PROCESS FOR PREPARI NG 5-[ (R) - 2- (5, 6- DI ETHYL- | NDAN- 2- YLAM NO) - 1- HYDROXY-
ETHYL] - 8- HYDROXY- (1H) - QUI NOLI N- 2- ONE SALT, USEFUL AS AN ADRENOCEPTOR AGONI ST
The present invention provides a process for preparing
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process for preparing 5-[(R)-2-(5,6-diethyl-indan-2-ylamino)-1-hydroxy-ethyl]-8-hydroxy-(/ H)-
quinolinone-2-one maleate described therein, an epoxide, such as 8-substituted oxy-5-(R)-oxiranyl-
{1H)-quinolin-2-one [Formula (I)], is reacted with an amine, such as 2-amino-(5-6-diethyl)-indan, to
form a desired intermediate 5-[(R)-2-(5,6-diethyl-indan-2-ylamino)-1-hydroxy-ethyl]-8-substituted
oxy-({ H)-quinolin-2-one [Formula (II)]. However, the reaction is not regioselective and delivers

various amounts of a regioisomer [Formula (IIT)] and a dimer [Formula (IV)].
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Generally, the reaction mixture above contains only about 60% to 80% of the desired intermediate

having Formula (II). In addition, it is difficult to purify the intermediate having Formula (II) by
crystallization without a high loss of yield. For example, silica gel chromatography has been used
for such a purification, however, scale-up of silica gel chromatography is tedious and requires large

volumes of solvents.



having Formula (I1). In addition, it is difficult to purify the internedi ate
having Formula (I1) by «crystallization without a high loss of yield. For
exanpl e, sil romat ogr aphy has been used for such _a purification,
however , scahﬁ?ﬂgggygglllca gel chromatography is tedious Sﬁﬁgw&ﬁﬁm?%s | ar ge
vol umes of solvents. WO 2004/076422 PCT/ EP2004/001981 2 It would be
desirable to develop a nore efficient process for preparing

5-[(R)-2- (5, 6-di et hyl -
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t her eof n§r|5|ng (i) reacting 8-substitute

oxy- 5- ( R) - okperigrspriop mwchw Rescess Tor-rseraring yiliRg- ZF(éfﬁﬁwtaYl(m#an Hxlamimadlt (1) 0
with 2-amn u [ J¥eTols i ni ng
conpounds. Tt ot s nery PRl 2 e dalt S5t shibetiedala® SARHE M Wy, o
0 R.1HN Nccv@lmwngHO(lll) OH OH OH (1V) HN

(i) reacting 8-substituted oxy-5-(R)-oxiranyl-(1H)-quinolin-2-one having Formula (I)

n

with 2-amino-(5-6-diethyl}-indan to form a reaction mixture containing compounds
having Formulae (II}, (III} and (IV)
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wherein R is a protecting group;



R wherein Ris a protecting group; W 2004/076422 PCT/ EP2004/001981 3 (i)
treating the reaction mxture prepared in Step (i) with an acid in the

presence of to forma corresponding salt; (| ii) isolating and
crystallizi név%ﬁ@é'?‘fﬁg aving Formula (V) O HNRio I %E/FTNP@O‘”MSI\AMEF ein

Ris a protecting group and A- is an anion; (iv) rermw ng the protecting
group fromthe salt having Fornmula (V) in the presence of a solvent to form
a salt having Formula (MI): 0 HNI HO (VI) NHZ' A OH wherein Ais an
ani on; and () t reatingithe rénetisramixcimawrapgred or Srepp 6) Wivk hn wiid n e paeérde bin t he
presence of a sol 0
5-[(R)-2- (5, 6-di e?ﬁ&ﬁt&go gln{g%rref%onr}ldhg)sali hydr oxy- et hyl ] - 8- hydr oxy- (1
H) - qui nol i n- 2- one salt having Formula (Vi) O HNHO (VII) X C NHZ

(iii}  isolating and crystallizing a salt having Formula (V)

& 55 -

wherein R is a protecting group and A- is an anion;

{iv)  removing the protecting group from the salt having Formula (V) in the presence of a

solvent to form a salt having Formula (VI):

855

wherein A- is an anion; and

Olu

(v} treating the salt having Formula (VI} with an acid in the presence of a solvent to form
5-[(R)-2-(5,6-diethyl-indan-2-ylamino)-1-hydroxy-ethyl]-8-hydroxy-(1 H)-quinolin-2-
one salt having Formula (VII)
0
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wherein X-is an anion.



OH wherein X- is an anion. WO 2004/076422 PCT/ EP2004/ 001981 4 Terms used
in the specification have the foll ow ng neanings: As used herein, "al kyl™

means strai ght chal n _or branched al kyl, which may be, kyl ,
such as net hVO ‘1"?79‘}22 n- propyl, isopr opyl, n- but yl , |sogmwl%°%@3%§{1tyl,
tert-butyl, straight- or br anched- pentyl 4 straight- or branched-hexyl,
straight- or branched-heptyl, straight- or branched-nonyl or straight- or
branched-decyl . Preferably al kyl is C-Calkyl. "Aryl" neans C6-d 4aryl,
preferably O wad Wtheamdlﬁnayonli@vedieéoﬂo‘ﬂsmscammed by at |east one group
sel ected from nercapto, dialkylamno, nitro, al koxy, hal ogen, keto, cyano or
conbi nation. Preferably aryl is phenyl. "Al kox means straight chain or
br anched al kimupeirgeimeiplky é’meang straight-chiip aF hmshedsﬁ@h vasch met bpxyg,, et hoxy,
n- propoxy, i X i - 0X¥%.19
straight- orélﬁ)ufa15 >§ Chp%nrp%%} é{h)ﬁ ég{a’g&p“‘” éﬁfn P%p)l% [&F ‘ ﬂ?] b tié')r%ongﬁl ’oxy
or -decyl oxstraightef btlaaﬁiesl pahtybsyaighs- @1 r@@tdcbwy Strﬂglktenybr'andedﬂasptshral ght

chain or br as&ggﬁf o%ﬂsﬁméhmow of Jerfipi B Ehrafil e B RALAIN 1o éﬂ??lkgl?s

vinyl, 1-prope propen Yo) strail
br anched- pentenyl - hexenyl , -heptenyl -octenyl -nonenyl or -decenyl.

Preferred aldgenyly,dhs 1911'? ?%Lblﬁg @{oﬁiyﬁg%hhﬂaéb G?theQ‘B?/ G RAL |§x¥e]bu tyI

having 3- to 8-ring car opropy cyc
cycl opent yl gr@whlem&ﬁyvm ﬂw@dm éwwamno,wm,éﬂ@prwa Ogamwet% cyahb oha can

substituted By L0060 tweﬁgﬂ&qs {ﬁlen%al kyl groups, particularly nethyl

groups. Prefera cyc Coeycl oal kyl . "Benzocycl oal kyl " nmeans
cycl oal kyl, e.qg., one of the C3-C ocycl oal kyI groups nenti oned

her ei nbef or e gt el

Preferably, lgotx% ﬁl}éﬁ#o?%ﬁ%%sﬁﬂééﬁg%&i&& cyc tn%k 1, é3 ER%EF&?Y s
benzocycl ohemlpom PARF RO PHEIPFODOXY, nhbmj@msspknym, k@q butwsarpsr-butoxy or
Ca- C ocycl o e V. Kyl

8-ring car bgsnr %%%rr%ggnﬁleﬁékmo% Engow H% ﬁ%ﬁ? hogl%ééy *839&9*9’99 gﬁ%’%"g
mentioned Hesfesehlyetkoxeis Cpa@@lkew arly one of the Cr-C4al kyl groups,

substituted by one of the C3-d ocycloal kyl groups nentioned herei nbefore.

Preferably cycl oal kyl al kyl is C3-C6cycl oal le G - C4al kyl .
“Alkenyl” means straight chain or branched-alkenyl, which may be, e.g., C2-Cioalkenyl, such

as vinyl, 1-propenyl, 2-propenyl, 1-butenyl, isobutenyl, or straight- or branched-pentenyl,
-hexenyl, -heptenyl, -octenyl, -nonenyl or -decenyl. Preferred alkenyl is Cz-Caalkenyl.
“Cycloalky)” means C3-Ciocycloalkyl having 3- to 8-ring carbon atoms and may be, e.g.,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl or cycloheptyl, any of which can
be substituted by one, two or more Cq-Caalkyl groups, particularly methyl groups.

Preferably, cycloalkyl is C3-Cecycloalkyl.

“Benzocycloalkyl” means cycloalkyl, e.g., one of the C3-Ciocycloalkyl groups mentioned
hereinbefore, attached at two adjacent carbon atoms to a benzene ring. Preferably,

benzocycloalkyl is benzo-Cs-Cscycloalkyl, especially, benzocyclohexyl (tetrahydronaphthyl).

“Cycloalkylalkyl” means C3-CiocycloalkylCi-Croalkyl, where the Cs-Ciocycloalkyl group has
3- to 8-ring carbon atoms and may be, e.g., one of the C-Cioalkyl groups mentioned
hereinbefore, particularly one of the Ci-Caalkyl groups, substituted by one of the
Cs-Cuocycloalkyl groups mentioned hereinbefore. Preferably cycloalkylalkylis
Cs-CecycloalkylCi-Caalkyl.



WD 2004/ 076422 PCT/ EP2004/001981 5 "Aral kyl" means straight-chain or
branched- C6- Ci oaryl G - C oal kyl and may be, e.g., one of the G -Coalkyl
groups nenti gned ﬂerei nbefore, particularly one of the G -C4al kyl groups,
substituted ‘H)?‘fz,z tolyl, xylyl or naphthyl. PreferabP§T/ER208d/00481i s
phenyl G- C4al kyl, particularly benzyl or 2-phenylethyl. "Heterocyclic" neans
a nonoval ent heterocyclic group having up to 20 carbon atons and one, two,
three or four heteroatons sel ected fromnitrogen, oxygen and sulfur, the

group opti eRMIk)> hRyisREaighc-Haltydr bradkyd-CACRORID,, C N QXY Blak Bk e 2l drgxy al Kyl
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or sulfur atom sych as pyrryl, r |, piperidyl, furyl, tetrahydrofuryl-
or thienyl, Pgcya YB%YI%?é&héFHHB%'a monocyclic group, with two hetero atons
sel ected from nitrogen, oxygen and sul fur, such as im dazolyl, pyrimdinyl,

pi perazi nyl ,  oxazolyl, isoxazolyl,, thiazolyl, r phol i nyl qr
{hi onor phol {“BiFferocpriE? mest 3 monpplspbhsyEPiEls gotp havitedeye b cagioady Maping 5-

or 6-ring afoﬁﬂ&wa,hrtﬂre@_laflfdﬂf h&mafdxﬁsrsellgaéu mrgﬁ&goga{, og;?genraha 6668 the gfcap) and one
oxygen atom in rin ti ona ubst.i t ut.e ari ni trogen atom
byngI - C4al @venahygw@ﬂ% aﬁ?ﬂeﬁ%ﬁr&dﬂ,&%Pﬁvﬁ@l‘ﬁh@ﬁm%ﬂﬁr 5%@%%@19 Clal kyl .

" Het er oar al kythchedBRANEnSEakiRInOH m @ Hidh Acd atd ROGHRUePfoahk fmairRiefof thoRBledfle t he
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more het er GEYEE "b“é?ﬁ*gtﬁ%’. t“'%@d}‘%ﬂ/ % &R APUBLE FGHI(Y-QC‘HH‘F‘??Y fc group, wit
branched- al lg}i¢ nit@gdh, oxfgen 6 @dukilom, Suthihs grrANSriafl, biperidyl; fuisl,Qatkdhylroflirflups
menti oned herei nbefore, subs |H) t ed b$/ a_ne or rrp%e, Eg one, t\/\g or

three, hal o§eHISYbRE BMEs RIFISHDY 3 PAROYHIS BERIPCHItE PR BCIEORNRMS Jsjeeied F1am) v

hﬁ: oal kyl it%izrcg&;',% eti)é?d fﬁl?}dmf:w%ﬁ%iwol?nﬁyri:ﬁmtyl?lpiﬁgilfh&f?@l,B_L(?&@fyil,ne or

chl ori ne atons. upstituted.s rou I.s prefer a silyl grou

substi t ut ed iwmlvitt 'P@é}étmawéofav{w %Mbhohaglp Pester Ry diersaREidF A a second
aspect the inmhﬁﬁtcii@g}o@ﬁ PWIRES oR 6RHMRGRSHs drdlonP bERRS hifidgen atoms, or one nitrogen
5-[(R)-2- (5, 6-di et hyl -i ndan- . . i .

2-yl ami no) - 2L RN oxYae Rfh.-in e tingand Priipnglly sHOStiRtes offeringgtitrogsp aggm by
accept abl e RluAkA, hyldRSHERICARVIPC]-Slall@lcafbony! or phenylCy-Caalkyl.

“Heteroaralkyl” means straight-chain or branched-aralkyl, e.g., one of the
Cs-CaoarylCi-Croalkyl groups mentioned hereinbefore, substituted by one or more

heterocyclic groups.

“Haloalkyl” means straight-chain or branched-alkyl, e.g., C-Cioalkyl, such as one of the
Cy-Croalkyl groups mentioned hereinbefore, substituted by one or more, e.g., one, two or
three, halogen atoms, preferably fluorine or chlorine atoms. Preferably haloalkyl is

C;-Caalkyl substituted by one, two or three fluorine or chlorine atoms.

«Substituted sily! group” is preferably a silyl group substituted with at least one alkyl group

as herein defined.

In a second aspect the invention provides a process for preparing 5-[(R)-2-(5,6-diethyl-indan-
2-ylamino)-1-hydroxy-ethyl]-8-hydroxy-(1 H}-quinolin-2-one salt or an acceptable solvate

thereof comprising:



(a) reacting an 8-(substituted oxy)-5-hal oacetyl-(l1l1)-quinolin-2-one with a
reduci ng agent in the presence of a chiral catalyst to form 8-(substituted
oxy)-5-((R)-2-hal o-1- hydroxy-ethyl)- (IH)-quinolin-2-one; (b) treating the
8- (substituted oxy)-5-((R)-2-hal o-1-hydroxy-ethyl)-(1H)-quinolin-2-one with
a base in(a} he peactisgac®(wbstdutabdxypbihalbacefyb( H)Spinolip{ont witkkd reducing agent in

o) T AP S R RS R BRE TR B R H

W t h 2-am no- ( 5¢Z&h<uiedling?-prd; ndan to forma reacti on m xture contai ning
compounds having Formulae (1), (Ill) and (I1V) O HNRI ~~ (lIl) HOHO
OHNHN RO RHO (I1l) OHOHO™H (IV) FINON HOR wherein Ris a

pr ot ect i ng(byr ougpeating the 8-(substituted oxy)-5-((R)-2-halo-1-hydroxy-ethyl)-({ H)-quinolin-2-one with a

base in the presence of a solvent to form 8-(substituted oxy)-5-(R)-oxiranyl-({H)-quinolin-2-

one;

(©) reacting the 8-substituted oxy-5-(R)-oxiranyl-(/H)-quinolin-2-one having Formula (I)

m

with 2-amino-(5-6-diethyl)-indan to form a reaction mixture containing compounds having
Formulae (II), (II1) and (IV)
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wherein R is a protecting group;

(d) treating the reaction mixture prepared in Step (c) with an acid selected from the group
consisting of benzoic acid, maleic acid, succinic acid, fumaric acid, tartaric acid and

hydrochloric acid in the presence of a solvent to form a corresponding salt;



(d) treating the reaction mxture prepared in Step (c) with an acid sel ected
fromthe group consisting of benzoic acid, nmaleic acid, succinic acid,
fumaric aCidwvb%&hﬁﬁ&ﬁzaCid and hydrochloric acid in the presence of a
solvent to forma coriesponding salt; WD 2004/ 076422 PCT/ ESF06A0%6069681 7
(e) isolating and crystallizing a salt hawing Fornmula (V) O HN R A M

LNHZ* OH wherein Ris a protecting group and A- is an anion; (f) renoving
the protecting group fromthe salt having Fornmula (V) in the presence of a
sol vent to fy m dsdaing dndvimgpliEogmshla hishg ForiulaHM) HO NO NHZ A OH wherein
A- is an anion; and (g) treating 4 he salt having Formula (VI) with an acid
in the presence of a solvent to flbrm

5-[(R) - 2- (5, 6-di et hyl -i ndan- 2- yg§-darityno) - 1- hydr ox4- et hyl ] - 8- hydr oxy- (1

H) - qui nol i n-2- one salt hav&ng ) HN/HO (VI1) NHzZ' OH
wherein X- is an anion. ThRe™p ovi des a pgocess for
preparing S-[(R)-2-(S,6-dieth ! :
yl am no) - 1- hydr oxy- et hyl ] - 8- hytFoxy:
accept abl e sol vate OH

o

o))

=]
[

N
1

. A
- gl nol i n-2-one salt or an
wherein R is a protecting group and A- is an anion;

(f) removing the protecting group from the salt having Formula (V) in the presence of a

solvent to form a salt having Formula (VI):

0
HN |
HO Wy
" NH " A
OH

+
2
wherein A- is an anion; and

{g) treating the salt having Formula (VI) with an acid in the presence of a solvent to form
5-[(R)-2-(5,6-diethyl-indan-2-ylamino)-1-hydroxy-ethyl]-8-hydroxy-(1 H)-quinolin-2-

one salt having Formula (VII}

0
HN l
HO Ed/ (Vi)
. - X
NH,
H

wherein X- is an anion.

Olite

The present invention provides a process for preparing 5-[{R)-2-(5,6-diethyl-indan-2-
ylamino)-1-hydroxy-ethyl]-8-hydroxy-({1 H)-quinolin-2-one salt or an acceptable solvate

thereof.



t hereof. WD 2004/ 076422 PCT/ EP2004/001981 8 In the first step, Step (i)
8-substituted oxy S-(R)-oxiranyl - (I H)-quinolin-2-one having Fornula (1) O
HN RHO I (1) is reacted with 2-am no-(5-6-diethyl)-indan to forma
reaction mi xt"m WOHBI4#Ri ni ng conpounds havi ng Fornul ae (| Pry/Eedebdorssad (1 V) :
0O HNROI \ (Il) HOHO HNRHOO&NJ:, RHO (Ill) OHOH OH (IV) HNO R
wherein Ris a protecting group. Preferred protecting groups are phenol
protecting groups which are known to those skilled in the art. Mre

pref erably, mh@fpgtqe Cebh ), BLRURIchRd 88)-£08)8kidhh siisping of an
al kyl, aryl, E@Zﬁeﬁa Qggy , cyéloa ﬁ&lggbeﬁgogq%P2§F§5$PE°%9P gﬁiylalkyl,
aralkyl heté?% iC het eroaral kyl, hal oal kyl, and a substituted silyl

group. Mbst preferably, the protecting graup
-butyl di nethyl silyl. WO 2004/ 076422 PCT/

i s benzyl or
2004/ 001981

m

is reacted with 2-amino-(5-6-diethyl)-indan to form a reaction mixture containing

compounds having Formulae (1), III) and (IV);

0
Q HN
HN R0
o
R/ Y N
OH OH

oy
OH ()

HN

wherein R is a protecting group.

Preferred protecting groups are phenol protecting groups which are known to those skilled in
the art. More preferably, the protecting group is selected from the group consisting of an
alkyl, aryl, alkoxy, alkenyl, cycloalkyl, benzocycloalkyl, cycloalkylalkyl, aralky), heterocyclic,
heteroaralkyl, haloalkyl, and a substituted silyl group. Most preferably, the protecting group
is benzyl or t-butyldimethylsilyl.



9 Preferably, Step (i) is conducted in the presence of a solvent. Preferred
sol vents include: alcohols, e.g., Cl.6alkyl alcohols, such as nethanol,
et hanol , propanol, butanol, and pentanol; aliphatic C6-12hydrocarbons,

e.g., |soocta‘,p§200%f&§pe di et hyl f or mam de; aromatic hyd;i,?i&rg(ﬁ)/gqlgsuch as

t ol uene and benzene; acetonitrile; heterocycles, such as uran;
di al kyl ethers, e.g., diisopropyl ether, 2-nethoxyethyl ether and diethyl ene
et her; dinethyl sulfoxide tetrahydrothiophene 1, 1-di oxi de, al so known as
tetranethylene sul fone or as tetranethyl ene sul fol ane; dial kyl carbonate,
e.g., dinmet BrferablybBembilds apniluctdd ént thy [Preemcb@frvastommadhe‘gusd sitepntdudesuch as

wat er; ioni ga%goqa@g d%s cjfgmymo@q 1‘395 xﬁ&h:y anolgpﬁ)perab LM' @%951%9&' de.

A COfTbI nat i vents e use e solvéent is
2- met hoxyet m}lph%lcri’emhmrowbmﬁg mn@ct%r@nWFaa:,dm@th»éﬁ@dnarmdg@pmemg is

pref erabl v - AgRaboil skl sCudifrBaoWberk . ondBif, bl 6018l o N0 tenperature

is from about t o about (04 prefera rom about 90 Cto

about 120 Ctemfl@flm,@allal e@E(sbgg» éllsébfﬁ'éﬂ@tbéd Arm@tho:ayeﬁhyll etheregndalisthyddne t he
2-am no- (5- Gaylt, %a&%}l shIRSiade,; Y\étltabﬂydrﬁﬁ&ga‘ﬁgﬁer dluz@f:yh%%%wntggtt&gmeth Jene

oxy-5-(R)- OX|rany I') - qui noli n-2 . era . |va ent to
3 nol e equi walfenstos apfetramgyhyiene il%fommd@MFarbmmn gi> limeshy] cabonate elsfbect to 8-

bstituted 1.1
substi tuted gy éars&at@&hﬁénykoxg%pﬁva g'ﬁf‘?“é? %mol N%)é& éﬂ(ﬁﬁ{eﬂlﬁﬁi&f}vﬁ% Ll

nol e equi val ent’s to le e

used with reygesstmatiyl@echioride; tAieamebingtipn OSSC(I\R)itsmwaéat?We-u(sqd Hylorguireferabli- 2- one.
The 8- SUbSt'tBéJéo‘ﬁQnﬁ%! nﬁtﬁ&etﬂ%l‘&ﬁe@%b&t%&l quinolin-2-one is preferably

8- phenyl nmet hoxy- R) - oxi ranyl - (1H) - qui nol i n-2-one. The
5-[(R) - 2- (5, 6-di et hyl -i ndan- 2-yl am no) - 1- hydr oxy- et hyl]-8-substituted

oxy- (1H) - quipald ei?at%%sécﬁm@i f(gr aéra%ry[fﬁdﬁhat?ouweﬁc%%mlwo F@amo%e

yl am no) - 1- hydro - 8- phenyl hoxy- (1 H) - qui nol 1 n- 2- one.
8- subst it ut ene 9’5@9‘9’5&? RPR?;@t‘Pfarfﬁyﬂmf(lE “Iégl ﬁ(§<P rlrpup 13 eCirpgl msst a&e&pﬁrrl)e@%y

reacting an @gyddpueshibiiedooky) - S-hal oacetyl - (11)-quinolin-2-one with a
reduci ng agent 1 n the presence of a chiral catalyst to form 8-(substituted

oxy)-5-((R)-2-hal o-|-hydroxy-ethyl)-(1H)-quinolin-2- one; and treating the
8- (substi t utiegte Q¥lY) sty &)(&on%*ua@hwh ahuam&yes@sméiaﬁﬁﬁa {MHI@EHy] VMadnoAG W th

a base in the preSence of a solvent to form8-(substitute

oxy) - 5- ( R) - oRipeaig the @isupstivargd Auy-P iR oreeyl-(TH)-quinglingéope.i Prsferably §Odaneds
detail bel OV}.‘qu:V@ex?tQQ%/nQ:Z@&R@vaPegs/ JEB2H44-004-88hyl)-indan is used with respect to 8-

substituted oxy-5-(R)-oxiranyl-(1 H}-quinolin-2-one, Most preferably, 1.1 mole equivalents to
1.5 mole equivalents of 2-amino-(5-6-diethyl)-indan is used with respect to 8-substituted oxy-

5-(R)-oxiranyl-(1 H)-quinolin-2-one.

The 8-substituted oxy-5-(R)-oxiranyl-(1H)-quinolin-2-one is preferably 8-phenylmethoxy-3-
(R)-oxiranyl-(1 H)-quinolin-2-one. The 5-{(R})-2-(5,6-diethyl-indan-2-ylamino}-1-hydroxy-
ethyl]-8-substituted oxy-(1H)-quinolin-2-one is preferably 5-[(R}-2-(5,6-diethyl-indan-2-
ylamino)-1-hydroxy-ethyl]-8-phenylmethoxy-(1H)-quinolin-2-one.

The 8-substituted oxy-5-(R)-oxiranyl-(1H)-quinolin-2-one may be prepared by reacting an 8-
(substituted oxy)-5-haloacetyl-(1 H)-quinolin-2-one with a reducing agent in the presence of a
chiral catalyst to form 8-(substituted oxy}-5-((R)-2-halo-1-hydroxy-ethyl)-(1 H)-quinolin-2-
one; and treating the 8-{substituted oxy)-5-((R)-2-halo-1-hydroxy-ethyl}-(1 H)-quinolin-2-one
with a base in the presence of a solvent to form 8-(substituted oxy)-5-(R)-oxiranyl-(1H)-

quinolin-2-one. This is described in greater detail below.



10 In the second step, Step (ii), the reaction mxture prepared in Step (i)
is treated with an acid in the presence of a solvent to forma
corresponding _salt. Preferred solvents for use in Step (ii) include:

al cohol s, e. &’9 2040%42% | al cohol s, such as methanol, et RERBP004AANOI |
but anol , and pentanol; aliphatic C6. 12hydgocarbons, e.g., isooctane,

hept ane; di net hyl forman’i de; aromatic hydrocarbons, such as toluene and
benzene; acetonitrile; heterocycles, such as tetrahydrofuran; dialkyl

ethers, e.g.1ntkH e&RABGRPYSeLliifahe macndmﬁllﬁ% Sthurld BagS ()antlediphhl hengd gt her ;
di met hyI sul Lom de; tetrahydr th| o enené 1 di oxi de, al so known as

t et r anet hyl é RPIEFFRFRf @ SoIve §° FIRACHE 58t f ol ane; di al kyl carbonat e,
e.g., dinethyl carbonate and diet hyI car bonat e; aqueous sol vents, such as

wat er; i onigefbirétioti@nts derchse il Qep fiptrehidaalcgRsls,2.g. mqhkﬁ&ldashblbyshaﬂﬁchl ori de.
A conbi nati on E;;Pﬁzol vents may ,al so, be,use I%m)the solvent is

pr ef
et hanol . Thd"§:R4Rsk FLPRPlePIGR Wﬁ%ﬁn‘éf’?wtwoéwﬁsﬂ@rn@ﬁa &8t -10 C to
about 160 C.isddotage, hepteﬁeealmbdhylfommla@awaat ch&o¢a$b51ﬁ@ﬁtl&b@ﬂ¢lueﬂe fad ensheut

120 C, and nost referabl o 0 t 75 C,.ln th hird step,
Step (iii), "éetgndpr lc’H’ﬁW‘?‘fﬁ ﬁo? 9%‘]3’*6{“ NQFKJ%@ qphegsye-8-» AT Ry t?’ 'sol at ed
and cryst al |hekskyethilatiedr and?dieﬂlyaenpéthézed“ineﬂgl aitfoxide; tardhydeothisplafe 82t on. The

anion corre the acid u used in Step (ii)

d
O ot o GRS S B o ultpiB g sRee R at tbinechfo SlfBl R il

succini c acnod;bohmﬁerg odlmeuhgllcadfonbarahardiedlyhmlcbnacef adgueoild sobends, sach d;wﬂm;h as
hydrochloric_ac

f
e G I I K e T
Formul a (VI I3y A0 2GR, QM6 3R2eRahly 2060828830l 11 0 HN

The temperature used in Step (ii) is preferably from about -10 °C to about 160 °C. More
preferably, the temperature is from about 0 °C to about 120 °C; and most preferably from
about 0 °C to about 75 °C.

In the third step, Step (iii), a salt having Formula (V)

o
HN
+ " A
: NH,
0

is isolated and crystallized, wherein R is a protecting group; and A- is an anion. The anion
corresponds to the acid used in Step (ii). The acid used in Step (ii) is preferably a carboxylic
acid, such as benzoic acid, maleic acid, succinic acid, fumaric acid, or tartaric acid; or a
m-ineral acid, such as hydrochloric acid. Most preferably, the acid used in Step (ii) is benzoic

acid.

The salt having Formula (V) is preferably a benzoate salt having Formula (V1)



COO R~OlI \' \ ~~ (MIl) NH2 OH wherein Ris a protecting group. Mre
preferably, the benzoate salt having Fornmula (VIIl) is a benzoate salt

havi ng Formul a I>9& Q  HNCOO \ 01 (IX) NH2' O4 In the fourth step,
Step (iv), t h%9O &?’Qﬂ #2Zng group on the salt having Fornul a@dvgei@/moespyed
in the presence of a solvent to forma sa}t having Formula (VI) O HN HO I \
/] NO /| NH2 A OH wherein A- is an anion. ‘The salt havi ng Formula (VI) is
preferably a benzoate salt having Formula (X) HN COO HO (X) NH2 / OH 12
The renoval of a protecting oup is known to those skilled in the art and
depends on the type of protgcting group. In one enbodi ment where the

protecting group is benzylyna preferred netlfod of
@ (vim

re)
OH

wherein R is a protecting group.

More preferably, the benzoate salt having Formula (VIII) is a benzoate salt having Formula

(IX)
0
&
©\/° L
%)
S &
OH

In the fourth step, Step (iv), the protecting group on the salt having Formula (V) is removed

in the presence of a solvent to form a salt having Formula (VI)

0
HN |
HO v
s <A
OH

The salt having Formula (VI) is preferably a benzoate salt having Formula (X)

&@@@

wherein A- is an anion.



removi ng the benzyl group on the salt having Formula (V) is by treating the
salt with hydrogen in the presence of ajgatalyst. Preferred catal ysts

i ncl ude pal | adi um pal |l adi um hydroxi de, palladiumon activated carbon,

pal I adi um on al um na, palladi um on carbon powder, platinum platinumon
activated carbon and RaneyTM ni ckel . A conbi nation of catalysts may al so be
used. Most preferably, the catalyst is palladiumon activated carbon. In

one enbodi gent where th r ot ect.i ro is.t=b | di hyl.silyl, a

oot orrod TEC kg pa prdfelie R S RP e b, itk s et b e et

havi ng For puakeatig\groups Ibyne andbatlinregt wieee thaprotevtirighpréup ibbengy lanpreferredinéthodsti de or
potassium fl uori de

+4.IThe sol venpt ed. in St Lv) .is.preferah el ect ed
froman al K§I°V8€é eabterelz,y?ér.o&? on @i .Saga a4 5}3‘3'8‘&%\)(&5, By r%eﬁté% tgfésagtvﬁwhygr@é?'h'fle,
i sopropyl #deegtadree afwcabilptsy | Prefeetddaeniystsdvobrde phllagliuarypaldive lydroxide, palladium on
Cl. 6al kyl am nes:; | cohol.s, e.g., Cl-6al kyl alcohol ch_as net hanol ,
cthanol | Rt e ghaptng BB o BRRP R s My VS BRP BN, ' e. o
i sooct ane, ahigpiedcebontind By ™ nickal axicobingtion whtdtayshyaiyatardaans, M&tch as
t ol uene and enzene; ta]cet.oni trile; heterocycles, such as tetrahydrofuran;
di al kyl et REf& Yeﬂﬁ.c?ayﬁﬁ‘? alladiymon aglivaled carbon. o1 hoxyet hyl et her, ~ and
di ethyl ene ether; an acid, e.g., acetic acid, trifluoroacetic acid, and
propi oni ¢ &cénd embodimentavhefel theprbectinggedup ds-bigtldimethi ieiiiCa préfatredigsthaind

chl orinated sol vent g, ch as. et hyl enechl oride. A c ihatign of solvents
ey Bl S0 beertrging e pdiGR sl Breys of e st iog Foraii i Bl B st hah T

2- pr opanol butyla@ndogidmetitd 6 pofethrh Audidep (iv) is preferably fromabout 0 C
to about 70 C. More preferably, the tenperature is fromabout 10 C to about

50 C, and npst prefe agé from about 10 0 about 30 C. The salt having
For mil . (VIS F B Rdya Kbl peekued 1 AN apsle Sy FastSEI= 8y i oxy -
et hyl | - 8- hygbhaxyth{1htdtate} UsopRlpy Nec&at0 AR MAY12084t€ lowdd alkhAmiref 4.8, S{elRylahinep (V),
the salt having Fornul Qh js treated with a carboxylic acid in the
presence oPlcﬁh"gsoF'g'eﬁ?“aﬁ%](%( Prisas“gb’l‘stm%}éf\’/‘\f!\fn‘apqﬂ(‘}}’ RIoPErol-bPieso st BtRPl 76422
PCT/ EP2004 Ahh84;. ;shyddc&borsN. £1Qsdoctand, Mkptane, dibdethiform-amide; aromatic hydrocarbons,

such as toluene and benzene; acetonitrile; heterocycles, such as tetrahydrofuran; dialkyl ethers, e.g.,

diisopropyl ether, 2-methoxyethyl ether, and diethylene ether; an acid, e.g., acetic acid,

trifluoroacetic acid, and propionic acid; aqueous solvents, such as water; ionic liquids; and

chlorinated solvents, such as methylenechloride. A combination of solvents may also be used.

More preferably, the solvent is acetic acid or 2-propanol.

The temperature used in Step (iv) is preferably from about 0 °C to about 70 °C. More preferably,
the temperature is from about 10 °C to about 50 °C; and most preferably from about 10 °C to about
30°C.

The salt having Formula (V1) is preferably 5-[(R)-2-(5,6-diethyl-indan-2-ylamino)-1-hydroxy-
ethyl]-8-hydroxy-(/ H)-quinolin-2-one benzoate.

In the fifth step, Step (v), the salt having Formula (VI) is treated with a carboxylic acid in the

presence of a solvent to form a salt having Formula (VII)



OH wherein X- is an anion. The anion corresponds to the acid used in Step
(v). The acid used in Step (v) is preferably a carboxylic acid, such as
benzoic acid, maleic acid, succinic acid, funmaric acid, or tartaric acid.
Most pref er aB{Q2004é423cid used in Step (v) is maleic aci decivirosedoioshavi ng .
Formula (VI1) is isolated, preferably by f||trat|on The salt having Fornul a
(VI'l1) is preferably

5-[(R) - 2- (S, 6-di et hyl -i ndan- 2-yl am no) - 1- hydr oxy- et hyl ] - 8- hydr oxy- (1M

qui nolin-2-one mal eate having Fopmula (XI): 0 HNI HO~ COO( ) O XI NHz
COO OH The sol vent used in Step|i(v) is preferably selected froman al kyl
acetate, e.g., Cl. 6alkyl acetate such as ethyl acetate, i1isopropyl acetate

and butyl acetate; al coho [Cl 6a|ky colrol s, such as nethanol,
et hanol , propanol, isopropahg it anol arrol ;. (ditnet hyl f or mam de;
aromati ¢ hydrocarbons, such 3 0l uene a ; glalkyl ket ones, e.g.,
acetone and net hyl isobutyl v akRef o ile; heterocycles, such as

tetrahydrofuran; dial kyl ethers, y9- di i sopropyl ether, 2-nethoxyet hyl

U e L R IRk

such as net Byp ¢néchrklerablyen catbaghibididybiachras tbénzsmla\tﬂpﬁu&lei&f&md%tﬁﬂmbemdUSed Mor e
Dol ooty e ok Bk R B e Y5 e B h e ur e
is fromabout 10 C to about 60 C, and nost preferably from about 20 Cto
about 50 C nt|o

oxy-5- (R) - o;ﬁf%‘n anre ?5"1"3%%@'? ﬁ&fegr?é&bﬁr&bfybé fﬁtﬁ”r@ﬂar@ﬁ syt having Fogmelai ng an
8- (substit ut\dg mpcyﬁeraﬂm (Ba2€5 9 didtHyRindgti2ndd miRo)2t-Ai oXy- éthyl]iS h &@REl 179- agent

in the pres 0. cat form 8- (substituted
oxy) - 5- ((R)S'ﬂn??lé %" g‘ﬁ )‘6 E2“2'}4’[52*31‘}@;)2004/001981

The solvent used in Step (v) is preferably selected from an alkyl acetate, e.g., Cr-salkyl
acetates, such as ethyl acetate, isopropyl acetate and butyl acetate; alcohols, e.g., Cr¢alkyl
alcohols, such as methanol, ethanol, propanol, isopropanol, butanol and pentanol;
dimethylformamide; aromatic hydrocarbons, such as toluene and benzene; dialkyl ketones,
e.g., acetone and methyl isoburtyl ketone; acetonitrile; heterocycles, such as tetrahydrofuran;
dialky! ethers, e.g., diisopropyl ether, 2-methoxyethy! ether and diethylene ether; an acid such
as acetic acid and propionic acid; aqueous solvents, such as water; ionic liquids; and
chlorinated solvents, such as methylenechloride. A combination of solvents may also be

used. More preferably, the solvent is ethanol.

The temperature used in Step (v) is preferably from about 0 °C to about 70 °C. More
preferably, the temperature is from about 10 °C to about 60 °C; and most preferably from
about 20 °C to about 50 °C.

As mentioned above, the 8-substituted oxy-5-(R)-oxiranyl-(1H)-quinolin-2-one may be
prepared by (a) reacting an 8-(substituted oxy)-S-haloacetyl-(1H)-quinolin-2-one with a

reducing agent in the presence of a chiral catalyst to form 8-(substituted oxy)-5-((R)-2-hale-



14 1- hydroxy-ethyl)-(1R)-quinolin-2-one; and then (b) treating the

8- (substituted oxy)-S-((R)-2- hal o-1-hydroxy-ethyl)-(1H)-quinolin-2-one with
a base in thew@ﬁﬁff % of a solvent to form 8-(substituted

oxy) - S- (R) - oxi rany (ﬂ? #) - qui nol i n-2-one. For exanple, in SGHERZ§400198¢
8-substituted oxy-5-hal oacetyl -(1H)-quinok4dn-2-one is reacted wth a

reduci ng agent in the presence of a chiral catalyst to forma 8-substituted
oxy-S-((R)-2- hal o-1- hydroxy-ethyl)-(1R)-quinolin-2-one of Formula (XIl): O
HN R~0 (X11) 1-hvdroﬂ-¢thﬁ§fle‘i)mzﬂldlis-2aorm ancaben (b)) trgatimgthe s bstitied axel-(R)er. The

hal ogen i s sglect y O -chl or.i i nd I odi

pret or abl y, - LEHEre e AR EF Ano ERLAEEs b #PlHe AEcrBR of Q541G o form

oxy- S- hal oac&{sybstifurad oxykiSHE|)omiryb i quinolim?eanei al | y avail able or may be
prepared by hal ogenating the correspondi ng net hyl ket one, for exanple using
the procedure described in international patent application W 95/25104.
The met hyl keFasgample, ie Srenéa)cihalSropbssivated oxy-&hdpacsel (8- quirepiaroheisieaged he
procedure de i A . Of LG em. st.r 19,
541 340, pr o o A g ol ARRE Brest e AP il callBL B3 s SABRICR ooy 0l o
Fornul a (X Illlajq-l—htﬁVfOH-ﬂb)’lF-HND-qum@—@-)@qcl_f)ForrBulRlXH)vmer ein Re and Rb are,
i ndependently, selected froman aliphatig cycloaliphatic,

cycl oali phatic-aliphatic, aryl or aryl-alli phatic residue. Preferably, R and
Rb are, independently, selected fromgphkenyl, 4-nethylphenyl, and

3, 5-di net hyl phenyl. More preferably, Re arild Rb are phenyl, and R< is

sel ected from aliphatic, cycloal kpﬁ j vcl oal P¥hatic-aliphatic, aryl or
aryl -aliphatic residue, which, I'n eg ase, nmay be linked to a polyner.
More preferably, R is nethyl.

OH

wherein R is a protecting group; and X is a halogen. The halogen is selected from bromine,

chlorine, fluorine and iodine. Preferably, the halogen is chlorine.

The 8-substituted oxy-5-haloacetyl-(1 H)-quinolin-2-one js commercially available or may be
prepared by halogenating the corresponding methylketone, for example using the procedure
described in international patent application WO 95/25104. The methylketone is
commercially available or may be prepared using the procedure described in European
Journal of Medicinal Chemistry, 1284, 19, 341-346.

Preferably, the chiral catalyst is an oxazaborolidine compound of Formula (X1I):

b
%9
N\B/ o X
ke

wherein R2and RP are, independently, selected from an aliphatic, cycloaliphatic,
cycloaliphatic-aliphatic, ary! or aryl-aliphatic residue. Preferably, R*and R" are,
independently, selected from phenyl, 4-methylphenyl, and 3,5-dimethylphenyl. More
preferably, R*and Rbare phenyl, and

R¢ is selected from aliphatic, cycloaliphatic, cycloaliphatic-aliphatic, aryl or aryl-aliphatic

residue, which, in each case, may be linked ro a polymer. More preferably, R¢ is methyl.



WD 2004/ 076422 PCT/ EP2004/001981 is R, Rb and Rc are preferably
unsubstituted but may be substituted, exanple, by one or nore, e.g., two or
three, residues, e.g., those selected fromC -Cral kyl, hydroxy, -O CHz-O,

-CHO, G C, sulgdohidsdoxy, C2-C8 al kanoyl - oxy, hal ogen, e or
fluorine, nitro, cyano and CF3. Aliphatic hydrocarbon resfg{flél?ﬁ?%@ysg

Ct-C7 al kyl, C2-Cral kenyl or secondarily G2-C7 al kynyl. C2-C7Al kenyl is, in
particular, C3-C7 alkenyl and is, e.g., 2-propenyl or 1-, 2- or 3- butenyl.
C3-Cs Al kenyl is preferred. C2-C7 Al kynyl is, in particular, C3-C7 al kynyl
and is pref &@lapd B epyirelptablyCyshtséturghat mey besibdites:d] ackipis bE8aGs more,

cycl oal kyl or, C o] | A4S
preferably cy g‘?(gﬁ{ﬂ?& }e¥lgu§f°’%%x%¥ Je%gtleg%ccf oalglfi}(éfriyly8 Oxy'CgJ é\é 'd

cycl oal kenyl @HOerﬁe&ﬂézmtytedwad@eﬁtall&neﬁ-ow, hafgen v ahlnine 8¢ 8mytine, witro,
cycl ohex- 2- ((ag}, a cycl ohex-3-en-yl. Cycl oaliphatic-aliphatic residues
i ncl ude C3-C3cycl oal E -C -Cral kyl, preferably C3-C6 cycloalkyl-G-C4

al kyl , but especially cyclopropylnethyl The aryl residue nay be, for

exanpl e, a caj a(axﬁagar%cmmb&gm&thaﬁ@a@gmt ek H%H%r stclnd & &U' ar,

phenyl or, in ular, an appropria
mul ticyclic a&smdiu@r%ﬁlkhnﬁasslmpartlwlﬂfroﬁr-cmﬂemﬂanélls ez dr};frbmh@r hez exré

atoms, such ﬁﬁtemitb%?mkenwgmrga gy flmkyﬁ‘}l?ﬁﬁ %39{1 1£rfméa-glaz§%g@; %JioW? three

or four ni trogen atons en atom  or'a st

5- menber ed hetebarabdy piopylegl dues i ncl ude nonoaza-, diaza-, triaza-,
tetraaza-, nobnooxa- or nonothia-cyclic aryl radl cal s, such as pyrrolyl,
pyrazolyl, imdazolyl, triazolyl, tetrazolyl, furyl and thienyl, while

sui t abl e appfogedliphariogesidues inchude Cosisdyrbosliet er, sacondapity, Ca-€labrnloalkepyli dy | .
Appropri ate G

benzol |, 3] - d?%)%hﬁyoguyplslpg% Hl?%%%ﬁ yﬁ%&agﬁég}ﬂna&%e nor?(}l;lg eétlﬁsstc? %}ﬁt ed by,
e.g., NH2, Orycloatsemliis m{@r&bi/y @Fme@tqﬂtmFWYWP@H3WYICPO%MGSZEHY1 and

Aryl -ali phat k&l{h@é'&»qv% i ncl ude phenyl -Ct-C7 al kyl, phenyl-C2-C7 al kenyl and
phenyl - Kyny Sui t abl e pol ynmers incl ude poI ystyrene (PS),

cross-1li nked PS (J), polyethylene glycol (PEG or a silica gel residue

(Si). Exanpl - el b . .8 r 4/ 076422
(3) _oxamp %%@hﬂlﬂ‘ﬁ%hat%&@ﬁé@ irffhdk € Qo) 8, -8R, YA
C3-Cs cycloalkyl-Ci-Cs alkyl, but especially cyclopropylmethyl.

The aryl residue may be, for example, a carbocyclic or heterocyclic aromatic residue, in
particular, phenyl or, in particular, an appropriate 5- or 6-membered and mono or
multicyclic residue which has up to four identical or different hetero atoms, such as nitrogen,
oxygen or sulfur atoms, preferably one, two, three or four nitrogen atoms, an oxygen atom
or a sulfur atom. Suitable S-membered heteroaryl residues include monoaza-, diaza-, triaza-,
tetraaza-, monooxa- or monothia-cyclic aryl radicals, such as pyrrolyl, pyrazolyl, imidazolyl,
triazolyl, tetrazolyl, furyl and thienyl, while suitable appropriate 6-membered residues are, in
particular, pyridyl. Appropriate muilticyclic residues are anthracenyl, phenanthryl,
benzo[1,3]-dioxole or pyrenyl. An aryl residue may be mono-substituted by, e.g., NHz, OH,
SO:;H, CHO or di-substituted by OH or CHO and SO;H.

Aryl-aliphatic residues include phenyl-Cy-Cy alkyl, phenyl-Cz-Cy alkenyl and phenyl-Co-C7
alkynyl.

Suitable polymers include polystyrene (PS), cross-linked PS (]), polyethylene glycol (PEG) or a
silica gel residue (Si). Examples are NH-R9, wherein R¢ is C(O){(CHz),-PS or



16 C(ONH(CH2)c PS; and -OSIi (R 2(CH2)Rf, wherein nis 1-7, Ris C-C6
alkyl, e.g., ethyl, and Rf is a polystyrene, cross-linked polystryrene,

pol yet hyl ene a silica gel residue. The reducin ent that is
used to reduc‘gb)r{??é”?“%%ubstl tuted oxy)-5-hal oacetyl - (1H) - %ﬁfr SPIOH0IR1, e i s
preferably a borane reagent such as boranestetrahydrofuran conplex, a
borane-N, N- di ethylaniline conplex or a borane-nethyl sulfide conplex. A
borane-tetrahydrofuran conplex is especially preferred. The oxazaboroli di ne
chiral cat al G€)NEECPrleP8y aid| -P-§i®<)(CH2):RY, wherein n is 1-7, Re¢ is C;-Cgalkyl, e.g., ethyl,

o so known S0 e bRl Rt St el Rl el o i PRGNS ' ©

solvent is used in Step (a). Preferred solvents include: an al kyl acetate,

e.g., G.6 gl l&¥+%ﬁ1%%g?&t%§at 1sst_‘r§§ﬁ‘rc?1%$f:fe®¥ %GHIF‘sBﬁ}tgd O)&y?%ma%%xety%ﬁsg :%o nd

butyl acetate; nes am nes;"’['ower 0l s,
e.g., Ot-6 alkydis ate&mhi}’ s bossae rpaa@t ﬁ@bh&h@‘@ne ~eetra by furangoodexoh | borane N N-

i sopr opanol, %Qﬂﬁl%ﬂf?ﬁe cgﬂ%%xgﬁqt%?ﬁelm%llx)’l B P2 ﬁr OF'JnQ‘E@cHE?&%fur% 9.,

i sooct ane, ane; | for mam aromat I'c h car bons; suc

t ol uene and @mvbernse%pecaeéleftmﬁmwd | Ehe mtﬁaoué*ﬁmeéblmls;atahfsas praderabln (Rl of ur an;
dial kyl et he{eﬁahyﬂrcgl -mefHy §% :f @%&1 @H}g@ﬁyﬁolﬁi 'Eﬁi‘%%g@%zaﬁﬁ?er ls%’?cqo n

di et hyl ene et ueo nic I'rqui

chl ori nat ed sdRy2mtethyl- %&wwaq@ﬂlﬂw &vie€Bbori de. A conbination of soI vents
may al so be wused. The preferred solvent for use in Step (a) is
tetrahydrofuran. The tenperature used in Step (a) is preferably from about
-10 C to aboRrtfesbdlya. sotvbmes ugpded Srepkd)y Preferned sdvpex iatlude an sliiyl wataebogt Cos C t o

bout SO C.

ovy (St Tenfipaly Ml vt ol e grlrarh i,

phenyl met hox@r-s@llmam)mezrlemmlbylIalclo ds,@w-@s h&vbal(@owwquammbuhnncﬂfmol
tionall t
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The temperature used in Step (a) is preferably from about -10 °C to about 80 °C. More

preferably, the temperature is from about 0 °C to about 50 °C.

The 8-substituted oxy-5-({R)-2-halo-1-hydroxy-ethyl)-(1 H)-quinolin-2-one is preferably 8-
phenylmethoxy-5-((R)-2-chloro-1-hydroxy-ethyl)-(1 H)-quinolin-2-one.

Optionally, the 8-substituted oxy-5-{((R)-2-halo-1-hydroxy-ethyl)-(1 H)-quinolin-2-one product
may be purified by any of the various techniques known to the art, such as by crystallization,

and may, optionally, be conducted in the presence of charcoal.

In the Step {b), the 8-substituted oxy-5-((R)-2-halo-1-hydroxy-ethyl)-( H)-quinolin-2-one is
treated with a base in the presence of a solvent to form 8-substituted oxy-5-(R)-oxiranyl-(1H)-

quinolin-2-one. The 8-substituted oxy-5-(R)-oxiranyl-(1 H)-quinolin-2-one has Formula (I):



RHO 1 (I) O wherein Ris a protecting group. Preferred bases include

sodi um et hoxi de, sodi um hydroxi de, potassi um phosphate, potassium

car bonat e, pq&giii%gg:ﬁdrogencarbonate and caesi um car bonate. A conbi nation
of bases Walrk8 ¥ sed. The base is nost preferably pdHERMOEhonat e.
The solvent used in Step (b) is preferably selected froman al kyl acetate,
e.g., & _a alkyl acetates, such as ethyl acetate, isopropyl acetate and
butyl acetate; alcohols, e.g., Cl.6 alkyl alcohols, such as nethanol,

et hanol , propanol, butanol, and pentanol;§ aliphatic C6-12 hydro- carbons,
e.g., Isooctane, heptane; dlnethylforna ; aromatic hydrocarbons, such as
t ol uene and benzene; dial kyl ketones, W g., acetone, nethyl isobutyl ketone;
acetonitrile; heterocycles, such/gs t gt raplydr of ugpan; dial kyl ethers, e.g.,
di i sopropyl ether, 2-nmethoxyethylR™ e and di ethyl ene ether; aqueous

sol vents, such as water; ionic |iqui .@ hl ori nated solvents such as
nmet hyl enechl ori de. A conblnatlon of so ., nay al so be used. A preferred
sol vent for use in Step (b) is a conbination®f acetone and water. The
tenperature wﬁggnnns§bgmxﬁhgghﬁppreferably fromabout 10 C to about 160 C.
More preferably, the tenperature is fromabout 30 C to about 80 C, and nost
preferably from about 50 C to about 60 C. The 8-substituted

0xy- S- (R) - oXpréfaidd bdsdshhcl @4t so@iukretRode sddsurP hfr6%iak r-BsiRh bébmfehﬂ%aesém

(R) - oxi ranyl U|noI|n 2-one. tlonaII y, the 8- substltute

oxy-5-(R) - oﬁaFté’ﬁ?F » ROF Yﬁfﬂsiewagb%ﬁfé apd eagsinm aehpnps. Aembinagen pibasesy of
the various hgciMy KURS. kmvwasél@ntob@rafeﬁably%&las@ﬁ chbosdrystal i zati on.
Crystallization fromtoluene or acetone is especially preferred, and nay,
optionally, be conducted in the presence of charcoal. WO 2004/ 076422
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UH) pqui nol i ndebhegublesszhahshol, ethanol, propanol, butanol, and pentanol; aliphatic Cs.1; hydro-

carbons, e.g., isooctane, heptane; dimethylformamide; aromatic hydrocarbons, such as

toluene and benzene; dialkyl ketones, e.g., acetone, methyl isobutyl ketone; acetonitrile;
heterocycles, such as tetrahydrofuran; dialkyl ethers, e.g., diisopropyl ether, 2-methoxyethyl
ether, and diethylene ether; aqueous solvents, such as water; ionic liquids; and chlorinated
solvents such as methylenechloride. A combination of solvents may also be used. A

preferred solvent for use in Step (b} is a combination of acetone and water.

The temperature used in Step (b} is preferably from about 10 °C to about 160 °C. More
preferably, the temperature is from about 30 °C to about 80 °C; and most preferably from
about 50 °C to about 60 °C.

The 8-substituted oxy-5-{R)-oxiranyl-(1H)-quinolin-2-one is preferably 8-phenlymethoxy-5-
(R)-oxiranyl-(1 H)-quinolin-2-one.

Optionally, the 8-substituted oxy-5-(R)-oxiranyl-(1H)-quinolin-2-one product may be

purified by any of the various techniques known to the art, such as by crystallization.

Crystallization from toluene or acetone is especially preferred, and may, optionally, be

conducted in the presence of charcoal.



HN\ I OHNI \' I O\ I 61CO HI/ NHOHA 1L, 4-necked flask equipped with
a nechanical stirrer, thernoneter, addition funnel and refl uxing condenser
was charged w . grans of 2-am no-S, 6-di et hylindan and di et h
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8- phenyl net hoxy- 5- (R) - oxiranyl -1 H qui nol i;g- 2-one. The resulting suspension
was heated to a tenperature of 110 C and stirred at this tenperature for 15
hours. The resulting brown solution was cooled to 70 C. At 70 C, 210 nL of
et hanol was audefredtitnlioMRetrdiyd By gRlfsllowdi BfampRs3 grams of benzoic acid in
140 nL of ethanol. The solution was cooled to 45-50 C and seeded. The
suspension was cooled to 0-5 C. The crude
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6-di et hyl -1 nI af - 1- hydr oxy-
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A 1L, 4-necked flask equipped with a mechanical stirrer, thermometer, addition funnel and
refluxing condenser was charged with 30.89 grams of 2-amino-5,6-diethylindan and diethylene
glycol dimethyl ether. To this solution was added 36.4 grams of 8-phenylmethoxy-5-(R)-
oxiranyl-1H-quinolin-2-one. The resulting suspension was heated to a temperature of 110
°C and stirred at this temperature for 15 hours. The resulting brown solution was cooled to
70 °C, At 70 °C, 210 mL of ethanol was added followed by a solution of 30.3 grams of
benzoic acid in 140 mL of ethanol. The solution was cooled to 45-50 °C and seeded. The

suspension was cooled to 0-5 °C.

The crude 8-phenylmethoxy-5-[(R)-2-(5,6-diethyl-indan-2-ylamino)-1-hydroxy-ethyl]-1H-
quinolin-2-one benzoate was isolated by filtration and washed with 150 mL of ethanol in
three portions. The wet filter cake was purified by re-crystallization from 1400 mL of
ethanol, which gave 50.08 g pure 8-phenlymethoxy-5-[(R)-2-(5,6-diethyl-indan-2-ylamino)-

1-hydroxy-ethyl]-1 H-quinolin-2-one benzoate as a white crystalline powder.

Example 2
Preparation of S-[(R)-2-(§ .6-diethvl-indan-2-ylamino)-1-hydroxy-ethyl]-8-hydroxy-1H-

quinolin-2-one maleate maleate

PN




Fco~ HO 600H CormHO/ \ / COOH OH HOH H COOH A 1 L hydrogenation vessel
was charged with 40 grams of 8-phenyl nmethl oxy-5-[(R)-2-(S, 6-

di et hyl -i ndan- 2- 1 NO) - 1- hydr oxy- et hyl ] - 1H qui nol i n- 2- one_benzoat e and 400
nL of aceti C%@Qﬁbﬁ}ggﬁ adi um on charcoal 5% (5.44 g) was HJddd*4ib%¥he
reacti on mass was hydrogenated for 2-8 ha@urs until conplete conversion to
5-[(R)-2- (5, 6-di et hyl -i ndan- 2-yl am no) - 1- hydr oxy-

et hyl ] -8-hydroxy-IH qui nolin-2-one. The m xture was filtered over a pad of
filter-aid. The |trate was concentrated at 50-60 under vacuum (100
nbar) to a volu /—This residuyg, was d| [

et hanol and ngat d o 50-6Q Assol uti o of 11.6 '
et hanol was a e it nd® eare %ol ut?
i nternal tenper f ~"Wi.t h uspensi on of
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di et hyl -i ndan- 2-yl aﬂ*i ndi) 1- hydr oxy=%t hyl ] - 8- hydr oxy- | B1qui nol i n- 2-0néT'n 20
nmL isopropanol. The product was crystallized by slow cooling to 0-5 C
Filtrati ith 50 ml.of etkh | _foll d
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OThe product was crystallized by slow cooling to 0-5 °C.

Filtration and washing with 50 mL of ethanol followed by 25 mL of isopropanol provided 65
g crude 5-[(R)-2-(5,6-diethyl-indan-2-ylamino)-1-hydroxy-ethyl}-8-hydroxy-1H-quinolin-2-
one maleate which was further purified by crystallization from 1.36 L of ethanol. This gave
24.3 g pure 5-[(R)-2-(5,6-diethyl-indan-2-ylamino)-1-hydroxy-ethyl]-8-hydroxy-1 H-quinolin-

2-one maleate as a white crystalline powder.

Example 3

ethyl]-8-substituted oxy-{1H }-quinolin-2-one

A 1L, 4-necked flask equipped with a mechanical stirrer, thermometer, addition funnel and
refluxing condenser was charged with 30.89 grams of 2-amino-5,6-diethylindan and diethylene
glycol dimethyl ether. To this solution was added 36.4 grams of 8-phenylmethoxy-5-(R)-
oxiranyl-1H-quinolin-2-one. The resulting suspension was heated to a temperature of 110

°C and stirred at this temperature for 15 hours. The resulting brown solution was cooled to

70 °C.



The reaction was conducted as follows: H) \ HNI X HC Bnl \ BnOI \ 11)
OH (II( HNHNB,, O\ BnO\ OHHNOHOH (1V) / (ill) I oq BnOAs
determ ned by . {;MGEQe reaction m xture contai ned 68. 7% of a conpound
having Fornula %‘]19 8% of a conpound havi ng Fornul a (| P¢VEPAP01981 404 of
a conmpound having Formula (1V). The reactd on m xture was split in equal
portions and each portion was individually treated with an acid sel ected
from benzoic acid, maleic acid, succinic acid, fumaric acid, tartaric acid
and hydr ochl bk rgactionavas Toralucied @b folows:e summarized in Table 1 as fol | ows:
TABLE 1 Salt Purity [%4Area)] Yield [ Benzoate 96 60 Ml eate 98 28
Fumarate 97 48 Sugcinate 98 3 Jartrate 98 @5 Hydrochl oride 87 25 As set
forth in Table 1 e pers el d was basedion the ano of 8-substituted
oxy-5- (R)- OXII‘a yI {( 1M quismol i n- 2- one, and'|t h purit S based on the salt
havi ng Formul'a and was—determrred"

62 LR sF
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As determined by HPLC , the reaction mixture contained 68.7% of a compound having
Formula (II), 7.8% of a compound having Formula (III), and 12.4% of a compound having
Formula (IV). The reaction mixture was split in equal portions and each portion was
individually treated with an acid selected from benzoic acid, maleic acid, succinic acid,

fumaric acid, tartaric acid and hydrochloric acid. The results are summarized in Table 1 as

follows:
TABLE 1
Salt Purity [%{Area)] Yield [%]
Benzoate 96 60
Maleate 98 28
Fumarate 97 48
Succinate 98 30
Tartrate 98 25
Hydrochloride 87 25

As set forth in Table 1, the percent yield was based on the amount of 8-substituted oxy-5-
(R)-oxiranyl-(1 H)-quinolin-2-one, and the purity was based on the salt having Formula (I}
and was determined by HPLC.

Thus, it has surprisingly been found that (a) the yield of 5-[(R)-2-(S,6-diethy}-indan-2-
ylamino)-1-hydroxy-ethyl]-8-hydroxy-(1H)-quinolin-2-one salt may be significantly increased



Thus, it has surprisingly been found that (a) the yield of
5-[(R)-2- (5, 6-di et hyl -i ndan- 2-
ylanino)-l-hyd&e&Mﬂﬁ%ﬂ%!]-8-hydroxy-(1TFD-quinoIin-2-one salt may be
significantly i ncreased WO 2004/ 076422 PCT/ EP2004/ 001981 2CTHEP24040¢Plg an
acid salt of S-[(R)-2-(5,6-diethyl-indan-24yl am no)-1-hydroxy-ethyl]-8-
substituted oxy-(IH)-quinolin-2-one; and (b) the acid salt can be converted
to a salt of 5-

[ (R) - 2- (5, 6- &Y &rmyjrg-anredigsal2 of b4} 26l 61ditriplrindan- 2yl rjo)-8-Hyy eixg%yhy(]}8-

H) - qui nol i n- ;108 1L RoiH. A | ee. base o

S TR - 2- (5, S dohd B aiBAlsR RS b W38 dBR Bt sompereadympatly ol

H) - qui nol i n- ER&A4S .6 Biethipiindan-2prlepaohi hydrowf-ethyl]-8-hydroxy-(1 H)-quinolin-2-one

8- (phenyl nmet : . F OX W: =Hhlmaui nolin, 2. one ] HO
a o+ BI—BTHFQ?HM%EFS@%&E% H%ﬁ%még%}hﬁ @ﬁ%g Ej?é(ﬁl-eﬁ‘g%:’l?ga "?%E'grz"@qh%%%’a 'W’ﬁ]ﬁga
nechani cal shydrewi-(1Hguinebingtase, addition funnel and refl uxi ng condenser is
charged with 50 g 8- (phenyl net hoxy)-S-((X-chl oroacetyl)-(1H)- qui nolin-2-one
and 600 nL dry THE under N2. Then 15 nL of a | nolar solution of (R)-

t et rahydr o- | E¥ame/4 - 3, 3- di phenyl - (1 H, 3H)-pyrrol o[ 1, 2-c][1, 3, 2] - oxazaborol e
in tol uene added. XL Ue 0..an i nt al. t.enperature of
0-2 C and mx@$%&%% ﬁ“gﬂgﬁﬁéﬂlanx ﬁ%@?ﬁ%gﬂgéﬁg%@%?%fgwﬂ#ﬁéﬂ%ﬁ%?m%%§EnL of al
mol ar sol ution of BH3 in? 8§ added over 1-2 hourg, The reaction was
stirred for another hour at| an internal tenperature o jand t hen
quenched by addition of 657d Akt

to 25 C and concentrated _ . . To this
concentrate was added a ‘i xtd o O713 nm. water and 3T, 7% During

the addition 8 N o
(phenyl net hoxy) - 5- - cld oro-1 - hydr oxy- et hyl) 1)-q inoﬂ n- 2- one
preci pitated as a nedrly ™ col ourl ess precipitati Sy ~The-Pesulting suspension

was stirred for 30 mnutes at 25 C, filtrated
A dry 3 L, 4-necked flask equipped with a mechanical stirrer, thermometer, addition funnel

and refluxing condenser is charged with 50 g 8-(phenylmethoxy)-5-(a-chloroacetyl)-(1H)-
quinolin-2-one and 600 mL dry THF under Nz. Then 15 mL of a 1 molar solution of {R)-
tetrahydro-1-methyl-3,3-diphenyl-(1 H,3 H)-pyrrolo[1,2-¢][1,3,2}-oxazaborole in toluene was
added. The mixture was cooled to an internal temperature of 0-2 °C and while maintaining
an internal temperature of 0-2 °C, 153 mL of a 1 molar solution of BH; in THF was added
over 1-2 hours. The reaction was stirred for another hour at an internal temperature of 0-2
°C and then quenched by addition of 65 mL methanol. The resulting solution was warmed
to 25 °C and concentrated to a volume of 250 mL (50 °C/ 200 mbar). To this concentrate
was added a mixture of 713 mL water and 37 g HCl 37%. During the addition 8-
(phenylmethoxy)-5-((R)-2-chloro-1-hydroxy-ethyl)-(1H)-quinolin-2-one precipitated as a nearly
colourless precipitation. The resulting suspension was stirred for 30 minutes at 25 °C, filtrated
and washed with 220 mL water in several portions. Drying in a vacuum drier at 50 °C for 12
hours resulted in 47.41 g of 8-{phenylmethoxy)-5-((R)-2-chloro-1-hydroxy-ethyl)-(1 H)-quinolin-

2-one as a slightly yellowish powder.



and washed mﬁth 220 nmL water in several portions. Drying in a vacuumdrier
at 50 C for hours resulted in 47.41 g of

8- (phenyl et ) - 2- chl oro-1 - hydroxy-ethyl)-(1H)-q ne as a
slightly yel :‘8@%‘1@"’(&%& VO 2004/ 076422 PCT/ EP2004/ 00193’?[}%2’3&“’&@991 le 5
Preparati on of 8- (12heny|nethoxy) 5- (R -oxiranyl - (1HLqui nol i n- 2- one HO O

CI N HaNO H A 3 L, 4-necked flask equi pped with a nmechanical stirrer,
thernoneter, addition funnel and refluxing condenser was charged wth 50 g
8- (phenyl rretlﬁP(?%}P}&S ((R)-2-chloro- I-hydro)Q/ et hyl ) - (1H) - qui nol i n- 2- one,
52.42 g pot aggj RABBE S Im 4R . t andogRnib.oygt er.  The m xture
was heated under s I'FT1ng : UXTNg Was Tmai 7 ai ned for 5-10 hours
until an in process cont H@
8- phenyl nmet hoxy-5- ((R)-2-ch
8- phenyl net hoxy- 5- (R) - oxi r apy B qU|noI|n 2-one. en the reaction was
conpl eted, the hot (45-50 gacttjon mxture was fil renove the

i norganic salts. The resi di : ished with several of acetone,
and the conbined no i A acet one wa MELA reentrated to a
vol une of 450 nL. To re'ultlng suspensi on
25 C and then the suspenistofi ' was cooled to an arnglo tenperature of 0-2 C
and stirred at this tenperature for 2-3 hours. Flrltrdtion and washing

resulted in &3q 49Rci8d MRSNulPped Xk aﬁnc{cﬁam&](ktfr?éﬂyﬂze&rﬂdxﬂeté}Uéd’élﬂidnrfngﬁepﬁ?d whi ch
was re- crystahllzed fromtol uene. This reSﬁIted

8- ( pheny| met KB¥§E Srdreseoysy Atged Witk 3P 2P wlnwﬁmsh%( §£~gﬁb‘a¥q Uhedspgar | ess

solid. 23 Q¥ H%qulﬁolﬂf 216&:3 $2149¢ pBRa@RM édfitbnate, 2500 mL acetone and 25 mL water.
5-[(R)-2-(5, | -i,ndan- 2-yl am no) éﬁg droxy- et hyl ]
hydr oxy- (1H)T d’i“ﬁB’F‘? Y emp et FrgrE e b s aiped fs lgphonrs uoc

COWDI'5| S:Qng 4d in pfdf@s@t:dwd’l‘@:l ﬁroWélaﬁéxh%Ith Q@hversnon of 8- Eheny]methox‘lv-.ﬁ -({R)-2-chloro-1-
oxy-5-(R) OX}I] r?o@%—ethyljfl_q qun?o 1n|-2r-]one t(()) g%henernet oxy-3- (%l ox1rany% (1H)-quinolin-2-one.

When the reaction was completed, the hot (45-50 C) reaction mixture was filtered to remove

the inorganic salts. The residue was washed with several portions of acetone, and the combined
mother liquor and acetone washings were concentrated to a volume of 450 mL. To the
resulting suspension was added 235 mL heptanes at 25 °C and then the suspension was cooled
to an internal temperature of 0-2 °C and stirred at this temperature for 2-3 hours. Filtration
and washing resulted in a crude 8-phenylmethoxy-5-(R)-oxiranyl-(1 H)-quinolin-2-one which
was re-crystallized from toluene. This resulted in 36.7 g 8-(phenylmethoxy)-5-(R)-oxiranyl-

(1 H)-quinolin-2-one as nearly colourless solid.



O HNo (lI) R-1 \ with 2-am no-(5-6-diethyl)-indan to forma reaction

m xture contai ni ng conpounds having Formslae (11), (Ill) and (I1V) O HNTrO
\ RI \ (Il) HOHO OHN HNOR R-I \/ N L/ (I'll) HOHOH (V) HN
ON H Rwherein Ris a protecting group; (ii) treating the reaction

m xture prepABMSin Step (i) with an acid selected fromthe group
consi sting of benzoic acid, maleic acid, succinic acid, fumaric acid,

B s i e

(V) 24 hydroxy-(1 H)-quinolin-2-one salt or an acceptable solvate thereof comprising:

0] reacting 8-substituted oxy-5-(R)-oxiranyl-(/ H)-quinolin-2-one having Formula ()

)

with 2-amino-(5-6-diethyl)-indan to form a reaction mixture containing compounds having

Formulae (II), (III) and (IV)
0]

R {m

Iz

OH

HN
HN o

(m
OH

HN

wherein R is a protecting group;

(ii) treating the reaction mixture prepared in Step (i) with an acid selected from the group
consisting of benzoic acid, maleic acid, succinic acid, fumaric acid, tartaric acid and

hydrochloric acid in the presence of a solvent to form a corresponding salt;

(iti)  isolating and crystallizing a salt having Formula (V)



OHN ROI \ (VV A°°. NH2 OCH wherein Ris a protecting group and A" is an
anion; (iv) renoving the protecting groupsfromthe salt having Formula (V)
in the presence of a solvent to forma salt having Formula (VI): O HN HO
(M) P NH2 A OHwherein A is an anion; and (v) treating the salt having
Formula (VI) with a carboxylic cid in the presence of a solvent to form
5-[(R)-2- (5, 6-di et hyl -i ndan- 2-yan1 no) - 1- hydr oxy-et hyl ] - 8- hydr oxy- ( 1H) - qui no
lin-2- one salt having FornuHH i i
an anion. 2. A process aggordl n
Step (ii) is benzoic a®r X“process 8 g'to daiml, wherein the
carboxylic acid in Step (v) procgss according to any
one of the preceding clains, ™ i e & (R) 2- (5, b6-diethyl -

i ndan- 2-yl am no) - 1- hydr oxy- et hyI] 8 hydr oxy- (1 H) - qui nol i n-2-one salt has
Formula (XI): 25

wherein R is a protecting group and A’ is an anion;

(iv)  removing the protecting group from the salt having Formula (V) in the presence of a solvent

to form a salt having Formula (VI):

0
HN |
RN
N s
OH

wherein A’ is an anion; and

4% treating the salt having Formula (VI) with a carboxylic acid in the presence of a solvent to
form 5-[(R)-2-(5,6-diethyl-indan-2-ylamino)-1-hydroxy-ethyl]-8-hydroxy-({ F)-quinolin-2-

one salt having Formula (VII)

&/ v

OIII

wherein X is an anion.
2. A process according to Claim 1, wherein the carboxylic acid in Step (ii) is benzoic acid.
3. A process according to Claim 1, wherein the carboxylic acid in Step (v) is maleic acid.
4. A process according to any one of the preceding claims, wherein the 5-[(R)-2-(5,6-diethyl-

indan-2-ylamino)-1-hydroxy-ethyl]-8-hydroxy-(/ H)-quinolin-2-one salt has Formula (XI):



OHN HO COO (XI) NHZ = COO OH 5. A process according to any one of the
preceding clainms, wherein the protecting group is selected fromthe group
consisting of an alkyl, aryl, al koxy, alkenyl, cycloal kyl, benzocycl oal kyl,
cycl oal kyl al kyl, aral kyl, heterocyclic, heteroaral kyl, hal oal kyl, and a
substituted silyl group. 6. process according to any one of the preceding
clains, wherein the protecti group is ben or t-butyldinethylsilyl. 7.
A process according to C dffn 6,)) wherein the/protecting group on the salt
having Formula (V) i sichenzyl dis remp treating the salt with
hydrogen in the presence cat al ysf A process—asgording to Caim?7,
wherein the catalyst is s ron g group.caqisi sting &0 pal |l adi um
pal | adi um hydroxi de, pal | adfum¥n Wiivated carbon). pal | adi um on al uni na,
pal | adi um on carbon powder, plgiinum platinum on activated carbon, Raney"
ni ckel and conbi nations thereof. 9. A process according to Caim®6, wherein
the protecting grmugesomcoidigsaiy dnavf thgplecsdimglciimy, Whereh the frofedtindighiably | si |yl

and is remye treati i ng nium fluorid

pot assi um stlﬁ%?cF%oe E B §rouR f)?sbg(gg%gilagc?ﬁ% GTYFIGH‘P@y éﬁg"ng’r%c}f}? 3(%@“@%@%"81?3'1]19

clai ns, wheyebaikyldieyl}ratid eteiocgclicnhefirepalkyl) haldatkyf, b abaitited GlyCerbep. about 160
C, the tenperature in Step (ii) is fromabout -10 C to about 160 C, the
tenperature in Step (iii) is fromabout 0 Cto about 70 C, the tenperature
in Step (iw isAfpoam ﬁa&kﬁng@o fnytode ab@elpreddding.claghi] whél@m&ﬁ(}ﬁ@t@@tn@rgﬂ)ub’ﬂs Step
(v) is froq% gut 0 d qbrit 70 C.  11. A process accor ng to any one of
t he precedi prefrhpy1di 5¥@y' in Step (i) a nolar excess

2-am no- ( 5- 6- dlethyl)-lndan i s used based on the anmpunt of 8 substituted
oxy-5-(R)- |ran ol.jn-2-one. 12. A process accordlng to any one
of the prece d| n %ﬁ(sﬁ%?wraﬁé Fh‘"ﬂ frevhiexin the, proferiinerpyp Andhe salphayiag Formula
5-[(R)-2-( Fwﬁrsc&@grwdqs ﬂaﬂlaved%yy}e&mgnma salt With R @3 ¥enah e ples@rcb BRDskaIRE hoxy- (1H)

-qui nol i n-2- one benzoate.

8. A process according to Claim 7, wherein the catalyst is selected from the group consisting of
palladium, palladivm hydroxide, palladium on activated carbon, palladium on alumina, palladium on

carbon powder, platinum, platinum on activated carbon, Raney™ nickel and combinations thereof.

9. A process according to Claim 6, wherein the protecting group on the salt having Formula
(V) is t-butyldimethylsilyl and is removed by treating the salt with #-butylammon-ium fluoride or

potassium fluoride.

10. A process according to any one of the preceding claims, wherein the temperature in Step (i)
is from about 10 °C to about 160 °C, the temperature in Step (ii) is from about -10 °C to about 160
°C, the temperature in Step (iii) is from about 0 °C to about 70 °C, the temperature in Step (iv) is
from about 0 °C to about 70 °C, and the temperature in Step (v) is from about 0 °C to about 70 °C.
11. A process according to any one of the preceding claims, wherein in Step (i) a molar excess
of 2-amino-(5-6-diethyl)-indan is used based on the amount of 8-substituted oxy-5-(R)-oxiranyl-
(1H)-quinolin-2-one.

12. A process according to any one of the preceding claims, wherein the salt having Formula
(V) is 5-[(R)-2-(5,6-diethyl-indan-2-ylamino)-1-hydroxy-ethyl]-8-phenylmethoxy-({ H)-quinolin-2-

one benzoate.



13. A process according to any one of the preceding clains, wherein the
8-substituted oxy-5- (R)-oxiranyl {1H)-quinolin-2-one of Formula (I) is
prepared by the steps conprising: (a) rea®ting an 8-(substituted

oxy) - 5- hal oacetyl - (1H)-qui nolin-2-one with a reducing agent in the presence
of a chiral catalyst to form8-(substituted _ ) )

oxy) - 5- (( R132- hd proteshirdprding iesmyyony of the precedingsbpimsn whergindhe &irdbst{tied exvedt i ng
the 8- (subski-bifaf-( @Y duirstn(Frieat PEnind Y flepirde LY ddps Coid gyl nol i n- 2- one
with a baZeBi nt e()g)rlaélgence o'}e a sol ve(-rll)t ?‘g&%or% 8-(spt§bst rtl%'trgéd
oxy)-5-(R)-oxiranyl - (I H-quinolin-2- one. 14. A process according to Oaim
13 wherein gy StER( AP §-@@os§t’u§:‘d®§%)h§-gﬁl%e%ﬂ?ﬁtﬂﬂ@ﬁfﬁﬁ]&\%ﬁg reducing agent i

(1H)-qui nol'i'n-2-one 1s reacte orane rea presence of a
oxazabor ol i di ne theiresgnce of achira eatalyst ® fomn hfswbuiswedeabp dig-halp- Chydrenyiehy!)-
wherein the borang) LeaGaMoreSanae! ected fromthe group consisting of

bor ane-t et rahydrofuran, borane-NN-diethylaniline and borane-nethyl sul phide,
and the chiral catalyst is

(R) - tetrahygy o- |z oRthid 8-?u§s¥i@t&h§?¥%—(¢%ﬂh§l@IilﬁMFJx?-le%éi(%BHﬁilgﬁvl%QZcéfe yitha

oxazaborol e.” 16. A process accor any one o to 1 erein
t he tenper at ur e base isthepresence pha soflvenrte dymb-(subkitu@d oey)abadoxBonyE( I Famdinplie2-
tenperature in %ggp (b) is fromabout 30 Cto about 80 C 17. A process for
preparing 5-[(R)-2-(5, 6-di et hyl-indan-2-yl am no) - 1- hydr oxy- et hyl ] - 8-

hydr oxy- (1H) - qui nol i n-2-one salt or an acceptabl e sol vate thereof

conpri sing:q,(a) I - I ; ) : ey )
oxy) - 5- hal olgbet y‘dF Sr?%%é gl%alfaﬁlgﬁ? %E&Pﬁ%gﬁ% lﬁ E]h %{el? g?iﬁ‘(e: igr?abs%uéer?tox?’r? ha{oﬁ(‘éetydr esence
of a chi r al(/Epguhofipt2-¢ne if waqteddvifhsalims4nie reagend in the presence of a oxazaborolidine chiral
oxy)-5-(( R)c't%l' Qtal 0- 1 -hydroxy-ethyl)- (1H)-quinolin-2-one; (b) treating the
8- (substi t (Féd Oxy)-5-((R)-2-hal o-I-hydroxy-ethyl)-(IH)-quinolin-2-one with
a base in the presence of a solvent to form 8-(substituted

oxy) - 5- (R) -qxirapyl - (/ H) - qui nol.{ h- 2: one. reacting t.h =suhstituted
o - (R O 1 PR §eeaagY oS TR E R L (TP O R0 |
(n) consisting of borane-tetrahydrofuran, borane-N, N-diethylaniline and borane-methy) sulphide, and

the chiral catalyst is (R)-tetrahydro-1-methyl-3,3-diphenyl-(/ H,3H)-pyrrolo[1,2-¢][1,3,2]-

oxazaborole,

16. A process according to any one of Claims 13 to 15 wherein the temperature in Step (a) is
from about -10 °C to about 80 °C, and the temperature in Step (b) is from about 30 °C to about 80
°C.

17. A process for preparing 5-[(R)-2-(5,6-diethyl-indan-2-ylamino)-1-hydroxy-ethyl]-8-

hydroxy-(/ H)-quinolin-2-one salt or an acceptable solvate thereof comprising:

(a) reacting an 8-(substituted oxy)-5-haloacetyl-(/ H)-quinolin-2-one with a reducing agent in
the presence of a chiral catalyst to form 8-(substituted oxy)-5-((R)-2-halo-1-hydroxy-ethyl)-
(I H)-quinolin-2-one;

(b) treating the 8-(substituted oxy)-5-((R)-2-halo-1-hydroxy-ethyl)-(/ H)-quinolin-2-one with a
base in the presence of a solvent to form 8-(substituted oxy)-5-(R)-oxiranyl-(/ H)-quinolin-2-

one;

(c) reacting the 8-substituted oxy-5-(R)-oxiranyl-(/ H)-quinolin-2-one having Formula (I)



O wth 2-am no-(5-6-diethyl)-indan orm
conpounds having Formulae (11), (I ngg (1V) O HNROI \ (Il) NH OH
O OHNHNO R RHON [/ (Ill) OHOH OH(IV) HN/ ON HOR wherein R
is a protecting group; (d) treating the reaction mxture prepared in Step
(c) with an acid selected fromthe group onsi sting of benzoic acid, nmaleic
acid, succinic acid, fumaric acid, tartarik _acid and hydrochloric acid in

t he presence of a solvent to forma corhH qu ding salt; (e) isolating and

N,@®\ R (V)

\_/o

a reaction m xture containing
I
I

i
with 2-amino-(5-6-diethyl)-indan to form a reaction mixture containing compounds having
Formulae (IT), (II) and (IV)

O
HN '
o)
-~
R i
OH
)
o HN
HN R
o
R x N
(i H
OH H OH vy
HN

wherein R is a protecting group;
(d) treating the reaction mixture prepared in Step (c) with an acid selected from the group
consisting of benzoic acid, maleic acid, succinic acid, fumaric acid, tartaric acid and

hydrochloric acid in the presence of a solvent to form a corresponding salt;

(e) isolating and crystallizing a salt having Formula (V)
0

R )

OH

wherein R is a protecting group and A’ is an anion;



/' A NHz' OHwherein Ris a protecting group and A" is an anion; 28 (f)
renovi ng the protecting group fromthe sakt having Fornula (V) in the
presence of a solvent to forma salt having Formula (VI): O HN HO (VI) P
NHZ A7 OH wherein A- is an anion; and (g) treating the salt having Formul a
(VI) with g)car banoyingthegrbdcting gidup fiphahesattdadiig Porila ®Min th€©predeédBf a solvent

5-[(R)-2-(5, 6-di ef hyl -indan-2-yl am.no) - 1- hydr oxy-et hyl ] - 8- hydr oxy- (1/f - qui no
lin-2- one salt t%%ﬁﬂ@ﬂ'@ww.g%ax’e‘ﬁﬂ‘g‘)-o HN HO (MI1) X NHZ OH wherein X
is an anion. 18. A conpound having9Formula (VIIl) 0O HN 11 OCOO 1| \

(VI11) | NHZ
HN |
HO o
s . A
OH

wherein A” is an anion; and

(g) treating the salt having Formula (VI) with a carboxylic acid in the presence of a solvent to
form 5-[(R)-2-(5,6-diethyl-indan-2-ylamino)- | -hydroxy-ethyl]-8-hydroxy-(/ H)-quinolin-2-

one salt having Formula (VII)

o]
HN ‘
HO (Vi)
-
- NH;
OH
wherein X is an anion.
18. A compound having Formula (VIII)
0
HN
l COooO"
R™ ©
. (Vi
" NH,"
OH

wherein R is a protecting group.

19. A compound having Formula (IX)

0
HN
©\/ ' T
0
(1X)
=" NH,’
OH



20.

S a protecting group. 19. A conpound having Fornmula (1 X) O
I NHZ OH 29 20. A compg¢und having Formula (X) O HN HO

A compound having Formula (X)
O

HN _
HO | co0

x)

NH,'

OH



