/EP2008/053515 -2 Tﬁe d of formula Il is disclosed in PCT
International Patent Application } I
o
N l/\R1
OH

wherein R is lower alkylcarbonyl or an amino protecting group and R" is hydroxy or
halogen,

by enzymatic hydrolysis and/or enzymatic asymmetric reduction of a ketone of the

NN
R/\[\
-
N R*
O

wherein R” is lower alkyicarbonyloxy or halogen.

formula

This process is especially useful in the preparation of enantiomerically pure ($)-N-
[5-(1,2-dihydroxy-ethyl)-pyrazinyl]-2,2-dimethyl-propionamide. This compound is an
intermediate for a glucokinase activator, 2-(3-chloro-4-methanesulfonyl-phenyl)-3-
cyclopentyl-N-{5-(1,2-dihydroxy-ethyl)-pyrazin-2-yl]-propicnamide, of the formula IIT
which is useful for the treatment and/or prophylaxis of type II diabetes:
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Nd. WO 2004/052869 Al. One of the key building blocks used in the
synthesis of the compound of formula Ill are enantiomerically pure

WQ 24pRii3IB-(1,2-dihydroxy-ethyl)]-pyrazine derivatives of 5 tieferpaoda/tdssis

RN~N~la iN OH OH wherein R is lower alkylcarbonyl or an amino
protecting group. For the preparation of active pharmaceutical ingredients
(APIsiikisoahsalutely fecessary kodistoisdmencallyheuigduiltinghlogkSication
andreihighlysteseesglective procedures, because side components to in

APIs may have adverse effects in the treatment of illnesses. Therefore, a
high pyrity ds, requested for all APIs. icall tive ]F -diols are versatile
R S S e SRR Tormla
Fgfrﬁ{ & SRR SR B AU E LB TR0 20D 4708 e ey Prapextiig derivatives of
(89 NefBu(d , 2-dinydroxy-ethyl)-pyrazinyl]-2,2-dimethyl-propionamide 15
involved Sharpless oxidation of the corresponding vinyl pyrazine precursor

in a reaction comprising osmiu@] tetroxide (see scheme 1). This reaction

is not possible on multi-kg sB&le tyfé tdsthe toxicity of the osmium

tetroxide catalyst. Thus, the probleth to be solyed was t8 find a suitable
process alternative which is free of tokic reggent$ahd can be carried out

on large technical scale. WO 20081122511 RCT/EP20081053515 3

Scheme 1 | HZN~N PivClI " pyridine ((,N N N Br 82% yield ON Br 12
wherein R is lower alkylcarbonyl or an amino protecting group. For the preparation of

active pharmaceutical ingredients (APIs) it is absolutely necessary to use isomerically
pure building blocks and/or highly stereoselective procedures, because side components
in APls may have adverse effects in the treatment of illnesses. Therefore, a high purity is
requested for all APIs.

Optically active [,2-diols are versatile synthetic intermediates and difficult to obtain
in enantiomerically pure form. The method described in WQ 2004/052859 A1 for
preparing ($)-N-[5-{1,2-dihydroxy-ethyl)-pyrazinyl]-2,2-dimethyi-propionamide
involved Sharpless oxidation of the corresponding vinyl pyrazine precursor in a reaction
comprising osmium tetroxide (see scheme 1). This reaction is not possible on multi-kg
scale due to the toxicity of the osmium tetroxide catalyst. Thus, the problem to be solved
was to find a suitable process alternative which is free of toxic reagents and can be carried
out on large technical scale,
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Potassium vinyltrifluoroborate Cl2Pd(dppf) H Os04 H N N\ (DHQ)2PHAL
N-! O N/ICI. K,Fe(CN)6 0 N OH K2C03 OH 3 4 There are few

Witz Bxamples reporting microbial hydrolysis / reductionP6ff&Ra06p/053515

ketones to the corresponding di.ols in a single step. G. Egri et al.,
Tetrahedron 5 Asymmetry 1998, 9, 271-283, describe the
biotransformation of a series of 1-aget@xye3- aryloxypropan-2-ones by
bakers yeast. Out of 13 ketones tested only two were transformed directly

to the digl with no forrr?é@nré of the fintegmediate monoacetate. In most
cases a m@of mohoacetate %@?Ybﬂ;@v seen which is undesirable
for the procass Ter thegpyeparation abco s of formula 1. In addition
these reactiops were to only carried out on the 0.5 g scale at a substrate
concentration of 0.25% wi/w; far bglow fhat to be used for the
manufacture of compounds of fofmutasdiuh. Kometani et al, J. Bioscience.
Bioeng. 2001, 91, 525-527, degcritfEXiidugrep@Etation of
(S)-1,2-propanediol by reducion o?‘F—Fédé%ky-z-propanone using bakers
yeast. Although conversion to the diol was complete at 1% w/v substrate

concentration th ee;_|15 was 88%. Tt@gdgalue could only bg improved by
suppressing thggx lysig of the aceatoxy, A«gtone. ngﬁ%ev B
Bioorganic and @m/}\k’f}wistry&%@rﬁﬂﬁ&lw degcribe t
preparation of S-diols frdh the correspgading 2-acetoxy-|-aty|@‘tha Oané)gl
but again the selectivities were relativghplow and the monoacetatés were
in most cases present.320 The ee of the (S)-diol formed by thet microbial
reduction/hydrolysis reaction is a crucial value as it influences the final

yield oh&P hrinfeasecafitire ARhakprepartd: adaersiid tdiiespresentton of
ineRtiRndhe syhseaentkelalication and suraizaton ks e o or
increase of éhlgaﬁn%g | meHc e)i%eﬁﬁ t§.>990 0. -4- _esu%E the.,des%rllbed.
AEFEBIAT ot ranstoration F57 the Ry ArBIAS P FEHbGH N aperes of 1-acetoxy-3-
aryloxypropan-2-ones by bakers yeast. Out of 13 ketones tested only two were
transformed directly to the diol with no formation of the intermediate monoacetate. In
most cases a mixture of monoacetate and diol was seen which 1s undesirable for the
process for the preparation of compounds of formula 1. In addition these reactions were
only carried out on the 0.5 g scale at a substrate concentration of 0.25% w/w; far below

that to be used for the manufacture of compounds of formula L.

T. Kometani et al, . Bioscience. Bioeng. 2001, 91, 525-527, describe the preparation
of (S)-1,2-propanediol by reduction of 1-acetoxy-2-propanone using bakers veast.
Although conversion to the diol was complete at [% w/v substrate concentration the ee
was 88%. This value could only be improved by suppressing the hydrolysis of the acetoxy
ketone.

Z-L Wei et al, Bioorganic and Medicinal Chemistry 2000, 8, 1129-1137, describe the
preparation of S-diols from the corresponding 2-acetoxy-1-arylethanones but again the

selectivities were relatively low and the monoacetates were in most cases present.

The ee of the (S)-diol formed by the microbial reduction/hydrolysis reaction is a
crucial value as it influences the final vield of APL. In case of the AP as prepared
according to the present invention the subsequent ketalization and crystallization steps

led 10 an increase of the enantiomeric excess to >999%.
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an alkoxy ketone one might apply only the necessary isolated biocatalyst -
enzymes (e.g. a hydrolase, a ketoreductase, a glucose dehydrogenase) -
in a one pot approach. The asymmetric reduction by isolated
ketoreductases in combination with the enzymatic 5 cofactor recycling
using glucose dehydrogenase and enzymatic hydrolysis of ester moieties

are staleletHbaaekRd AR B Ghabr heHANEAAR AFYIIREIY:28Q%%0n of
16&11(%68%&%3?9 Z(Ijeeétlzr bt% thfe rc)enciéljtt‘.}llggeog S%—%/dr%xi%-‘ hen%/I-ethanone
Using different RSB HE L PR S B ARy R Ae Hthhinee aihrosTHYRey (o8-
DR RBTeserrr e peasare grsg diRgsEsshll-as deseritsadimvadrerhe
ayamangentuGhardy issldd Engld995:3%H 10 (®)in898n Thereleraamatic

> [ Y3l X . rd YEQ y] er
e aag%%ﬁ/ﬂgé{gt%@rgﬁ%gé%ﬁgo%%%g% e

TRSLEHE 3HiiLs the potentSrMRIBEIAY-htr SKEesraatsigrietry 2005, 16,
19dtrap&iotmation tEhedwmaitined 2yhyaione dgtiomylsitigs isolatedneniiffiarest
Idigpkaly came Bovanagesichas drstangrrdn aMIDIRERL MIGHLHR HsRdare
dldiehieaciondpis il aaside agiviies.In comparison with 1> wholgos 5,
cell systems, 1v) simple reaction contraol, and vﬁn hér yleld inthe ™
@&b%%h&‘étﬁf@@éﬁﬁ%éﬂ@éﬁ%@%ﬂ% %wéﬁ@mgwfﬁaquﬁy«(gwento a
Ipbgepec divetel minalposition 2 tamiofoh [5i(edetydepydbindoxyl ketone

Aatiativessnight haveosliffensnt-syRstitients; yhioh are.canyertiple o s
hydroxyl function after. the asymmefric. r duction of the ketone moiety. Fqr
s R TR S e el eehsra S abchrane g
WHERRA CRisHIdu B sesh o B srastiAIa  ess i i it petititirons ofmparison with
wliffbrent ayyikkaionesmape: descidbesd e ratg HigHdkin @8 ah hOsHBliGuent
IEBIPMAUaGUIAL Ghemisng 2008 6. 26P0:2635,80) foddtee al.

Tetrahedron Asymmetry 2005, 16, 3275-32 78. The synthesis of

enanti ically pure 1,2-djols starting from.aromatic chlorinated alcohols

o deonaat PR ot e S e BeReiae et e
dileeysebstitusritr afueh re 00t it aiamdrambiynpeey aliet &soxide
dayunoltsis xedheuiaﬁa)bibeammmﬁhtyidmlymaa&_dgﬁﬁ rid Etii_tﬁh&tf{,icﬁtrﬁbre
sheUAhEN o ASYPIMAIN:200601d pdERR LA YAralysis wsing metal

catal sgs as Egecscrlbeﬁ é?g%-gﬁ at(”inke% a}l., Tetrahe rocrl1 ,Lgtters 2005, 46, L
aﬁ%ﬁi 66 Uit Ihe DioH RS tormation ProtesBs dRca iy to theue ot al
QiEBIBE e ekt pTosauRResich HEQrEFartibh. dhercirioRrerbedp
Ayrer2eapines| 34| 2hsmxheathyihkay rAzinamdemealives Pas beetiols starting
found-dn.ailirshiasnech INLiGls KIRIGad 2R QEER%, 10k 8, RIGRAANAN Oy pare
compounds gf the formu}a :
epoxide mn 1. Ikaraiya et al., Tetrahedron 2004, 60, 7411-7417 and subsequent epoxide
hydrolysis either via biocatalytic hydrolysis as described in Z. Li et al., Tetrahedron
Asymmetry 2006, 17, 47-52 or via hydrolysis using metal catalysis as described in G-J.

Kim et al., Tetrahedron Letters 2005, 46, 2263-2266.

With the biotransformation processes according to the disclosure an efficient
procedure for the preparation of enantiomerically pure 2-amino-[5-(1,2-dihydroxy-
ethyl}}-pyrazine derivatives has been found,

In a first aspect, there is provided a process for the preparation of compounds of the
formula



4a HR NTN N\ R OH wherein R is lower alkylcarbonyl or an amino
protecting group and R' is hydroxy or halogen, 5 by enzymatic hydrolysis
and/or enzymatic asymmetric reduction of a ketone of the formula H
R~N-~N\'Il iN R2 O wherein R 2 is Igwer alkylcarbonyloxy or halogen.
In a second aspect, there is provided compounds of the formula CH3 N
F13C \N\lic 3C O N RZ 10 O wherein R2 is lower alkylcarbonyloxy or
halogen. In a third aspect, there is provided the compound of the formula
CH3 NN H3C\ 1301c N CHO H 4b In a fourth aspect, there is provided

a process for the preparatign ound of
!

N R’

OH

wherein R is lower alkylcarbonyl or an amino protecting group and R’ is hydroxy or

halogen,

by enzymatic hydrolysis and/or enzymatic asymmetric reduction of a ketone of the

NN
< BN
7 !
NG R®
o)

wherein R? is lower alkylcarbonyloxy or halogen.

formula

In a second aspect, there is provided compounds of the formula
CH
° H
HC NNy,
lic
HC o \[ ~ 2
N R
O

wherein R? is lower alkylcarbonyloxy or halogen.

In a third aspect, there is provided the compound of the formula

CH,
H
H3C%\‘_rf\§ N\
fc
WU T
N Ci
OH



the formula H N N\ Il H3C% (r) N OH O O Cl OH comprising the

process as defined above, followed by 5 a) reaction of the diol of formula

laH R_N1IN~Ia i NOH OH wherein R is lower alkylcarbonyl or an

amino protecting group, with 2,2- dimejflgoxypropane to form an acetal and
deprotection of the amine under basic conditions to obtain a compound of
formula HZNXN\ N IV O+CH3 10 CH3 b) condensation of the amine of
formiia MumithatipeccaiRoxyipracidal igmactes 1:Qht YrEREiGoh@f €tdnPound of
RCehanactivated derivative thereof to obtain the amide; and c)

hydrolysis of the acetal under acidic conditions. Unless otherwise

indicated, the following dions are set forth to illustrate and define the

meaning and scope of v 5 terms used to describe the invention
herein. 5 In this specificatietTthe,term "lower" is used to mean a group
consisting of one to |

N
3
| . 1l
H.C._ =
°8 N OH
AN
O O ¢ OH

comprising the process as defined above, followed by

a) reaction of the diol of formula Ia

§ N
R’N X
| la
—
N OH
OH

wherein R is lower alkylcarbonyl or an amino protecting group, with 2,2-
dimethoxypropane to form an acetal and deprotection of the amine under basic
conditions to obtain a compound of formula

HzN\[N\

=

NJY\O v
o\/\CHs

CH,

b) condensation of the amine of formula IV with the carboxylic acid of formula

OH

H.C. 0
//S\\

O O ¢



six, preferably of one to four carbon atom(s). WO 2008/122511
PCT/EP2008/053515 5 The term "halogen” refers to fluoro and chloro,

with chloro being preferred. The term "alkyl", alone or in combination with
other groups, refers to a branched or straight-chain monovalent saturated
aliphatic hydrocarbon radical of one todwventy carbon atoms, preferably
one to sixteen carbon atoms, more preferably one to ten carbon 5 atoms.
The term "lower alkyl' or."Cr-C6-alkyl", alone or in.combination with other
grouB%??&%?@&?%%fé%Wg&lgf%#éé b ﬁ}en?gH {ai8ht alkyl radical of
one to six carbon atoms, preferably one to four carbon atoms. This term

is fuithBY &Rérris Hebarsiatied sGHORltifRs-ethyl, n-propyl,

isopropyl, n-butyl, s-butyl, isobutyl, tert-butyl, 10 n-pentyl, 3-methylbutyl,
n-hekinj@sattyibutyd mddctitellie. Risfeiablddoniteatiare sesidubdangustrate and
Jersthyheatisdand detsbutyloMithital-Rutvd helndrspeemlyRrriemedn Thein.

term "lower alkylcarbonyl" refers to the group -C(O)-R’, wherein R' is a
s ranghagaetimahisahainmanyalen il adicalakanedo sk satheRs one to
atoms, preferably one to four carbon atoms. Preferred “lower
SHIKPICATFERY IR E8M S URPIBIBEHyY " groups are acetyl, propiony,
butyryl, pivaloyl, pentanoyl and hexanoyl. More preferred are acetyl and
pivaloyl (tert-butylcarbonyl), with tert-butylcarbonyl being most preferred.
The term "amino protecting group” as used herein refers to a substituent
commonly employed to block or protect the amino functionality while
reacting other 20 functional groups on the compound. Suitable amino
protecting groups are selected from the group consisting of the formyl
group, the benzyl group, ester groups such as benzyloxycarbonyl ("Cbz"),
9-fluorenylmethoxycarbonyl ("FMOC"), tert- butoxycarbonyl ("BOC") and
allyloxycarbonyl, and arylsulfonyl derivatives such as para-
toluenesulfonyl, benzylsulfonyl and phenylsulfonyl. The selection and use
(addition and 25 subsequent removal) of amino protecting groups is well
known to the skilled in the art. Further examples of groups referred to by
the above terms are described by T. W. Greene and P. G. M. Wults,
Protective Groups in Organic Synthesis, 3'd edition, John Wiley and
Sons, New York, NY, 1999. A preferred amino protecting group is BOG.
The term "lower alkylcarbonyloxy" refers to the group -O-C(O)-R", wherein
R" is



30 a straight-chain monovalent alkyl radical of one to six carbon atoms,
preferably one to four carbon atoms. Preferred "lower alkylcarbonyloxy"

Wpp@BT6ialkylcarbonyloxy" groups are acetyloxy, propionyRHA/EP2008/053515
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butyryloxy, pentanoyloxy and hexanoyloxy. Especially preferred "lower
alkylcarbonyloxy" is acetyloxy. WO 2008/122511 PCT/EP2008/053515 -6
The tEhmtéendhtibrperioaliypurétoeteis dald compositido thatiogmpfisesiat
least 90%, preferably about 95% to 100%, more preferably 98% to 100%,
and nrastasafembly, 496 @@&Q@%&E@tﬁiﬂ@l@d@ﬂﬂﬁ&%&fp@frﬁ?&k to a branched

r?x%x%%{gﬂfa %?as 5a[1'§3§p%%%%8 Sﬁ’éﬁv %E’&r%‘é'ﬂ%ﬁz ot HPRknty

erein e|n refers to the mote or
SRS YA OR TP TR 29 BrikHER i é’ﬁoaf@(njsré?é’r‘? R bR ten carbon
weight fraction of the (-) -enantiomer. Correspondingly, the the term
"percent enantiomeric excess" or "% ee" is defined as 100 x [F (+) -F (-)].
Altermativelyn thevaerdeyit endatiapertic/EXxabsscanrhe aditiatedadrh bakex

é&%ll bolfRLY L%)ar%&ﬂi?@&@?ﬁ@ﬁﬂ%”ﬂ%ﬁ%@{ﬁaﬁ? %‘?8&%&1@ dh€1o six
%oaratlon of S’Fa%fun s of.thé fo mulaH R

PRIAENS VIBEIBIRYT 61 r?%ﬁ%ﬂ%spﬁ'ﬂééﬁﬂa 15?86}5‘%%‘&&“’1511’ {fied by
yiealeywth halogsi, m@ﬂyrenmhﬂ@omy@wlys@wamb@mymhwl tert-butyl,
asyRclimeaiston offketonatoltheylfosmitalitd. Mreltr VIR @ alkyl
V\é&%t{%{l ag éﬁelﬁ%‘%eétﬂkl%'ﬁg '%QREBIIL%),/ Q{tﬂ?‘@gggm being especially preferred.

The term “lower alkylcarbonyl” refers to the group -C(O)-R’, wherein R'is a
branched or straight-chain monovalent alkyl radical of one to six carbon atoms,
vreferably one to four carbon atoms. Preferred “lower alkylcarbonyl” or “C;-Cs-
atkylcarbonyl” groups are acetyl, propionyl, butyryl, pivaloyl, pentanoyl and hexanoyl.
More preferred are acetyl and pivaloyl (tert-butyicarbonyl), with tert-butylcarbonyl being
most preferred.

The term “amino protecting group” as used herein refers to a substituent
commonly emploved to block or protect the amino functionality while reacting other
functional groups on the compound. Suitabie amino protecting groups are selected from
the group consisting of the formyl group, the benzyl group, ester groups such as
benzyloxycarbony! (“Cbz”), 9-fluorenylmethoxycarbonyl ("FMOC”), tert-
butoxycarbonyl (“BOC”) and allyloxycarbonyl, and arylsulfonyl derivatives such as para-
toluenesulfonyl, benzylsulfonyl and phenylsulfonyl. The selection and use (addition and
subsequent removal) of amino protecting groups is well known to the skilled in the art.
Further exampies of groups referred to by the above terms are described by T. W. Greene
and P, G. M. Wuts, Protective Groups ir1 Organic Synthesis, 3" edition, John Wiley and
Sons, New York, NY, 1999, A preferred amino protecting group is BOC.

The term “lower alkylcarbonyloxy™ refers to the group —0-C(O}-R”, wherein R” is
a straight-chain monovalent alkyl radical of one to six carbon atoms, preferably one to
four carbon atoms. Preferred “lower alkyicarbonyloxy” or “C,-Cs-alkylcarbonyloxy”
groups are acetyloxy, propionvloxy, butyryloxy, pentanoyloxy and hexanoyloxy.
Especially preferred “lower alkylcarbonyloxy” is acetvloxy.



In a preferred embodiment of the invention, the process is characterized in
that R' 20 is hydroxy and R2 is acetyloxy, meaning a compound of
WIAMRIREIMO 20081122511 PCT/EP2008/053515 -7- H R~NECHRIR2Y88/#§3515
OH OH wherein R is lower alkylcarbony4 or an amino protecting group, is
obtained. In one embodiment of the invention, the process is
charﬁ&te:'f-zard"hnﬁhabthaieiﬂm&ﬁcréfydrm;@i&mm‘@mﬁzz;xm@minplises at least
rg%?é%ﬁ%&ﬁm@% Rettomeddnosther.s Wik weasinl {he SReC8Sterably
(E) r SIS|]%S is. e'}!’hgls }hg |r}vr§g%lgn refers to a process for the
prepara on o NG T(f? dinydroxy-e ml%y?ﬁ pyrazines of the formula
H RAIN~Ila s N OH OH wheregin R is lower alkylcarbonyl or an amino
proteEhﬁ@fawﬁww@ﬂ%%@ﬁy&%m@%% %ﬁi/ ﬁfa‘fﬁ?‘g fL edas
5 [Bductibi WithharyoaBt-of tHerspetiesno B Candigst ﬁar&tpsl Irefsaisedﬂﬂ kem@rmomer
m%@%@f@ﬁamﬂw@mm%ma&i@nl ¥ th® (O G €38y t@mgeépsﬁmly,
gﬂ. ygast Cac“e‘?q'{]'en%%o%%'roSé%ct@s%”df?s*% e %%‘&%é@d‘ 3 AU P'+ Ve (-
ySis ahd asymmetric reduction of the correspon ing acetox one

eé’ﬂaélifééhﬁi‘éé?ﬁf‘?@l‘é@éﬁ‘ﬁ%‘ﬁﬁéﬁ%ﬁé‘c?éﬁ6@?1%?%6‘:‘%“}?#@ BrdPEgs! h &/

farriEd out
10 The present invention refers to a process for the preparation of compounds of the
formula
NN
R =
I I
~ 1
N R

OH

wherein R is lower alkylcarbonyl or an amino protecting group and R' is hvdroxy or
halogen,

15 by enzymatic hydrolysis and/or enzymatic asymmetric reduction of a ketone of the

No N
R’\[\
/
N R
0

wherein R” is lower alkylcarbonyloxy or halogen.

formula

In a preferred embodiment of the invention, the process is characterized in that R’

20  is hydroxy and R’ is acetyloxy, meaning a compound of formula



15 without addition of a hydrolyzing enzyme such as a lipase because the
strain can catalyze both hydrolysis and asymmetric reduction. In detail,

WaRElHAZAtbn relates to a scalable biocatalytic process comp¥fsliAige2008/053515
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hydrolysis and asymmetric microbial reduction of the compound of formula
lla using the yeast Candida parapsilosis to obtain an enantiomerically
pure (S)-diol of the formula RO la, comprising the steps WO 2008/122511
PCT/EP2008/053515 ..8@) culture of Candida parapsilosis at
27 to 30 C for 1 to 2 days in fla l(s o] fermenters cofftaining a rich media
comprising; yeast extract (1% w/VN“so

base (0.67% w/v) and glucose (2% w/v)ab) Adding of NHAOH 16 to 20 h
after inoculation in order that the pH is maintained 5 in the range of 6.5 to
7.0 and feeding of ethanol equivalent to 3 to 5% (v/v) per 24h in order to
phsvede keuleeing Biglrrahomd fongronredia isigkesaeyminetieinesduction;
c) After a further 2 to 4 hours adding of 175 g of the acetoxy ketone
substratmetriddute fleofolthefennentstionrbroth lashrsyspendiontint the
STRMAWALLK 0,6ivend (A0 dinahtencantatian ofdkiterWiiWidothhed together

drolyste andseduction ofthe acelon keiong of [UMUIBJIALRNG o proces for
corre ponoﬂng S -cﬁqfwﬁhln 5?o.§p(fays;%%q]'so’la ion foTt e (ée)- iol'b '
s IFRAEHIBF e B bRt hBAIBM) SO W By sriPA o F B the
(S)-diol with ethyl acetate (3 g!mes with 2 volume equivalents) 15 and
concentration. The reaction JRUst also proceed to completion, i.e. all the
substrate must be converfed, afja substrate concentyation of 5 % (w/v ),

which is considerably higher than_ t oncentration quoted in the

literature examples. By biotransforthatior] of th@%cetoxy ketone of formula

lla with C. parapsilosis 20 enantiomeric@tre (S)-diol with an ee in the

range of 91.4% to 95.6% is obtained. As used herein, Candida
pakapsiRssds/ar slisirigaatedrainRoche ansdepgsitedyynder the

@Hg?ziﬁ%ﬁfi%&g&@ arehe, 2997, gﬁ}%ﬁ%@@?&ﬁ?ﬁ@ﬁ \%ﬁm&@%\@% species
GHSPRTERS,

ne(®¥ w/v), yeast nitrogen

Mikroorganismen and Zellkulturen &FH, Inhoffenstrasse 7B; 38
BF DEShTA) (RSP SRES S AR DSM 19155. Several

other strains of C. parapgjlosis

R,N\EN\ -
| Ila
N7 O')LCHa

o

By using a strain of the veast Candida parapsilosis the desired product Ia is
produced by hydrolysis and asymmetric reduction of the corresponding acetoxy ketone
Ifa at a technically relevant substrate concentration. The process can be carried out
without addition of a hydrolyzing enzyme such as a lipase because the strain can catalyze
both hydrolysis and asymmetric reduction.

in detail, the invention refates to a scalable biocatalytic process comprising
hydrolysis and asymmetric microbial reduction of the compound of formula Ia using
the veast Candida parapsilosis to obtain an enantiomerically pure (S)-diol of the formula

Ia, comprising the steps
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25 also catalyzed the described biotransformation resulting in (S)-diol with
ee of 92 to 95% indicating that any C. parapsilosis strain can potentially

WhetieSt addition, strains of the yeasts Candida kefyr, KIBYIEESRA(/BE3515

marxianus and the fungus Calonectria rigidiuscula can be used. In a
preferred embodiment, the invention relates to a scalable biocatalytic

pra¢esSr30iepmptisingodsymindtpe mpeiiobial tred uctofOfadeticladigs in flasks
2-[5-(2&%15%%’& ﬁlf%%%?%{&@r&é{&ﬁf&@%ﬁ%&;&g%@&%}@dr%&;?f %@QI@JV),
compound o r(')mu a, wnerein IS lerl- carpon an ro $
o R B B ST T DoUbAL o8 1o W
PCT/EP2008/053515 -9 enantiomerically pure ] o
(S PN- I AN B0 - LH) I D Gras Ry oS BatRR T i St HisrRidds Tpaiptained
furtherisroodirpeot ©f tiee’ibvedtion] itheop rocess! isichatesterized iitliaty) per
the enzymaticydiolysisds Rerfarmned by meaans:ofa.Mydroiase (EGsymmetric

3.1.1) seAected from the 5 group consisting of an esterase, a protease or
. reduchion . . . .
a lipase and fhat the subsequent enzymatic asymmetric reduction is

performed by means of one or more oxjdoreductases (EC 1.1.1). Thus,
e nverioh LB FeldPst %r%%%*gs%faﬁ%egp?i Aot substtste of
2-amine By, Radinfuréxypetaiipyratine s ofthensiemind FHrR»ald tagine 4

OH OHirs vwherainiRds owes atkylearhonyl or an amino protecting group,
by enzymatic hydrolysis by means of an enzyme selected from the group

CORSiStNG R i W OLARR i8R SR 3L IIEASE b A IDRSE: 8the

enzymatic asymmetric reduction by means of one or more
oxidoré&ﬂigggggﬁfgé@e%ﬁéaﬁgb%uérlﬁ gf%res’formula H R/NN~ O Ira \NV

O CH3 O, 15 Pref ly, th tic h lysis i f db
of Sipkeltps R D e e R S Gt Follwed by

extraction of the (5)-diol with ethyi acetate (3 times with 2 volume equivalents)
and concentration.

The reaction must also proceed to compiletion, i.e. all the substrate must be
converted, at a substrate concentration of 5 % (w/v ), which is considerably higher than

the concentration quoted in the literature examples,

By biotransformation of the acetoxy ketone of formula [la with C. parapsilosis

enantiomeric pure (S)-diol with an ee in the range of 91.4% to 95.6% is obtained.

As used herein, Candida parapsilosis is a strain isolated at Roche and deposited
under the Budapest treaty on March 9, 2007, at DSMZ {Deutsche Sammlung von
Mikroorganismen und Zellkulturen GmbH, Inhoffenstrasse 7B, 38124 Braunschweig,
Germany) under accession number DSM 19155, Several other strains of C. parapsilosis
also catalyzed the described biotransformation resulting in (S)-diol with ee of 92 to 95%
indicating that any C. parapsilosis strain can potentially be used. In addition, strains of
the veasts Candida kefyr, Kluyveromyces marxianus and the fungus Calonectria

rigidiuscula can be used.

In a preferred embodiment, the invention relates to a scalable biocatalytic process
comprising asymmetric microbial reduction of acetic acid 2-[5-(2,2-dimethyl-
propioylamino)-pyrazin-2-vl}-2-oxo-ethyl ester (the compound of formula Ila, wherein

R is tert-butylcarbonyl) and hydrolysis using the veast Candida parapsilosis to obtain
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preferably, the lipase is obtained from Candida Antarctica, Alcaligenes sp.
or Burkholderia cepacia. In a preferred embodiment, a ketoreductase or

wan@kisiisl dehydrogenase is used as oxidoreductase in the srymmtig 053515

asymmetric reduction. 20 The multi enzygnatic biotransformation is

transformed as one pot reaction. The hydrolysis - deacetylation -

eaaﬁieid;ﬁem&w@ﬂfawwa{ hydrolass-aviskythenaneigasikaione-afieempyla
?%Pﬁﬂ%d in a biphasic reaction media. The reduction is carried out

ontactlng an oxidoreductase with the in situ formed a-hydroxy ketone.

Due to_the lgw stability of the in situ formed a-hydrox one the a

ronctih S e ST A A BT € Doy AATAE PeRcRg: o

6?%@%%%@%@%&%&%@%@@@08% 2hgdrope THR2D08aB3s IS Tom the

Toongdunisg eguif alestsrase, appliedsa atdytie ambiiatslond bieqgrRayeledmaric

Insitwcthe desissd grp&%ﬁﬂé&%ﬂaﬂw predyced. 95&?&&1%%5@&%& Li).

nditipns. In a re erre embodlment e invention rela Ogs to a scala
A RO B R R H Dl BRI d 0 e 1
éﬂhyﬁmepmyré}hwwyﬁazaﬁﬂmwm@aoxo -ethyl ester (the compound of
formula lla, wherein R is tert-putylcarbonyl) by means of an enzyme
selected from the group consﬁtln of a hydrolase, an esterase, a protease
or alipase and enzymatlcPasym etrig reduction by means of one or more
oxidoreductases to obtain enanti allypure
(S)-N-[5-(1,2-dihydroxy-ethyl) -pyrd¥inyl]-,2-dfftéthyl- propionamide. 10
Scheme 2HH R.N_/N' RNTNRNYNQHO-al'il N NOOHNOH 0
0 CH3 OH 5 6 7 The first step, the in situ generation of the hydroxyl
I@ﬂ{@ﬂ%l(ﬁ)lméaea@em@%mf otheaceix¥ etens (s carried out by

h drolase ses rotease orI ases ref bl}q B}/@I 0Flgases even

enz b s O e Y oup consisting of a
more Pre?erre y Y B fpase haE KNG f::ffca ) P consisting o
hydrolase, an esterase, a plotease 01 a hpase and enzymanc asymmetnc reduction by

means of one or more oxidoreductases of a keto compound of the formula

H
N._ N
R” \[ X O
| fia
N O)LCHa
0

Preferably, the enzymatic hydrolysis is performed by means of a lipase. More
preferably, the lipase is obtained from Candida Antarctica, Alcaligenes sp. or Burkholderia
cepacia.

in a preferred embodiment, a ketoreductase or an alcohol dehydrogenase is used as

oxidoreductase in the enzymatic asymmetric reduction.

The multi enzymatic biotransformation is transformed as one pot reaction. The
hydrolysis ~ deacetylation - is carried out by contacting a hydrolase with the acetoxy
ketane of formula Ila suspended in a biphasic reaction media. The reduction is carried
out by contacting an oxidoreductase with the in situ formed o-hydroxy ketone. Due to
the low stability of the in situ formed a-hydroxy ketone the applied reactivity of the
reductases has to be in excess of the applied reactivity of the hydrolase. The required



15 CALB L (Novozyme)J, by a lipase from Alcaligenes sp. [e.g‘. QLM
(Meito Sangyo)], by a lipase from Burkholderia cepacia (lipase PS) and

weitaritilipase AH. The subsequent asymmetric reductionPiSTeaPriEm/0iss 15

10

by oxidoreductases, preferably by ketorgguctases or alcohol

dehydrogenases, more preferred by the ketoreductases KRED 101, 107,

3 Ad@sqdil3ianslatd 4p Al Bldaned Bl lﬁﬁi@@ﬁﬂﬂb@ifﬁﬂycﬂﬂﬁﬂ%ﬁuirﬁﬂe

erg saaIeHis A0 MATkBeIaa/edin ol Al sae Al dhe o
methods; prefer y enzymes; more pre erreé y glucose

dehydrogen 102 [BioCatalytics]. Su table buffers.are the

convgntf]g E\Ff?ers|_{():of9nanl[eon1%use}c% t]Imoc erﬁ‘cl’sf r“car} @erebéhocam]fd 1?—?506655
@@Pﬁ@%r@&pﬂ&fswf@féﬁﬁ alﬁt%ﬁe é&%%@wm@v}éa@@wkﬁ@p ohtaen-2-yl]-2-
reactoylrmixiuit isckepboodsiafratihel ke lettadiva e tby- theaddition0ba means

hase 2peferentiptiv N %ﬂ%'-%l%ﬁ%gmy%@a%@fsﬂg@v%e&wag@%ﬁ%@e%e or

to neutraldzte the formed ace d andhgérurther equivalent is ne

AUz E%Z%?Pﬁ’é&sd’fﬁ?é%‘ﬁféc & Hc?r?ﬁ‘.‘ SR OP & eRZIHE o Soredierase
coriBinaterRBOIdOl Hpadé AN andtl B 1R thetude pfrazinyl]-2,2-dimethyl-
dbimerphdlino)-ethanesulfonic acid buffer (e.g. pH 6.25) in the presence
of a WO 2008/122511 PCT/EP2008/053515 -1.1 non-polar organic
solvent such as n-heptane or tert-bujyl, mpethyl ether (TBME) (e.g. 20%

v/v) and D-glucose (e.g. 0.5M) positively influences overall reactivity. The
reaction temperature may be ifa range of 25 to 4571C, preferatg{y 30 to 40

C. g trate concentratio e from 1 -120% (w/\w)ipr rably
5% (w/w). 5iThe Iow stabitity of the intsitulformed h droxy’keF%on ;(6)
requires d\'cat yiis—educing attivity in"txcdss ofith deacetylatlonN -~

activity. The if¥situ céttkentration of the hydroxy ketone (6) has to be hith
enough engbling high turnover rates fqr its asymmetric reduction. The
ketoreductases display a significantly lower activity towards the direct

reduction of the acetoxy ketone (5) in combijn th a. si ntly

oo (DR S B S T MBS AR copcvation of
pbtatialinketamedibies towiadds ey @nﬁi«d}sa%esrﬂr@@@sspmma&mém@@e
torefepiess thndirestregvetion-ak the bacaipxy: Kﬁiﬁﬂ@a@:@& Ienhande.o.

t ti forme
Eﬁﬂ'ﬁg{h %5@8%%1 e!?}fﬂgg?%@?%%&dgor %9}1 % (tractlo |n O(riés }H) §an0yc()j) l,bya

hydroxy keton ering Iits in siti’conc er to

ﬁﬁ%ﬁaﬁﬁ%@‘%mﬁﬁfﬁém TS BB PTE R A3t nibo dihesaent
theimveniioredefors:to eaprodess fyrothdpreparatiorpoff@-ably by ketoreductases or

alcohol dehydrogenases, more preferred by the ketoreductases KRED 101, 107, 111, 112,
113 and 114, AlF, B1D and B1E [BioCatalytics|. The required reducing equivalents
might be recyeled in situ by all state of the art methods; preferably by enzymes; more

preferred by glucose dehydrogenase GDH 102 [BioCatalytics].

Suitable buffers are the conventional buffers commoniy used in biochemistry in
the range of pH 5 to &, preferably of pH 6 to 7. In the course of the reaction the pH of the
reaction mixture is kept constant at the selected value by the addition of a base,
preferentially NaOH or KOH-solution. One equivalent is required to neutralize the
formed acetic acid and a further equivalent is needed to neutralize the formed gluconic
acid.

In the case of the enzyme combination KRED 101, lipase AH and GDH 102 the
use of 2-(4-morpholino}-ethanesuifonic acid buffer (e.g. pH 6.25) in the presence of a



amido-[5-(1-hydroxy-2-halo-ethyl)]-pyrazines of the formulaH R,N_~N N

R OH wherein R is lower alkylcarbonyl or an amino protecting group and
WRAW/hfdden, by enzymatic asymmetric reduction of a ketdMeTGIRHWS/053515

formulaH R,N_~NV 1m N RZ 20 O wherein 122 is halogen. Preferably,

R, and R2 are chlorine. WO 2008/122511 PCT/EP2008/053515 - 12

Roeferallyrtheiesdymatcdasymatetriareductionisypertoimec by TREES of g,
one, %mﬂmﬁﬂ%‘é@'P&é@%%(}vbﬁﬁtﬂf&{ﬁ@m&&gﬁ%ﬁﬂygm ran

alcohol dehydrogenase is used as oxidoreductase. In a preferre

embodimen i i I to the enzymatjc reduction of N o
S o-c oSO 00 06 SHRCHR AR Ne 3010 s0-c.
%%ﬁﬁﬁ}éi(gt%fﬂgfgqimtlon may range from [ —20% (w/w), preferably 5% (w/w).

hydroxyzethyl)-pyr in-ﬁ‘-\ 1]-2,2-dimeth 4_]%; ionamide g} Scheme 3 . .
rne v B R e e R IR ) R e

T g rrnetticn etisstionths cepjediatiehycbntactintyari o idoreniueiaseof the
W}@&Q? kéﬁ%&@t@ﬂ%@@@ e l@éb EH@u@g%ﬂﬁ@%m%k}H@ﬁ%%&@s

ap‘Flled in catalytic ar_E‘glg‘nts and are r%cy led in sity. Pr f%red . 4
BRUBPSHICIESES AR kBTOTEAIRIASEE DA BRBhEIS t}%ﬁ% ISR S higRetowards
the direct reduction of the acetoxy ketone (5) in combination with a significantly lower
enantiomerically purity for the generated acetoxy alcohol - a potential intermediate
towards the diol (7). The process conditions have to suppress the direct reduction of the
acetoxy ketone (5) or to enhance the high turnover rates of the asymmetric reduction of
the in situ formed hydroxy ketone (6) by triggering its in situ concentration in order to

maintain the enantiomerically pure (S)-diol (7).

in another embodiment, the invention refers to a process for the preparation of 2-
amido-[5-(1-hydroxy-2-halo-ethyl) }-pyrazines of the formula

N_ N
“ N
N R!
OH

wherein R is lower alkylcarbonyl or an amino protecting group and R’ is halogen,

by enzymatic asymmetric reduction of a ketone of the formula
R S
| 1ib
= 2

wherein R’ is halogen.

Preferably, R* and R* are chlorine.
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preferred are the ketoreductases KRED 101, KRED 11.1., KRED 112,
KRED 113 and KRED 114 [BioCatalytics]. The required reducing

We@gesamatd may be recycled in situ by 15 conventional meth®d$/EP2008/053515

preferably by enzymes; more preferred_hy glucose dehydrogenase GDH
102 [BioCatalytics]. Suitable buffers are the conventional buffers

comniaefyrsisiectiie biaghetisiynimdhe: rrigerohikipbrtorddreleralysisf one or
m.gr%}g&o%cﬁl@ges! MQI% ﬁ?éf@?oﬂ[ @Ee&%@éﬁ@a@%r%‘ﬁ' ﬁgégglrg&?@ggenase is

mlx?séjre is kept, constant at the selected value by the addition of a base, 20
BrEfete ATISR S4B or KOH-solution. One equivalent is required to
neutralize the formed gluconic acid. In the case of the enzyme ‘ ]
comblfatiBit RIRES R bARENG B Lo Rensk s WoherarmsHesphgéon of N-
beHf2rofdgoptde6B)inrthmpiesenteofiDlgitgnsea@ige (MO6M)SatNhigHerchloro-1-
%y@%@t‘étﬁ?ﬂ%HH&H%;@DQ,@@%&BQ%P&N%%%H‘%§§e concentration 25

er

influences overall reactivity positively. eaction temperature may be in
a range of 25 to 45 C, preferably in g sange, of 30 to 35 C. The substrate
concentration may range from 0.1 to 1T0% (w/w), preferably 5% (w/w),
more pref@{@bly 5% (wlw). WO 2008/122511 P%EP20Q8/053515 -13

Advantagg;&sj e agymmetric reduction of chlpre ksto lowards
the enant,igg]e‘é’cm%g e (S) -N- [5-(2-chlese- | -hydrox{t-ethl) _
-pyrazin-2-yl ] -2,2-diméthyt- &?pionamide (Ic) did not need a thir |

hydrolyzing enzyme (e.g. lipasé) and did not produce in situ a pote®itia
unstable intermedigfe. The absolute configuration was 5 de crmined by

crystal structure. Subsequently, the enantiomerically chlorinated alcohol

(Ic) has to be converted into the desired epnantiomerically pure (S)-diol (7)

by nUGISGOHE S GG bF IGTE A ReC AT CHBRT gAY oty the
delseribeioabobe TRasearefetabiereisatyicaehoryt irplitdiprotdssegmeunts
definedhereinl befate are preferably carried out starting from compounds

of formula Il, 10 wherein R is tert-butylcarbonyl. Thus, in another

embodirmgntdne:RieseMANNHON FRIAMESIAREYY SREINDURHPIRD B ses, more
f19rre e%%%d%lgest{llyketoreductases KRED 101, KRED 111, KRED 112, KRED 113 and
KRED 114 [BioCatalytics]. The required reducing equivalents may be recycled in situ by
conventional methods; preferably by enzymes; more preferred by glucose dehvdrogenase

GDH 102 [BioCatalytics].

Suitable buffers are the conventional buffers commonly used in biochemistry in
the range of pH 5 to 8, preferably in the range of 6 to 7. In the course of the reaction the
pH of the reaction mixture is kept constant at the selected value by the addition of a base,
preferentially NaOH or KOH-solution. One eguivalent is required to neutralize the

formed gluconic acid.

In the case of the enzyme combination KRED 101 and GDH 102 the use of
potassium phosphate buffer (e.g. pH 6.5) in the presence of D-glucose (e.g. 0.06M ) at
higher substrate concentration and addition of higher D-glucose concentration
influences overall reactivity positively.

The reaction temperature may be in a range of 25 to 45 °C, preferably in a range
of 30 to 35 °C. The substrate concentration may range from 0.1 to 10% (w/w), preferably
5% {w/w}, more preferably 0.5% (w/w).
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H3C,/N'H3C O lIC N R O wherein R2 is lower alkylcarbonyloxy or
halogen. 15 The preparation of compounds of formula llc can be

wperferirtasl according to schemes 4 and 5 below. In Step 1, theTprings/ 633515

group of 2-amino-5-bromopyrazine (1) was protected with trimethylacetyl
chloride (pivaloyl chloride; PivCl) in dichloromethane to give amide 7 in

90% yigldvAnaliadium, mm&@@f@%@@&i@m@ﬁ%ﬁf Rinide %)(&Sedara} the
vg@sqa%;ﬂsﬁcgﬁg g@ i1 & mixed sokvent, @zrr rxe/'ffa{ mide:me '504 Ligethyi-

under 500 rbon monoxide |n a eacto ve met este

Hfgat?nﬁf&} fhs ﬁ%ﬂ‘@%ﬁ‘ééﬁ ESISReHBIE SPRTER{T-8stiEns hins the not
emothtes gerieratpdifrom tersthbitylracetaiddry. Theatmehtrevitimbiifivition was

bla(éﬂmg&axd@brpam@ﬁ;%ﬂ&ﬂa%&ﬁa@&ﬁ t&@%@in%?nﬁ%%z%ﬁﬁﬁ%ed alcohol
u salvent excha e resu ethanol solut

B e e R R S TS G

A Eﬁﬁtﬁhﬁﬁﬂhﬁﬂt%‘b‘hﬁﬁ%r@@%ﬁrﬂlﬁﬁﬂﬂﬁ g5%overall yield from 9.
Treatment of 11 with trifluoroacetic acid (TFA) in dichloromethane

affordéd Argdinisskatode bevin © 7prpfetd biStep- bitherteorb oxyhationcesses as
Walnedhpleitel aftaesiiip@ RENIOT: IEINSTalHATI AOR. cJR8 AW Formula 11,

ketone lid ié’aest%%ecr  10,acetoxy ketone lle by substitution reaction
WO 2008/122 T/EP200S/053515 - 14 with sodium acetate in DMF

at roo tem eragﬁ:e £StE$ Afte c%setsallltzatlon from _ethyl ds of
acetatelhgptane, the acetoxy ketone Ne Was ob Wé]dr?#%&) {fdfompounds o

fitly, it was found that lle can be precipitated directly from the
reaction mixture by the addét}_Pn of water. 5 Scheme 4 Step 1 Step 2
PivCI CO HZN~N~ pyriding 6N N cat. PdCI2(PPh3)2 N Br CH2CI2 0 oN'

Br Et3N 4:1 DMF: I\/Ie@l'dl \[ k{\

wherein R’ is lower alkylcarbonyloxy or halogen.

The preparation of compounds of formula Iic can be performed according to
schemes 4 and 5 below,

In Step 1, the amino group of 2-amino-5-bromopyrazine (1) was protected with
trimethylacetyl chloride (pivaloyl chioride; PivCl) in dichloromethane to give amide 7 in
90% yield. Palladium catalyzed carbomethoxylation of amide 2 {step 2} was carried out
in a mixed solvent of dimethylformamide:methanol 4:1 under 500 psi of carbon
monoxide in a Parr reactor to give methyl ester 9 in 84% vield. In Step 3, Claisen
condensation of methyl ester 9 with the enolate generated from tert-butyl acetate by
treatment with lithium bis(trimethylsilyl )Jamide (LHMDS) gave keto ester 10. After
extractive workup and solvent exchange, the resuiting ethanol solution of 10 was treated
with N-bromosuccinimide (NBS) in the presence of a catalytic amount of lithium
bromide to give bromide 11 in 95% overall vield from 9. Treatment of 11 with
trifluoroacetic acid (TFA) in dichloromethane afforded a-bromo ketone Iid in 97% yield
(Step 5), the decarboxylation was complete afterstirring at room temperature for 40h.

The a-bromo ketone I1d was converted to acetoxy ketone Ile by substitution reaction



Step 3 { LHMDS NTN' tBuOAc NN N C02Me THE Nf CO2tBu O 9 10

Step 4 Step-5 NBS H cat. Liar N\/N\ Br TFA 0 N COtBu butanone O 2
WEHERN231E Step 6 H NaOAc H O N-IN' AcOH >1Y N~ N_!'pQMNeBoiRMbs1s

Ny'OAc O O lid lle

N-[5-(2-Chloro-acetyl)-pyrazun-2-yl]-2, 2- dlmethyl propionamide (lIf) can

bexhdiseatly abiaingd from theomnathyhpstenShyEaantianw @Hfstalimatmn from

it 1 ( 5). .
e A O B R g
T e TR e ﬁ?@w@ S by the addition

of water.
Scheme 4

Step 1 Step 2

PivCl CO
2NNy pyﬂdlne j\rr cat. PACL(PPhs),
e T, e

N Br CH,Cl, Et,N
Br 4:1 DMF:MeQOH

1 2
Step 3

Wby R i

i
CO Me THE /\H/\CO tBu

° B 10
Step 4 Step 5
NBS
cat. LiBr \[ ]\H/L '%“FA
m——— R
butanone CO,Bu CH Cl,
11
Step 6

>LW NaOAc >IYH
(AOH NNy
)
\E j\ﬂ/\ 0 \]:N//\]/\OAC
lie

N-{5-(2-Chloro-acetyl)-pyrazin-2-yl]-2,2-dimethyl-propionamide (IIf) can be
directly obtained from the methyl ester 9 by reaction with bromochloromethane and

activation with butyllithium ({see scheme 5).



9 114 In another embodiment, the invention relates to a new compound of
the formula CH3 /NN H3C/xH3C I IC O N CI OH 5 In a further
WeMpBHiENt, the invention provides a process for the prepaFAtidRPEpHE/053513
compound of the formulaH N -.,I N lll. H3C O SNIOH O O C1 OH
comprising the process according to claims 1 to 11, followed by a)
reaction of the diol of formula la H Rhesd\bfa N OH 10 OH wherein R is
lower alkylcarbonyl or an amino protecting group, with 2,2-
dirnethoxypropane to form &r-Heetal and deprotection o;f }he amine under

basisi. conditions to obtain & édhipoundokfeamula WO 'k
PCT/ER200 /o§ 515 -16=HZN-NFH—N~p—B~EH3 o Z
NTCo,Me THF N c
o)
9 i

In another embodiment, the invention relates to a new compound of the formula

CH3 h
HSC N N\
H3C & \[ P Ic
N Ci

OH

(8]

In a further embodiment, the invention provides a process for the preparation of a
compound of the formula

H
NNy,
. T i
H O =
s N OH
7N\
cl OH

c G

comprising the process according to claims 1 to 11, followed by

a) reaction of the diol of formula fa

N N
R” =
l fa
-
N OH
OH

wherein R is lower alkyicarbonyl or an amino protecting group, with 2,2-

10

dimethoxypropane to form an acetal and deprotection of the amine under basic
conditions to obtain a compound of formula
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CH3 b) condensation of the amine of formula IV with the carboxylic acid
of formula OH V O 0 ClI H3C~S 0 iii or an activated derivative thereof to

WQpeas 1" amide; and 5 c) hydrolysis of the acetal under acRiT/EP2068/053515

conditions. 2R-(3-Chloro-4-methanesulignyl-phenyl) -3-cyclopentyl-N-
[5-(1S,2-dihydroxy ethyl)-pyrazin-2-yl]-propionamide (the compound of
formula 11l) was found to potent glucokinase activator. Compounds
that activate GK, and thereby i creage the sensitivity of the GK sensor
system, are useful in the treat % h perglycamia 1o characteristic
of all type Il diabetes. Glucokinase activiatorg-will increase the flux of
glucose metabolism in a-cells and hepa which will be coupled to
increased insulin secretion. Such agents ate;?ghui‘ useful for treating type
Il diabetes and other metabolic disorders. In step a), the 1,2-diol. group is
protected in form of a cyclic acetal. Reaction of the 15 1,2-diol with
dimethbsgsiapatenpbtidasing otonuvibne’ pidrehashybhelieadtdod fermula
carried out in the presence of an acid catalyst such as p-toluenesulfonic
acid (PTSA) or camphorsulfoni¢g’acid (CSA). The acetals are stable to
most reaction conditions except\proti acids such as aqueous acetic acid,
agueous trifluoroacetic acid and hydrochloric acid and Lewis acids. Thus
Pas potassium 20 carbonate
n of the amine. For the

which is used for the subseque
condensation in step b*)‘gﬁn@ 2\
formula V may be employgdyfor example a protected ester or acid

chloride thereof which may be prgbared by methods known to those

skilled in the art. Preferably, an acid WO 2008/122511

PCT/EPROBR/058bde ivatvehiloriers &7 théaicid offodeiuady may be used

and the coupling will be carried out in the presence of a base such as
pyridinehgrmmaropyiazietal hedacic chidarideicande prepared by reaction

of the compound of formula V with oxalyl chloride or thionyl chloride in a
suitalir-splganirsuchashdiehldronybthians! ) -3-cyclopentyl-N- [5-(18,2-dihvdroxy-
ethyl)-pyrazin-2-yl]-propionamide (the compound of formula 11} was found to be a
potent glucokinase activator. Compounds that activate GK, and thereby increase the
sensitivity of the GK sensor system, are useful in the treatment of the hyperglycemia
characteristic of all type II diabetes. Glucokinase activators will increase the flux of
glucose metabolism in [3-cells and hepatocytes, which will be coupled to increased insulin
secretion. Such agents are thus useful for treating type II diabetes and other metabolic
disorders.

[ step a), the 1,2-diol group is protected in form of a cyclic acetal. Reaction of the
1,2-diol with dimethoxypropane provides a 1,3-dioxolane. Preferably, the reaction is
carried out in the presence of an acid catalyst such as p-toluenesulfonic acid (PTSA) or
camphorsuifonic acid (CSA). The acetals are stable to most reaction conditions except
protic acids such as aqueous acetic acid, aqueous trifluoroacetic acid and hydrochloric
acid and Lewis acids. Thus the acetal will not be attacked by a base such as potassium
carbonate which is used for the subsequent deprotection of the amine,

For the condensation in step b}, an activated derivative of the carboxylic acid of
formula V may be emplovyed, for example a protected ester or acid chloride thereof which
may be prepared by methods known to those skilled in the art. Preferably, an acid
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5 In step c), the acetal protecting group is cleaved under acidic conditions,
for example by using hydrochloric acid to obtain the 1,2-diol of formula Ill.

WOrRWBsHenel6 below, the process for the preparation of the cOMFALRIAISNS3515

formula Il starting from a compound of fermula la as prepared by the
enzymatic processes as defined herein before is illustrated. 10 Scheme 6
&EMWQM%%RMMMMM% Osel QA B e NOPRIQHRATIAE cOHe L3P in the
o el S IR o el L i g prepared
%E?BﬂBOvﬂ%%é@W&%%“gw%g FRHEY Y hal??%iﬁ?o%ﬁfﬁmﬁgﬂ?ﬁ% in 2
200&)t 20511t PCT/BRR2ADs/0888 KB .18 Examples Example | Preparation
of acetic acid 2- [5- (2,2-dumthylpropionylamino)-pyrazin-2-yl] -2-oxo-ethyl
esterlh s&tep) Lt repaigtioncofing group is cleaved under acidic conditions, for
E\Lz{éﬁl&%{z‘ Qs M‘@c‘ﬁ(@i@’o 2himetnipranionanide d2rmuta I11.

in scheme 6 below, the process for the preparation of the compound of formula HI
starting from a compound of formula [a as prepared by the enzymatic processes as
defined herein before is illustrated.

Scheme 6
H Me,C(OMs), H
R\H,NKN\ PTaA RTN\EN\
—— 2

@]

OH o\ik
7 12
OH
ls) 13
\“S G

NieOH HN. N I H

K,CO, Fy \[ \j\(\ G G H{CoCh, N EN\
——— =
N ~J O \[ =
o O iy aminopyrazine > N]\fo
“f\ pyridine o i O“]K
v

14

0=

III

The following examples shall illustrate the invention without imiting it.
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A 3-necked 1L round bottomed flask equipped with a magnetic stirrer,
thermometer, condenser and nitrogen inlet/outlet was charged with 50.00

Wg gﬁ /ﬁlz mol) of 2-amino-5-bromopyrazine (1), 218 mL of

orome%hane and 30.50 mL (377.1 mmol) of pyridine. THen- 36285513
(319.1 mmol) of trimethylacetyl chloride 1®+PivCl) was added dropwise
over 5 min. An exotherm ensued that rals%d the temperature of the
mixture from 22 C to 44 C. After stirr . 40 C for 2 h, HPLC analysis
indicated complete reaction. The reaction mixture was diluted with 200 mL
of ethanol, then concentrated by diStHRERn at atmospheric pressure. After
240 mL of distillate had collected and the temperature of the mixture
rBauhedies o atol aridot-Watewhis etidedoriosidwiyingh erméirtaihigoxo-ethyl
the temperature of the mixture at ca. 6&i&r. After the addition was
complete, the resulting suspension was allowed to cool to room

teiperatube-anch stired avermighl e solid wagcallactsd b filtiations)

washed with 100 mL of ethanol:water 1:1 and dried by suction to give

67.08 g9 4% X@%Qh@&%@&&%@?%ﬁ&%@éﬁ Hght }?ﬁ éPLMB 21%

pure as determmged by HPLC analysis 0 column orbax c |pse

XOEEEKE CBEA A1'S Wfﬂgf‘éma f%%’é%aéééﬁé FREHTEAAEN0 £ o o
THEACHek %mmlgﬁilmmzﬁr?@mééﬂb 7 bt gV oBbdvoreetethtion dimMé®52anL

MHA, 1 Siepld oP epdiadiorhes, 39.30 mL (319.1 mmol) of trimethylacetyl chloride
?gﬁ%@ﬂ%‘%ﬁéﬂ:&’E{?Bﬁ%é’é&g%kﬂ%ﬂ%{fﬂa AesArAIRoIe e Melh h¥iqe%%$1peramm

mL Parr reactor was charge 58.11 mmol
ﬁ%dﬂ%&’rﬁérﬁ}]éﬁérgdtﬂw‘létef) fif tfé %@rfﬂs ‘tﬁi“zt‘g? 81y orhEthGrigrlysis
@Tdmmcgﬁlﬂmwﬁonnﬁm devIF) 6112 Ovm gl {0108 F2mEfd inbfof ethanol,
kﬁh%ﬂ%h@élﬁlﬁk&ﬁ&h&ﬂﬁ)lmﬁl@Qﬁ%h@i.‘iﬂ'&ﬂdﬁr@ﬁdr@ %@Qm@o(ﬁi%? MROe had

H&?«I an h% te n%r%?%%f\% 1 Dlgtrtgr%q*etggige%\gg b(fl % %\ﬁater yas, added

pressurlzmg It follo ventlng it to atmos eric ressure

R Eardols memnGinies ’f*ffet?ﬁmﬁﬁf*éu\mf H&aﬁ@&%@@ e, aﬁtﬁlsé%frrmfgaé@mon
506 cpmplthertipressimizediwithsCO ta&0Bpsilfar 4B hohH&LT tamglyaisire and

'ﬁgk%@t@%%mﬁ@lgetfﬁﬁﬁmﬁf &iﬁ@@@@&%ﬁ%%&%&%@%fd@mf

surjze n nents re lra n

(?f ]‘Tasekr gl’ﬁ%nﬁieg% (‘)Er% as rlnseg %ﬁ%ngg tC?‘HI?/I\L—I heerfh%ee
%§%§B4r%§r?s?§ﬁ*@b€t%ﬁﬁfélﬂa%ﬁ<?*r"(?éﬂl,f%srﬁﬁf@ﬂwaﬁtérbwﬁ?i/@@nahfﬂs {(HPLC
20081122511k POPLERPEOBA) 3351 50 18, ddtladch, Aften coalngitactaatirile/water
temperaitke e ieauling solidiwag cellsgied By S atioN WARRESINS 0n),

mL of DMF:water 1:1 and 50 mL of water and dried by suction to give

Step 2: Preparation of 5-(2,2-dimethyl-propionylamino)-pyrazine-2carboxylic acid
methyl ester (9}

A 300 mL Parr reactor was charged with 15.00 g (58.11 mmol) of the compound
prepared in step 1, 16.80 mL (414.8 mmol} of methanol, 67.20 mL of
dimethylformamide (DMF), 61.20 mg (0.0872 mmol) of bis(triphenylphosphine)
palladium dichloride and 8.900 mL (63.92 mmol) of tricthylamine. The reactor was
purged twice with nitrogen (by pressurizing it, followed by venting it to atmospheric
pressure}, then twice with carbon monoxide. The mixture was heated to 92 °C, with
stirring at 500 rpm, then pressurized with CO to 500 psi for 18 h. HPLC analysis
indicated complete reaction. After cooling to 65 °C, the reactor was depressurized and the
contents were transferred to a 500 mL round bottom flask. The reactor was rinsed with

30 mL of DMF and the rinse was also transferred to the flask, Then, 8¢ mL of water was
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11.56 g (83.8% yield) of the title compound as a light beige solid; 100%
pure as determined by HPLC analysis (same conditions as in step 1,

W&é&{é}%} me 3.46 min). 5 Step 3: Preparation PCT/Eonﬂsmwsui

dlmethyl propionylamino)-pyrazin-2-y1]-3-oxo- propionic
acid-tert-butyl ester (10) A 3-necked 1-L ¥dund bottomed flask equipped

with gnetic stirrer, addition funnel, thermocouple robe and njtro
FASELARS28 BHe R TREST0 e S AR O e BRI A R rion,

2006484 . JDmnol Y of theatom pourtiStrepasédrites tey 2riQ! dmdROonlicfive
Tlﬂ BoAfteB 80plIRUII 20 Gl stuitiamatd@lidhiie(Z6HiMmBl g dOM
%mxglsé W—?Egﬂtt%% S1s tdgngle‘@(!a\{l]?i 1'1@ ;Lrsl_llg s eas}alde & 19{10 ﬁ’lvésf 8 inj.
hile mainta ining the témperature of the reaction mixture between -2 &
gC[; The 1resuglg:ﬁ EE[;J utlot as stirred at.-20 C for 40 m HPLC
ﬁy&sr ndicated co pI e reHeli’gtl e was Yrﬁ(%]\}@e Wé)rr% to
@I@P%ﬁ Yidrehdubl e Aldition of 15 pre-cooled 200 mL (260.3 mmol)
of 25wt% citric acid solution. The organic layer was separated, washed
with 23200 ket bi saturdteetsouidiiashloridersdlutidreandz woncenteateddition
%&%Qiﬁ&mmn@}ﬂd&l uﬂaﬁmfr@gerﬁ&mleumem&m@t@dﬁom@m (185.5
s dbied MIRA90. I S Mhianans g 9PN ONCOIIRNER L0 /00 2
tréte was again diluted with 506 mL of *

0 ca. he conce
Bf]@a?-i%% ghd Iégné@ﬁ’fr%ﬁ%]d“&ttQU% @18@%%%%@5%%%% éanm@ of
mRAMNMRanblysisiedightet) thedbdéneds] THELT hesredditinydywtanonkile
I%%H‘i@ﬁltﬁfvtﬂ?? g@lg;c@mmm%@g@wé@? Eecyuphenexs stehg %tgp ‘%“he
reparation o romo- m ropio |no raz n-
6§<Soﬁgr§pr|8(rl1 ic iaLfcttll(()jnter?t‘s E[r Cés ergg)ll %‘1 IrIgu n%Y%t ﬁm i Complete

Exfsippred %mtﬁ%tﬁfﬁgﬁét@él%w%ﬁwmr@e@ v&hﬁﬁlgyem tleo gletition of
mrobodfdifitiumibiasnislenand thé Butdn ene satidion ahtaiéd i:rr@ﬁeip [Byer was

A0 ol sonnEs 2GR0 B0
BT eLdr BT an & 2P R o) 7 SSRTidRg Hiskishatir

wa&cahﬂ@a‘fa%?é)ﬁdﬂ@@ﬁ@@p@gﬁwmmw mwaﬁ@mégué@urmﬁﬁ@@m8<’ to ca.
portionWise-withr-aarefulkeaatioaimeditomngdoynd RifG uAfierstring 3@ &k ated at

HOOIR, IMRGEALYES, f%ihl%e'%?!nc 1%'6%/[?'%\’W%%Eﬁ?gﬁqw&%{?drﬁ%céb‘%@nge%% THEF.
action mlﬁiure Wasm$ncen ed at 25 C/25 minHg to a volume of ca.

PESHHSS BHERRAPSAH 11D PhIDSHEHh P RESARE B Wel Aaacwit e 16y step-

mL L of water. After concentration at 35 C/60 mmHg to a volume of ca.

StF il RFeTeionng ShepBhstor was dthed iroT MBI et and -3-
recconepntrateddoaavaltinatef CHL)90 mL. Then, 200 mL of heptane

A 1-L round bottomed flask equipped with a magnetic stirrer was charged with
73.00 mg (0.841 mmol) of lithium bromide and the butanone solution obtained in step 3
{ca. 100 mL), which theoretically contained 27.09 g (84.30 mmol} of 3-]5-(2,2-dimethyl-
propionylamine)-pyrazin-2-yi|-3-oxo-propionic acid-tert-butyl ester and ca. 73 mL of
butanone. To the resulting mixture was added a total of 15.16 g (85.17 mmol) of N-
bromosuccinimide portionwise with careful reaction monitoring by HPLC. After stirring
at room temperature for 1 h, HPLC analysis indicated complete reaction. The reaction
mixture was concentrated at 25 °C/25 mmHg to a volume of ca. 70 mL, then diluted with
130 mL of ethyl acetate and washed with 3 x 100 mL L of water. After concentration at
35 °C/60 mmHg to a volume of ca. 90 mL, the resulting suspension was diluted with 200
mi of heptane, and re-concentrated to a volume of ca. 90 mL. Then, 200 mL of heptane

was added, and the suspension was again concentrated to a volume of ca, 150 mL. The
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35 was added, and the suspension was again concentrated to a volume of
ca. 150 mL. The WO 2008/122511 PCT/EP2008/053515 20 solid was

Wg*lg 8(}94 %ﬁgd by filtration, washed with 2 x 50 mL of heptan$ &L}g drieg

by, -
suction %o give 32.16 g of the title compound as a light yellow sollé);zg(g%/%gh
pure as determined by HPLC analysis{FPLC column Zorbax XDB-C8, 3x
100 min, 3.5 m, eluent 20-100% acetonitrile/water + 01.% TFA over 10
ARbCar & e Frilfc e RichorR e ns viashob a2 reb8ribre tinsatons angidyied by
Stepo: tergpabationzaf the title compound as a light vellow solid; 98.7% pure as
Nelorkauoma-aeeid-pyazkEcy lst.adlimetiy-ernpienamide (id) £ im,
5{)0 m%{){?#p(g bot%omtéfgplask e%glpg}e itham dqi]etlc rqi%rrer and detection
fitiogen intetSGitWaS dhidrged with 3215 Y (G018 Moy of fHg detection at
EOMPYURE- prEpaled st p2aming 90 mL of dichloromethane and 56.20
mL (756.6 mmol) of trifluoroacetic acid and the reaction mixture was
$Stirred Btapomicempirabui? food0 e ¢4f)-Cy evaly 3isi inditalied- tephpplegtenamide
rgaption. The reaction mixture was concentrated at 30 C/30 mmHg to a
volume of ca. 40 mL, diluted with 200 mL of toluene, and concentrated to

a volumaet, 8o aldBb s R deruiing sipey was.diledwith 100, M Qlosen
toluc-]'ne and again 1% concentr te&léo_ volume of ca. 50 mL. After dil tlng
U 051 RIS b S Wels EOMSUGH By RFERGHT A R B e 4
Sleubrtdighleromabap¢aeBos.yietal. 6 1hé tiaoborhpoilimd asigelisvend the
selidio91islirputs as determineddyidRtCeanalysis (SANIR.condtians As

0, SIER @ -LElGRHORHIME £;48 D), SIER 8 Franaration §f RSehc a6, ik

2-[5-(2,2-dimethyipropionylamino)-pyrazin-2-yt]-2- 20 oxo-ethyl, estef a)
X erﬁf%&Hd%f%)mé%wég%%%mybaimﬁﬂ%%ﬂigﬂ%fr@graf?éﬁoaa e of
funplemithéhnosoliple Probesand hitregenhiné/odtlet whischardedaivith
ARkt 46 86 nymeh: of @z@@ﬂ%ﬁgiﬁﬁéfl@élf@dﬁ(s%f@ﬁﬂ Eli@rlﬂﬂe@@@;ga@ 83 solid
i tate, The . 7. COMmpo :
B e e R P A rine
FOBHABRAAESHS Tor A adchfdhare rs ARt irdipEisindicadss (same
comipliets reactio. 4 he seaatiomanixitdrenwas diluted with 350 mL of ethyl
acetate and 100 mL of saturated sodium bicarbonate was added with
StipiigP reheratiganitaayerands -§epa attichcdndhedwiiiad xdOpymkiofR-yi]-2-
wajerandeqnggntrated at 30 C/60 mmHg to a volume of ca. 60 mL. The
resulting slurry was diluted with 200 mL of heptane,

A 500 mL round bottomed flask equipped with a magnetic stirrer, addition funnel,
thermocouple probe and nitrogen inlet/outlet was charged with 4.40 mL (76.86 mmol)
of acetic acid, 140 mL of DMF and 7.000 g (85.33 mmol) of sodium acetate. Then, 23.30
¢ (77.62 mmol) of the compound obtained in step 5 was added portionwise over 45 min.
After stirring at room temperature for an additional 1 h, HPLC analvsis indicated
complete reaction. The reaction mixture was diluted with 350 mL of ethyl acetate and
100 mL of saturated sodium bicarbonate was added with stirring. The organic laver was
separated, washed with 3 x 100 mL of water and concentrated at 30 °C/60 mmHg to a
volume of ca. 60 mL. The resulting slurry was diluted with 200 mL of heptane,
concentrated at 30 °C/60 mmHg to a volume of ¢a. 150 mL, and stirred at 50 °C for 30
min. After cooling to room temperature, the solid was collected by filtration, washed
with 40 mL of 10% ethyl acetate in heptane and dried by suction, then under reduced
pressure (house vacuum; for 24 h, to give 19.52 g {90.0% yield) of the title compound as
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30 concentrated at 30 C/60 mmHg to a volume of ca. 150 mL, and stirred
at 50 C for 30 min. After cooling to room temperature, the solid was

W Squggﬁg % filtration, washed with 40 mL of 10% ethyl acetgt&])ﬁ %ﬁ@g{; 15

and rled y suction, then under reduced pressure (house vacuum
h to give 19.52 g (90.0% yield) of the titkd compound as WO 2008/122511

P2008/0 3515 -21 an fwhlte % ure as determined
9 SHERSR %(éérﬁé’%%a&u GHERL %{&@% i HiPRS %O?g]ﬂ%‘ﬂi as in
W]NMF@@MS@@@)‘) 1dmims, 1H), 9.37 (d, 1H), 8.89 (d, 1H), 5.48 (s, 2H),
2.14 (s, 3H), 1.25 ppm (s, 9H). 5 Example 2 Preparation of N-
[5L(Xehicioraserd) piiazins 2L) -2, 7 dimBthy B SioplohEniitlé(11§) 2R, 2.14 (s,
3rnegkedslk roung bottomed flask equipped with a mechanical stirrer,
addition funnel, thermocouple probe and nitrogen inlet/outlet was charged

with 24.10 g (102 mmol) Example 2
5-(2,2-dimethyl- proplonylamlno) pyrazme -2-carboxylic acid methyl ester

(gﬂéré:%a}tt IERAE SIQf"X Segyraz%qu@ E’fotcH mét?inldgro Qg}nanude (I1f)

mmol) of br mochlo omet ne was a er coolin

usmga -90 I%pane liquid nitrogen cooling b th asolu ion.of, 100.
(250 i 7S Bl GO Bk R aa%letﬁnﬁr&at\}\}/fsaieSt]rﬁeféd&dmon

ium in
Haifitee e ﬂ?é‘?gﬁﬁéddﬂfﬁ‘é%?éaéfr&@%%m@ %ﬁwdzvehﬁﬁéﬁ g (102
anaties-13,0 di {231 prepal) dhbrieniochiarmmethane whs atttied b ester (

lowed Ry the, dropwise 9%@9&%%@@?55&%%%@6@ e & 2. 6M

ut llithium in exanes ‘?ﬁ mgth temperature of the re Lﬁ? J

Lo et AN A St ELE Pt Hoegg i
miixogea veripplee slovidyiome300-hnL(SU0 mmeol) of N M/brodhibrien in
aeid ran ey stieditdal i pvidl ambieni iar pes abuiBer T e B xkure wastheixture
Qé‘”ﬁw ?%C?Qé@éﬁgt}{&d?’ y %&‘w‘%ﬁ% d?éﬂ"ﬁl%ﬁ@i%gr%%&ﬁﬁ% Wel eidded

isolated by filtration, washed with Wa& an lp%suctmn to give 1

iPUP S ot 24P BATER S5hd G184 r@*&?@&éﬁﬁ{w&aﬂaf}}ﬂhm
HPleG nerlysis dhisg chadenprodtiot; ¢0Begeavtiosiumkedeint 100 mL 6. HPLC

ﬁmls@scﬁz‘gﬁ?t@ﬂQgﬂ%l@i@%ﬁ@@oﬁuﬁﬂ)@&ﬁ@ﬂﬁ&ﬁﬁ@wé@%ﬁﬁg s':l@vml— b 300 mL
ane as,then c ltration, washed ,wit
égﬁt % ?RJ’I 1o och T1C d(:]élfe ne WAITH UL 0 ﬁr&béerlﬂt %gr?gggamure

ptan ethyl acetate 1 ysuctlon to give

ViRfdy B the e bhe ket 5§%W%¥ﬁﬂ@%ﬁd’a§@g@%&ﬁd@%@fa@@éwmﬁéafids
byrHRUGdalysisation, washed with water and dried by suction to give 19.42 g of

crude product as a light orange solid, 91.5% pure as determined by HPLC analysis. This
crude product, 19.0 g, was slurried in 100 mL of ethvl acetate and the resulting
suspension was diluted with 50 mL of heptane. The solid was then collected by filtration,
washed with 2 x 50 mL of heptane-ethyl acetate 1:1 and dried by suction to give 13,5 g
(53% vield) of the chloroketone as an off-white solid, >99% pure as determined by
HPLC analysis.

'"H.NMR (DMSO-ds): 10.71 (s, 1H), 9.35 {d, 1H), 8.94 (d, IHL 5.20 (s, 2H), 1.25 ppm
(s, 9H}.

Example 3

Fermentation and Biotransformation

2x 500ml baffled flasks containing 100ml of 5085 medium comprising per L de-

ionized water: glucose 20 g, yeast extract 10 g and soytone 10 g was inoculated with I mL
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1H-IvMR (DMSO-d6): 10.71 (s, 11-1), 9.35 (d, Ili), 8.94 (d, 11-1), 5.20 (s,
2H), 1.25 ppm (s, 9H). Example 3 30 Fermentation and Biotransformation

W %%%gﬁ@kﬁafﬂed flasks containing 100ml of 508S medium C%@W&i%égg 0%55 5

ionized water: glucose 20 g, yeast extract 10 g and soytone
was inoculated with | mL WO 2008/1225%1- PCT/EP2008/053515 -22 of a
frozen stock of C, parapsilosis R 2599, The flask is then incubated at 27 C
fé?ra%”ﬁ&ﬁg‘ifh"é#'é’r%i‘{‘gf%ﬁéﬂéé?% -%*fz%*f%m.f%ﬁ{éll&@?ﬁ%ﬁ?s%ﬁifh&ffagﬁz
araithen pooldddhtbalestitaplehasulaiioncflaskobmd tho fakktett ithen #obid into
tesmentencantatiingl &k HiRRumedium onprisiig:pRY Lolerianzed. of YSD
WR Y '&698?%&90 YeARL XA, ﬁ?ﬁé&%@?gﬁ%ﬁé&@&%ﬁqﬁ?& DIYOASHe 10 ¢

base without amifio acids 6.7 g and Shell Aseo oam 0.3 ml. THe

SATL IR SRS R BRSO RS Rt At #tigoam 0.3 ml. The
thsselved oxygemwas weaintaindd ibovd S0p6biuauidrifatitiadjustmentofvas
ﬁﬁ{j&%@ﬁﬁe@%%ﬁi&@?%w%;ﬁﬁt%’@%‘u@ﬂ%&@@@éﬁfi@r%%%/%ﬂg?@ged, pH was
aaal 0] (1] V. ammonium. ro, @etano !as usin
O o R R RS S

bR aTER VRS ARasEtETG R EHME drarfel VAR AaVTiHise P9 hedvation 1.5
176 Brgtbfwacsticeaeitland cthanol feeding started. After a further 2 hours 175.5 g of

clRid 2 2adimethy IR IRV AR - ¥l 2roXOrethyk 8SE8HT ester (Example
ﬁxgmgé% g{) was added as g,suspension in 875 mLfof Yvater to give A,

e aRaeT et S BT S0R" GG Brcieit & hplibErebibie
é‘f‘iﬁ’li@é‘ﬂ‘@&"}‘Wﬁl@*’fﬁ’&éﬁ@?ﬁqim‘@@iﬁﬁd @palyzed by HPLC to determine the titre
(B N-16-(2:2-dikayiely deyeethiyilpyyazimyl- 2, 2-dimethyl-propianantide {7nd also
T P e g R e e e
u ur. . I was | IV .
Rt e RO T 0 o178 C AT 40 W Ol TG TSRt S 30
RIDIBES-Diol Time (h) (gIL) (%) (%) 11.033.4 2017.01 ~.

Table 1
Reaction Diol | R-Diol S-Diol
Time (h) {g/L) (%) (%)
1 1.0
3 3.4
20 17.0
24 17.0
26 17.6
44.5 27.2
51 32.3
68 30.7 3.6 96.4
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24 17.02617.6 445 27.2 51 32.368 30.7 3.6 96A WO 2008/122511
PCT/EP2008/053515 -23 Isolation The heat inactivated broth as

W@%@%&Qﬁfove was used for product isolation. 4.23 L brot MRS 2008053515

cent on a laboratory centrifuge with swing-out rotors (3500 rpm, 15
min). The opalescent supernatant (3.6049) was removed. The pellet was
re-suspended in 5 0.8 L water and cltgqtrggged, giving 0.76 L turbid
supernatant. The unified aqueous NS were extracted three times

with ethyl acetate (each 9L). At the first extraction a spontaneous phase
sepa?ﬁ%h%&a?ﬁ%ﬁt%? lm%z%é&ahalgféaﬁﬁgﬁ 45 SRR %Ctdb‘tgiﬁ%%t.4-23 L
rivaherglstofr iveshrokel sy awisingini2ge tydicalitesspeen piss A opm, 15
eganias d2:333001R)andfiligring theJnixtue vadvato (ritkex iken flatded in
/ , ghe third.¢ [ fas tion-was
e e O P ooy

VAEHE ST A BB ALY %‘F&J&B?W@%ﬁh&bﬁ?&g e Rlike it With e xtraction a
spooascofislivaliesspeedqlusfittered bnd spadel gpttecti@0ab coorsentrate

%Ttﬁiﬁiéhy*]{%i%ﬁtﬁsibrﬁ@J&@&‘&@H@Eerdﬁ&md@iﬂf%@;%Adﬂzzgiﬁélgﬁi&i fTls Pacros

mple ent was dried and showed following analytic :
%5& e SReA S SO B AR o).
2050 i ,@(ﬁﬁct&aéﬁﬁ%@%@/&%ﬁ&ﬁﬁm@ﬂm@w@.1%@ TRARRE? EONIN
atthauis feir, [detiedtion! ab hdVr300 muacetentiandime 4:26aniv)y ILhOYo wentrate
RychirrbRREGeabupRs GhirRlipak ARH,18luanL-20% £1hanol80%.00 1.
acetorltll;[glflg a'% | n L m{m, 4C€) B éjg(t)ecgot? at LW 237 rlﬂg Ve'lt\%g%%g g%e:
STETT ( RO A a6 i CEANE15. O SR (M ey 10,15

(s, 1H), 9.18 (s, 1H), 8.4 (s, 1H), 5.54 (d, IH), 4.72 (1, IH). 4.63 (dd, IH),

3.69 Mmai? 9lER NS TALES SR A Nt (SR ospha R Bt -

(MR CIo PN 288y B eclxartipley 4 Phige doate Muttileriziyfiiddic reastion asn, 5 um,
51@691pi(ﬁggi%@gfgnitri].e/wawr + 0.19 TFA over 10 min at 1 mL/min, detection at UV
2obPr(g; 2 imefirylpropionylamipopyraginavll-2ne &M Chiralpak AD-H,
eluent 20% ethanol/ 80% acetonitrile at | mL/min, 40 °C, detection at UV 237 nm,
retention time: 18.14 min (R-diol} and 20.86 min (S-diol}}.

"H-NMR (DMSO-de): 10.15 (s, 1H), 9.18 {5, 1H), 8.44 (s, 1H), 5.54 (d, 1H), 4.72 (t, 11},
4.63 (dd, 1H}, 3.69 (m, 1H}, 3.53 (m, 1H), 1.25 ppm (s, 9H).

MS (Ton Spray): m/z 240.1 (M+H for M 239.1).
Example 4

Large scale multi-enzymatic reaction

50 g of acetic acid 2-[5-(2,2-dimethylpropionylamino}-pyrazin-2-yl]-2-oxo-ethyt
ester (178 mmol) was stirred in 150 ml tert-butyl methyl ether (TBME). Subsequently
the reaction buffer, 674 mL 20 mM of 2-(4-morpholino}-ethansulfonic acid, and 100.1 g
of D-glucose (658 mmol) were added. The temperature was adjusted to 29 °C and the pH
to 6.25. The reaction - deacetylation - was started by the addition of 2.01 g lipase AH.
Directly afterwards, 40 mg of glucose dehydrogenase GDH 102, 201 mg of ketoreductase
KRED 101 and 202 mg of cefactor NADP were added to initiate the asymmetric
reduction. The reaction temperature was increased up to 37 °C. The stirred suspension
was maintained at pH 6.25 (and 37 °C) by the controlled addition (pI-stat) of 1.0 N



10

15

25

" ester (178 mmol) was stirred in 150 ml tert-butyl methyl ether (TBME).

Subsequently the reaction buffer, 674 mL 20 mM of

ng %]%Qﬁolmo) -ethansulfonic acid, and 100.1 g of D- gluc &%ﬁg%ﬁfﬂ*%h

mmol) were added. The temperature was adjusted to 29 C and
6 25 The reactlon deacetylatlon was %*Earted by the addition of 2.01 g
A&’d |re aft (i %? e dehydrogenase GDH
% ftaeatit RED %Wal% Wit NRbP 10N
@llﬁdﬁé@%dﬁ.ﬁﬁf&%@ QWMQH@V@?}Q@U@W rEheipeaRtig e was stirred for
temparais & \Was iRergagact uptiac8dnGoT e Stistears sttt rwakled into the

malnaingd L Phh 8 AR %@@%@7 @);Q tfa@ﬁ?@mﬂ %@ g%@% =55 tn(?Lme was
1.0 N WQ 2008/1 qu%a?tg? TIE 2008/ 3515 -2 roxi

SR ABALE ottt bgtioh SPSRARE g mancously
Sddigpmhythoridenanthaite reonipledevorvarsionyshedisactiomixtaperated and

WAy tareﬁmgmermo;@mw e pmdugtc@m;a@ﬂ@mﬁg@@l@f digm
8‘&'1‘?&9;% g 591% nip e 4@%&99& Uy gs% dhthe, prpwas adiust %ﬁg,

e reaction mlxtur racte tlmes wit h

sfm*a?éé?&t@ afﬁf@lﬁﬁ%lﬁéwgéga%bﬁ 8@&%& YhBlitaH s il tection at UV
é6inbinedtorganitiphasesiwbre: chiied Gverhantiyadrdds Sddiung sulfafeym, eluent

SUWH@@Q@E@I@/ fﬂﬁ%@[ﬂgﬁ@ﬁ@ff@f mgln}\t'ex‘lﬁ(ﬂﬁg} athi mL/min, dete_céion ft UV 240
iliydroxy-et az imet opionamide (4) .
%5% ?—f g purity. ?Jnﬁg cg) @{5 55 2‘2(% mX%E{% it A f? ¢ highly

éi@é%ﬁl’ﬂl te/water + 0.1% TFA over 10 min at | mt./min, detectlon at Uv 10

300 nm, retention time 5.3 min], ee >99.9% [Chiralpak 1A, 250 x 4.6 arm, 5

m, eluent 50% Heptane 50% Ethads#melhanol 1:1 over 20 min at 1

mt. /m|n detectlon at UV 240 nm, retention time enantiomers 9.3 and 10.9
uli & eoha o taligit ardngé vesieppsopilo EXamipte -Hvtarin-2-vi] -

SmaII scale reductlons of acetlc @Qgg@e[ﬁ\(?esler

2-dimethylpropiony]amino)-pyrazin-2-yll- 2-oxo-ethyl ester 2 mg of acetic

acid %’[éa(gf%c‘ém%gw IE[EP QfMﬁPH rﬁ%ﬁ%&&‘yﬁﬁﬁ%)%ﬁﬁmﬂ ﬁ?tf" oxo ethyl

were dis$ Ive nto feaction vials containin

%%ff‘zef 1550 SFBHSﬁﬁbC) SRS SREE ﬁ.}aio £2-
PRI 3 lrﬁgléfo;ﬁcb %m@xéﬁr%mgrm@bﬁ@ kehorsduttasea@eertalé, B)mg of
AeT2h 1he Teaghonswereliexiacted with OSATt@tbyliRcetate AMdvere extracted

analyzed, via ghiralHP h%%@y@d%i 91% H%%%% o it é\gso}g%%'ggg mm,

65% heptane 20% heptane +'0.1% T % _Iso- ropano
Nr.146, eluent 65% heptane 20% heptane + O 1% TFA 1 % 150-propanol, 40 °C over 15

min at I mL/min, detection at UV 210 nm, retention time enantiomers 6.2 and 7.2 min],

results see table 2),

Table 2: Selected analytical results of the formation of the corresponding acetoxy alcohol

{acetic acid 2-[5-(2,2-dimethylpropionylamino)-pyrazin-2-yl]-2-hydroxy-ethyl ester)

KRED Conversion ee
ketoreductase Area% acetoxy alcohol
%
101 33 73.7

107 0 n.d.
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mm at'1 mL/min, detection at UV 210 nm, retention time enantiomers 6.2
and 7.2 min], results see table 2). 25 Table 2: Selected analytical results

Wi o

iation of the corresponding acetoxy alcohol (acet
imethylpropionylamino)-pyrazin-2-yl]-2-hydroxy-e

'&5’[&'19?20 8/053515
thyl ester

FCRED Conversion ee ketoreductase Aféa% acetoxy alcohol % 101 33

73.7 107
68.4 112
79.5 Bl

0-p-d-WO-20081122511 PCT/EP2008/,

53515 -25.111.39

6

46.7 70.81113 28.5 70.4 112042.7 65.4
0.n.d. Example 6 Small scale multi en

| AIF 1.058.4. BID 13.6
zymatic reactions 1 mg

of acetic acid 2-[5-(2,2-dimethylpropiosglamino)-|;
5 ester (lle) were dissolved in 20 pl DMSO and added into reaction vials
containing 20 pl of;2spropanol
pH 7.2, 3mg of NADPH, 30 ul
mg of a Igetoreducigge (see ta

extracted

AD-H, Nr.

10.2 min]
-26 Table
correspo

yrazin-2yl]a2-oxo-et

Nyl

1.5 mlgf 400mM
of Lipozyme CAL

3 L [Novozyme] and

potassiugpphosphate

2

ble 2). After 16 h the reactigyg
with 0.5ml ethyl acetate and analyzed V

were

ia chiral HPLC (Chiraicel

417, eIu%tPQO% ethanol 10"/(1
mL/min, 10 detection at UV 210 nm, reténtion time enantioriiérs 9.2 and

ethano

, 40C overdsu min at
1.

AT N ANANO N4

resultseetabte—3).

WO-2008/122511

U TTEFZUUG/US 5919

1

3: Selec}tj’é&)analytical resultd b the formation of the
Aot LCQN. . cinl (AN WKDRIED Canvare inka-aa-dial
amg-(o=aior(4) - KNt CORvVErsion-ee€-0itorn
0 n.d.
Example 6

Small scale multi enzvmatic reactions

1 mg of acetic acid 2-[5-(2,2-dimethylpropionylamino)-pyrazin-2-yl}-2-oxo-ethyl

ester (Ile) were dissolved in 20 ul DMSO and added into reaction vials containing 20 pul
of Z-propanol, 1.5 mi of 100mM potassium phosphate, pH 7.2, 3mg of NADPH, 30 pl of
Lipozyme CALB L [Novozyme] and 2 mg of a ketoreductase (see table 2). After 16 h the

reactions were extracted with 0.5ml ethyl acetate and analyzed via chiral HPLC (Chiralcel
ADD-H, Nr.417, eluent 90% cthanol 10% methanol, 40°C over 30 min at I mL/min,

detection at UV 210 nrm, retention time enantiomers 9.2 and 10.2 min], result see table

3).
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ketoreductase Area% % 101 97.6 99 107 97.3>99 111 97.9995 112
97.8>99 11397.9>99 114 97.398 A1E 97.5>99 BID 97.4 >99 BIE,

97 . Example 7 Enzymatic reduction of

wo el P y 53515
N-Z[S-(Z-cﬁ oro-acetyl)-pyrazin-2-vlJ-2 2-dimethyl- 5 propiona?n(ljg/eE{)ﬁ%o?L/?g%h
g ofN-[5-(2-chloro-acetyl)-pyrazin-2-yl]-222-dimethyl-propionamide

(e ple 2,.5.8 mmal) was placed.into a reactor equipped with .

e IR & B TORUITHED HOURG i S 2l EbSRaa Mol
reaction buffer;-380miof 160mitpotassium-phosphate buffer-and-3-5-g
of D-glucose (17.7mMolPwere added “TREEPemperature ffasi@ldjusted
to 30 C andithe fkldocbistabhe asymmetnicaféduction was statted by the
addition of 25.mg of glucose dehydrogenase GDH 102, 100 mg of
ketoreductase KRED11@1 and 250 mg ofsgafactor NADP. ThegpH was
maintained at pH 6.5 (and 30 C)|by the controlled addition (pH-stat) of 1.0
N sodium hydroxide gelution. After 46 hgafter a total consumjpgon of 5.79
mL of 1.0 Nisodium hydroxide, the reaction 15 was [clarified by filtration.
Subsequently, the predyct was extractec};y\{gh 0.4 L|of ethyl geetate. The
phase separation occurred spontaneously. The organic phase was dried
over anhydfous sodium sulfate, avapora?tég and dried on HV8 er night.
1.42g (S)-chloro WO 2008/122511. PCT/EP2008/053515 -27°4Icohol

(97.7% HPLCpurity; {Sypiecusii Abz+,250x4-6 mm;etuent-35-90%
acetonitrile/water + 0:1% TFA, 25C over¥6?9 min at | mL/miri’detection at
UV 300 nmj-retention-time-5-6-min}-ee->99.9%{Chiralcel-©b-H,-260%4.6

mm, eluent 85% heptathe 1.5% ethanol ¥76201 M ammonium®cetate, 25
C over 25 min-at 0.8 mL/min, 5 detection-at UV 302 nm, retention time

enantiomers 6.6 and#15 min]) was isolat&tbas >99
BID 97.4 =99
B1E 97.4 >99

Example 7

Enzvmatic reduction of N-{5-(2-chloro-acetyl)-pyrazin-2-vl]-2,2-dimethvl-

propionamide (IIf)

1.5 g of N-[5-(2-chloro-acetyl)-pyrazin-2-v1] -2,2-dimethyl-propionamide
(example 2, 5.8 mmol) was placed into a reactor equipped with a pH electrode, a pH
controlled dosing pump and a stirrer. Subsequently the reaction buffer, 300 mi of
100mM potassium phosphate buffer and 3.5 g of D-glucose (17.7mmol} were added. The
temperature was adjusted to 30 °C and the pH to 6.5. The asymmetric reduction was
started by the addition of 25 mg of glucose dehydrogenase GDH 102, 100 mg of
ketoreductase KRED 101 and 250 mg of cofactor NADP. The pH was maintained at pH
6.5 (and 30 °C) by the controlled addition (pH-stat) of 1.0 N sodium hydroxide solution.
After 46 h, after a total consumption of 5.79 mL of 1.0 N sodium hydroxide, the reaction
was clarified by filtration. Subsequently, the product was extracted with 0.4 L of ethyl
acetate. The phase separation occurred spontaneously. The organic phase was dried over

anhydrous sodium sulfate, evaporated and dried on HV over night. 1.42¢g (S)-chloro
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light yellow crystals. rH-NMR (DMSO-d,): 10.21 (s, IH), 9.2 (d, IH), 8.50 (d,
1H), 6.10 (d, 2H), 4.94 ppm (d/tr, 1H), 3.92 (d/d, 2H), 1.25 ppm (s, 9H).

Wé{%%g%% ay): miz 257.8 (M+H for M 257.1). 10 Example % 8{%&%@%’/8%315

loro-4-methanesulfonvl-phen 1 -3-c clopentyl-N-f
dihvdroxyl) -wrazin-2-yl]-propionamide (I Step 1: Preparation of

%{5& 2?%6 m%#gg[r )P% &g&ﬁ&%—? yzl’:?'(%’lg 62 %I;]r;,zé ient 35-90%
@ﬂqtffglwkgyvzt@r hy@j#&xjﬁ%&\h% pyragtin2oyi)in 2tdimbthyih grspibparige’ 300
46,gslightly wet withrselyent; 5430 moneR)liritetrahy drafurand2y 2108k} 85%
Yy &F%a]t% %QI%’IZ+CH@FM%H{QR%%&@%§% JC Qrép 9 rmP| at 0.8 mL/mm,

dp -foluenesulfonic acid monohydrate (3.4 g, 17.9 mmo e reaction
PR PP 38 P 1S ﬁna*fﬂﬂﬁﬁaveﬁr%ﬁ?érﬁétaa%w%ﬁawéa
thegltthedl peaetiofilvas complete to form a less polar 20 product. The
reaction mixture was concentrated in vacuo, and the residue was

dissoliEN MRrEtviene: chlordd (600 rat) (e lorgaoicdayen was whehed4.94
with apaturated aauequsHsodivm chieridersolution (250 mL) and a

saturated agueous sodium bicarbonate solution (250 mt.). Each aqueous

Iayeryy%sﬂ)@c%gd [[a]gt)edzgy@miet@/%gpg %Ipnge (250 mt.). The

combined organic'layers were stirred with sodium sulfate (35 mg) and
Norit A 25 Charcoal (8 g) and then filtered through a pad of celite. The
filtrate was concentrated in vacuo tp,g waight of about 250 g. The
material was treated with diethyl ether (300 mL), and the mixture again

Was, conGentated in vaeuo (o, a Weight of Q“ B9 :@Wlh' Ume: s (1(s).0-
crystallization egan € mixture was stored i a refrigerator (2 o
and filtered. The SOHHEONEFEdHaRYTAZNZa LG Qiana ‘f‘ﬂ Sfor 1.6 h to
afford white crystals 30 (32.3 g, 68%), mp 144-144.5 C. Collection of an
aedntloR B RAGH Frovh Iﬁwévnﬁbihér%éuafﬁ rdediwkmerchystary(azin g -209%)-
dinigithwesecpampatabla dn purity to the first crop. High-performance liquid
chromatography analysis with a chiral column indicated both crops were

100%m@m1@@marpsiagﬁma&ﬂhmw agsmale-sample The fve-epps
g%ﬁyy%@o(g@@@gﬂ SR el AL s
Wi treated P{W @)@fpropme (225 mL, 1.88 mol) and p- toluenesulfonic acid
monohydrate (3.4 g, 17.9 mmol}. The reaction mixture was stirred at 25 °C for 16.5 h.
Thin layer chromatography showed that the reaction was complete to form a less polar
product. The reaction mixture was concentrated in vactio, and the residue was dissolved
in methylene chloride (600 mL). The organic layer was washed with a saturated aqueous
sodium chloride solution (250 mL} and a saturated aqueous sodium bicarbonate
solution {250 mL). Each agueous layer was back-extracted with methylene chloride (250
mL}. The combined organic layers were stirred with sodium sulfate (35 mg) and Norit A
Charcoal (8 g) and then filtered through a pad of celite. The filtrate was concentrated in
vacuo to a weight of about 250 g. The material was treated with diethyl ether (300 mL),
and the mixture again was concentrated in vacuo to a weight of about 350 g, at which
time, crystallization began. The mixture was stored in a refrigerator (4 °C) for 4 h and
filtered. The solids were dried in a vacuum oven at 30 °C for 16 h to afford white crystals
(32.3 g, 68%), mp 144-144.5 °C. Collection of an additional crop from the mother liguor
afforded white crystals (9.5 g, 20%) which were comparable in purity to the first crop.
High-performance liquid chromatography analvsis with a chiral column indicated both

crops were 100% ee as compared to an authentic racemate sample. The two crops were
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WS%SEQF«IS) -2,2-dimethyl- [ 1, 3] dioxolan-4-yl) -pyrazin-2- yHC%/EP%f()S/o 151

Step 2: Preparation of
5-((S)-2,2-dimethyl-[1,3]dioxolan-4-yl)-pyrazin-2-ylamune (13) A mixture
dimethyl-propionamide (8.4 g, 30.7 mmol) and potassium carbonate (4.32
g, 31.2 mmol) in methanol (150 mL) wastirred at 25 C for 16.5 h, at
wh| layer .chromat uggeste onve Si n toa.
fMore 1118?§6pq?£3 L(J?C BT fo f? Ej;gjfg é‘%%m%ﬁg ri (tpt‘ﬁé"1 nster Jemie™ 2
é’é]ni’e% C%Hﬁeﬁéﬁcﬂ&?waénﬂé“eontmued before completion. Therefore, the
solvent was removed under reduced pressure at 25 C. The to resulting
st wastagaimedricentratdaninthak b frdivxetinglare tareagd - MayipnThe (13)
material was purified using Biotage chromatography (FLASH 40L, Silica,
ethyl acetateje ofhé- Eaftly fractidmsedoteldtédidatosted foi the recovery] of,2-

unrRacied I%ﬁﬁaﬁaalmwmlg%dﬁnﬁﬁ& vxmt%éa@@u%&ggbgﬁla%@maer lates
fracti ns Wer nr tra d in v&cu E?fm& i ;

SRR el el ;ng YA b raci S U AL RIS e
aihal@%v@abwhw&igen iﬁéﬁ‘b?ﬁi’afﬁé‘éolm@l@ emmat@gpawwbﬁam@ffmt to
withichephitati columin ihdigates W00 ee, Gtepa:tBreparaienafnued before

2(R)=(3schloro:4 ef@%‘hﬂ@@é{%ﬁ’%@bﬁ%ﬂ 36 &pp%éa%%maw °C. The
i 52 dim thxv ldloxolan -4-yl)-pyrazin-2- 1]l pionamide 14t AF
][8},%; pgsidue was again concentra edr VICUO 1 eth acetate (50'ml). The

ZURyi8l ettorordpdethandseifenyh phenipysptyciBpanty prepibrice Dol acidnte).
(piiepargdrasishExsmpiel 3116w29 @Mhﬁ@ﬂ@d’ﬁﬁ@@){ﬁﬂ@reqcted starting pivaloylamide
NN QJHR%'[EIM [prm@midedz ﬁﬁ?@&)efrhfﬂ? yl ‘?wrle?e Q?E'&% L0 %H)a‘é{%% }%]O‘v'lde

stirred at 2C and tl’g]ntreate d with oxalyl chloride

ThE kAIEWAY Stird o' 1678 rﬂmaaﬂhzam%eﬁéﬂl@ ﬁffln/o)ﬁi'?éi pale yellow
wehdligh-ririersanveslihed dorcerivaterhinarabus. Witle s ekitheokagn indicated
dmsalved in benzene (25 mL), and the evaporation was repeated. The
resulting acid 25 chloride was dissolved in methylene chloride (40 mL),

%dftige dl{‘rgntgn%ﬁqm "(‘3”(%?&@9 Mﬁg@tﬁ?@!’lﬂﬂlmﬁorlng?ne % gs9(:10]ientyl N-|
ﬁ% B g )

The mixtyre Was stirred for 16 h without replenishing the cooling bath. The

reactiorrHHRNR WS Tﬁeﬂﬁpéaféd%ﬁmeml%%ahglwl)d?osmlaﬁe%@mpmc
soldtiprega 6o pli). Fae1B0 layets wvéPedeparatetdNd\inagugtusiayete (2
W@%%aﬁ&ﬂdyw% dmethydene @Jﬂlp@d@i&%d&h)ﬁ%@fg@m@e@y@Rﬁlmfﬁayi

§ E% %;a!}ur?m%l ﬂu%us So Iumwgéc me Utl m 100 én al’f)ZS °C
a sa

urate aqueous sodlum C on e SO utlon he comblne organlc

[V tiard Brisd e SEEIR SRS Musrad Arti e SRCEn AR Varas.
Slmdgeiohlb&naimgfab YL{FLASHe40bpSilitay §4s ethydtadsThietheanes)id

affiRrsledeBRhssolved in methylene chloride (40 mL), cooled to at © °C, and then treated
with a solution composed of 3-((S$)-2,2-dimethyl-| 1,3]dioxolan—#yi)—pyrazin—Z-ylamine
{3.65 g, 18.95 mmol}, pyridine (4.6 mL, 56.9 mmol) and methylene chloride (40 mL).
The mixture was stirred for 16 h without replenishing the cooling bath. The reaction
mixture was then treated with a IN aqueous hydrochloric acid solution (100 mL). The
fayers were separated, and the aqueous layer was extracted with methylene chioride (75
mL). The organic layers were washed with a saturated aqueous sodium bicarbonate
solution (100 mL) and a saturated aqueous sodium chloride solution. The combined
organic layers were dried over sodium sulfate, filtered, and concentrated in vacuo.
Biotage chromatography (FLASH 40L, Silica, 1/1 ethyl acetate/hexanes) afforded 2(R)-
(3-chloro-4-methanesulfonyl-phenyl)-3-cyclopentyl-N-[5-({S) —Z,Z—dimethyl-
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(3 -ehloro-4-metianesulfonyl-phenyl)-3-cyclopentyl-N-[5-((S)-2,2-dimethyl
§sz§/][22511 PCT/EP2008/053515 -29 PCT/EP2008/053515

1 ,3]dioxolan-4-yl)-pyrazin-2-yl]-propionamide (8.9 g, 92%) as a white

foam: (ES) HRMS m/e calcd for C24H38C1N305S (M+H)' 508.1668,

1]St z4mp eparation 0 idg (8.9.g 92 a-white foam: (ES)'-
g@ﬁ ioro-4- n‘Pgt Ahesy Ry?%lﬁ §(cycI6’peh/P 1R %’ °
mﬁﬁy%&%ﬂz%ﬁﬁ&%&%ﬁ {)p?sﬁdﬁﬁaefquedaﬁﬁéémon of
2(R)-(3-chloro-4-methanesulfonyl-phenyl)-3-cyclopentyl-N-[5-((S)-
2terdinfathyiflisididoRanZ-aiopyréziredyibpropiohahsiod (8-85ppe - N- [ 5-
mso)) initetralydmfuran- et ml) was sieatesdaviting IN agueous
hydrochloric acid solution (50 mL). The resulting milky reaction mixture

vvlas Shirgeeh @8 25rGy @n@wﬁmfb?%&%@un}% @ﬁ@ﬂ@nm ltéﬁfep@?@\m@ ((S)-
a I Iﬂ ed a or e reactl was
T B S B B O B S G ol

EHIBhud ?iukarde%wltmﬁs Sreaty it E%éﬁ@#g@ﬂﬁ@@mdemagwb%é@ozl {50
with). & batutatedg atligouscsoditixhicarhepaie:s it oTC (20 dvki}iaAd Bmin, the

satwrated.agueoys sedium chloridey, solution (50 Mk Tbe combingd 151, The

or anlc Ia%ers were dri d over SOdCtj If tfe filtered, and concentrated

Vv |8?§§%QEWS Ato4t4pAY IAYR g fEeclq W ylene
ah@tra@é/hlexéﬁ@@thém@m@emy) gééfa@egfaﬁ@@é“dc‘f was washed with a saturated
EQBad&@hmﬁm%mmﬁa&mM(ao mL) and a saturated aqueous sodium chloride

gr{;llﬁgxu g@gé@i}lﬁ%% Al rﬁe&?wémf é&g{;ﬁzemg%f\ég @1%3&0%@

ﬁ%am ﬂﬁ%ﬁ%@ i%%%“?b%@ipﬁ‘éé Hegg! WE o881 2og kil
RCTIEP2008/058516030cthyl acB8uD APESTI PREA Y IOMoFHEcthanesulfonyl-

EMRNAH@MAMRE@@QN@}l@@ﬂ@fﬁﬁﬂ%tﬁpﬁﬁ?ﬂ@g’ vl]-propionamide (7.15

M ORG SM URPO +
R IR ISR AL BT D5 gy
ﬁ@%‘éﬁﬂﬁwgﬁéﬁﬁM P. Hoffmann-La Roche Ltd. Bldg. 62/136
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the preparation of compounds of the formula H R~N1Nv N/R OH
wherein R is lower allcylcarbgnyl of.an amino protecting group and R’ is
hydroxy or 5 halogen, by gﬁzyﬁzl drolysis and/or enzymatic

asymmetric reduction of a ketong of thie formula H RNINII NRZO
wherein R2 is lower alkylcarbonyloxy orfyalogag. 10 2. Process according
to claim 1, characterized in that R' is hydfgxy and RZ is acetyloxy. 3.
Process according to claim 2, characterized in that the enzymatic

O P N MG B SRR S BTDIERG o
halogen,

by enzymatic hydrolysis and/or enzymatic asymmetric reduction of a ketone of the

§
R N
| I
N R
0

wherein R” is lower alkylcarbonyloxy or halogen.

formula

2. Process according to claim I, characterized in that R' is hydroxy and R is

acetyloxy.

3. Process according to claim 2, characterized in that the enzymatic hydrolysis and
the enzymatic asymimetric reduction is performed with a yeast of the species Candida

parapsilosis.

4. Process according to claim 3, characterized in that the enzymatic hydrolysis is
performed by means of a hydrolase selected from the group consisting of an esterase, a
protease and a lipase, and that the subsequent enzymatic asymmetric reduction is

performed by means of one or more oxidoreductases.

5. Process according to claim 4, characterized in that the enzymatic hydrolysis is
performed by means of a lipase.
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parapsilosis. 15 4. Process according to claim 3, characterized in t‘hat the
enzymatic hydrolysis is performed by means of a hydrolase selected from

WaREU§redpltonsisting of an esterase, a protease and a lipas@®(GEPaiat/ ehss15

subsequent enzymatic asymmetric¥&duction is performed by means of
one or more oxidoreductases. 5. Process according to claim 4,
characterizes indhatithaedzimatichydtetysid is (R geriormed bytaeanSom
ehAdiPASSING. 2008/422511, PC HIER2ADBIN3515, 33 6. Process
according to claim 5, characterized in that the lipase is obtained from
Candida Antarctica, Alcaligenes sp. or Burkholderia cepacia. 7. Process

accorglipgtesclain Aichay acierized in-hatadeiorgduciass Of AR I6PRR al cohol

gq@%gro enase ise se% a O%éﬁlloggguctase. 5 8. Process according to
cfaim 491 ciain , charac erized i that one of the ketoreductases

selected from the group consisting of KRED 101, KRED107, KRED I 11,
KRED112 KRED1AZ, KREDALA, AIF, BID and BLE Incombnation ith
lucose de y&rogena%e : are used as 6 tdoreductases. 9.

edecieevteliitd totamth ¢ sepapscRtivit iRfREER WHd RER erfdiel 11,
EGHD] PrdCRED Biccaiiiig Itbtchaii B] Chard&tek e doim ibhattitve weiniz yhoatic:
asyparaetricsregigtion isperfanned: by.meansLf one or more

CHFSE AT U at

oxidoreductases. 11. Process according to claim 10, characterized in that
a ketoreductase or an alcohol dehydrogenase is used as oxidoreductase.

12. Prooessactoming team:ane et ddit: Hacharagerizedinnat
Ris lower 15 aIkyIcarBonyI. 13. Process according to any one of claims 1

to 12, characterized in that R is tert- butylcarbonyl. 14. Compounds of the
formula, &3 s NIRBG kb 3Gn U, Uear@ -2 in that the enzymatic asymmetric

reduction is performed by means of one or more oxidoreductases,

11. Process according to claim 10, characterized in that a ketoreductase or an
alcohol dehydrogenase is used as oxidoreductase.

12. Process according to any one of claims 1 to 11, characterized in that R is lower

alkylcarbonyl.

13. Process according to any one of claims 1 to 12, characterized in that R is tert-
butylcarbonyl.

14. Compounds of the formula
CH
° H
ic
e O \[ 'J\TK\ 2
N R
O ¥

wherein R” is lower alkylcarbonyloxy or halogen.



O 20 wherein R2 is lower alkylcarbonyloxy or halogen. WO 2008/122511
PCT/EP2008/05351.5 34 15. Compounds of the formula llc according to
W/ 1251Wherein R2 is acetyloxy or halogen. 16. The comptiimErpees3515
formula CH3 /N H3C x\H3C 'l ~ 1840 N"Y CItOH 5 17. Process for the
preparation of a compound of the formula H\ NINH3C/S\ON OH Ill O

O Cl GHCoomgprising hie:proneds Heeotdidgniowlaima 14ob2rdolRiveddawloxy
8} KeRedign of the diol of formula la H ,NN~ I'laN OH OH in wherein R is
lower alkylcarbonyl or an amino protecting group, with 2,2
dimethoxypropane to form an acetal and deprotection of the amine under

basic; gonditigas, iRl @ima £pmaund of formula HZNN NVO IV O-CH3

CH,
H
HaCNN N\
e 5 I =
N Cl
OH

17. Process for the preparation of a compound of the formula

H
N N
l S
H,C O w: /
A leOH
OH

O O ¢

comprising the process according to claims 1 to 12, followed by

a) reaction of the diol of formula Ia

H
,NTN\
l -
Nj\r\OH
OH

wherein R is lower alkylcarbonyl or an amino protecting group, with 2,2-
dimethoxypropane to form an acetal and deprotection of the amine under basic

conditions to obtain a compound of formula

Tl\ﬁ

! o

N O
0

CH,



CH3 WO 2008/122511 PCT/EP2008/053515 35 b) condensation of the
amine of formula IV with the carboxylic acid of formula OH H3C-S00 O

WE20¢843 8¢t ivated derivative thereof to obtain the amide; and PEXTERIAOHEI3S1S
of the acetal under acidic conditions*%

b) condensation of the amine of formula IV with the carboxylic acid of formula

£7 N
o O g

or an activated derivative thereof to obtain the amide; and

c) hydrolysis of the acetal under acidic conditions.
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