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WO 2008/ 122511 PCT/ EP2008/ 053515 -1 M CROBI AL
REDUCTI ON OF AN ACETOXYKETONE The present invention

WO edoatiexsit o a process for the preparation of PCT/EP2008/053515

2-am no-[5-(1- hydroxy-2- hydr_qx_y or hal ogen-ethyl) ]
-pyrazine derivatives of the forrula H RNNI N\
Rl OH wherein Ris |ower alkylcarbonyl or an am no
protecting group and R is hydroxy or 5 hal ogen, by
enzymati c hydrol ysis and/ or enzymatic asymetric
reduction of a ketone of the fornmula H RAN NIl N
R2 O wher MMHCROBIAL RER N/ OF AN AGHTOX Y KET QR

10 This process is especially useful in the
preparation of enantionmerically pure (S)-N

[ 5- (TnepREN &R¥MoRtMES to a process for the preparation of 2-amino-[5-(1-

-pyrazinyl]-2, 2-dj net hyl - propi onani.de, Th onpound
hletray 2 Hyespoihalogen-sthvl -@V@e@ﬁ%ﬁawvs&?ﬁ P fegpruta

2- (3-chl or o- 4- met hanesyl f onyl - phenyl ) - 3-

cyclopentyl -N-[5-(1, 2-Qi hygy oxy-ethyl)-pyrazin-2-yl]-p
ropi onami de, of the ROr a1  which is useful for
the treatnment and/or pro |hy| xi s of type[ Il diabetes:
H NI NIIl H3C¥\ ON © Cl OH DK/
21.01. 2008 WO 2008/ 122511 PCT/ |3008/ 053515 -2

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

N N
< AN
R | I
N R
O

wherein R* is lower alkylcarbonyloxy or halogen.

formula

This process is especially useful in the preparation of enantiomerically pure (S)-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|-propionamide, of the formula III
which is useful for the treatment and/or prophylaxis of type II diabetes:

H
N._ N
~
\[ III
H,C< @) ~
°S N OH
7\
o O ¢ OH

DK/ 21.01.2008
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The conpound of fornmula I1l is disclosed in PCT
I nternational Patent Application No. WO 2004/ 052869

we\Res@ees1nf t he key buil di ng bl ocks used i n t heCT/EP2008/053515

synthesis of the conpound of fgrmula 11l are
enantionerically pure 2-am no-

e IR 4 BB PERIFHI I gprcaion
Blok W@ 3pMdph2B6DAlan ami no protecting group. For the
preparation of active pharmaceutical ingredients

(APl &he lo|¥' tHe%e(}‘BﬁfPJhHé 81&1(@@5‘68%?%}{&{; HiBledISEf the %Eﬁ?b&?d ifformula

ure buil di ng and/ o E stereo Lve, . .

I Besaapamens, &BE@ %?IB@OC[?WM i drons SRIA ygazipg derivatives of
thavfermaver se effects in the treatnent of ill nesses.
Therefore, a high purity is requested for all APIs.
Optically active 1,2-digds are versatile synthetic
i ntermedi ates and diffy obtain in
enantiomerically pure for | The met hod described in WO
2004/ 052869 Al for prepar g/
[ 5-(1, 2-di hydroxy-ethyl) -pyraz
-2, 2-di met hyl - propi onam de 15 i n@®1 ved Shar pl ess
oxi dation of the corresponding vinyl pyrazine
Whe@uns ®loiver ak;ﬂ@amm@ Br alf QMHJ SlofQGtiAS flouf) F&tth@¥iePeration of

see chene This reactian i s not possible on
AivE Pﬁﬂr@lacg%%ﬂabma&‘élqn& i bizrBralyrelgine wears Sargrisomerically

pelemRNUER Hedkahd&or hitAHSsterbdielepiviyrefadhfes) b&ec&@e\éﬁl@ components
was to find a suitable process alternative which

fry &lls praythaxe adveess ERtts Inathe teaimans ot Wpessey Th@f@form hlgh purity is
h%ng(; echniapad scal e. WO 2008/ 122511
/ EP2008/ 053515 -3 Scheme 1 Pivd H2N | N

pyri @Fﬂ@aﬂW&wMﬂu@s are v8B3M1Y bltketN iBferthediate MBS to obtain

vinyl t.rifl.uarobor
ine ant1omer1ca?ly pure f%rm The method described in WO 2004/052869 Al for

preparing (S)-N-[5-(1,2-dihydroxy-ethyl)-pyrazinyl]-2,2-dimethyl-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.



Cl 2Pd(dppf) HGs04 H NN (DHQZPHAL NI N _30. ~y O
O NOH N K3Fe(CN)s K2C03 OH 3 4 There are few

wo paosnzasur e exanpl es reporting mcrobial hydr oPGEEB2008/053515
reduction of al koxy ketones to,the corresponding diols
inasingle step. G Egri et al’., Tetrahedron 5
Asymetry 1998, 9, 271- 283,Sgescr|be t he
bi ot ransfornmation of a serres—UF—l acet oxy- 3-
aryl oxypropan- 2-opes by bakers yeast. Qut of 13
ket onéigN ed ondydidewo me e Htr nsformed directly to
the diol (W th no—foreati ‘ﬂf;lunterrredlate
nonoacet ate. "Bm @mmwﬂpasesoa e of nonoacetate
and di ol was seen which is undeS|ra le for the
process for the preparati gn of?2 conpounds of formula I.
I'n addition these reacti aere 10 only carried out
on the 0.5 g scale at a sugﬁmm@&&mﬁ@ncentratlon of
0.25% w w; far bel ow atcijra(dpg) used for the
manuf acture of conmpouwds of formula |I. T. Konetani et
al, J. Bioscience. Bioeng. 2001, 91, 525-527, describe
t he preparationy of (S)-1,2-@@oppanedi ol by Heducti on
of 1-acet ox = ﬁjﬂ;;? u5|D@mbaMErs Y-

hough
conversion to X held Jas cofptete=at 1gwml\[
substrate concentr# the gee@df, Was 88% Thi 8 Va1 0@+

could only be inproved by suppbessing the hydr ol y&t's

of the acetoxy kgetone. Z-L i et al, Bioorgagic and
Medi ci nal Chem stry 2000, 8, 1129- 1137 descri be the
preparation of S-diols fromthe corre di ng . .

2- acﬂ;%qu fe‘gﬂwré?lﬁ%ﬁ@ﬁwée%alforaa&mcrpﬁe?ﬂg%f)@élﬁ { {qdurdan of
WRORY Kebidds itey die)tokmpoanﬂdqgtdiels ) aaglets&pee E@'[ a ail nTemsdiedron

5 g?{%’%’%ﬁftg’{ g%lg,gf%, '27% 2’8-8r 8?{?%3%? %ﬁo?rg}(ls?)rrrrel g0 n of 1S ser1es ofqyacetoxy 3-
@lryurxbfaﬂomm2meaby bakarnfdaste Poe gf tHectdnas ad:ste;dl cufﬂ)dtvm‘ wAP| |
{rQns‘?@ﬁﬁedoJiretcﬁftdAtlﬁle d! erﬁﬁfo%au@lﬁs%g RO rhQidtP fronoacetate. In

pr esent | nventi on t he se uent etalization an
BY0yqasds|q et e f gmsgcetqt@and giohas ssen which ippndqgiable for the

AR IFONBE ?%g@i%t‘i%ﬁ%f%@mﬁ@&%s MR r20081. 13 28dition these reactlons were
/ EP2Q08

Besi de the descri bed
10 GRG0 RRETORS £31I4 He ST GUem e faatf b S3gh e far below
dnt a lkoxsed ket thaenannéctirg bf caappdundeof forinfuer Inecessary
i sol ated biocatal yst - enzynes (e.g.

T. Kometani et al, J. Bioscience. Bioeng. 2001, 91, 525-527, describe the preparation

of (S)-1,2-propanediol by reduction of 1-acetoxy-2-propanone using bakers yeast.
Although conversion to the diol was complete at 1% w/v substrate concentration the ee
15 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.

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

led to an increase of the enantiomeric excess to >99%.
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a hydrol ase, a ketoreductase, a glucose dehydrogenase)
- in a one pot approach. The asymmetric reduction by

WO 2@BAL2SH ket or educt ases in conbi nati on with tPEI/EP2008/053515

enzymatic 5 cofactor recycling  using glucose
dehydr ogenase and enzymati c hyéroly3|s of ester
noi e

Tetr a%sm%r L 8$§§r1 ?QJrol%lgggotrilgforn?ggg?%rut@gﬁy% gms? réduction of
tih elkogdleﬂt@m@nedﬁlght mrdiyr oxly the pivesyy- 1@ﬂ¢1ahbweatgdgstn9enzymes (e.g.

gh n%&r%[a@@ta kekPLRAIBAHC ASERe dEAN cggghas%) L E@Q%ﬁ@ ﬁa:ppdll%h The

[oyi.ng two or nore enzyne 't s are req
AYBEVRIES [ uagowhwpliakfé&erqﬁedﬁctw%ﬁ cefnbmatlonm@e ¥nzymatic

Edtedtor ﬁe@ﬁchngﬁsmgfgﬂicose]cﬁzﬁgdro?é’nal@aﬂcﬁénzyﬁﬁﬁc ltn)TCHBIyE[fs t@f &ter
an. U Stream € ro 1.S; 0 cet,ox e

MRS ERareRfi SRPF et o olme Plafier ot Gn 0B 16
B6ti2s3G88, ddstribegn eerc’mtedn bﬁ/ﬂhw&ry)b(y-l«l gileng-ethaminesisingelifferent
E&B%ﬁhktg%es g 5!191*3{19 rﬁsf&me{t%%!ng %ﬁlﬁl(l}/h& G @k enzyme. tyRes are

ransrt or na reacti o
freoncatle duesnsiines desicgptdap \s diren atohlaﬁngegteéfhsmchﬂa@ Eygl. 1995, 34

%)ag%aﬂ"gereﬁﬂé“aﬁqﬁ)@ltredﬂl Gty nR@ic WS 8Blyslsiok H'agehofyq@%ﬂeqmo a

III de act|V|t|es | npari son
P’éY 1 kgtope §9§ f éﬁwnstre@;n wdhgien Qfgh@ﬂﬁl S %ﬁf#@ﬁ h‘/dé%/l ketone

Mlimids gieotiih el L’hltl’ﬁbiah ehgdibssig %’dituctl(klﬁ-t- dlot&atfodnation. The multi
reacti.on due t her ee

gl?zgaﬁgg acactﬁ){éuiué% ﬁ-f’lﬁgﬁd Saxérpfs dd?Pl'%}ﬁ‘ soE‘le aa)v%lgtages such as 1) standard
@mmeettmig}lt be ugpylr idzhigle raetion eatésy g noisgletactidtues in comparison with

ﬁﬂﬂé le&LIf u 5 Cfr? sﬁﬁiﬁ k%m&ﬂ&o‘iﬁro? Fd 'HYg%ref §71 1§ Y s%b?equent

r oxy on a ter asymet rit reduction o
ﬁéhnaép@ﬁ@cm dug/to the pighehed dlan(SQubeltnrediessds, or nore
20 specifically, the chloro substituent, one potentia

candTH@{eemirkeY6yidn S De@iR- H(a‘%ety@f»)ﬁ %ld@rﬁeﬂ%ﬁnhgm fave
g%fdlff r§nt ?r%%FEetones desc$ n I|te¥?d§

! ef—‘iﬂ?é stijents, A CTEE PE?c% Bhltiep it
dsyn26Qe PalRbtiamadf the kkvae etoiel.. Fof athabiyenl mdnutu%s;snmemm;e

éﬁ%g%’cilﬂ}ﬁ th&sc%?éo %?gs%ttueﬂt]e ﬁ)%ttf!?l%gf Csan?{da?e %@Eﬂa%{:&tg‘?‘llé y

adyounestis redsicerscaf |dnféqyem|agyl é(gtqngs;,zprg escniged in literature, L. Hua et al.,

@9@1%6 @%Ho%@itlbb’ Cﬁé‘t‘ﬁz‘?tr)zﬁ)(ﬁp@ X2'6§§ 2695 Jnd lL @E@éﬂé@ &}rahedron
Tetrah 741 grse quent

é&mﬁév ZQ%% ﬁ%ﬁ §27ér ifh%fmheélswﬁ @&aattlgmllc IRHIF di2ydipls starting
ﬁrSrrﬁeﬁ‘Sﬁrfatlb %Oggat&i albbh(ﬁth 1sa1esor1b75@bfa&h_ﬁ@ﬁpﬁﬁd%rlglse&ﬁﬁﬁﬁérhyrlcaﬂy pure
or yia r i i :
o 81T MG GER Rl KB ol 28R o HRup A4 Rh S Subsequent epoxide
gdrolybie ditloay vicebibertdy @0Qslrolgds aaR63itRA66 Z. Wet bl Fegrahedron
RW%%}%@%W 8%@%&? Qﬁqéﬂ?cﬁg@sc&s% Q‘& 5a?al%%s§as§fe?&ﬁ’)@8 in G-J.

ent I’'on roce
pire sttlatlcamedtoreleatarsiZ@fioe 613;22§ére 2-anmino- [5-(1,2-
di hydroxy-ethyl) ] -pyrazine derivatives has been

f Ouanhu'ﬁle Bfotradboemhi Sepiodeks&alcestdinighe tl{@ﬂ)ﬂeﬂf\ﬂt ﬁﬁ’entlon an
definjition r%f%t@et forth to ill.ustrate and

tHECHERINF CRSRABHOY G SR REOPET ALY i o112
dﬁsdlrob(bet}tyh)é pymz&retdeﬁmtims bagbeehffourtd. s speci fication
the term"lower” is used to nean a group consi sting of

gtngn_‘?gSessgg‘[hg'Mse 1951%5@5 aht Yoll%(mr?gnc?ef*nﬂl(}‘ng UFe &RfoRMo illustrate and

define the meaning and scope of various terms used to describe the invention herein.

In this specification the term “lower” is used to mean a group consisting of one to

six, preferably of one to four carbon atom(s).
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WD 2008/ 122511 PCT/ EP2008/ 053515 5 The term "hal ogen”
refers to fluoro and chloro, Wi th chl oro being

wee@Barased. The term "al kyl ", al one or in conbPCEEPNS/053515

with other groups, refers to a_branched or

strai ght-chai n nonoval ent sat urat ed al i phatic

hydr g a{) bI%n‘hal%dl r? ’arefer o ord 8 d Vﬁmc}/ w1t‘1;1 Ihporo belng referred.
prefera y ofecto Sixteen cafbon a

preferably one to ten carbon 5 atons The tern1 | ower

al kyThe wrm“@kygalankgt in cogtborpsioprwithoibengrionas irefarsvip & fpranched

ot !i?aﬁ ht%@ﬂﬂlf}ﬁonév%fe%f SathiQted a%ﬁﬁm%r&rarlﬁir{ ARt srohal kdltwenty
oval ent al kyl radical of one to six Ca”gﬁﬂia ons,

fﬂrg% ﬁfgmsyprafféal% HORDIR SUEEFHGFRP R BAWS MpATesPreigrapl ane to ten carbon
fitantsher exenplified by radicals such as nethyl,
et hyl, n- propyl i sopropyl, n-butyl, s-butyl,

i sob | met hvl bu -
o0l Sk A 10,5 R o TEL YL g
ailolaps, refeesg ddve@cac@ onﬁmght chemhybn@ﬁttnt elkvl-lbdutcyll of ong thsix
%B&n Qll&ﬂskgll%?érmY Sﬁfﬁ)%a{ J:a%b&{ goﬁ{sr s tert'® fﬁrﬁ{épﬁxemphﬁed by

ower al | car bon refers t he group O
Tadigaksiseeiras methyl, Bﬁhah EhEaPdr 1SQErPﬁYlgﬂtbﬂé5ﬂ>aﬁ bty ﬁ@b‘é% frt-butyl,
ﬁlﬁéﬁtyl f?ﬁbﬁ@lbu@;fl Ioﬁ@x;ll @-&h bﬁ?f[ mtt@umersprefemw‘ 1ewabhlyyl
0 our ar 0 rererr

PRy B an iR oS s T Uy e espieiatlpgreraed
acetyl proplonyl butyryl, pival oyl, pentanoyl and
hex a’lﬁbglterm Move aﬁ«yb:hdmneﬂ refiess tadled g/doupﬂﬁ(@] -Rawdnetein R’ is a
gfa%Eﬁedb&tsYJa%ﬁ{—m% In)ono%l%ﬂt Jll%rl iUl ¥t 6 t%qsﬂyéar&ﬁ{ J)(gms,

pre er term "am’no Dr otecting gr oup"
peeésgalle pae e floef earbon @toalsS Bitséarraduénrer ago nyl E@;Ced
h1RylbA:B6 Kyl 0 rdﬁ'b@ﬁl%ce{ce h HLH}H?F b%l% 1, b¥nt‘é)ﬁ‘é>‘l @nd hexanoyl

actl her 2 he, co
Yore Bfﬂrf]eér rhacehr a@ewﬁwﬁ@%% GFRoTabh BEihdrt pRbiasbom being
trivet eferedconsi sting of the fornyl group, the benzyl
group, ester groups such as benzyl oxycar bonyl

"Cb «f 1 -
ot B T Do DM AT gt
m@ﬁ@ulﬁm@lpyqﬁl@p iblagkijoy @sotecidhe @glrp)gfpactlona 1ty ‘while reacting other
ERlcHERE SH fR ¥ the &ﬁﬁﬁéﬂrﬁiu Kfiebyd arﬁﬂl@ ﬂi’&%@ﬁ(ﬂgséfbﬁﬁsr%k: selected from

1@6 selectlon a&gr a d|t|0&8 5 subsequent

Hers §on(§¥stuagrp g%‘%‘/ quuﬂi’gthﬁ 0P grcglp\,,\és]tqr ZAGRRPUERH s

baeywkidakigshyl (‘Abav), arﬂuorerﬁuﬁéthaiyc@b@ﬂpll (éEM?ZﬁC Ol RUPS
%g%céebo%g(“%b(g@ %w? @ﬁ?}g}cg@f)gﬂg%ﬁ %2 Rl | Egerl%tlves such as para-

©l graesdfoByh bberylsslforvd aed !pheIQiﬂ's,ulfdnﬂnTW ie&ytlam dnd Seer(gddition and

L\&‘é’%a&%zfﬁ%g sy %]%l‘lnﬁt%rt&F E%/f% IH{o%et%tthgg(ﬂgerqu Rhe art.

on oxy" refers
FusheyresyppleorGiroypRrefergdde by ﬁlq:abovg terlgl@ age descrlbed by T W. Greene

%JEI@M whad, @ré@&%@bﬂ@ﬁf)s ﬁ'CBI%QEmE ];@siﬂlﬂa@fhs af! @R nt Ph%IWiley and
ar noon (0] Ia our carbon ns.
AR S A reé %fﬁg‘awpe gotecng ghoup s OC.

" Cl- C6- al kyl car bonyl oxy"
The term “lower alkylcarbonyloxy” refers to the group —O-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 alkylcarbonyloxy” or “C;-Ce-alkylcarbonyloxy”
groups are acetyloxy, propionyloxy, butyryloxy, pentanoyloxy and hexanoyloxy.
Especially preferred “lower alkylcarbonyloxy” is acetyloxy.
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groups are acetyl oxy, propionyloxy, butyryl oxy,
pent anoyl oxy and hexanoyl oxy. Especially preferred

w0 b@sar2sal kyl car bonyl oxy" i s acetyl oxy. WO 2008¢/RRPHIZ053515

PCT/ EP2008/ 053515 -6 The term_/ ™enantionerically pure”
refers to a conposition that cgnprlses at least 90%
g(r)g(f)/fﬁ e dl¥‘ "2 a?lltlltomgel?l%al g‘qu]fgoo gr‘{%rae sﬁ%o%b[LXt c%%‘fprlses at least
gotanprietsrably dfout ﬁé% to dﬁ@%smour@purefeﬂtéy P&Yorip 1@@%n¢nddne$tup¢eferably
%Qé%oo%%@? ﬁ%leaehgﬁu @f'()f’thei’?E%oH?J%gtiBﬁr ein is defined

, Wherein F(+) refers to the nDIe

ght fractlon of the @nt omer
r ef \gﬂge eyt ERAHHIIRET IS EX s g(ﬁ{)l))qeylg )Oafs qs%ﬁl rel)n 1s deﬁned as

frEAQARTE( O]TE\Fhere(ﬁQ F( %)Slféﬁ:ﬁ‘dﬂoﬁbk Wole (BI’fKEelgl{thrdcﬁbﬂbf pereentnantiomer

exc as 1
i L LRI | S RGIE BBl Topial Tyl L i Rng Parnfopdinely,
thedbs erimdpetventoahotdatedexasss100“% ef] RldefingdS)s 100 x [F (+) -F (-)].
r t [ Ace
%ﬁlfh&ﬁl’eﬁ% tHP e}gl?t‘;ﬁlt gﬁﬁggﬂ{erfc%g%%&sa%g)fe & cﬁfa%ed & 1@? R (ﬁ@ &ﬁ/
NRIN (B 1)- N \ Rl OH wherein R is | oner alkylcarbonyl or
an am no protecting group and R is hydroxy or
hal ogen, 15 by enzymatic hydrol ysis and/or enzymatic
asymmetric reduction of a ketone of the forrmula H
RAN Th¢ presdit ilR2n€idbn wifies & mpfdedsSod thapreparation of compounds of the
ﬁl%g%carbonyloxy or halogen. In a preferred enbodi nent
e invention, the process is characterized in that
20 is hydroxy and i s acetyl oxy, neaning a
conpound of fornula g{i&/122511 PCT/ EP2008/ 053515

A

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

N. N
R” \H:'\
2
N R
o)

wherein R* is lower alkylcarbonyloxy or halogen.

formula

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

is hydroxy and R’ is acetyloxy, meaning a compound of formula
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-7- HRAN N la NOHOH wherein Ris |ower
al kyl carbonyl or an am no protecting group, is

wokioaiizestdt | n one enbodi nent of the invention, PETEP2008/053515

process is characterized in that the enzymatic

hydrol ysis and the enzymatic asymretric reduction is
perfornmed together 5 Wth a yeast of the species
Candi da parapsi | osi s. N[hu the invention refers to a
process for the pr&parafi on) of 2- am noy,

[5- (1, 2-di hydroxy-et hyl )U] ~Ryrazi nes o% the formula H
RAN N\ la N OH OH whereiM RYS | @xer al kyl car bonyl

or an am no protecting group, enzymati c hydrolysis
and enzymatic asymmetric reduction with a yeast of the
species 10 Candi da parapsilosis of a keto conpound of

{vherefroR MUbRelhlk Ryl O hih @mil¥lprotecfiiiBgQupBY ob&iintd. a
strain of the yeast gandi da parapsilosis the desired

roduct lais,. pr.o ed by. hydrol ysis. apnd asy tri
P qullt s B R RS et s PR h g e
enzyswhin hgdriolygis el d\@ﬂllzymabcsasryat@ettio mclsntticvrg'ts !perforrﬂ’etdetogether
Egg %??%t Bﬁﬂlekgﬁe&e@rédngﬁi %trapl”ﬁ sﬁp'glg%yghézgg\%ntﬁbﬁ Eeefglgstt? 2 process for

yzi ng enzyne sucﬁl as'a ause t
PreRer iy 2-8Bie - Ry drofipsdroxusthyhd yyrazines of the formula
reduction. In detail, the invention relates to a
scal abl e biocatalytic H)r 0CgSs conprising hydrolysis
and asynmetric mcrgyia ction of the conmpound of
formula Ila using they ast/ Candi da paf&psilosis to
obtai n an enantioneri cal Nynpu Jor di ol of the

formula 20 la, conprising theo?_|t eps

wherein R is lower alkylcarbonyl or an amino protecting group,
by enzymatic hydrolysis and enzymatic asymmetric reduction with a yeast of the species

Candida parapsilosis of a keto compound of the formula

H
N N
R” \[ X 0
| ITa
N/ OJJ\CH3
O

By using a strain of the yeast Candida parapsilosis the desired product Ia is
produced by hydrolysis and asymmetric reduction of the corresponding acetoxy ketone
IIa 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 relates to a scalable biocatalytic process comprising
hydrolysis and asymmetric microbial reduction of the compound of formula Ila using
the yeast Candida parapsilosis to obtain an enantiomerically pure (S)-diol of the formula

Ia, comprising the steps
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WD 2008/ 122511 PCT/ EP2008/ 053515 -8 a) G owing a
culture of Candida parapsilosis at 27 to 30 Cfor 1to

wQ2mamnz2sin flasks or fermenters containi ng a PCTRP2008/053515

medi a conprising, yeast extract, (1% wv), soytone (1%
wv), yeast nitr ogen base (O 6 % wv) and glucose (2%
:N/nvor ggrw@%g cu]?%re of E:_M%né atpszloszs ap 27at t3%r°t AlY ? l’flo 3 tClays in flasks
6.5 tor fermentan cbe@mm@a oth meﬁmmmqmngawtra@ (:B%t\(v)/V)

5% ( v{ \Qon@qu ( ovr%%l )Jert %‘ftﬁj@g’entbgseo(@%“ﬂ’/dj@/ )%HH' %lur&gse (2% wiv);

equi val'ent s romh and for the asymmet

reducti on After a f 0.4 hou s ad

178) Aéagmg ne %Q%W%?éﬁbﬁfgﬂé Higndn gf erfﬂbql(ﬁjltﬁ lgﬁllst rgaintained
to t hﬁl theraripgaioab IStw 710)rdiilﬁ|’fe@1$ngaof$elﬂ$diﬁhéqtﬁfhl¢rﬂ t<835<5r3% (v/v) per
wat er conce tra

oo vy 2 Byl AR pE RNl W hadd B asymmerri
ket onedoftidmrnul a Ila to the corresponding (S)-diol
within 2 to 5 days; e) Isolation of the (S)-diol by

separ ﬁ?tl:xoi‘fu?{h& E‘?o @hQEﬁg 111@1%%@‘1*75 % HQ@% 'aQe%:g{ @t&&%ﬁstpa}{e of

extracti on acet ti nes
with Prpgl m%tqetﬁl@. va}e@mﬂ@)l brathasg sewﬁe@ﬂtl tra%ZSérhl wafgjdo give a

r eact fif) cou&htratis®oPr ac®Bdwi; conpl etion, i.e. all the
substrate szt be converted, at a substrate

d
ni Bher Vb pecdishib el ElphSe PRGN ke
li t er airmspomingrl) edol WByhibi2gbbathgs;or mat i on of the

acetoxy ketone of fornmula Ila with C. parapsilosis

enant r
9 1@ A ()/gstglgl%Bh of H#:. (g) AR b? k%&réﬁo‘hrbf Ak lﬁgn’fagk (Eaﬁrlfl%gﬂ&)otfollowed by

used herein
par apgit1agEe Of de éS)sfltObWHh icthyl agesde bt timerwish 3yglume equivalents)
depositeebnctitggiont he Budapest treaty on March 9, 2007,
at DSMZ (Deutsche Sanm ung von M kroorgani snen and
Zel l kul turen GrhH, | nhof fenstr e 7B, 12
Br auﬁﬁ%mte0§ e algtgeet (e A Rad T RS eratsappst be
dOsBed, Sew eulmtrawtdoerensgtatian nﬁ 566 (W@ )pehapss ¢apsidsraly higher than

#He38 Eé?ﬁﬂh%ﬁﬁ? geagn ﬁfestﬁéﬂa X3 'gﬁ}léanSf or mation

resutlngln 2 to 95% |nd|cating

that _any C. apar apsilosis strain can potentially
usedBy biptraadpPimyipn ofithepqstoxgketong of {prmalas! Iwﬁaﬂaaampsﬂosw

kednyiomelik P YIMEISPIAYS] OE th T olia mhksraﬂg‘éjoﬂ de19h W gsig9s is obtained.
Cal onectria rigidiuscula can be used. In a preferred

b1 oot ANt Bl Do diifs S PalySfRiPTaSand deposiced
mdar ol Bilidapestuchiyam Mbrchce 20@7, acDMZ- (ufsh@Sainmbirgpion
M&I%'og%abgﬂeﬂq}ndpz/eplﬁa tl{l"eg %ﬂHzfnﬁ(yﬁﬂEr?s'tljaysle 7855804 @rﬂﬁqschwelg,
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 yeasts 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-yl]-2-oxo-ethyl ester (the compound of formula Ila, wherein

R is tert-butylcarbonyl) and hydrolysis using the yeast Candida parapsilosis to obtain
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Ris tert-butylcarbonyl) and hydrolysis using the
yeast Candi da parapsilosis to obtain WO 2008/ 122511

WEAINBARB008/ 053515 -9 enantionerical l ypure  PCT/EP2008/053515

(S)-N-[5-(1, 2-di hydroxy-ethyl) o
-pyrazinel] 2, 2-di net hyl - propironam de. In a further

of t nt,i the .
I R
p@ﬂmnmnedeby means of a hydrolase (EC 3.1.1) sel ected
fromthe 5 group consisting of an esterase, a

pr ot ﬁﬁe?ﬁlr@fer @mbbctﬂiﬁfﬁe%t ahile tlﬁ@hu&lﬂ Qheks)ﬂlkb%@sg Wﬁf&%&%l}ig@fﬂ that the

asynme educti on er or or O

ﬁ‘iﬁf@a&i FH%P disdt %@@g %&Y epny 9f a v%algse M@ﬁqcreérfrom the
@ﬂo‘i@ copdigfing df an @stpragg a?p‘Sotfewe of h&p@ie&ﬂdrtﬁitltb)@sﬁsequent enzymatic

%5,3{811? gpﬁﬁﬁ[dgwﬁpﬂ quﬁ ?CL%;(%] nzé f]én‘“ﬁép)éléﬂre u?tgses (EC 1.1.1).
Tbhwse theahkgrdtoarabsomyfersap agmoans foo thr wepatiiowgoii-ammo- Ky (1,2-

[ ggﬁP of an enzyne sel ected
g@@aﬁﬁkeﬁaﬁﬁﬂﬁ95%§§§2?¥n . hydrolage, an
esterase, a protease qf a I|pase and enzymatic
asynmetric reduction hv ns of one or nore
oxi dor educt ases of & ket ound of the formula H
RAN N\ Olla N1- 0 CH3 Preferably, the
enzymati c hydrolysis is peNfor neans of a
| i pase. More preferably, the pjipase is obtained from
Candi da Antarctica, Alcaligenes sp. or Burkhol deria
cepacia. In a preferred enbodi nent, a ketoreductase or
whergicR rdpweretdeashenvh eean amipaeRroksting #iogdr educt ase i n

by @nz‘?ﬁfaﬁﬁﬁg 10138 Y Rdaht 6f 4re€izGhe Q8lectéPrdRethBBdup con51st1ng ofa
|otransfornat|%p iS transforned as one

t1c
RelbRsoan cxpse APEPIEISs SF & Paﬁi@aé@P@W}C&ﬁymnﬁegwcfaﬁvqt@& by
oighindyf ohepl anire ngidarddycnas as € kedotcbnipoanaoéthexyrmidet one
of forrmula Ila suspended in a biphasic reaction nedia.
The reduction is c#érried

/N\[N\ o
| ITa
N/ OJJ\CH3

O

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
ketone of formula I1a suspended in a biphasic reaction media. The reduction is carried
out by contacting an oxidoreductase with the in situ formed a.-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
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out by contacting an oxi doreductase with the in situ
formed a-hydroxy ketone. Due to the low stability of

W@ b@siizessi t u f or ned a- hydroxy ketone the appl i BGI/EP2008/053515

reactivity of the 25 reduct as_e}'s1 has to be in excess of
the applied reactivity of the hydrol ase. The required

V\@uglglgl%él}l\zla LS are%BFPC? lfﬁ)lOC%l[a(i)Cng?a]ﬁPSOl{nts an% are reicgclecg lgil 51tu The
d@uyd pecdiwcrrofsfptruula'the prdéuded etlte mddacacaﬁn t@mdt’ublas I a
is produced at technical reaction conditions. In a

prefgrd ﬁI@f&f@Q@dH&ﬂhentt e 11'1\@/1@8{1 k@hed Bl ALA8bIE BiRatalytic process

scal abl e ocatal yti.c npri sin drol ysi’'s
wm%greg y(i-j{e yéa'}s of acetlc aced 2- 5 (2 2- &methyl pro;%o;qgmmo)ypyrazm 2-yl]-2-

axd- &h@?es?er diheebipoupd @ﬂfo@ﬁr‘lhl&i'flllil @x)he&)iﬁ &z fbrthlyﬂy]caﬂjonﬁl) by means

0-eth ound
RS s ] o Ba SRRy et G Tas, FrasliRe rotease or
s Ebse ied chzyomticheyngmeurs redursios thy mgeao$ oboryairmod@esjdoaeductases
B g R T ) N L P Py RS PR Bbafiny)-22-dimethy
BWPW@H@M ases to obtain enantionericallypure (S)-N
[ 5- (1, 2-di hydroxy-ethyl) -pyrazinyl]-2,2-dinethyl-
propi onam de. 10 Schene 2 Hdhhkede 2R NI N [RNNj R N N
NNOHN OOH3I OroHCHS5 6 7 The first step, the
in situ generation of tfre hydroxyl ketpne (6) b
deadét Natlon of the acgt Nketone (p) is car}% i qd

ouR b | hyldr ol ases, _esterasmﬁi@ rot easep -0rsl ||®as\Es\
prefer I cbases even (Efe red by a |
from Candi gda %ncq_rctlc [e.q. 150CAYB (Novozyne) ],OH OH
by a |ipase from Al caligenes sp. [e.g. QM (Mito
Sangyo) 4§, by a |ipase fromgBurkhol deria cepacia 5
(lipase PS) and its nutant |ipase AH The subsequent

o) TR BLTEedbe sy aEsnaEign phng B oathletons @) by deacetylation of
&ie@t@h@ky kebydi>o %@Rdaaﬁ@ﬁoutlwl’}@dﬂﬂ@fe@ estedsddyprob@ses or hpases,

C .dSes
R B RS e B T Pred st gyl dPorticie
CAdbdi Npveguhe)dl ter lspa@Ofroimghitaliyeras qm[c:ge@LMr(MmtqﬁangO)] by a
%Ase shat B r‘?tfﬂolyg%b&f)&cz B;H?edrﬁge ‘?ﬂ‘s %ﬂgllltnq%HEHZYH@scubsequent

pre erre rogenase

pEMBERtia reducdey) is cerrr od it ‘/B{srfip@rislctaree Rrifsrabbniditprsaugtases or
Elléiﬁl{cﬂﬁéhﬁﬁﬁgeﬁﬁée‘é IH&%Ciarleﬂérr@diB RRMesdreYudtdies KREDNBNGMW70f11, 112,

to 8 er H Int ourse of
P huh ik ffsﬁ%l?f Pﬁlﬁﬁ@ﬂ%ﬁ&ﬁ&fﬁ%lﬁ%ﬁ@%l@% gepyalents
aagigtbamécyaled ihetslgl dlcdted ot tlewet aythble padeliably by eafynaes; more
Bt%%e%‘ed by glucose dehydrogenase GDH 102 [BioCatalytics].

Suitable buffers are the conventional buffers commonly used in biochemistry in
the range of pH 5 to 8, 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)-ethanesulfonic acid buffer (e.g. pH 6.25) in the presence of a
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is required to neutralize the forned acetic acid and

wa@2doaneser equi val ent is needed to neutralize PCEEP2008/053515

formed gluconic acid. In the ﬁa_se of the enzyne

combi nati on KRED 101, |ipase AH and GDH 102 the use

B Bobp MR L e Bk EAE ATt G B8} froB b Fofie) (e
F(M/VEF)?@@C}SJ @E@GS@EI e.g- A.3Mn posipptla infloregemiogersb Ireastivitisuch

as n-heptane or tert-butyl nethyl ether (TBME) (e.g.

20% VINQ reédfieh e HpUEOSe née@f lﬁtlng réﬂ@e otf 9§ 't(g Lly Qt Spreferably 30 to 40 °C.
reacti vi

i ences overal
Eﬁﬁgrsgﬁ‘iﬁ Cenfhagratien iy &gk e o Du B Wzispreferablr 5% (W/w).

refer b 30 to trat on ntration
ﬁay r 5 N %}ﬂﬂr Oéflq?d%srt %}neﬁgr drosy &s girewws a gtalytic
Fégreahgwctwl@bh bkdeYs &fthd B cttlaBbA uctfv@rynme %A 08NcekBHLEOEOf the

requires a catalytic reducing activity in excess

lgr reekeienc @) yﬁ%m bedighe enapigh wnabtigg high girpeyer rates for its
% w%’thE & ugpoﬁ) hte Ik%tor {agé%ydlﬁﬁe{gpfﬁ I{lﬁéanpgfovi@e? Sa@@wty towards

enoug ena I Ng % turn tes
et

ﬁe;dmett neflectiomchd ¢hhd amtoxThetoke{ Drivdombasesn ot signifacantly lower
10[11691%2(1%1;{1( {,‘%)9 mrth nley d%/ %:%g)\ﬁ? g€§holt a O]?]gg[eﬁt%:f Entermedlate
mvtalndsaths dagnhi()i ?Ehﬂpf()jte.‘is @mﬁmuéhﬁ)s leavand sugrpeess cad d1;ecpmduttgpn of the

;%%(gﬁty:]}g@%gg r(?rttg\%aﬁcet ?lhey 1a]i1 Orrrlg\l?e)r ratﬁgp tb? g%ylglggetrlc reduction of
eRNA it ﬂﬁﬁqehawardxsa kétkbﬁ@ (OIS thibgerihigi® G sifleeiHetnteRiodfin order to
the acetoxy ket 5) or to enhance the high

PRy dhe rw@gnﬁrlcelhr@ua%%@r Yt reduction of the in

situ formed hydroxy ketone (6) by triggering its in

situ concentration in order to maintain the
enantionerically pure (S)-diol (7). 15 In another

enbo e ntion refer ss,for

ot opdt At <bibogte s MeaBod i fo SRR T thsrﬁinara‘?ﬁon of 2
apidoald-tebydrbxit- Arhafooethl) RpaziReNofithe fdymul R1

wherein R is |ower alkylcarbonyl or an am no

protecting group and Rl |s hal ogen, by enzymatic

asymetric reductlorp(e\f\i ji:iif the forrrula H RAN
N Ilb

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

by enzymatic asymmetric reduction of a ketone of the formula
AN
| IIb
= 2

wherein R” is halogen.

Preferably, R' and R”are chlorine.
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N R2 20 O wherein R2 is halogen. Preferably, R and
R2 are chlorine. WO 2008/122511 PCT/ EP2008/ 053515 -

waoornzfser abl y, the enzymatic asymmetric r educPCTEP1088/053515

performed by neans of one or ppre oxidoreductases.
More preferably, a ketoreductase or an al coho

O SR i R SRR shy B s oroneor
oory et predveange tNlore poéfeigblyba ketoreductase or an alcohol dehydrogenase is

LQﬁngggbgﬁgagggtyl)-pyrazinyI]-2,2-dinethyl-propionam
Ide (4) to (S)-N-[5-(2-chloro-1- hydroxy-ethyl)

P B it eetigd meonthe At Bt 6 (B e graticeqdg ign of N-
N—Q—Qil((j)fd)—hd’e@g) —§y1’a£inle@_¢2—dﬁﬂdiﬂﬁtﬁrgpioh?ﬁlﬂét(ﬂm (!S$—rl]\1— [5|:1—(2—chloro— 1-

alril e out .conta | n, oxXl ¢Qor e C se wmt t he
BBt S8l e 2 S 2B A B e AR e

equi valents are applied in catalytic anbunts and are
recycled in situ. Preferredchsinddreduct ases are
ket or educt ases or al cohol dehydrogenases, nore

preferrigd areqthe ketoreductases KREDHIQ1, KRED 111,

KRED 1H.2; Ng and KRED 114 [Bi e W The
requireg &educilhg pqui val ent s—ray- be y edlia situ
by 15 cohvehti onNr ods; preferably by enzymes; cl
nore preferred by gkyc6%e dehydrogenase CGDH 102 OH
[BioCatal ytics]. Suitable buffers are the conventiona
buf f ers commonPy used in biochenmistry in thdcrange of
pH 5 to 8, preferably in the range of 6 to 7. In the

cour $ge Rfynio@rit fAGLHANIsRRiedRidt B cdticti@aatdxRidbréductddé Rith the
t cagzéﬁ%t at. the sel ected, val ue b1 t.he addi.tion

i k . the addi.

gffloro hstae (ETEFETE TS CNRGII Gy TREPRICG T 7B TIC pmgunts
sgfliar¢at@ded irssinequi red to neutralize the forned

gluconic acid. In the case of the enzyne conbination

D 1, IR0 1y 195 BEL PSP PRSI, o
pefegredorodig)ketnreductases 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 dehydrogenase
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 equivalent 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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hi gher substrate concentration and addition of higher
D- gl ucose concentration 25 influences over al

WO e@sti2asity positively. The reaction tenperat UPET/RB3008/€53515

in arange of 25 to 45 C, prefﬁgably in a range of 30
to 35 C The substrate concentration may range from

0.1 tQ w/ refe bI %.(
or ef ef amn ag% g%j/\g F\}é) %&g?ti%%”ffqdro RlGe (8) towards the
a@mlamooams 19-N-[51(3-chitwarit hyoxs thyl) tiiyeazirs § e 2 idimethyl-

gﬁ)g)%hﬁ@e @E) ?Hlngf Redde! @RE h@ﬁ)olﬁ@ffé&?m% t@@ g. lipase) and did not

ntionerica
{f@ltez-mﬁfrrmabummw@mé@zyleétafﬁy iChe pYsokute gorfigprgtion veas
Qétﬂiﬁﬁﬁy&l by BiyeRl @ARMIre&Subbélieslil thOdnaRESEeAcllR |chlé>r1nated alcohol

et B et T (ﬂﬂﬁg‘?%‘%‘ B barhca et bl G565

abdadphiile smbstitugom af ¢hdorovwgsinst detdesxyl pedipby cryst al
structure. Subsequently, the enantionerically

chl o : I N

desi Ak g r(%l?‘a{cglﬁepc?%d%o Ig}s dﬁ?i%ra}agr)tglg bﬁ%‘{%&&@ﬁ give ptrggesses as
d@meé@@rﬁm beforn s pretfqmb zzsﬁar@fe ©HF Brising gk SQmHOIFﬂFHIOéfGVFHUh 11,
Ghoum: R AserlURAdNLEgECT | bed above, R is preferably
tert-butyl carbonyl, i.e. the processes as defined

heretﬂ before are preferably carr.i ed out artng fromd ¢
conp Y& Yio lFedrre gIITP(I?nt t £ rmﬁ,lquptlﬁnlréates to new compounds o
therforrbulty| car bonyl . Thus, in another enbodi nent, the
present invention relates to new conmpounds of the

formula CH3 NN H3CHZ3C IIlc ONR2 Owherein R2 is

| ower al kyl car bonyl oky OF hampgen 15 The preparation

of conpounds of be perforned according

to schenes 4 andi,;§& bellow. in ep 1, the i no group

of 2-am no-5- bronopyraZi ne pratected with
trimethylacetyl chloride (pivaloyl chloride; PivCQ) in

di chl oronet hane to give amde 7 i 90% vyi el d.

Pal | adi um cat al yzed carbonethoxylation of am de 2

(step [ ed sol vent of

dlmethgr)e g%ﬁ%ﬁﬁgea%gkggﬁgﬁgﬁ§§ %ﬁ 500 psi of carbon
nDnOX|de in a Parr reactor to glve met hyl ester 9 in

84% yheep@paqaﬂogpgfprgg)og dgjo togmula Ilc can bé 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 chloride; PivCl) in dichloromethane to give amide 7 in
90% vyield. 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% yield. In Step 3, Claisen
condensation of methyl ester 9 with the enolate generated from tert-butyl acetate by
treatment with lithium bis(trimethylsilyl)amide (LHMDS) gave keto ester 10. After
extractive workup and solvent exchange, the resulting 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 yield from 9. Treatment of 11 with
trifluoroacetic acid (TFA) in dichloromethane afforded a.-bromo ketone I1d 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



condensation of nethyl ester 9 with the enol ate
generated fromtert-butyl acetate by treatnent with
WO paoi1zesubi s(tri net hyl silyl)am de (LHVDS) gaveP&KEEP2008/053515
ester 10. After extractive W'OI up and sol vent
exchange the resulting ethanol” sol uti on of 10 was

xt/v1t so 1un? acFW ate 1|ﬂ [{)*/1? a{t) POty %e%bﬁetrggug %§)Afiter}6:trys?all Cfau?n from

gthvleacbtmmﬂm@armthe mc@@% lmt@maﬂw wys @btennfecrl o0 yiEtde Subsenuently, it

Q'fas fjoqzantltleﬁ 11 crahfble?‘)%cﬂﬁ&?éd' cﬁre@ﬁﬂf Fofnlthtedcfon mixture by the addition
di chl oronet hane afforded a-brono ketone [1d in 97%

9f‘§‘|1t€r (Step 5), the decarboxyl ati on was conpl ete

afterstirring at roomtenperature for 40h. The

a-brono ketone |id was conveht®ed4t o acet oxy ketone Ile

by substitution reaction WO 2008/ 122511

PCT/ EP2008/ 053515 step4t Wit h sodi um acetate in Bidp 2at

roomtenperature (stgp-6). After crystallizati ond‘dom

Cl
et hyh Naceyat e/ hept ane, "t he toxy ketone Il
obt ai‘he Pn 90% yi eMd™"S H"Subse W ‘%f‘%%' (PPha)z

ound
that 11 be pre%ﬁpét ated di yﬂ; romthe
reaction mx ur e by -t'me¢2 addition o %&&&e
Step 1 Step 2 PivQOl CO H2N M pyrldlne NNca (o
2(PPh3)2 BO >I-r 1 30 NBr CH2CI2 ® | N Br Et3N 4:1
DVF: MeOH 1 2 Step 3 HNLHWMOS H ~1 tBuOAc Nj N O
~N Me O CO2 MTHENCOZtgyep:,'O 9 10 Step 4 Step 5 NBS
N Ncat. LiBr Br TFA — =

LHMDS H
*( tBUOAC >H(N AN
\[ j\ O \[ /jﬁ(\
N COztBu
O

CO Me THF
9 10

Step 4 Step 5

NBS NN

cat. LiBr \[ X Br TFA
© Nig CO.tB
butanone 2= CH,Cl,
O
11
Step 6

NaOAc H
\[ AcOH N\[ AN
j\[(\ O N/jﬁ(\OAC
0]
lle

N-[5-(2-Chloro-acetyl)-pyrazin-2-yl]-2,2-dimethyl-propionamide (1If) can be
directly obtained from the methyl ester 9 by reaction with bromochloromethane and

activation with butyllithium (see scheme 5).
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O butanone N O CO2tBu CH2Cl2 11 Step 6 H NaOAc H
N ~N AcOHOM/NV NBr DMF NOAc 0 0 lidIlle N

WQ 200822251 or o- acetyl ) - pyrazi n-2-yl | PCT/EP2008/053515

-2, 2-di met hyl - propi onam de (11{) can be directly

obtai ned fromthe nethyl ester by reaction with

br onochl or omet hane and actd aljh'g n wth butyllithium

(see schene 5). WD 2008/12 / EP2008/ 053515 - 15

Schene 5 BrCH2Cl H I\%riél% .6M BuLi in hexanes N N\ N
2

M THENC O 9 n anot her enbodigent t:IF
in\gﬁlni/u jlates to 2OMEH-ELIRIBRAT of th Hnt S
cH3 NIN FBClHC O / a furt r|/jY
embodi%henty* heoiyvent i on pHevi des a process for the Cl

preparation of a’ conpound of the formula H NI N 110
H3 C%S\ N90—| Iif

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

CH,
H
H3CNN N\
Ic
ST
N Cl

OH

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

compound of the formula

H
N N\
\[ III
H.C O =
$7>s N OH
7\
OH

o 0 ¢

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

a) reaction of the diol of formula Ia

No N
R” AN
| Ia
=
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
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OOC OH conprising the process according to clains
1to 11, followed by a) reaction of the diol of

wooerostitzs1ia H RANN [a N OH 10 OH wher ei n ECT/BP2008/053515

| ower al kyl carbonyl or an am np, pr ot ecting group, with
2, 2- di met hoxypropane to form an acetal and
deprotection of the Nn neNunder basic conditions to
obtain a conmpound of? WO 2008/ 122511
PCT/ EP2008/ 053515 - 16- |H2N NIV Np O~CH3 CH3 b)
condensation of the ani neyd vl a |MWith the
carboxylic acid of fornula OCHW C O0st/ OO0d
or an activated derivative thé&le aH obtain the
amde; and 5 c¢) hydrolysis of t g, acet al under acidic
conditions. 2R- (3-Chl oro-4-net hanesul f oriyl - phenyl)
-3-cyclopentyl -N- [5- (1 S, 2-di hydroxy-
et hyb) cddvdensation 3f Helanfih@pf PRANIAAY ik theGa Rhcf of formula
formula I11) was found to be a potent gl ucokinase
activator. Conpounds thativate &, and thereby

O

i ncrease the sensitivi the &K sensor system are
useful in the treatnent ke hypergl ycem a 10
characteristic of all type Il {di abetes. {d ucoki nase
activators wll increaseg @t gl ucgse
metabolismin (3-cells f epat/jocytes, which will be
coupl ed to increaséd j s€cretion. Such agents
are thus useful for gheating type Il diabetes and
other metabolic diQor@eral

or an activated derivative thereof to obtain the amide; and
¢) hydrolysis of the acetal under acidic conditions.

2R-(3-Chloro-4-methanesulfonyl-phenyl)-3-cyclopentyl-N-[5-(1S,2-dihydroxy-
ethyl)-pyrazin-2-yl]-propionamide (the compound of formula IIT) 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 IT 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.

In 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
camphorsulfonic 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 employed, 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



In step a), the 1,2-diol group is protected in form of

a cyclic acetal. Reaction of the 15 1,2-diol wth
walpovstieasxy pr opane provi des a 1, 3-di oxol ane. PrR¢BERING/ (53515

the reaction is carried out ip the presence of an

acid catalyst such as p-tol uenesul fonic acid (PTSMQ or

&ﬁng 69 o tH ac1H Io‘f: £ Iu? {"cr:nse'lA Be u-le aky teacloapl%ge Fﬂtbe cahrled out in the

r @act i'on Sconditt ons excep pr ot
pgsawasf abekisuchass mfrldaque@ugnopnrﬂlmm Tbaedt |Chloa1de darabeiprepared
Wijé'a&%}l o tlélg corﬂgbtgncﬁ(gﬁohﬁfﬂas\/ ffth %§%1le@1‘1{§1&6*1§ tﬁﬁﬁ?lg%ﬂoride ina

base such’as potassiu
eHiablsratvenisick ps flish 1@&%@66%@6 t he subsequent
deprotection of the am ne. For the condensation in

st epigtep @NthrGicéairettctRy frvabiiyv@etd hh@er@t@fdﬁt@bﬁﬂitﬁ)ns, for

AratalC bo Bk i Senfo BEar” B PRPOL R Sl AT EA T ey e

prepared by nmet hods known to those skilled in the art.
Pr ef br héme 6 drloas itk MEr@08/(Hop%pdraPGT 6ER2G0BYPOBBG dbformula 111
| ' f
Stﬁ%éé‘ft”a‘? P coRpBind BEoREA g BP I S B BRI BB
pefgeddg E%Pb%bﬁyflhﬁﬁ@f@r am nopyr azi ne. The aci d

chl oride can be prepared by reaction of the conpound

of formula V with oxalyl chdemde or thionyl chloride

in a suitable solvent such as dichloronethane. 5 In

stepHc) the acetal pegt@c,i ng grou |s cl eaved under

ﬁL ndltlons f 8TSA exanpl e hydrochlorlc
acwd n the 12=diot>of foﬁgusg In schene
6 bel ow) t e 8 ocess for the preparat|H vhe

compound offormula 111 starting froma @ ound of
formul azrla as prepared by the enzynmatif processes as
defined herein before is i{lIlustrated. 10 Schene 6 Ru N
N M2C(OW)2 RHN | | 11 NOH PTSA u OO N OH O+
7 121\ OH13 O MOHH ® HonK2CB 2 Y O C i)

(COClI)2 _ NN o 13
\\\
MeOH N I H
K,CO,4 HZN\[ \j\(\ (0] Cl i) (COCl), N N\
2 - |
[ .
N ~M O \[ =
o 0 i) aminopyrazine S Nj\(\o
\ﬁ pyridine o O\ﬁ
v 14

N HCI N
N
—_—
N OH
cl OH

111

o=

The following examples shall illustrate the invention without limiting it.
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NO/ Ol N~ii) amnopyrazine O 11 pyridine 0 C
Of- V14 INHO NN1i? NOHOH 111 The foll ow ng

we@x@spexsst shall illustrate the invention w t hoRE€T/EP2008/053515

limting it. WO 2008/ 122511 PCiI’é EP2008/ 053515 - 18
Exanpl es Exanple 1 Preparation of acetic acid
2-[5-(2, 2-di et hyl pr opi onyI@m' ?e)-pyram n-2-yl]-2-oxo-
ethyl ester 5 Step 1 Prep atron of

N- ('5- br onmo- pyrazi n-2-yl) -2, 2-di met hyl propi onani de (2)
A 3-necked 1L round bot t ongdamplslk equi pped with a
magnetic stirrer, thernoneter, condenser and nitrogen
'PPé;ﬁHtféthfﬁtet%&dCﬁﬁj’ 92321d%éthylgﬁ)éﬂ&qy@alﬁi%gY—pf]‘razﬁmplyb] -Dbxo-ethyl
2-am no -5-bronopyrazine (1)

di chl or omet hane and 30. 50 m_eStErS?? 1 mol) of
pyridine. Then, 39.30 nL (319.1 mml) of

Step iePlephraden ysf Ne®BHaoinepir8zif Pi-E2)2 - dias: tiaydokegiothn opdd ¢
over 5 mn. An exotherm ensued that raised the

t .
ot e :T'Pjslr.?)ﬁltlé%[(gd llgfouzngq)(?@ﬂfoﬁ{eﬂ gﬁﬁlt &ﬁl@%% vgtlf 9 m%gncqlcnsﬁt'ttete d t ed
tb@rmp@leaer,r@adfm%andm&rog%ﬂ@iqt/@ﬁﬂﬁﬁ mslfhérgﬁé\svlthu 504P0ex( 287 .4
H@lnﬁc{l lgf)@afﬂm&f,% tlﬁb{i‘l@ﬁﬁlaﬁme(ﬂeQIlS:lQﬂEQﬁﬂldh%rtSHleﬂMne and 30.50 mL

| 1 oONn at. a S C ure er
G20 g ol hak £ 2a0 SHE TR TOBRHG Stae ) Brotd loride
BixClymers Elédﬁdh:&dpﬁﬁe &ermﬁlﬂﬂAn@ﬁioﬂdﬂtrﬁ ensved tldtdeigedlthe temperature
S% t%wn)[mt frm% ﬁ&lgﬁ ‘[864I anfter 1rr1n ec%aéi()LUCe fo?fz B, Eﬁ)I]C e%nalysm

£ lr'ea ATt er th i on
tﬂdecatedmmplqtg reagisgre (dik oenclios rraktlummr@is dlhlt@owith 200 mémﬁethanol

%&mgﬁ%%%dw%mtﬁlﬁh(gﬁ Q@atﬁ\ﬂ@;ﬁﬁhg \%Ifres%lﬂ@ eAi%eQ'Z'élg nYY?éf distillate had

| ected tration
eallsstsd |an9\éteetﬁmrerﬁugﬁ @f Eheu ety reageed &’ Q 60% WeOfEYVPtGS"’?é added
{18MyA%hilé Blaghtaiaingtth@tein kﬁurmmmu@&t a.leB 90t Ah@i tB€addition
solid; ,98. 10/%sﬁi”e as determ ne HPLIC anal ysi s d
AP e G 2 gshe B s ATt oo ogogigpgpature an
§tir8edngveeligtenThSsdlidGfbs aoBécndi lyr filtrefiova tvewshedtwidl 1060 MEAT

&%?ﬁol%va%rq laénd]'%r'w dlic 1&? {oegfll}é @7"083% (dfM‘%?%l(ﬁ '0f the title

compound as a light beige solid; 98 21% pure as determined by HPLC analysis (HPLC

column Zorbax Eclipse XDB-CS8, 4.6 x 50 mm, 1.8 um, eluent 5-100% acetonitrile/water
+ 01.% TFA over 5 min at 1 mL/min, detection at UV 250 nm, retention time 4.22 min).

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 triethylamine. 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, 80 mL of water was
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Step 2: Preparation of
5- (2, 2-di net hyl - propi onyl am no) - pyr azi ne- 2car boxyl i c

wa@eiod/1225et hyl ester (9) A 300 nlL Parr reactor MEEEP2008/053515

charged with 15.00 g (58.11 nmmpl) of the conpound 25
pr epar ed in step 1, 16.80 nL (414.8 mol) of met hanol ,

agde AHLr ck())olueg onr%tﬁlhry tefng)ﬁp?ure t%e§*elz:)'v1: {rjg solt sofld Was ¢ leg:1 egtr%?fgiétration,

osphi
‘ezafdleé wg@()SQmL(OG B)I\@Ewmto 1)l aofl SDrmIepﬁyafanarnbdrleTHef suction to give

[??@%%3 63 1echLHfg§éjtntlé’\Q(ﬁlgpd’Hntdrhs Q'lfgﬁ%{b s@ﬂﬁ 100% ure as

pres UI‘IZIH&IIT ventlng | to atnns heri c
deteninee by HohEmnalysie ésa\metq@néﬁwﬁéﬁs IR dgentigyetime 3.46 min).
mxture was heated to 92 C, with 30 stirring at 500

S1epB: Pﬂ&pﬁranbﬁsssmﬁzed dhintethy Py dp@orblnips) - phakinlByh-3-oxo-
HPLC anal. %§ gb@ypdl c ﬁ@d conplete reaction. After
%’é’ll(?nﬁ‘i;actl % ¥& Wactor was depressuri zed and the

contents were transferred to a 500 nL round bottom

f | ask.3-Magked Bdovond hagomed §edt eguipped S0thrA magneDi/Firergaddition

T

gy of gttty asepientf-90be (ot epbedfdherempeyd prepared in step 2
5RB20 fillng TS, |Acﬁteil\@§olﬁl‘g|tb egh 'y abs)bllftiohtdf@Bl QML (mahﬁﬁhol) of

SoMRitgyP biscrighit e d4RBsy iy Bar fos PR OBFise it
matdt@nogrbeotentheague dfitighteadt@ingaixsude |bdtwe1:ﬁ)9% phned ASC. The
ge%ﬁlﬂlg"rafs%th%/onda's%tlmal gsif“(l( 1%?'2!8 n‘&g ggﬂ)it gﬂaclysqss' indfated complete

ma@tpm' gthp orixigfe was allowed to warm to O °C, then quenched by the addition of
Brel &ofed 2o dhreidoy meo@Pé%Wt%mlt?lQ)aa@éBR@le fhey(grkaﬁc O%Er was

oni c acid-tert-hutyl est -necked 1-L
fe@aﬁéedoﬁ’tai}k?ﬁéfﬂﬂﬁ 22RO gupfisplga f‘r@(“émrfégﬁ@ﬁse lugiopapd,
acskibﬁﬂr@ted aff 30IREQ minfigg FOL Aslphe o EAl3e rﬂmcnfelcbﬁ@g@rated solution

s Flp R bR opd Bl R 4 R 7 scsB it s S sc BRI Hg to ca

c@mpolhe cqmcepaate ovab agast dputad I@thaaﬁ)d n20ofhutefioriflHBdAbhemtrated at

t 6
§(§’%/§6‘ %\ﬂ{[g tﬁQ o(?f?% ﬁrgg % e]]rs §r %dl?%%}e of THF.
ThErHdnabysaots sl Bt comapmdawaﬁ ¥§ fitecty in the next step.
tenperature of the reaction m xture between -20 C and

Stepr4: TRBaraties ufzibmnbesd 50, UHiméh oﬁfohfrlﬁtﬁﬂn@tpyr%ﬁn—@ yl]-3
ete reacti on

for 40.m.n. .HPL si.s..i ndi cated conp

PR PRI Acighirst W@Q,%e&(fla warmto O C, then quenched

by the addition of 15 pre-cooled 200 nL (260.3 mmol)

of 2BvitRo@intdrhottoaniddlaslo baitipiml wilthe noiggetini stirfeayes clwaiged with

§ﬁp@ g%;l(l)}qgﬁg'lz A Wi DrdmeRAnfle la@l@utﬁ@%'}géﬁgggnso ‘?AlHéH in step 3

n and concentrate

épavmoma) othidutheseriaaly caainedAGBNE &t-2hmaeal Lef Hfd ?\fx/aghmethyl-
gfdpltﬂrﬁlﬂlrﬂﬂqbﬁ QinrrzLy@fs Mﬁ hi@NGd-39RabL By FQRGARH LABANL of

The concentrate was

ﬁ@tapﬁnedffpdh%ffs Upanzlﬁco}rwasoéd de dofd 1and sdSndémmal @4 V-

Bitomosuccinimide 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
mL 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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20 30 60 mtHg to a volune of ca. 100 nmL. NMR
anal ysis indicated the absence of THE The resulting

wheioanzesel sol ution of the title conmpound was UBEHEP2008/053515

directly in the next step. Stgp 4: Preparation of
2- brono- 3-[5-(2, 2-di net hyl - pr opi onyl am no) - pyr azi n-2-y

| ]-3- oxo-propionic acid tert-bu A 1l-L.
f%@nvesa%ﬁm gq%’@ateg B&@kraé@a, prvad wfﬁﬂr% éﬁﬁ@@hee agg ppd éﬁed by
wasios hapiged2.wb ilof dfe tER.@thpegnd Qs Bthtm&bJ)v)l solid; OBL7M pume as

so ut | te
B B0 Lo UL ATARECTR 8 POSETAPES, HDLEAER, 3
¢184nt30- vtH 9cet;ﬁ1113ﬂe[/ﬁa1(eg+2)-l&b ﬁ&ﬁhy/k:p 10 min at 0.5 mL/min, detectlon at
4991){'@%}1’&91) fiRrel Igmé_- yl ] - 3- oxo- propi onic

tert-butyl estéer and ca. 73 nL of butanone.

the resulting mxture was added a t.otal 5.1

?'8B >1Frepwtion gf NN>-Br egueceti-Riragnporld |Zo?n3(hﬂ§éhmﬂrﬂpwnamlde
cadeful reaction nonitoring by HPLC. After stirring 30

at roomtenperature for 1 h, HPLC anal ysi S i ndi cated

ggﬂggnp rLelg)%tnlfi Qgtogeg éla&aCtullIt(v) L4 é/vm{/h)ét 1 r‘r%net]fc stlrrer aﬂji rrlnt_rogen
inhesfoudliet wasedhavgiet! hwith13010nd ( 8@f19entmpl) A ¢tlext mrepcand Pwepstedtin step 4,
ot & d’fdﬂ-&%nfgdlalne qhd \9@93 EnL HSB &'m &QD%@ﬁﬂl%er&tlgtaad%ﬁd the

d 60 to a vol une of resul
seeg wreves sHITRd ele@on ﬁeﬁlpz@@ure fer 45k h. itigaprealysirigdicated

ﬁ@fé@@i&lﬁﬁt'ﬂﬁe Ite@ctﬂ)n\/lﬁixﬁff@ wab c&en@fted bt 30TH®BO Ny d-a
on_was, ag

XQ‘}H ept an 8 dnlt,%gtegovyl OOO]IPE (?g toﬁlis US%_CP C(;ﬂgténtmd toa Voqume of
&OGBhiIIZ 2{5& TesRIEgER200840bRSABwith 200 sl df dolwerse drldleagain

ﬁorjlctel"?t%tgcﬁj tobél dglhhltg ro%tco'l 3 ’m j[yi3 ﬂllmlﬁ@uﬁggoqgm“&f h%{)‘iaﬁe, the solid

is ¢Célect©drb&5 flithtios aadldlrlgﬁ b‘/ y@tloamo gtﬂeﬂé 3094 9¢. qumlé) aisthe title
DBEMH&%% )QMOJV'P&Q @9 qli%sﬁu?re QW&Q&HE&WH@QC%&I}/SB (same

el uent 20-1
ga@tlfmﬁaﬁ in @F%tré?enmo@fﬂn%7T7fﬁﬁ(nH\)er 10 m n at 0.5
nmL/ mn, detection at 5 W 254 nm retention tine 9.52
Biep p: Piop@atibn oPiepandd 298-(Qf2-dimethylpropionylamino)-pyrazin-2-yl]-2-

N-[ 55 (2-br -acetyl)-pyrazin-2-yl]-2,2-di net hyl - pr opi
8XJ Fﬁh&?espe(?ﬂg)) A 500 nL round bottoned flask equi pped

Wth a magnetic stirrer and nitrogen inlet/outlet was
char 4880 wilt tpusd bogomed dloski @y upnsd)widf a magnatisspuandddition funnel,

er?rﬂ@&ﬁffolé 15%0%5 §1ﬁ’d ﬂrtrogél@ im&y dﬂﬂe%aéﬂéh‘ét%eﬁrv@ﬂ@; E@Hﬁ (@’@ @6 mmol)

trif]uoroacetic acid

P%%El‘? %frﬁd r}lemFr gf %@F)@@ 7008 ($p-3P soymed) law@afeoifhen, 23.30
407162 HRldD andk yshpombbained in ﬁ at @dd’eﬁ@ﬁﬁ’ﬂl(ﬁﬂﬂse-r(h%r 45 min.

action m xture was CO centr
OBFCHarEs “tgomSmpEane ey C@m%a%baﬁﬁ%fan?%@ﬁ&m%
andpleterremmbna”ﬂmjreamoal mndturmaeﬂﬂutced with®B5MHmL Thethyl acetate and

ILtdf ngtu & Jo\ﬁlﬂﬁﬁlcqm g&%%a\’s\dahgﬁzdlsggh gq;'m?lf 'flgcj, &’%EI%C layer was

agal n concentrate
mﬁ@(ﬁedd Wlaﬁhedmgth/@ ¥H08 00 efiwaser dndpoasmiratddet $6PCH0 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 ca. 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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was collected by filtration and dried by suction to
give 23.30 g (96.8% yield) of the title conpound as a

wQ@etoBossol i d; 99. 15% pure as determ ned by HPRCI/EP2008/053515

anal ysis (same conditions as inh step 4, retention
time 7.76 mn). Step 6: Preparation of acetic acid

2 ty) propi [ am n

L)f? v%lHte sog(% [%rgl (Alf ?ure a’ﬁ‘gg%ﬁn d %35 Eﬁ%(g ortapyshé%/?n]rxei conlglztlons as in
@qlmﬂ,pfp@dtlmtlmeeﬁ ?‘Balgrrétl c stirrer, addition funnel,
t her nocoupl e probe and nitrogen i nl et/outl et was

t}lﬂ@mgcmmdj d%%‘l@ 7%,(1?@5&97 mﬁ) 3.80 (@aeh)i $48¢d, @Hg AD (s,

of sodi'um acet a
?fﬂénl 252@“3&)9 H(77. 62 mml) of the conpound obt ai ned
in step 5 was added portionwi se over 45 mn. 25 After
stirring at room tenper at urBgamgle 2an addi ti onal 1 h,
HPLC anal ysi s indicated conplete reactl on. The

3051 0 455 1R LA A 0, 1, 0 Bpgamice

was added with stirring. The organic | ayer was
sepafi dtesgkedirdHedngpetiomed flagraipped wWithtaenedpagical stirrer, addition

ﬁnﬁiﬂ@ghﬂ{e&ﬁb&ﬂf}tﬂé pl%@e lglll@ Qltfﬂé%ﬂ 1rg@t|/ (ﬁ%tle‘g%yifﬁr%ti weith Z@Q) g (102

e resu | SiL.urr Il ute

ALl pd 2> 238 ﬂgmmwé%ﬁglp?@@m@neoz fﬁmﬁl@’%hs agdmtﬁﬂgﬁer (9) as
pfepmd uiéﬁnmle 1asnep 5800 hretdofal HIB An€ 28 Orm B Q369nmol )ASf er

r%0| é%g) o%%g] L5Le n&)cgedaAH c’og&rqg{os %3 Ioéd]&%%ta% {) L@ %t tane; -liquid
m’qrolgelptqﬁmgémdl dspladohpl $QULE mdn(26@ hemoly nﬂéﬁM ]el@tM]d;léfdum in

Héﬁﬁ%& aﬁﬁ@%"ét%#)\f@s%u&mﬁe Ifngfntgﬁmg thd Qn‘%e%@ut%%f Ate Igaction mixture
(90. l e conp un WO 2008/ 122511

/7@%%@23’17}@93199@@ 124 min (251 momRl) 1oé begneerloromegins pias add

fodloded @p ﬂie{tﬁ@pm&e bfdiioRBRANThS FoTRME (cmﬁlkﬁdlp@fsz &S Hdﬂylhthlum
re

t , o
?Eioheeg(ine(ssmammmg W??tewerailﬁ)e olg]gq%rﬁac(t]&n nﬂgﬁu(re %t %g T é C. HPLC
Zrh-zllystnd.léatéd; comBlde, redctidd. Pledld mididye wis fowaeadilewly into 300 mL
E{O?Eﬁl% ) (ﬁ | or droch or c)ac1d and stlrre to V\iaI'IE uy ta ambleﬁlt temn er%ture

Thaamwitdes W4sithy pama:kly ﬁemtcetrat@d mndmu@mamdrtb@plfemagkted solids
faLiRRadd B}r Ehra%oﬁesﬁ&‘ﬁ@& Gah v%ttc':rra'h@rdl’rleé@9i 'sﬁétﬁ)rﬂl tofgiAN8l42 ¢ of

t he‘g ggg:ﬁ\xf%sre? ggil(t) jggingg d gizt { g.rfag?larle gs get:ter?rlljlgle(f by HP%C analysis. This
brude p2odiictyev oyl was Spirayh 200 #0)ofRHyRZiRRe 2nd BielrextingC
al%éﬁns%% xg%sd:hﬁ;‘%_g o\&iﬂ%%mqg %E%rn pﬂ}_ees?)glg gvaﬁﬁ%%p)@clog?cjféd by filtration,
agved shithor &ﬁ@tﬂiaoﬁmp&memﬂld}édcetdkéﬂdrandabiedrbg stdionn® ge 13.5 ¢

by
DBy o the FhBABIAN il Utp tt LRESRR TR PRy lns oy
HYLCrerlpies was added dropwi se, while maint a| ning the
tenperature of the reaction mxture

'"H-NMR (DMSO-dg): 10.71 (s, 1H), 9.35 (d, 1H), 8.94 (d, 1H), 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 1 mL
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at -77 2 C. Then another 15.0 nL (231 nmmol) of
br onochl or onet hane was added, 15 foll owed by the

wale@puezsel addi ti on of another 55.0 niL (143 rmMmoPQT/BP2008/053515

2.6M butyllithium in hexanes, 2%mlntalning t he
tenperature of the reaction mXture at -77 2 C. HPLC

af! aa %erselnsst(I) It %a})grglps% iy gg%s%ﬁa%ﬁlbls th%hecu at. d,\?mﬁt"&rfgr 72

ure
hwhs oohllncnrblctal aheﬂ@r aatdo 220 mmad hegonmnts of phe askaty than pooled into

L SERSIEhYE Bation Bk ThX Il YRS nide7 PRE hdhieY containing 5 L of YSD

concentrated under vacuum and the preci pitated soll ds
rz@ et eomBatiag BY lode-fanized it snglucnss Be & Xertsxiiagt dP gapytone 10 g

ﬁdst?ﬂtrsg&tba@@wlttﬁo@ M€ind Acid26.9 gcafnddschteltu Aedd ﬁﬂﬁﬂé@ﬁlH(gSL ml. The
or ange. sol | pu e as e

B f0lia® DIRTE ST Sl ToaPa e 4 A Rre e was
ﬁﬁﬁltmhed)ﬁbcaztz 1390 tgcaitahetua:nﬂuitiment @swtationgnd stmspgrspeemin pH was

% tgh%d’%&gS E\q( IltFtoglgt iMkagfiod 8?%@/“ Svv gﬁ%&%ﬂggﬂ’%}%ﬂ gtﬂanol

|On
Hé)@t’/@n@setdwwnme@sanetellatla ratﬁcpfdhﬁ%d//\bpermﬁmfmt 20 qiltpration 1.5
I]:%f ér(ﬁlln tgvgs £e§§0<90 | eﬂ'agg ggﬁlaﬁglrfg&gggaglﬁéef %@%EQ Gureer 2thours 175.5 g of
0
%ﬁ?grs garf (5 %%g)@ leﬁeepw afff@‘%ﬂ“(‘%‘“ Zxﬂi 2> %%@hgcfster (Example
1HVas &1d9d af dsuspéNsiorbinB05 (Sl o2liter th. gl Pl cdiScenfHrlion of 5%

SR B D PR AR AR RG FOBRR L7 a0alS Jesl i the ttre

oDISHN 454042 plinydroxdeethylppy e th- W 26X dinggithyd gsepidfargide (7) and also

Ml%ae%ﬂ@ﬁg@%%gg?@%ﬁ%%%@ a7 SR BTGy Bfhplee aftr s

hows die GrgekpsBgsiseyaspaacipaied bs heatRg 2sobrotiriyesitul tggR *Cdor 30
h&ited. Ncubated at 27 C for 72 hours on an orbital
shaker set to 220 rpm The contents of the flask are
then pooled into a SUItabhgﬁbE culation flask and
i noculated into a 7.5L fer rrcontaining 5 L of YSD
medi um conpri-st+hrg—per—L

rh: Ir\ I-lerl wat-er— ose 20

g, yeast ext|raReactiong,| sdivbne RODipl5 | abdigkast
nitrogen base t
B

Aseol antifa %E) 'gg?atlgégShell

n|||

on paraneters
were set as

oxygen was
adj ust ment
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mai ntlai ned
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Tenperatt
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UI bbUI

50% by automatic
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t 6.5 by a
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ut osmat i @
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addi ti on of 25
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sing a

dosi met er at
cultivation

1é5r?éeLOT
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a furth

ar 2 hnoi
er ~ Nol

vV _per day. Afte
was rempved and
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r 20 h
et hanol
g of
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2-[5-(2, 2-di
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(wv). Periodically sanples were renoved and anal yzed
by HPLC to determine the titre of

W@ 3)08MR255t (1, 2- di hydr oxy- et hyl) PCT/EP2008/053515

-pyrazin-yl]-2,2-dinmethyl-pr o_p'%)_nam' de (7) and also 15
the enantioneric purity of thisS product. Wen the

reacti on was judged conpl etg, a{iger 68 hours the C
par apsil osis was i nacti vat et?—gy—ﬂeati ng the broth in

situ to 70 C for 30 mnutes. Table 1 Reaction Diol
R- Di Bhe iBapinsktivarchrogthys hingd dlygve (g usetl for preglugt igolatign. 4.23 L

KOsk S0 My MR b o

96.4 2 )
THY- ﬁggfw FseRtsyReragtapt GraP Lisvaspearkel Thp seitst Was rggisgended in
bermn \@zlitéhdd.iﬁib I ceh&{fligddi Qimnfg@.m turbidrsapérnwast. %Bﬁlhiffedgtqgeoous

on a | aborator ntrifuge ., wWith sw.ng-o 0t Qf S, .
Fluforsaof SliRlea B it S ] g R 9e R L) Hehe ils? Bfhction o
spempanedus Jivee pphtativnwasurrek dutpended dxiragidh & dmwlsibewas

BBKHRG DS hitdSn b bhddn By Bltadng 1B 8 R iRE IR (ATRB
(Argamicstl RS04t addileaing thegmixturagin yaraof(Fillsex Bierphate pEp0/8427).
At theARRY 80eRUSn RTAS Bh&e Rt wRWHIA&H Th&bbiald organic
secon_d ext r@c(iyl on an errul(il on was gaqjté)al ned. _ The

BHACEi EHe RRS CH UK EN BV HF K IMG 7 0B 8 r%fPEYaWOF%VéP'ng’é&ncenmte
phusieAavitstwolpgand afsdidaPiB3PpeedLpl)s, div@drddi dnidenadegipt fod.00 L
mxture in vacuo (Filfrox filter plate AF 50 4)- 10
RS AR el e np R U AN (7 20 FAE

obt ai ned. The obtai ned organic extracts were pool ed

and &enwelstaf heenicentyeie wes diedaandzsbowad erlpwing anabpicalThag:

GRPLEN b AbSLy YRS piHi s PP (doenS BAPASSAT ALl d £ €50 mm, 5 um,

speed pl us, fi I-t%red and r[)aglf up to 1.00 L i )

lYpMteNr 103p acsfprifilg/iaiar +ob Efoaktd oveRd0 YR akhidmn, detection at UV

80| Rethtibh4inde 424 ﬁ%n)d Q%J.bo/o(ez:)bydch%rﬁlafrfpl_@ (aﬂultnhle:hiyalpalk AD-H,
ong e Mri ar owed . LQW, Ng_.ana

SRR INE A Bk us Bl BTk Ab oA AaBR LY, o

BupelonaBnd: 18BZ min4R6dial) 260 26086 nGn i$-diol)).

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

MS (Ion 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-ethyl
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 cofactor 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 (pH-stat) of 1.0 N
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el uent 20-90% acetonitrile/water + 0.1% TFA over 10
mnat 1 nb/mn, detection at UW 300 nm retention

WQ 2008/122526 i n), 92.0% ee by chiral HPLC (col uPgir/EP2008/053515

Chiral pak AD-H, eluent 20% et hanol/ 80% acetonitrile
at 1 nmL/mn, 40 C, detection at UV 237 nm retention

14 R- d 20, 1N - di 0] J.)-.
ﬁﬂiﬂﬁm ? 58 tl(o 1%“?5‘)1 2R a:[ §"8a1f§ni‘£n%’ti‘f—lb (,)f).’)gélii‘gL of .ON
(zdlurm |-lr|)ydr(5(1d§34ar( aftei |eg)mpk|ste7®n(vtr51om—9he reafti@B nigfire whi s stirred for
%6?%{/ g@nfv r}#igap tha p?@d&mxtlja@wn ;O(?gops%mu(rﬁ chl%H)ie w%@l_a(éilrdgg into the
ERgqn Wmttlﬁe-aé‘ﬁi%ﬁ]t{ s ﬁ@ﬂé‘{efi &7 é55@196@16&1%45@fqaetl%mwture was
e?xtfa'étee.% t&m el Wi m/ bpéh la@&u{eam&paas@yerpaﬁtmn%cylhr}ecﬁsp@mneously

?é‘? \\—/QTB <|5 fgg‘% ages P{Vé% %Va @h%elr gurggf §(Iétgsuséallu|n§/sul{aﬁee evaporated and

deaton &IV dmf h@ht 48742 (%) -6 5nMZaﬂ1h2droé<ﬂfﬂM)pth1m{y) 1-2,2-

TR AR By (LR BURDRE £055 0 un
elnentt20e9(ipiacatenigilomateThe. %aldi over 10 eréa@tet yilamiimletection at UV

YESnHl @Ee,tn%@n Bind 5h§ nﬁﬁl}j'eé £99 9% Ca“rugdlpaﬁ IJ%' P@S@él SFhm3Dum, eluent

Directly af te yucose nas
éﬁ%ﬁ@ﬁan@@?@ aa? /IK[é P%k?ﬁgé 0 nipep! f@i“ﬁﬁdﬂiﬁ‘ﬁﬁ%ﬁth‘lo

o, eérabhatmNAR eI Aslaed10.9 nin])twet Bolakel B9 iFhebiahge, highly
reduction. The reaction tenperature was increased up
Y5085 ok The stirred suspension was maintained at pH

6.25 (and 37 C) by the controlled addition (pH stat)

of 1.0 N WD 2008/ 122511 PCEx@EmplR(8/ 053515 -24 sodium

hydr oxi de solution. After 11.2 h, after a total

CHRAIRIe i8Il BbnSorhcdtideid? - [ $-( 9,2 Nim @ p#8piBU AR NI HSryrazin-2-yl] -
and after conplete conversion, the reaction mxture

was stirred for further 2205ocethyl egige ¢ he pr oduct

extraction 300 g of sodiumchloride were added into

t he 2 headftacait axida-(15-€2, an’ﬁi“ntzﬁh@pp(bjnwﬂ)ﬂaradjol)lsﬁyﬁdlﬂ 2-yl-5ox0-ethyl

fzs et%svx(?e ¢ 1?%](41%61(_1 1n?8 él{l W§ ) a0 n‘{la(e ﬁ) reaﬁ‘:hé)él evﬁsfse coan;f‘m{nngéo ul of 2-
pmpantpleuS sporitl 8t erd\dﬂ(yi mon‘ﬂimlmohbuhnB@UHoglanpld pPH&gE§ mg of
N@ﬂﬁ)}@' 511'1(?9i rrg@’ &'a 1@%})4&’15&&&% (s°e9 @AH{'&Q;S %lft%@h?thquﬁﬁgf@&%@ extracted

dri ed over ni g é
[Ng @ﬁnzl_e@byﬁ;gxggtq}gﬁméglha}}yzy Vwﬁlgg HPEQ]([ h12alcel OD-H, 250 x 4.6 mm,

Bir e, réYdenPSS%'h@ ik de (tép taﬁ@@ o404 HRIAG 3041 Esb tpfepanol, 40 °C over 15
Zpﬁ el uent 20- 90%/0

%e FBLP?? glign aﬁa’zw AN FBn G riAnGpIMETs 6.2 and 72 min],
ﬁhetﬂecsteem’mleaz) UV 10 300 nm retention tine 5.3 mn], ee
>99.9% [Chiralpak 1A, 250 x 4.6 mm 5 m eluent 50%

'T"ﬁ?lte a0 @elcger@ Haﬂﬁl@ﬂl é%‘&g%' fOlJInéL[IOQIV&r thggor?éspcln‘ff'&mg} acetoxy alcohol

retenti on
ertagstic epid sl 59@@ éwthﬁp@prﬁnﬂa}mm)rﬁ‘/m@et%ﬂé@ lalrexy-ethyl ester)

light orange, highly viscous oil

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

107 0 n.d.
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scal e reducti ons of acetic acid

2-[5-(2, 2-di net hyl | propi onyl am no) - pyrazi n-2-yl | -

WQ20R02251hy|

et hyl

ester were disso

ester 2 ng of acetic acid

DVMBSO and added

PCT/EP2008/053515

2-[5-(2,2-dinethylpropionylanjﬂg)-pyrazin-2-y|]-2-oxo-
lved in

into re
1.5 m

pH 6.0,
(see ta
with O.
([Chira
hept ane
over 15
retenti
see tab
of the

(acetic
2-[5-(2
oxy-eth
Area% a
2008/ 12
46.7 70
BID 13.

0

+ AL N o~y
car 1Tt

£ 2 oy Ao~ |

Arnt 1 A v Al & A
CUT UIT vidalh S UUl

3 nmg of 20 NADRH

yav)

of 100 hiV 2- (4- mor phol3Pro) - et

H and 3 ng of

Ot ——=—pPropanor;

a ket or educt ase

pble 1).After 2h
bml et hyl acet at

the r@actions
e and anal yzed

were exkracted
via chiral HPL(

cet— ODFH 250 X
20% heptPane + 0

mnat 1 mM/m

46 1Tm

N

. 1% TRAS15% |

detectio

n

46, et uent 65% |

e 2). 25 Table

n
T

on ti nejenanti oners 6.42.7and 7.
2: Sel ected an

t W 210 nm

al yti cal

ormati of theg
aci d Eﬂ;

2_ i

nr o

correPBOndlng

Vi

aceto%xialcohm

- Ul n’et hyl |JI UlJI
yl estdi)D KRED
cet oxy al cohol

101 33 73.7

'd
1

P511 PGJ{EP2008/
8 113 28.5 70.

053515

-25 11
4 114 42.7 65.

k
10
1

795 BIE O .

d-

Exanpte 6 Smat

enzymatic reactions 1 ng of acetic acid
2-[5-(2, 2-di net hyl propi onyl am no) - pyrazi n-2-yl ] - 2- oxo-

et hyl

2- propa

7.2, 3ng of NADPH
and 2 ng of a ketoreductase (see table 2).

5 ester (lle) were @gixssplewed in 20 |
added into reaction vials containing 20

o0 F90n Bl Assium phosphate, pH
[ Novozyne]

16 h

nol, 1.5

DMSO and
of

After

anesul P3di c aci d,

)

so-propafdl , 40 C

2 mn]gs4results
results

hy-dlr

™

the 1 mgaaftacdivsicided-e>-€k 2 rdaebal prwnibnidarsimb) etyrazin-aolt Zogo-cthyl
aid (RRAWYEEHssYivad fhhd fi‘ll DR AU @56 keaction vials containing 20 ul

of 2-propanol, 1.5 ml of 100mM potassium phosphate, pH 7.2, 3mg of NADPH, 30 ul 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
AD-H, Nr.417, eluent 90% ethanol 10% methanol, 40°C over 30 min at 1 mL/min,
detection at UV 210 nm, retention time enantiomers 9.2 and 10.2 min|, result see table
3).
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AD-H, Nr.417, eluent 90% et hanol 10% net hanol, 40C
over 30 mn at 1 nb/mn, 10 detection at UV 210 nm
WO 240822500 time enantioners 9.2 and 10.2 m n], PCEBRIONS/053515

see table

Table 3: Sel ected anal yti cal

o ey &6

3) .

PEHES En%fﬁﬂca%ﬁa%q&ﬂa@imét}% e Uy

WO 2008/ 122511 5’6CT/ EP2008/ 053515
results of the formation

;g)gchol (4)

- 26

Conver si,on

111 97.9 99-5—112 978 113979 11497398
AlF 97.5 |>99 B{EKED7. 4 >C>9 BiEesionM >99 Examblbb 7
Enzymati ¢ regugtdddp Arsa% |

N-[ 5- (2- ¢hl or o-acety p)ra2|n 2-yl1- 2-d|nEthyI- 5
pr opi onani

N-[ 5- ( 2- chl or o- 388t yI ) - p)razin9§5yl]-2 2- di metRyl - prop
ionamde | (exanple 25 8 mmol) was placed into a
react or eqU|ppedow|th a pH el egrpode, a pH cesprolled
dosing punp and a stirrern. Subsequently the reaction
buffer, 300 ni ﬁ 100nwlpotﬁngf m phosphat e fer
and 3.5 ¢ of D-élﬁcose (17 ? wer e| added. e 10

t enper at ure—was—adjustedt+o630CandthepHto 65
The asymetric rldduction|jwas 8T.&rted by the aglition

of 25 ng |of gl ucose dehydrogenase GDH 102, 100 ngy of
ket oreduct ase KRR 101 and 2504 of cof act or S HADP.
The pH was mai ntal ned at [pH 6. 5 (and 30 C) by the
cont r ol | gd—addition (pHstat)—of J. O—Nrsodium
hydroxi de sol utildf. After 46 R7-3after|a total®
consunptijon of 579 m of 1.0 N sodium hydroxide, the
reaction |15 was pglrarified by fpysrati on. Subseguently,
the product was extracted with 0.4 L of ethyl

acetate. [The phgi separdtlon fgurred spont angously.
The organic pha was drijed ovefr™ anhydrous sodi um
sul f at e, tevaperated—anddriedonHV-over night—1-42¢g
(S)-chlorjo WO 2@08/122511 PCT/ ER2008/ 053515 >99

Example 7

Enzymatic reduction of N-[5-(2-chloro-acetyl)-pyrazin-2-vl]-2,2-dimethyl-

propionamide (IIf)

1.5 g of N-[5-(2-chloro-acetyl)-pyrazin-2-yl]-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 ml 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. 1.42g (S)-chloro
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-27 al cohol (97.7% HPLC purity, [Suplecosil Abz+,
2504.6 mMm eluent 35-90% acetonitrile/water + 0.1%

WaBmg/1250 over 10.9 min at 1 nl/nmin, detecti onPGE/ERM08/053515

300 nm retention tinme 5.6 myl, ee >99.9% [ Chiral cel
OD-H, 2504.6 mm el uent 85% hept ane 15% et hanol +

2(1)1 &101&@?2@3@% urlﬁrt g#u% b‘go Vﬁg?%é%en eﬁue{lp 3§ 90%
wENLirdHeRET 6. QSI%FR’EM 25 Cnaviet ) 0.Qasinias blndt/edn alstectipght UV 300
Mﬁll lré?é’i’ltffﬁlytﬁ{i@.li B mﬂiﬂl'l‘elélw% @Wﬁ?ﬁﬂl@el o H2 %5((*% 6 ri'dﬂ) elu%ntZSS%

d/t
q:,]])taneg 5§@ et(hayuél + Qpﬂ gmgynblgﬁ]afestategﬁ °C (Ngr @E HHD gb@ §%L/mm,
Aétectidn iat 3V Do th OfetdMlid B finde) enand&mEXx dMPAR] B5 Riigpavatidoliled as

f

E%}ﬁ)ye]&(ﬁ"'EWFt&}so 4- et hanesul f onyl - phenyl ) - 3- cycl opent y!|

-N-[5 (1(S), 2- di hydroxy-ethyl)-pyrazin-2-yll

- pr opﬁmm(wwm) 182& s, 1H) 9.2 péridt)i 840 6d, 1H), 6.10 (d, 2H), 4.94
2 I | an- 4-yl razin- 2-

%Ihgd)(ztg §§) 3'3%1@(?&%1@)/'1'2[5}%%1@; ?leg) 15 AySZJ| 5¥| oﬁl of Y

N-[ 5-

- di hyd t h 2-yl]1-2,2-dineth
V1 BTy B8 467 § (SHPRET) S98t ) S0l vent . -

170 mmol ) in tetrahydrofuran (275 nL) was treat ed
wth 2, 2-di net hoxypropane (225 nL, 1.88 nol) and
p-tol uenesul fonic acid nomalyglete (3.4 g, 17.9
mol ). The reaction mxture was stirred at 25 C for

llﬁre%rgnon (Tfhiiﬁ) (§%Efor8 Q%E@%S&hﬁ@%gl P%ngﬁg &g!%beﬁgglelN— 5-(1(S5),2-

The reacti on dihydroxecihyl-pymiseatl hprogidanamidge(d) and
the residue was dissolved in nethylene chloride (600
Slep 1: TR a@ﬁ@ﬁlem ay Sy-2 vesmeas e 3 \id:d] - $31) Usdh A8l 2-y1]-2,2-
g}g? )a P sod |ug13S Fhé)or{de sol ut'i gn }(MZSO L) %)uﬁf ba
A reaPgaiis< 14odi um bi car bonate  sol ut| on (250
Each aqueous | ayer was back-extracted with
rret h&&lselrmaon lof DI | A€l (§ RBdihydtgxy-¢tlimed) -pprahin e ¢l | @ ydimhathyl -

k@)ﬁ)?({n%ﬁ%&&%ghgﬁt%?w%%&l% ?o‘?x‘?'é ‘H{“@/ﬁ'r{uﬁ%ﬁ é1$ gg a?ﬁaro"ﬁﬂ% n (275 mL)
pagitreftetwith 28- dﬂlfhféhd?qypltqpan@@&ésnle drideneb aned- tphleneﬁatfg@lc acid
%n@hy@hﬁ% 4%f 125 h o Sthdreacdtid® MBREGE WAL stR&] 482EFEr 16.5 h.

1 h t , t

%@ R6H 5 glémaég%raﬂwﬁw@ﬁ&wttéhearaeagw@ﬁ?asgp%gfoaf%%nad?ss polar
pltod\afﬁﬂ The rdatctién nﬁity&tvtadskbﬁédnlt@féfdbﬁgidhﬁ éEﬂﬁthé%idife&vM&solved
St or or .

Rt A eMghiL (G The bk iRt wiaiedtd aitid i aqueous
kDChlnma‘hfomrdd soltokibe (230yet phusd Bt{3RdRqgeoB8egliunmbpicarbonate

I
i;i&% (”%55 nﬁgr EQéhfaff‘queb sg %mgbéﬁﬁéﬁ}a]%a vgﬁg&%&hﬁ/lrfg f188de (250
C

f\/\‘/‘é\ﬂgﬂ@%?fﬁﬂldﬁ lagess me@@;tlertﬁfdrwétl @aqvﬂeumuswé@te ¢3opg) and Norit A
thahkoRes LPLARMA filﬂeﬁ:‘d‘ tﬂrcﬁigh g@ﬁ% E@RAYTHR MR 1S Was YbidenRated in
%]clu(r) {tjlcl) a welgﬁ'pgf 2{br(1)u!t SEg edFhe 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 liquor
afforded white crystals (9.5 g, 20%) which were comparable in purity to the first crop.
High-performance liquid chromatography analysis 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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crops were 100% ee as conpared to an authentic
racemat e sanple. The two crops were WO 2008/ 122511
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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)-2,2-dimethyl-
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T RECERPT AND A(‘,CEPTANCE

This International Dcp(xs»mry Authority sccepts the microorganism ade:mt‘ ed under 1, above, which was vaceived by ton 2007-03-09
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IV RECEIPT OF REQUEST FOR CONVERSION
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for conversion.

V. INTERNATIONAL DEPOSITARY AUTHORITY
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32 dainms 1. Process“for t he preparation of

conmpounds of the forpal NNI N\ ROH wherein
Ris |ower alkylcarbonyﬁﬂér n amino prdtecting group
and R is hydroxy or 5 h Renzymatic

hydrol ysis and/ or enzynmatic as tric reduction of a

ketone of the fornula H RANKRHII N R2 O wherein
R2 is | ower alkylcarbonyl oxy or hal ogen. 10 2. Process

FRERNAR R olver Qk@ldTbdnyl SPE RGHRS 31'51%%%}1@ glolan R liShydroxy or
ydroxy and R2 1s acetyl oxy. Process according to

5 Blgg§h 2, characterized in that the enzymatic
hydrolysis and the enzymatic asymetric reduction is

peeignmed hwidolysB ayiéas enpindtlkasgpeeirksedianidndd a ketone of the

RaLapsi 1 osi's.
NN
L
N R
o)

wherein R* is lower alkylcarbonyloxy or halogen.

10 2. Process according to claim 1, 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 asymmetric reduction is performed with a yeast of the species Candida

parapsilosis.

15 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

20 performed by means of a lipase.
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15 4. Process according to claim3, characterized in
that the enzymatic hydrolysis is perfornmed by neans

wo@tooa/1tpsdr ol ase sel ected fromthe group consi SPCTEPINS/053515

an esterase, a protease ass a |ipase, and that the
subsequent enzymatic asymetric reduction is

per f 8.rﬂ89es? YccHERLS oocflaio n§ RiralR rizeed(%ltlgﬁ.rﬂ%j i Canéa Rt ir?éd from
Process accoralndgio S el A ERAT e & 2e PP h Pt hat
Chedidn Ay tattice, Ayaligetey sp. or Berkplleperdpacined by neans of

a |lipase. WO 2008/ 122511 PCT/ EP2008/ 053515 33 6.

Process according to claimb5, characterized in that

the ¥iml8&8s ilc%oﬁﬁltlga{(f@ﬁnf 4, QRhrafRAidda it tadetrt&Riase or an alcohol
enes s urkhol deria cepacia. 7. Process

Al.calig . O .

Q@ng%ﬁeﬂ@s%usgﬁ 4t AidoredicdpSct eri zed in that a

ket oreduct ase or an al cohol dehydrogenase is used as
oxi doreductase. 5 8. Process according to claim4 or
cl ai nPrpcasharcantieg iozddm ot Haim Hrbamftetingl in that one of the

(LA 8 Bl ) o O SRl 1 S
KRED112,4RHAH 3, BREDAh# 8 F1 Bl and BABiimeemnbmatipn with glucose

giiieesienadetydrnogsnaged @hidRd@iaeyised as
oxi'doreductases. 9. Process according to claiml1,

characterized in that R and R2 are chlorine. 10 10.

P OB R SRR A SR e

means of one or nore oxidoreductases. 11. Process
according to claim 10, characterized in that a '
ket ot@duetesswcordingnto cimdh chardebiyatd oy dred dee dngymeedassimmetric

RSP YeHBRRed H2mekilsQF SRS 0P RfoPE S4iAGreli Oty one of
claine 1 to 11, characterized in that Ris |lower 15

al kyl carbonyl . 13. Process according to any one of
cl ai 1 to 12, characterized in that Ris,tert.-
but yl EATRSRACCOTAE AT NS 6t T ot KetOtqdctapg ongn

Ncoi3dT debdltogdnase iOubddRR o&idoreductase.

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
H,C NN
IIc
HSC O \[ /]\’(\ 2
N R
O bl

wherein R* is lower alkylcarbonyloxy or halogen.
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10

20 wherein R2 is | ower al kyl carbonyl oxy or hal ogen. WO
2008/ 122511 PCT/ EP2008/ 053515 34 15. Compounds of the

wo eoosuk211 1 ¢ according to claim 14, wherei n R2PCHEP2008/053515

acetyl oxy or hal ogen. 16. 3@he conpound of the formula
CH3 H~ H3BCYNNHCOI / Ic NO OH5 17.

Py o A R PRSI e B PR g B s oy

cohglogei ng the process according to clains 1 to 12,
followed by a) reaction of the diol of fornula la H
RANNMN la NOHOH 10 wherein Ris |ower

al kyl € amepipolhd 8fthambMeulRr ot ecting group, with 2, 2-
di met hoxypropane to form an acetal and deprotection of

t he am ne under basi gHsconditi ons to obtain a conpound
of formula HZN N IV |N OII;P~C%I\TB

H3C J
Ic
200
N Cl
OH )

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

H
N N\
\[ III
H.C O =
$7>s N OH
7\
Cl OH

o O

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

a) reaction of the diol of formula Ia

No N
R” AN
| Ia
=
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\[N\]\(\

P v

N 0O
O~f~cH,

CH,



CH3 WD 2008/ 122511 PCT/ EP2008/ 053515 35 b)

condensation of the amine of formula IV with the
w@aroboxashi ¢ acid of formula OHV SI / H3C O PC/EPI10h8/053515

or an activated derivative3shereof to obtain the

am de; and c¢) hydrolysis of the acetal under acidic

c Ondhf %o% %fﬁsa%or]f 8t bh-le-:ha?niplg SF tlorl?lqlglc[%/sv%ﬁhs thaencgrb%())(y COEH:E]CP Sf Btmula
descr1 be erern before.

OH

HiCug 0
7\
O O ¢

or an activated derivative thereof to obtain the amide; and

¢) hydrolysis of the acetal under acidic conditions.

18. The novel processes and compounds as described herein before.

X%



