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(ii) 8-hydroxy-(1H)-quinolin-2-one with an acylating agent to form 8-acetoxy-(1H)-
quinolin-2-one, and treating, in-situ, the 8-acetoxy-(1H)-quinolin-2-one with a Lewis

acid to form S-acetyl-8-hydroxy-(1 H)-quinolin-2-one; or

(iii) 8-acetoxy-(1H)-quinolin-2-one with a Lewis acid to form 5-acetyl-8-hydroxy-

(1H)-quinolin-2-one;

(b) reacting the S-acetyl-8-hydroxy-(1H)-quinolin-2-one prepared in Step (a) with a
compound having the Formula RL in the presence of a base and a solvent to form 5-
acetyl-8-substituted oxy-(1H)-quinolin-2-one, wherein R is a protecting group and L

is a leaving group; and
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“Ci-Cis-aliphatic group” as used herein denotes an aliphatic groﬁp having 1 to 18 carbon

atoms. Preferably the C;-Cis-aliphatic group is ethyl, propyl or butyl.

“Cs4-Cis-aromatic group” as used herein denotes an aromatic group having 4 to 18 carbon

atoms.

“Alkyl” as used herein denotes straight chain or branched alkyl, which may be, e.g., Ci-C1o-
alkyl, such as methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl,
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“Cycloalkylalkyl” as used herein denotes Cs-Cio-cycloalkyl-Cq-Cio-alkyl, where the Cs-Cio-
cycloalkyl group has 3- to 8-ring carbon atoms and may be, e.g., one of the C1-Cyo-alkyl
groups mentioned hereinbefore, particularly one of the Ci-Cs-alkyl groups, substituted by
one of the C3-Cyo-cycloalkyl groups mentioned hereinbefore. Preferably cycloalkylalkyl is
Cs-Cs-cycloalkyl-C;-Cs-alkyl. ‘

“Aralkyl” as used herein denotes straight-chain or branched-Cs-Cio-aryl-C;-Cyo-alkyl and

may be, e.g., one of the Ci-Cio-alkyl groups mentioned hereinbefore, particularly one of the



carbon atons and one, two, three or four heteroatons
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salts conprising:
“Substituted silyl group” as used herein denotes is preferably a silyl group substituted with

grou

at least one alkyl group as herein defined.

Throughout this specification and in the claims that follow, unless the context requires
otherwise, the word “comprise”, or variations such as “comprises” or “comprising”, will be
understood to imply the inclusion of a stated integer or step or group of integers or steps but

not the exclusion of any other integer or step or group of integers or steps.



(a) reacting (i) 8-hydroxy-(1H) -quinolin-2-one with an
acyl ating agent and a Lewis acid to forrn
wE2@am87%6bs 8- hydr oxy- (11 ) - qui nol i n-2-one; or (i PQT/EP2004/003479
8- hydr oxy- (1H)-qui nol i n-2-adhe with an acyl ati ng agent
mio foc[m 8- acet oxy-(1H)- quinolin-2-one, and treating,
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comPrisiggt oxy- (1H) - qui nolin-2-one with a Lewis acid to
form 5-acetyl -8-hydroxy- (1 H)-quinelin-2-one; (b)
reacting the 5-acetyl -8-hydroxy-(1l)-quinolin-2-one
(a) préf74FHB8 in Step (i) with a compound having the
Formula RL in the presence of a base and a solvent to
form5- acetyl-8-substituted oxy-(1H)-quinolin-2-one,
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8- %s ubos{(])f’inuf' %‘%tﬁ%}))’-‘is@’{y(@ﬁ)ﬂﬂh@ﬂieilonmydr oxy-ethyl)-(1
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oX¥.)\-2- ((R) - 2-hal o-1 - hydr oxy-et hyl)-(1H)-qui nolin-2-on
e ‘)@G ?ﬁcg&’%fégéﬁﬂﬁmphe-?-mr@g@dce Lewisacilab e 5tatetI08-Hydroxy-
8- (I shyletrolitiizeshedXy) - S- (R) - oxi r anyl -
(1H)-quinolin-2-one; (f) reacting the 8-substituted
oxy-5-(R)-oxiranyl - (1H)-qui nolin-2-one having Formul a
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( |r) aeﬁggwi th a%ﬁ?ﬁ%@ @iéi TR < PRUBATPRSd ftbStep &) with a
r €3BPPBRd hevingithe FoomulaiRii inghe pres@icads a bERVINAG HREAHASrm 5-

( |akétyl-§-§1!Bs}itlﬁ&ljmg-wH)-quinolin-Z-one,

is a leaving group;

wherein R is a protecting group and L

(c) reacting the S-acetyl-8-substituted oxy-(1H)-quinolin-2-one with a halogenating

agent in the presence of a solvent to form a 5-(a-haloacetyl)-8-substituted oxy-(1H)-
quinolin-2-one; | |

(d) reacting an 5-(a-haloacetyl)-8-substituted oxy-(1H)-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;

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

-oxiranyl-

(f) reacting the 8-substituted oxy-5-(R)-oxirényl-(1H)-quinolin-Z-one having Formula (I)



O HNROI V' \' / (Il) NH OHO OHNHNR10 I -

RHON / (Ill) OHOH OH (V) HNHO R wherein Ris
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prepared in Step (f) with an acid in the presence of a

solvent to forma corresponding salt; (h) isolating

and crystallizing a salt havoyng Formula (V) 0O HN A7

NH 2 OH wherein Ris a protjgcting group and A- is an
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removing the protecting grpup | rom,t he salt having

Formula (V) in the gy a bivent to forma

salt having Formula (VI)

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

v

(8) treating the reaction mixture prepared in Step (f) with an acid in the presence of a

solvent to form a corresponding salt;

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

0
HN |
o)
R” V)
+ * A.
" NH,
OH

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



O HNHO\ \ / (VM) NHz+ A- OH wherein A- is an
anion; and (j) treating the salt having Fornmula (VI)
wowdon/osmseaci d i n the presence of a sol vent to PEDEP2004/003479
5-[(R)-2-(5, 6-di et hyl -i ndan* 2-yl am no) - 1- hydr oxy- et hyl
.. 1-8-hydroxy-(1 H)- quinolin-2-one salt having Fornul a
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5-acet yl - 8- hydroxy-{ 11 ) - qui nol i n- 2-one has Formul a
(I1X) 0 HN HO CH3 A O WO 2004/ 087668 PCT/ EP2004/ 003479
8 Preferably, th& acylating agent/is acetic anhydride
or acetyl choqride. Breferab Ne aCyl ating agent is
present in an @

to

f of fro 1 rol ar ¥Qui val ent s
wherein A- is an anion; and

NH, ©A
OH

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

O“Il-
I

wherein X- is an anion.

The 8-hydroxy-(1 H)-quinolin-2-one has Formula (VIII)
0]

HN I
HO (i)

The 5-acetyl-8-hydroxy-(1H)-quinolin-2-one has Formula (IX)
0]
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HO
(IX)

CH



about 1.5 nol ar equivalents, nore preferably about
1. 05 nol ar equi val ents, based on the nolar
weouitesdeesit s of 8- hydroxy- (11)-qui nolin-2-one. PATEP2004/003479
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trifluoride (BF3), alum niumchloride (AIC13), and
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mOIarae@i%gglIeg&%orfegs}yr%ol nelgﬁ u}rnooﬁlﬁ]?f g?e'about 3 nol ar
equi val ents to about 5 nolar equival ents, nore

The 1Rl o8P sRPQ fefmChedon FfuPide (B G gt o BHIGHGe
(AICH) pateiditapinm Btrechl§ride (THCIG0Ndoed grefetably, e Juwas edid ¢ Dimehium
hlori olyent. . In ag t her enbodi g)tg ofdthe i nvention, Step
¢ 0“?&) iQMbIAGAR CEfeT s 26 HS may W$fda solvent and in
the presence of an ionic conmpound. The ionic conmpound
is.an . jonic liquid or an alkaline_ halide, Preferabl
The Llawg cid i pqusgntbggyla amQuig %frgr?aé?rthqxh% ng@*r{ﬁé}ﬁ{vaﬁgts, base o¥1 the
molar¥iq@ivaleafl of 8ohyRied:MEIH) LRIHALL b Withflar EfuiRlGhs SF Rhdetoxy-
conditions. Such solvents are well-known to those
(1H)-ggipplinsd-ang. Preéerably, thadiewisrpeid is eresent iy pr Amenntorfjageut 3 molar
ivdlers 8 IR 3Gn L L&Y PFal gy LePRLKIF B ab i
equlvo?dischl or obenzen%eﬂ, aaI [ ﬁ)ﬁ?ﬂeg COG_CF Z"E)yd? ooclzlzglr3 Bzonr}gl,ar equivalents
to abqut ¢ molageqyivalgnss: hept ane and conbi nations thereof. A
conmbi nation of solvents may al so be used. A preferred
solvent for use in Step (a) is o- dichlorobenzene.
In onerebpdimpntrafyhbiaversivnubtep da)iincandectat setheprotna of alsolyant. In
| D I . of can, honi ¢ . compound, sel ect ed
snothf b uihilt 6 BRI 5@ () WU g SRTRO RSP ReS L Sotvent and
in thegprésandervd ahadrideompoungdr dfheriatit yorapbacitiedn fantnliqodbtish alkaline
halid chl oride, sodiumbromde, lithiumchloride and |ithium
“bromi de. More preferably, the alkaline halide is
sodi um chl oride. A conbination of al kaline halides
Prefer?@ ia(a:slofvlgatlkji? ng%gg gte\é)\ﬁaf a Aéleﬁ% v;gggwge %lrlaglgzaos%frv/egto goﬂp%tib?e with

Friedep@sift comditiorsh arl?egbmeaw 28 wallkndwna ahds¥ ekilled hﬁlhfg @t and

, ni on. neral |y, y nojten salt or mxture o

mcludﬁﬁl?;ﬂﬂﬂ?ﬁ?g“%,%ahg%%ggloaﬂéicglﬂrebwam erdichlgsphenzene,

aliphakic @i shytdeh Bhs, . AV BHS Sitpt e la¥d REmYRRANAs RERSS UK €,
good h atl transfer characteristics, are

combination of solvents may also be used. A preferred solvent for use in Step (a) is o-

dichlorobenzene.

Step (a) may be conducted in the absence of a solvent and in the presence of an ionic
compound selected from an alkaline halide and an ionic liquid. The alkaline halide is
preferably selected from sodium chloride, sodium bromide, lithium chloride and lithium
bromide. More preferably, the alkaline halide is sodium chloride. A combination of

alkaline halides may also be used.



stabl e over a wide tenperature range and are capable

of dissolving a wide range of material in high
wa@eneesies@at i ons. As used herein, "essentially POI/EROU003479

pressure” nmeans that the i%nic liquid exhibits a

vapour pressure of |ess than about 1 mm Hg at 25 C,

Ionic mﬁaﬂ‘de afdhYirdcesized Bﬁ@ﬁoﬁb@l‘}-c&r@ed”@ﬂnbﬁ afd a%@ga@vechhQrged anion.
spect to thF tc lTquid, a wde var g
Generglfx i Mo kercss téw@t(wrmﬁ@e gn saftp és coppidered paiPTIQNHAY fonic

liquidsitfiéAdly P@Q@e&sérﬂf&'ﬂ? n@tva%&lr%és\!@xje}’ ed AU b EFRRFRCHE @ teristics, are
Preferably, the ionic liquid has a nelting point of

stablq euss a pHidhtenparaturerangs a9d arerapsbly of dissolvinga widoragse phswaterial
in hi rc%fm@ernﬁglnb{ms AdGell QQIJCHI b i:sgéHtQ cw A3 v Q‘%o JE! pﬁ‘és@&epg{egﬁs @bt the

ess than 30 C and I's m't enper at ur e
~ lonic Pqelfd@?(bllblty a vapruripoessiere Ionf bgas thah abo:a Vingvlgiat $5 &€, prefosably less

h ' bse (cP), nore preferably, |ess than
‘ m’§8%98P, gﬁﬁghgg$ %referably | ess than 100 cP, as

det erm ned at 25 C. The cation present in the ionic
L1 gui eci es. or l.urality o
With g sg Y& ?%n e@f)rél ll%élot ﬁ% ? Yaﬁggeoﬁf’g%g‘irhﬂﬁsrﬁ%“'a}]é)wever’ the
prefeired E)Ind;dd]uﬁd:s abehem‘d raamiwelyﬂbﬁ&&npérbﬁx&w SPEefofiBBfl, tHe@@hic liquid
by.,the use t,he | ar expression t The
has ROV o8 FRGASY B P HER AL B P SCarMost preferably,
the ionftdiquéthha Latliag poinE¥AE lisn 80 *Cahd sliduie hﬂﬂﬁ)tx]n temperature.
nary ..ni t.rogen-cont ai_ni n tions, phosphoni um
Preferdf; ftdomh JALI R ARV GHE thepRO0 Eaii kAT, more preferably,
less thaint JOOGPNakDMos prtfegablaledsGRsn BOECM QS dfrhinedhedd 3C.
limted and enbrace cyclic, allphatlc and aronatic

quaternary nitrogen-containing cations. Preferably,

The cﬁth@n ?Jn? 'irpt':h@fom@ lighiQ Q%‘I‘ b@Q@ﬁn@leQbE@esQﬁta Lﬁﬁ}ahtsy (ﬁralffﬁ{erllt
yr| di ni um a m}/ I mdazoliumor "an al
specwawﬁ»e mgé‘ile efrthed rnmnmﬁranﬂe ed toubg emirrsediunlers pbenig specified,

by th@m ot M11%uldrsexh%g§&? ”&%‘8& by T8 c%lc}ﬁ% of c}ﬁﬂ&&iﬁ#@@\‘i' nch?de

- carbon ato eliev at uns
orgamn%ngrgeam cpriensi disafuptes of cavens inslude myateerpe nistageesontaining

catlonﬁhg},ﬁgﬁifﬂbﬁ%ggg CAl Sgﬂﬁnlﬁﬁeﬁaﬂ%s particularly limted

race cyc atic and aromatic
phosphonlun1cat|ons Preferably, t he phosphoni um
The G&eiRS iNC]

ligrernary nit mtrogen 6orgammr$ d:agg%shar&noi %argﬁlﬁ%ﬁlykﬁpltsc? an%ﬂ)‘)race cyclic,
allphzg]rcmnﬁ arcfmiﬁ:ﬂm Qtanargyl rktybgegrcﬂuﬁxﬁlﬂg/tdtg)ni Pefeeatslpafie giteFnary

ou oni um. ti.on e not
nirofSleBpBUTSR 1or i A KhRP BT & Sy o Breaatfghar Fe <l
ammaion®f kit fostibilh ®1iLNH@Whefsn x BI’(EB Qhabﬁ& Rtib fhd% ridedt AR alkyl
at i nh & gude thog gf tgﬁ fornula R %
group, %g carpop atpms,, It is believed that ém%i’ﬁm'ﬁ?tklﬁ caporgrc)gp provide for
lowergﬁéltiﬁ)g tefiiperhrad®s. th@bH@ébh&ﬁﬁlHF&ah@r\é‘ g notlpégc&ﬁq}bﬁrﬂlted and
ato r heqx group, Preferred cations inc|lude
embrage Fys) 'ﬁmiﬁa? ARd ARomALC PhosphoB T IPEF) BPiE0Thly.cbaarsphonium
catlorﬁanlude those of the formula R"4.x PHx, wherein x is 0-3, and each R" is an alkyl or
aryl group, such as an alkyl group having 1-18 carbon atoms or a phenyl group. The
sulfonium cations are not particularly limited and embrace cyclic, aliphatic and aromatic
sulfonium cations. Preferably, the sulfonium cations include those of the formula R'"'3.x
SHx, wherein x is 0-2 and each R"" is an alkyl or aryl group, such as an alkyl group having

1-18 carbon atoms or a phenyl group. Preferred cations include 1-hexylpyridinium,



amoni um i m dazolium 1-ethyl-3-nethylimdazolium
1-butyl-3-nethylimdazolium phosphoni um and
wWORM@UOYIepy/r i di ni um The ani on used in the ioni BCT/EPRODL003479
is not particularly limtedoand includes organic and
i norgani c anions. Cenerally the anion is derived from
ammédlumg lrﬁhdaﬁﬁiﬁlﬁﬁ i12dthl-3amb@Wisidagdlthm, iNBury BRIy lidti€azolium,

lcaII i des as described in nore detai
pho“ﬁéW%ﬁ‘a gkyﬁ%B orus fluorides, alkylsulfonates

i ncluding fluorinated al kyl sulfonates such as
nonafluorobutane- sul fonate; and carbox lic acid
The agjgnopred insthe ponig ligwidfy nesrraaéaaslydirpited and includes organic and

1norg|§'1§@taﬁ‘lt)lnéJ OCQMSIW@taﬁron il H'&w%ﬁ' 'er)'fh éﬁ‘acﬁ& egsggcﬁak?lly% Igwrs acrd The

aniong Mg@)\lb[\metau\glrdes g}ud}ﬁgmbed@ Bpare det@i@lel@“albgrc@b(ﬁ(phosphorus
ﬂuorrﬁé@%ﬁglf&t tesqrrrrﬁdlkg ‘Fl%gﬁatlaé‘gllszs%ifr)g&%s, A& mronerrBrt,thane-

azol 1 um sa
sulforpéstagd Cprmgplmwdrmlgm, Stscham drlﬁumrph@mter amd; héntsﬂuorobutanoate

The aﬁ{o f; E%Fe?g' %3%[ % dﬁ%t SA[a\LeBF ﬁden (I(:éb :gge 3e9§ é%

(CF35Q:pdN-¢ @écngm(Erlb CGaRyis Gl arﬁd SJbRa C18 al i phat ic group

and a C4-Cl18-aromatic group; and A- is an anion.

Preferred ammoni um salts have Fornula (XI) 6 R5 ; R 3
ExarﬁpNg (©Klgnic mcﬁédsﬁrﬁclu:ﬂh&fue hre rBB,lmﬁ%ﬁd 635 madudoem a4les, pyrldlum salts,

i ndepe sel ected,fromthe i, St
smm s 35 T, PRGHROPET G5 SHAROH 6% sels- M GHa M GrQiag: sels have
FormaldXA- i s an ani on. Preferably, R3, R4, R5 and R6 are,

i ndependent |y, sel ected f;gwnthe group consi sting of

et hyl , ;
/ N
(Y o
N A
FL:
wherein

R! and R? are, independently, selected from the group consisting of a C;-Cyg-aliphatic group
and a C4-Cyg-aromatic group; and

A-is an anion.

Preferred ammonium salts have Formula (XI)

8
R® _R®
~\ (x1)

I

wherein
R3, R4, RS and RS are, independently, selected from the group consisting of a Ci-Cys-aliphatic
group and a Cs4-Cys-aromatic group; and

A- is an anion.

Preferably, R3, R4, RS and RS are, independently, selected from the group consisting of ethyl,

propyl and butyl.



propyl and butyl. WO 2004/ 087668 PCT/ EP2004/ 003479 11
Preferred phosphoniumsalts have Fornula (XIl1) R1O 9
WO 20R40876R P (XI1) Re A wherein R7, R8, RO apdi/Rii04/003479
are, independently, selectdadl fromtthe group consisting
of a C1-Cl18- aliphatic group and a C4-Cls-aromatic
group; and A- is an anion. Preferably, R7, R8, R9 and
R10 are, independently, selected fromthe group
Prefersesh ghaspherjumfsalss have Foamulafoidl)| . Preferred pyridi ni um
salts have Fornmnul a ()ﬂd;l) (XI'11) N R11 wherein Rl11-is
sel ected fromthe g”r\oqp/@’onsi stingof a'C .C
sal i phatic group and ® C4-Ci saronmaXilc' group; and A-
IS an anion. Preferablil% RIA" is ethyl or butyl.
Specific exanples of tonic |iquids include, but are
wherﬂﬂt limted to, 1-butyl-3-nethylimdazol- ium
exaf | uor ophosphat e, 1-hexyl-3-nmethyli m dazolium

R7, RAznd RIP exehinslppendent!yl seleatsd Bomithe aolup wpoidstioigiof mCi-Cis-

: SPh |- 3-met hyl i m dazol i um
ahph%&@%%%ﬁ‘%%%@%&%& gg%a%%yl -3-nmet hyl i m dazol i um
A-is reambt.uor ophosphate, 1 -ethyl- 3 -nethylimdazol - ium

bi s((trifluoronethyl)sul phonyl)-im date,

1- hexyl - 3-met hyl i m dazol i um bi s((trifl uoro-
Prefermblyh RF,) B RP lh ot R arej iddepeiddnelyydefegteiddirom dia group consisting of ethyl
and bt eEr afl uoroborate, 1-octylpyridiniumtetra-

PP0or oborate, 1-butyl - 3-net hyl i mi dazol i um

tetrafl uoroborate, 1-nethy-3-ethyl im dazolium

Preferred pyridinium salts have Formula (XIII)
= (X

wherein

- ~R114s selected from the group-consisting of a°Cy+Cizaliphatic group and a Ci-Cisaromatic™ =

group; and

A-is an anion.

Preferably R is ethyl or butyl.

Specific examples of ionic liquids include, but are not limited to, 1-butyl-3-methylimidazol-
ium hexafluorophosphate, 1-hexyl-3-methylimidazolium hexafluorophosphate, 1-octy-3-
methylimidazolium hexafluorophosphate, 1-decyl-3-methylimidazolium hexafluoro-
phosphate, 1-dodecyl-3-methylimidazolium hexafluorophosphate, 1-ethyl-3-methylimidazol-
ium bis((trifluoromethyl)sulphonyl)-imidate, 1-hexyl-3-methylimidazolium bis((trifluoro-
methyl)sulphonyl)amide, 1-hexylpyridinium tetrafluoroborate, 1-octylpyridinium tetra-
fluoroborate, 1-butyl-3-methylimidazolium tetrafluoroborate, 1-methy-3-ethyl imidazolium
chloride, 1-ethyl-3-butyl imidazolium chloride, 1-methy-3-butyl imidazolium chloride,
1-methy-3-butyl imidazolium bromide, 1-methy-3-propyl imidazolium chloride, 1-methy-3-

hexyl imidazolium chloride, 1-methy-3-octyl imidazolium chloride, 1-methy-3-decyl



chloride, 1-ethyl-3-butyl im dazoliumchloride,
1-met hy-3-butyl imdazoliumchloride, 1-nethy-3-butyl
WO podagmebs um br om de, 1-nmet hy- 3-propyl i m dazob@T/EP2004/003479
chloride, 1-nmethy-3- hexyl 12m dazol i um chl ori de,
1-net hy-3-octyl imdazoliumchloride, 1-nethy-3-decyl
imida¥é€diudh QHloBi8e, 68 e fRGH- E&%@Q%&Q&A{?&n cRgrit & 10medlyi3uRexadecyl
chl o 1rreth 3-dodecyl im dazoljum chlofide
imida bR oA maRE A oot dseAmAT oS ShlorBel methy-3-bcradecy

1m1da%olm°{ﬁ ANoAde, Q:H{?W S dinium gl%%ﬁhé , %ty Ekx‘? dihfih chlornde),/ Iethylene

y- 3-octadecyl i m dazolium chlorid
pyridigjym érhﬁP@rﬁebﬁtbmem@pyr&lwym dighlpriden butnl piidinivgreshloride and benzyl
dﬁ‘l'iJ]H'b%lﬁd pyridi ni um di brom de, ethylene pyridinium
pyrt orlldg butyl pyridiniumchloride and benzyl
Preferpfadr 10@mlqwdsmr® iretheyl- 3Fm@hselrme¢thbmmc:rlflucoma@@tarleburyl -3-methyl-
[ I uor oacet a
1m1da%ol§}rn¥xllﬂl§)rg§cte%¥% 1 JHlnﬁ- éézao h:;“l;qrrnﬁl Ogl %\ot(rgglage ?qate, 1-butyl-3-
meth)l-lmnchlybl-uﬁn Ihexdﬂubfop‘hosiﬂm(d il tutt}tl{3l-rhbnhw inddedolitim, hexafluoro-

phosehaf o3 3-ERINTY i daPRATE Petafhoesatrritt JORaEE et

1m1daielhﬁmybxa$}ubﬁiﬂh¢spmwjamltyllﬂnnbldh)ﬁﬁfrﬁldﬁoﬁpﬁ&ﬁ@hﬂi(ﬁoborate, 1-ethyl-
3-medsy Yo L e R RRRIEEof oEH-0 R YT A G B PEorde, 1-ethyl-3-
methyl 1ﬁhhzyzlohuﬁ tﬁﬁhbbdsulfdﬁaEE}ZQJultﬂfB ﬁl@&'}lﬂfnhlblﬁidﬁbﬂxr t@ﬂﬂ@orosulfonate 1-

butyl-#ﬂq%yl ltbh}%%ﬁ%?%}égggngg@yﬂ 3- metﬁ/yl imidazolium
mﬂu&nmemheﬁifeﬁamhd ur&m%étu?mﬁa{zbu%%iétﬁﬂa@%ﬁ)ethanesulfonyl)
rifl] uoromet hanesul f onat e

but -im dazol i um
imidage. elgalﬁﬁs,q prgF myb{)mr,lpe_ ippicdiguis) is selected from 1-ethyl-3-methyl-imidazolium

trxﬂquBlefdﬁQfeomweﬁ{:&% lgg?tgﬁ?lﬁﬂ%hlonde, 1-octyl-3-methyl-imidazolium

hexafbliosoqhwh%mcbﬁ-é@*véﬁe@erhﬂdnydazolnmhmféuormmsphate A
combﬂlraﬁgﬁE)PMnYCh \{lkﬁ Q)nélgoa l»jd is selected from

1-ethyl-3-ne rum trifluorosul fonate,
1- butyl 3- net hyI | mdazol ium chl ori de,

| WM,xugf 6 8hie JofiBb W dn ARl TheyYBKR L AIOK O RERSPLALS t)gﬁxgemmre

. -1.m.dazoli.um.nexa Iuoro
(see V@@n&xsahatdl avml. ozﬂngeum(}bedm frii Bd., Nal/ 34l pp 37§2{3§63 2000)
M xtures of ionic conpounds and Lewi s acids may form
reactive liquids at |ow tenperature (see Wasserscheid
Preferablyathe, welgtg \watidChEbawib Bdid tdctbnic é&ﬁhpouﬁa is fopm aBou2tBeebout 0.1,

2000),). Preferahly, .th rati.o of Lew s aci
respeqelyo e EHEBRNATI AP ShT-4B5 JE 1010 FoRE SBBRRuRg I from sbout 3 to
aboutrle%s@ecttivvl@ly More preferably, the ratio of Lewis acid

to ionic conpound is fromabout 3 to about 1,

respectively. The tenperature used in Step (a) IS

The tdH S Riudbsed it Step ad)Qeipreferibly GoaPBHut $6€ t&abdY 850 °c More
eréé'df rabl y, the tenperature is fromabout 10 Ct
prefi

the femperatugiig frasm abeyt d e Camlapopy KA °C; and most preferably from
about 15 °C to about 100 °C.

The 5-acetyl-8-hydroxy-(1H)-quinolin-2-one product prepared in Step (a) may also be
present with 7-acetyl-8-hydroxy-(1H)-quinolin-2-one having Formula (XIV)



about 15 C to about 100 C. The
5-acetyl - 8- hydroxy- (1H) - qui nol i n-2- one product
w@em@pasmas i n Step (a) may al so be present w tPCT/EP2004/003479
7-acetyl - 8- hydr oxy- (1H) - quitdol i n- 2- one havi ng Fornul a
(XI'V) WD 2004/ 087668 PCT/ EP2004/ 003479 13 O N (XIV)
0;:; CH3 The 5-acetyl -8-hyqyoxy-(1H)-quinolin-2-one
may be recovered fromthe rlgaction m xture and
purified by any of the var¥sys techni ques known to the
art, such as by crystal HNzatign or forming a slurry
in a solvent. prﬁéerreu sol jent for formng a slurry
is acetic acid. In : epd step, Step (b), the
5-acetyl - 8- hydr oxy- ( 1l olin-2-0f¥) that is
prepared in Step<a) gacted wth a conmpound
havi ng the Formul a~RL i n~the presence of a base and a
solvent to form 5-acetyl -8-substituted
oxy- (1H) - qui nol i n-2¥'one, wherein Ris a protecting
grou | eayi ng The . .
The siaefRs B dioxyr Tl ap Rl 2 ey it fom thsfssripn mixeure
and plafiedibparydf)the Gariddl t&ﬂﬁlq@&/ﬁnovﬁ'@ th® artydieh @k By Rrystalization or

protecti.n ou ere refere is made herein tq
formifs g ¢ BEVR *raERY dhare @fﬂé&ﬁ@v Bitof g"fﬁ‘r"&ﬁ %gmrﬁgs Heouped
the protecting groups nay be chosen in accordance
h the nature of the functional group, for _exanple

In thefscaRd<iarh biea (P thor et i8vky depyoid &) rawingligadnpre that is prepared in
Step ( 1@?&%%%1&;'- nglﬁﬁﬂﬁwﬁf%{h? Fg';‘ana RW{B $he H@Mcé’“ £Yas&and a

ons dition , reference al so
solvenygg &mrbé@ccmlo%@dw@gedswrﬁB{)elufrmlmr%@mwénﬁm Rds a prpsecting
Atiesting, dps by hydrogen. Preferred protecting
gnmqﬂ%bups areugﬁgno protecting groups which are known to
those skilled in the art. Mre preferably, the

The SS{cg{yﬁg-tslleQingtre&) Ugy-i( ISH)S-&liggﬁnQQ-oBE R Alrkdha ()@\lf)kenyl '

(Xv)

wherein R is a protecting group.

Where reference is made herein to protected functional groups or to protecting groups, the
protecting groups may be chosen in accordance with the nature of the functional group, for
example as described in Protective Groups in Organic Synthesis, T.W. Greene and P.G.M.
Wauts, John Wiley & Sons Inc, Third Edition, 1999, which reference also describes

procedures suitable for replacement of the protecting groups by hydrogen.

Preferred protecting groups are phenol protecting groups which are known to those skilled
in the art. More preferably, the protecting group is selected from alkyl, alkenyl, aryl,
(cycloalkyl)alkyl, arylalkyl, cycloalkyl and a substituted silyl group. The alkyl or aryl group



(cycl oal kyl ) al kyl , aryl al kyl, cycloal kyl and a

substituted silyl group. The al kyl or aryl group WO
WQOH866568 PCT/ EP2004/ 003479 14 has from 1-Pd1/EP2000003479

atons, nore preferably 6-1324carbon atons. The

substituted silyl group is preferably substituted

has fint D2atcatRASoRE Enctk pYdferdbRUP12 MBbn Riog{se "I"-l@'sﬁbsti‘i:t'ﬂ@d silyl
protectgrg group i s benzyl or t-buty IdlnethéFsH

grouppis grefprablnsubstiated avigoatlershang #llylerens oMest rrefRrabily thgprotecting

gou@ghﬁhnm@};ggwgﬁmampggﬂtuted al kyl halide, such as
a- net hyl benzyl brom de, nethyl chloride,

benzylchlorlde and benzyl brom de. Preferred bases

Prefei‘a'B uHmhg%Hg Yieds m§19 q{Lu@amﬁﬂfy@ KAl orQQB%%&‘tie&’ kyl

rOXI pot assTu osp hat e ot'assi um car
halldqacwdssq carmetiwbllve@gsdrb@am naedyl Mm henzylshlonidaed benzylbromide.

Prefe&gé Egsteﬂlqcﬂlr&e sB&mr%l %%L am necﬁumlﬁ% rdkid e{,%;/%gsqym%rydr&xide,

am ne and i1 sopropyle am ne
potasemnbphmphna pmftashase&rhmmeabsasdﬁm lhydrbgeiaefoniates cadoimage s

S rOX|de ota um car at e .and
carbfate, BT R sk somih BS SHep R0 amng A DR Ra AF Rt -
duso;bapﬁeuhsylamhé dA ics@pinagiyh of baskﬁmyl glso bbascdlo|Prefotred Bassé &fe

[ erably sel ected fron1an | K acet at e,
POtaSélU@ hyd@m&mr%wmafeélw&nagsan Wﬁugﬁ@wm %@@aaf dMlost

felr Was@Getiab . t tate; |ower alkyl
pre ea?gzhg’?s,ase. g.. %‘%9% tE lfaﬁllﬁ‘%cohol s, such as
nmet hanol , et hanol, propanol, butanol and pentanol;

The soivant m)é';ﬁﬂ (fbfls s Fgﬂ%lykselecteh ¥rorr&< gx% %n§¢ e},ceiaéeg elg. a(%eée-ankyl acetates,-

etone; acC
such hmdtbylmcmteeisopmwlhoe&td atd mhyldicehtes Rﬁ\(er dlkal klybhadd, hfgt C1.Cs-
et her

e iSO | .ether, 2-nethaoxyet n
alky! §lelbler R SE TR holS Al ProB Ry b yol pER T Ssechy -
formirﬁfdledxhliqul;e:ﬂ@nes 20xgl, sdatodeiandintechyl m}?ti@n{(é?conéi ue&toﬁ&lle,
chl or .. AC i nati on of solvents nmay
heterwcggéac 2% tﬁfréfwf?félaa% %ﬁft By ©-Gs &U15GPreRY ﬁtheb)l lingthamethyl

ether 368 URAH/ MR teBierd Qb blisSolvBnid] KR h§ RdreYObHiIBIquRls] nd &iormated
acetone to water is. from 10:90 to 90: 10, respectively.

solvenpsy such pemethylsngchlende. \Aorombinatan of soenicrayaleo. boushmkt er
A pre'fe?‘ré‘drsgmegpfog Qsd 12 S%&r @Pis ICRPBALAME: YnixRS ! Aer@fgﬁécﬁ%lee ratio

he volune ratio acetone to water 1s about

of acem@e toeH3rer latfmﬂéawl@@ do PA:18; weppectiyely. sMore preferahly, th 'cvmhurne ratio
of acéf’lpf?éjgo witeSstbnD04b «J%0 QO x%%ﬁ gtlve% e&ﬁ; §%e’r%§l{;' Qhe volume ratio

tenperature 1's from about’ ’‘and nost
of acesprd worwateyisfabom 75%b%But 50 C to about 70 C. The

5-acetyl -8-substituted oxy-(1H)-quinolin-2-one is

preferably S-acetyl-8-benzyl oxy-(1H)- quinolin-2-one.
The temperature used in Step (b) is preferably from about 20 °C to about 90 °C. More

preferably, the temperature is from about 30 °C to about 80 °C; and most preferably from
about 50 °C to about 70 °C.

The S-acetyl-8-substituted oxy-(1 H)-quinolin-2-one is preferably 5-acetyl-8-benzyloxy-(1H)-

quinolin-2-one.

Optionally, the S-acetyl-8-substituted oxy-(1H)-quinolin-2-one product may be purified by

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



Optionally, the S-acetyl-8-substituted
oxy-(11)-quinolin-2-one product may be purified by
wa@ey408766he vari ous techni qgues known to the arpCT/BPzoN4/003479
as by crystallization. WD 2904/ 087668
PCT/ EP2004/ 003479 15 In the third step, Step (c), the
In th&chh@akep, s&pq&s»batel $-ate8AL 8OMselrddel -oGi( ms hRindhPD&nk Ridde ié S
prepared in is reacted MAth a hal ogenati ng
prepaagcgwt Stepy () webqftggyﬁ @ hafoggnagiie aggnt inghe prepgnce of a solvent to form
t ch_ (1
ﬁal@%ﬁbﬁog)%&%wé%degxﬁ % duﬁﬁﬂlﬁdﬁ gg%et yl)-8-substit uted
oxy- (1H) - qui nol i n- 2- one has Formula (XVI) 0 HN RHO
n I rot Xis
The S hplgdten - HOSHE BB B RAGUREL RESH IRy 28 b unc
or conbi nation of conpo ﬁds t hat provide a hal ogen
atomin situ. Preferred phal ogenati ng agents i ncl ude
sodi.um bromat e and Wfrobkom ¢ acid, brom ne,
N- br onosucci ni m de, osucci ni m de, i odine,
chlorine, sulfuyrk I
benzyltrinethyﬁanno > chlor0|odate, &opper
chl oride, pyridiniun jde, tetraal kyl amoni um
tribromde, iodine c I dey” hystrochloric acid and an
oxi dati ng agent, such as oxlone, hydrogen peroxi de and
nonoper oxypht hal i ¢ aci d. AC conbi nati on of
whﬂgﬁlogenatlng agents may al so be used. Mst preferably,
e hal ogenating agent is
R is dopnategting greepigrddanmoni undi chl oroi odate. It is within
t ope of the invention to use sulfuryl chloride
Xlsaﬂ?ﬂg% t hanol. The solvent used in Step (c) is
preferably selected froman acid, e.g., carboxylic
cetic acid, trifl.uoroacetic acid
e SRR ey BOBH Gy oh RS E SRSh o
halogag atoat #ssitus Peéfeted Rilbydnafin@hd@ne, intlGaPsadpyh basigidabed and

hydrq%l;lé%if as ﬁctggi;ngg&ﬁ;e ; h %L{g?lhgﬁig'e&ﬁ@hbgéégaé&n%de, iodine, chlorine,

sulfu@tﬁlil@ﬂdé fbblhﬁltrlhﬁﬂﬁ’ﬂQﬁMShlﬁﬁmdlcﬁl&Bloﬂﬁte EdppeRdI Sl ppﬁamum
ers,. . .e.g.. pr.opyl ther

~"'trlbrozm ttﬁ%ﬁl@f Wmoét‘lﬁéfr‘béﬂ‘&“go’é’éﬁwcé}?é’de’ hydrochloric acid and an

oxidating agent, such as oxone, hydrogen peroxide and monoperoxyphthalic acid. A

combination of halogenating agents may also be used. Most preferably, the halogenating
agent is benzyltrimethylammoniumdichloroiodate. It is within the scope of the invention to

use sulfuryl chloride with methanol.

The solvent used in Step (c) is preferably selected from an acid, e.g., carboxylic acids, such as
acetic acid, trifluoroacetic acid and propionic acid; an alkyl acetate, e.g., Ci-Ce-alkyl
acetates, such as ethyl acetate, isopropyl acetate and butyl acetate; dimethylformamide;
aromatic hydrocarbons, such as toluene and benzene; acetonitrile; heterocycles, such as

i tetrahydrofuran; dialkyl ethers, e.g., diisopropyl ether, 2-methoxyethyl ether and diethylene
ether; ionic liquids; and chlorinated solvents, such as methylenechloride. A combination of

solvents may also be used. A preferred solvent for use in Step (c) is acetic acid.



ether; ionic liquids; and chlorinated solvents, such
as net hyl enechl oride. A conbination of solvents nay
wabmae/okmwesised. A preferred solvent for use in BUBEPP100)/003479
is acetic acid. WD 2004/ 087668 PCT/ EP2004/ 003479 16
- The tenperature used in Step (c) is preferably from

The t@rgﬁéiﬁtulé)us@dtlﬁs Pq&txs f.'r@gergbl MR Labddk @6864? ﬁgo%tm é: More

enperature i s Trom about C to about
prefewblys tfprtemmramrg/ wffr@mabgtno?@t Oat@ about 1 2Ab¥utandEnet pifierably from
: abouﬁsdq;t@;%gegy -8-substituted oxy-(1H)-quinolin-2-one
product 1s preferably
5- (a-chl oroacetyl) - 8-benzyl oxy- (1 H)-quinolin-2-one.

b
The SRBSREY: - HRefied R PRS- 2o RUB B Bty
5-(a-chiyroadetit i 8-bemdyl dxys( 1 B Qlfoll@sodenown to the art, such

as by crystallization. As nmentioned above,
5- (a- hal oacetyl) - 8-benzyl oxy- (1H) - qui nol i n-2-ones, for

Optm%&ﬂf‘ﬁh@S@a-(l@l‘oacet%l) -8- substltuted oxy-(1H)-quinolin-2-one product may be
chl or oacet enzy I—K gui nol i n-2- ong are

purifigd by any Pfrﬂhéf"ﬁ%@isafﬁ‘é‘@queb ww ehthe art, prchsarby crystallization,
5- [(R) 2- (5, 6-di et hyl -i ndan- 2-yl am no) - 1- hydr oxy- et hyl
]-8-hydroxy-(1 H)- quinolinone-2-one salts. In fact

As mfsm(oae abqyacia(whalo&:ebséh&%mﬂowa(mﬂmulmbmzﬂer&s,dnesxaamﬂe 5-(

f
chlor B8 by PR 1731 e L. PP Ry BT s from which co
prepage HNRS-2- (\&tﬁ dlhthyhutdun-ri-)é:nﬂlnb$eﬂiyﬂrd)dyted[yl}38iih§ldmy-f(IH)’n

5-[(R) . 2-
auinoltirii2 o8 PP fo facd 31 )wﬁ(t@%-ﬁgher%%y@wwzoiwz Bferfee
useful 1ht’é@xlﬁ€d12te9 AenSwhich to Eh:@at% $M}b;§ﬂidutééitc§3@ -5-( ox1ranyl (1H) qumohn

qui nol i n

ed
2- oneby/}r/liu uﬁlgzz(%agn%l (néedg@fhlafea oM }ngﬂa tg prepare 5 [ % 6- dxethyl-
mdantnaylam)w h,(dmy.aﬁml@mya?ommsalﬁm%ﬂnb& @bﬁpsa(l&) wi t ha
reduci ng agent in‘the presence of a chiral
cat al yst accord| ng to step (d) to form 8-(substituted

Th 3%163 aeeld (ORY-52 - -
e otft _eh(o(%'oz(‘R) oxhrapys z h)qulélollrrl] c%l one may be epre%larceld b}f] reacting an 8

_._..._(subsqm@dthmg&m@asetylsdlbls)tqutmoﬂledl -opey/fpried. (nR)tep (c). with areducmg agent

in the r&@h& d%f a@fﬂﬁp&% th}féo)ralém%'e_g Etrgg écg%% 'écprgf 8-gpug>(s)ﬁlt31%e%oxyl)-@-
halo- hby;dypdy-nglyt o 1 5)-gpinpb)-2tanef ardwwh8a (rsadixg tht §t(ewbstituted oxy) -5-((R)-
2-hal$ )f)%fiisoxg'%tjy?f( lﬁ-@ncéuno(htr)l’-_%-m?eu{orrae in step &ln wthaogase n trﬂcje présence

of a soixwt&cd:t&timgaestybp {€) TbiforeuBfsubstituttdarxg ) -5 § RY-0Rigd Bl (1 Mj-giinolin-
2-oned reduci ng agent in the presence of a chiral catalyst

to forma 8-substituted oxy-5-((R)-
2- hal o- I - hydr oxy-ethyl)-(1H)-qui nol i n-2-one of Fornula

For e)$a>r<n\{)ll<!.,)il:1 Stoep (d), the 8-substituted oxy-5-haloacetyl-(1 H)-quinolin-2-one is reacted
with a reducing agent in the presence of a chiral catalyst to form a 8-substituted oxy-5-((R)-
2-halo-1-hydroxy-ethyl)-(1 H)-quinolin-2-one of Formula (XVII):

(0]

0 (Xviy



HN RHO (XVI1) X OH WD 2004/087668 PCT/ EP2004/ 003479
17 wherein Ris a protecting group; and X is a
whadoagemses The hal ogen is sel ected from brom nePCT/EP2004/003479
chl orine, fluorine and iodithe. Preferably, the hal ogen
is chlorine. WD 2004/ 087668 PCT/ EP2004/ 003479 18
whereFx{ rRfies §¥Uté’otmgl§?0lﬁ;] hAdX 19 §th§lo§§ﬁ TRe mo%ﬁq; &‘Pé&fé&'é%d?ﬁ BFomine,

ound ormul a
Chlo”Be’ rine gpchioding. Rge aqaélm@edwa@gen ﬁcFébEnGently, sel ect ed

fron1an al i phatic, cycloaliphatic,

cycl oali phatic-aliphatic, aryl or aryl-aliphatic

residue. Preferably, Ra and Rb are, independently,

sel ected from phenyl, 4-nethyl phenyl, and

3, 5-di net hyl phenyl . More preferably, Ra and Rb are

phenyl, and Rc is selected fromaliphatic,

cycl oal i phatic, cycloaliphatic-aliphatic, aryl or

aryl -aliphatic residue, which, in each case, may be

linked to a polyner. Mrre preferably, Rc is nethyl.

Ra, Rb and Rc are preferably unsubstituted but nay be

substituted, exanple, by one or nore, e.g., two or

three, residues, e.g., those selected fromd -Cr7

-al kyl, hydroxy, -O-CH2-O, -CHO C1-C7 -substituted

oxy, C2-C8-al kanoyl -oxy, hal ogen, e.g., chlorine or

fluorine, nitro, cyano and CF3. Aliphatic hydrocarbon

resi dues include d-C7 -al kyl, C2-C7 -al kenyl or

secondarily C2-C7 - al kynyl. C2-C7-Al kenyl is, in :

particular, C3-C7 -alkenyl and is, e.g., 2-propenyl or

1-, 2- or 3- butenyl. C3-Cs-Alkenyl is preferred.

C2-C7- Al kynyl is, in particular, C3-Cr-alkynyl and is

preferably propyl nyl.



Cycl oal i phatic residues include C3-C8-cycl oal kyl or,
secondarily, C3-C8-cycloal kenyl. C3-Cs-cycloalkyl is
w@emiesmbd y cycl opentyl or cycl ohexyl . PCT/EP2004/003479
C3-C8-cycl oal kenyl is C3-Ci8- cycl oal kenyl is
preferably cycl opent-2-en-yl and cycl opent-3-enyl, or
Preferaply] theekiral-ctnl sk isaimcbxagat@irelidine cbnepbunild .of Formula (XVIII):
Cycl oal i phati c-aliphatic regidues include
C3-Cs-cycl oal kyl -d -C7 Hal Ryl . preferably C3-C6 -
cycl oal kyl -C - C4- al bu pecially
cycl opropyl net hyl . he re3|gu§ may be, for
exanpl e, a carbocycl4 Nor tero®dic” aromati c
residue, in particular, Bphenyl or, in particular, an
appropriate 5- or 6-nmenbgeed and nono or nmulticyclic
resi due which has up to ur identical or different
wherde R4y RE %Blnd&&éﬁaerﬁﬁf, EHlJcEe‘aQ?Jin an Ql@ﬂ%ﬁ Sfcloalpidiic,
atons, preferably oné, two, three or four nitrogen
“cycloaliphpsic-a mhaewgblrprarﬂmlmtmmﬂ% 7&3eferabiyr Reppd BAAB93479
r
e e o Foa R, RS AL Rn, TRE33-EIGIHAA Wrore
preferablyy Bzanal R® aropbanyh-andr  nonot hi a- cycl ic aryl radicals,

. | : yl o iid vl i azo .
Reis st%fé?t:gg 21::6|er Fﬁﬂ’hg i ciyclgﬁlgﬁ%aﬁx%,eélxi:/llo?lfgva%?xﬁ-élléllmﬁtica%rlryle gtzarkli’fltliphatlc
residuap‘ph'mb;maadl @scmnd)ebeeldﬂqeésé dpelymer.aylord prefecatly, Rilisunethyl.

pyridyl. Appropriate nulticyclic residues are
ant hracenyl, phenanthryl, benzo- [1, 3]-dioxole or
R2, RiparrdeRrydre prefierably lunswes tichoe] himyndyd)emnbmtﬁﬁﬂsé)dahiﬂ@(ﬂ»y yie or more,

.0, NH2, .OH  SQO3H, di - ut
e B SHE SifNes 6 ) Tigkg SR drarb 67 oyt by -Otith-o-,
-CHQ I3+ 4l-subbtituredaddyy Cr-Oplatkianbyl Xy JHalegeiealy ), clBlne or fluorine, nitro,

ph -C2-C7 al kynyl. Suitable polyners include ,
Cyaﬂopf&?‘%‘%yr ene (PS), cross-linked PS (J), polyethylene

glycol (PEG or a silica gel residue (Si). Exanples
e Rd, wherein Rd is O (CH2).-PS or _
Aliph e b Fepeyes dprudec e Rlkyn(Cerry Ry o stcendarily e Cr-
alkyn)ll bz-@eAFk@n)qjxs, Qﬁpﬁf'ﬂkﬂ’lbv, -alk&iymﬂld is, EdZ@ro%e?lyﬁorl 2-or 3-

. tyrene Cross-linke 9/{)O ystr rene,. ﬁﬁ L
butenglr ﬁ/mﬁs-éwe@y 14y prietearege C2Cehlgymyl is, mh@arn@dare &va@lbmyl and is

fEQl b ed to reduce the 8-(substituted
pretet §tprsﬁyh{élﬁioac:etyI (1H) -quinolin- 2-one is preferably a

bor ane reagent such as borane-tetrahydrofuran conpl ex,
Cyclogl %B@Q&l u%ls {&cﬂx‘d?H}?@Qgcglﬁ%lpgx&?%gggérﬁﬁ (%-Cs-cycloalkenyl.

Cs- Cskwclaaikyltxepreﬁrybiyo?qlwmtyl oonydlahexyls (Bs@@q»ich:lalkysnyl is C3-C7 -

cyclo%lfee ]yFlS PES eraTEE cya)égezn Oerngylrllaglld I?:)e'clggelnE %lenyf’a tor cyc?ohexa -en-yl and

cyclo}teezt&ahyldro 1 met hyl - 3, 3-di phenyl - (1 H, 3H) -pyrrol o[ 1, 2-¢
111, 3, 2] -oxazaborole , also known as
(R) - 2- et hyl - CBS- oxazabor ol i di ne (Me-CBS).
Cycloaliphatic-aliphatic residues include Cs-Cs-cycloalkyl-C;-C; -alkyl, preferably C;-Cg-

cycloalkyl-C1-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



Preferably a solvent is used in Step (d). Preferred

sol vents include: an al kyl acetate, e.g., Cl_
w@EBsoalhgibs acet at es, such as ethyl acetate, i SOPCDRR1004/003479

acetate and butyl acetate; 1al kylamnes, e.g., C _C6

al kyl am nes; | ower al kyl al cohols, e.g., Cl-C6-alkyl

ora ﬁhfﬁpmhﬁ S@MBEM an érggﬂgleroa?#lano@les 1ricRIc%Qr?(ﬂ1%aza diaza-, triaza-,

I sopr opanol
tetraazg:, m@ohy@rqmmmm cy@lcgtryl ra@oads,tsadeas ;bwmlyalnpyrazolyl imidazolyl,

TR B TR £y BT REG BS e e

[ uene
in pagisutags pyaidylr Sppropmate mlditlldyyllc ebideessare ent@racexﬂylj phepanhyyl, benzo-

h - Lhyl: £Lh d diethyl ene eth
1,31 Sl or Ry Y Sh ek e PO e o Nl 9
SOsH; (IHO ion di-eubss nitatebyt OH stuCHCCaand 841yl enechl ori de. A

conmbi nation of solvents may al so be used. The
preferred solvent for use in Step (d) is

Aryl-lgghadbysidotsinalnde phenyl-©m@e oYY bRery$-€4-G,AIkSh HRnl Ghenyd-C,-C,

lkyn Leferably fromabout -10 C to about 80 C. Mre

a 8 eferably, the tenperature is fromabout 0 C to about
50 C. WD 2004/ 087668 PCT/ EP2004/ 003479 20 The

stitute
Smtaﬁﬁ @nxemrdggﬁa?lasstvreﬁ?G’ébfw%ﬂlﬁisfé B3 dh,)poljistvdane glysolREG) or
a sﬂldasgeplreﬁﬁﬁé ﬁ&@' Sﬁxﬁfn les are NH-R9, wherein Rd is C(O CHz -PS or

) - 2- chl oro-1-h drox et r
CO) ﬁiﬂﬁﬁlzhdﬁsr Ao ﬁ JtH:bRaMhgrein nes B7s bxstqltyqﬂaawl e.g., ethyl,

and ROXY3 éol?!tﬁ)eng c%k ‘Bni(ecf‘}i/tgﬁs%)’en@w#e)thﬂm \)gaféél Pk 'slﬂcggeq N&sidue.

product may be purified by an
techni ques known to the art, such as by

The r%}&éﬁ%@gtzﬁ&ﬁ&ﬂ if sedatgqe(ﬂﬁF the0§) g?ﬁﬁh (ex ’ox?)hS ?191%9&%‘1%? H5 -quinolin-

sence of charcoa
2-onegs pt,dﬁg'ably athodane reagent such as borane tetrahydrofuran complex, a borane-

R) q i,nolin-2-0
N NS R EERARIR s b RN kot IR Pl afororan
comptlex if expmlﬂlysprb&tneﬂut"ﬂtﬂ: oxd yaborqlidineochitabéuthlyst is preferably (R)-

rerral g L O A T T PTG hepazabspley lgo known

as R)(M}hyl@BSWaé&ﬂo&h&ﬂ(@i@CB&bere| n Ris a protecting
group. Preferred bases include sodi um et hoxi de, sodi um
hydr oxi de, potassi um phosphate, potassium carbonat e,

Preferablyassolvefit RYWEDRTEGAPOPRELreaNEIveRS FhBeC M BRPBIBratele.g., C,.
Cg-alky? g?étgtgg, Isg IL as ethyl acetate, isopropyl acetate and butyl acetate; alkylamines, e.g.,
Ci1.Csalkylamines; lower alkyl alcohols, e.g., C1.Cs-alkyl alcohols, such as methanol, ethanol,
propanol, isopropanol, butanol, and pentanol; aliphatic Cs.Ci2-hydrocarbons, e.g.,
isooctane, heptane; dimethylformamide; aromatic hydrocarbons, such as toluene and
benzene; 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. The preferred solvent for use in Step (d) is tetrahydrofuran.

The temperature used in Step (d) is preferably from about -10 °C to about 80 °C. More

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



of bases, may. al so be-used. The-base-is nost

pr ef er abl ypot assi um~car bonate. The sol vent used in
webmp/ogrmss | s preferably selected from an al kyl PEVEPBDE€003479

e.g., acetates, such as ethyl acetate, isopropyl

acetate and butyl acetate; alcohols, e.g., alcohols,

The @ﬁibbtl@&dr@iytl‘aﬂﬂ -2- h%ld'lmgﬂrox? ﬂgﬂqqm -qainoBR2l onedd greferably 8-
pent anol ; ali p{;atl rocarbons, e.g.,

Phenxl@s@w&rfé Rhgphlgresi- hdﬁ??éﬂﬁ&hﬂ o(rlﬁamva@lma?r%rrﬁat ic
opn&my,qs@elaewﬁméw %!ay-gq(R)tﬁh&lenehﬁﬁgx,b&nflwﬁn -QuiRblkb-one

ket ones, acetone, nethyl ‘i sobutyl ketone;
produgg etaﬁrheﬂwrlfled by ey ef the yatieus, technigvesknaven oty @rtosushas by
|, &t
S e et L T T
sol vents, such as water; ionic |liquids; and
In Ste%l'uﬁ)o%% gﬁhgﬂlt“‘?g lo&?— t— ilt{)sf %Qloglzriﬂ%ge/ l:tﬁg@ gﬁ-l? 5u1(r11811 g‘rorng
treataloﬁnvlembasfeon thfslaesmc&fepsod\e)n tosfoandembsmtddeyeﬂ‘ ox1ranyl-

acet The te ture e)
(1) G BpER 2 IS b lped B e 11ER &"m%?%-o(n hal®
FormphagXéXpbl y, the tenper ature is fromabout 30 Cto

about 80 C; and nost prefegably from about 50 Cto
about 60 C. WD 2004/ 087668{|PCT/ EP2004/ 003479 21 The
8-substituted oxy-5-(R)- LQ anyl - (11) - qui-nol i n- 2- one
is preferably 8- phenylme hoxly--5- (R)-oxiranyl-(1

H) - qui nol i n- 2-one. i onal Ly, theMX)substit uted

oxy-5- (R) - oxi ranyl (11 nol i n-2-one product is
purified | 1by any of var i9us techni qgues known to
the art, such as by crystallization. Crystallization
fromtoluene or acetone is especially preferred, and
where¢inR is eproweradg grouppe  conducted in the presence of
charcoal . 8-Substituted
oxy-5-(R)-oxiranyl-(11)-quinolin-2-ones are useful
Prefejred biseeidichide soditmrachdxidel sodigm Khly&mtd% potassium phosphate,

5-[(R)-2-(5, 6-di et i ndan- no-lhdroxy et hy
potasf‘“% ﬁg}%gfyp?‘fﬁﬂ“m&gifl??éﬂcﬁ é‘a Hqéa"s‘éqr’[‘ §3roepgte. |As‘°mbma“°“

. .of bai¥6 a§\ud HYused! THe Bide QUhostlpdlerablfy)potditiandriidnate. | N

Step (f) 8-substituted
oxy-5- (R)-oxiranyl - (11)-qui nolin-2-one having Fornul a

The s()iv}nt fed H‘Stgﬁ@ ) s ]{rlef)erabg' sele%teﬂ inﬁﬁ efl aMiyf Lretate, e.g., C1.Co-alkyl
2-am no- ( 5- yl)-i'ndan to forma reaction m xture
acetaieprpugh a9 ¢thyl acetate, 1sopropyl acetate and butyl acetate; alcohols, e.g., C1.Ce-alkyl

alcohols, such as methanol, ethanol, propanol, butanol, and pentanol; aliphatic Cs.C12-
hydrocarbons, 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 (e) is a combination of acetone and water.

The temperature used in Step (e) 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.



' conmpounds - havi ng--Fornulae, (II-); (lIll)-and

(-1-V-): 0 HNROI \ (Il) NJ:5pH O4H0O OHNHN
WORED4/0RIdSE N/ (111) OHOH OH (1V) HN ON H POVERNMD03479

2004/ 087668 PCT/ EP2004/ 003479 22 wherein Ris a

protecting group. Preferred protecting groups are

i o RLPERESE 108, FRMNLBN, 2o MG, A DBy

(R)-oxgraoyk( 1iH- cma';ioéintkdnq‘ romthe gr oup conS| stl ng of an
0] tioazlxlir(?ylthe Sl AYs. @l a%/l 1 umolx ne product is purified Tb
phofE Zocyc yc 5(k qara ? P P ¥

any ofrvat eam;scrbalm;quhekmmmaﬂhkyh, sd’dila@ ay Ic;Mscallandona

substituted silyl group. Most preferably, the

protecting group is benzyl or t-butyldinmethylsilyl.
Crystaﬁ’lizeileh ddiny tol&ine pr (aée)toneﬁs espaclbiiy réferiddf 1Rl RiE DPHORIRE ba

Preferr | vents include: alcohols, e.qg.,

cond“@fdé%?h@yﬂreséf‘ieocﬁ& §rc° uch as methanol, ethanol,

propanol, butanol, and pentanol; aliphatic

Co- hydro rbons .,. I soqQct ane, ane;
8- Subiﬂtmgé wwﬁo@%ﬂrwl (HgRnplin grﬂﬂa% a&a&sﬁaﬁ@ter@a@ﬁteaémm which
to prepHe UETR)- MS’ Ghﬁé‘tﬁﬂﬂﬁéarﬁ,@-ﬂaﬁﬁﬂ ry- hﬁiroﬂeétﬁm@mgld?&ay Qegh

as tetras(%dro uran; di al kyl ethers . I sopropyl
quinolimqner2-one saits-h dRig és sehieved hrarames entStens|(8 sarough (j)

In Step (f) 8-substituted oxy-5-(R)-oxiranyl-(1 H)-quinolin-2-one having Formula (I)

M

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

.compounds-having Formulae (ID);-(II1)-and-(IV):-

B
b B

(i)

OH (Iv)

HN




et her; dinethyl sulfoxide; tetrahydrothiophene
1, 1-di oxi de, also known as tetranethylene sulfone or
w@so0tesTee8Tet hyl ene sul f ol ane; di al kyl car bonat BCT/EPIH04/003479
di met hyl carbonate and diethyl carbonate; aqueous
sol vents, such as water; ionic |liquids; and
wherahIRolglarpabte&l@%ru its, such as nethylenechloride. A
' combi nati on of solvents may also be used. Mre
preferably, the solvent is 2-nethoxyethyl ether or
Prefel?ed cting BfoulpS ARGSMBh I PRotd rBupstveliicK hive Kn®wn to those skille
pr ef er abl %/-gf ru?))m about 10 C&?gk%bo%t 160 C Mor e d
in theprpt Mognpipferahle the Rrpsecaing gEouPds salesFrdfRRI thegrowp cepsisting of an
alkyl ai?ﬁ“&lké%@ aﬁaengnéy by pcfeﬁic?cryaglxlléiflf Eﬁmau@mw a%u&l t Oa

i's conducted wi
heter«mclm, hetzms@kadf halwékﬂ, md :nsﬁb(sguaedcﬁl gk grony.- Mmanrewribiy, the
pnnﬁgx % %qgkgfgﬁ§?&?%hkgﬁkﬁﬁglln 2-one. Preferably,

1.05 nole equivalent to 3 nole eqU|vaIents of
Prefe:%b@nyg? (tf) ?s Cf:onQucetgj'tﬁFé}n gge%erang:ﬁ o (sﬂ.l éjntmlj’ eE%rlredS P55 vents mcluae
alcohMssd.g. pCea‘adiqdablcyholﬂ, stichnadl methq:wl vaharol spropano], bStammIl and
used

pentafiy BB e Py 4 s BB £ty B RS aR Faff ey sromati
hydrddirbgus, 8a¢h a%-taheneandibeaizéres sdesdnitrild; @ekerocycles, such as

B TN S E T
ether; digethy[ il.ﬂ})oxﬁfe{ tﬁrﬁhﬂir@ﬂhl’ﬁﬂheh&ﬂ iiigdac%crlgéi Iaﬁb gﬁ%vr\]ré 'aB YedFae¥hylene

t hyl
sulfox%r%@é}tglarvt@fr(eﬁy fgla(mg)%l]@?léngaqeﬂqj&ndlpethyl carbonate and
dleth,n lca#oRs:: ﬂqdaaf@LrMn@t fi¢h bs &ra&h%eﬂllcrl;gT 9XHid(chlorinated solvents,
qﬁlnol P one. WD 2004/ 087668 P EP2004/ 003479

such asqng Y'S&eéla 0(1&7 Atrembingsion of selvsatumay plse ba nsd. Mot rspferably,
the soﬂ‘fe}xt Is2- &E&%&f‘éﬂhw‘e&f&r 8Pb&@ahsl. in the presence of a

solvent to forma corresponding salt. Preferred

sol vents for use |n Step (g) include: alcohols, e.g.

’_,TAhe Bl (o6 (P €07 I preRHHY A8m MBLPATRL o0 8 241298 °C. More

_ propan utan anol
Prefet@Blyoi@-thypltrr@maﬁr isdmsr;l aboug 30°G tswboutam °(hepd anss preferably from
abougydugqubogg aromati c hydrocarbons, such as

ol uene and enzene acetonitrile; heterocycles, such
as t et r ahydr of ur an; dlalkyl et hers, e.g., diisopropyl

ethe met hgxyet h er and diethyl ene
Preteblic g £ PRI QPR EBPIS eNBor(S e A dgdan with
respealts dld@?ﬂlm?ﬁﬁed @tyr.?m%t-m}aaﬂﬁliﬁﬂlduﬂf&mqéo@éi Preferably, 1.05 mole
ene su ane,; r bonat
cquiv B Aol SABGHERTS Oh ATl Moo A bOARE Brove hubitspect o 8-
substifited/ 654-S+(R pOLiFard$ ( Mﬂ)t@.ﬁnolld DBhE NMbstpréterabBNd.1 mole equivalents
chlorlnated solvents ? thylenechlorlde A
to 1.5Jp0lg eAuivalgnts of 2- amino-{5- 6 1ethy )-indan 1s"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-5-
(R)-oxiranyl-(1H)-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-(1 H)-quinolin-2-one.



solvents may al so be used. More preferably, the
solvent is ethanol. The tenperature used in Step (Q)
w0 200p0gfees ably from about -10 C to about 160 CPCTVEPB®04/003479
preferably, the tenperatueg is fromabout 0 C to about
120 C, and nost preferably from about 0 C to about 75
In Stef(g)Ithe Btaepor( m)xtareqakparthin Srep Epis mehad (With arCicidiin thé\pesence of

i sql ate rystalllzed wherein Ris a
a5dvm“6Pé%¥naC°“£%ﬁB§n§ﬁ% 'A- is an anion. The anion
corresponds to the acid used in Step (g). The acid

Preferf i gpelisy Do 1 g ] mra s AR e S A algfielS such as
methdnéllREHa0oR réhanel, bh&hbl@ﬁh@ paﬁhﬁbl gMphatic Qi Gﬁrlﬁfldrcﬁ:afhﬂms, e.g.,
such as h drogggorlc

) Ci r ef er abl t aci d
isooctgaeRepng criramies ygimatcydipesriis sul a%a(eneﬁfgand
benzegé)ra@%tlbﬂltl(lw hdt%@éc%isj/’ugﬁ) E% téeg'agc_r/éggﬁzﬁ Cﬁméﬂ ckidyd, @% , diisopropyl
ether,ﬁ%’n%g eflqy angdieliydangiepher dimethy pé)%gf %g'a@fdggglophene
1,1-dRIR, m&ﬁ&f@bmeum@chpﬁn@ aafo%e %alag tel(&aweg}g,le%e @mhéhe( mkyl

IS a benzoate salt havi ng For mul a
carbopate, &.g.4 dimesy) carbonate and diethyl carbonate; 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 (g) 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 Step (h) a salt having Formula (V)

W)

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

acid.

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



NHZ+ OH In Step (i) the protecting group on the salt
having Formula (V) is renoved in the presence of a
waelnestees 0 form a salt having Formula (VI) O PEIMEPED04/003479
(M) 1\ / NHZ+ A OH whé#ein A- is an anion. The
salt having Formula (M) is preferably a benzoate salt
having Formulag XXIl1) 0 HN HO COO \ (XXIl) NHZ OH
WO 2004/ 087668 |PCT/ EP2004/ 003479 25 The renoval of a
protecting @gmnoupyi s known to those skilled in the art
and depegds , ]
enbodi rént
preferred 6
sal t having g by treating
hydrogen in the eoresence of a catalyst.
catal ysts includ l'bal | adi um pal | adi um hydr oxi de,
whergialR @(yp*me@mngagbhgat ed carbon, palladiumon al um na,
pal | adium on carbon powder, platinum platinumon
activated carbon and RaneyTM ni ckel. A conbi nation of
MorC@rkefkab, $héBohz84 8 Qalb BaHREFornMES IX R) 8 h&feARtaYe salt¥ving Formula
catal yst is palladiumon activated carbon. In one
(XXIinbodi nent where the protecting group is
t-butyldinmethylsilyl, a preferred method of renoving
the t-butyldinmethyl silyl group on the salt having

For a (Vv is ating the saJt
o coo
(xxn)
" NH,’

OH

In Step (i) the protecting group on the salt having Formula (V) is removed in the presence of

a solvent to form a salt having Formula (VI)
O

HO (V1)

wherein A- is an anion.

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

& S5



with t-butyl ammoni um fluoride or potassium fluoride.
The solvent used in Step (i) is preferably selected
wo camaosasc®l kyl acetate, e.g., Cl-C6-al kyl acep@t/EB2004/003479
such as ethyl acetate, isopfopyl acetate and butyl
acetate; |ower alkyl alkylam nes, e.g.,
The r%ombﬂh ‘@Y&t@éﬂdgeg?oupais &ABRh 2o thosE Sklllg in(eRe &t%l depends on the
cohol s, such_as met hanol, ethanol, propanol,
type qura%qm&ﬁfeubem eftssimbogimesti shers the pottectingdr o bewry], a
felfedmethod AR CLASng fHele | JREhD ¥ IV F Sl £ 78
prete §/drrngﬁ:§r bons, sﬁch asﬁ‘% rouﬁe and Jbenzﬂ?% ulV) &&eatmg
the sakicwitlo hydrogerein thiypresange 9f4 easalystu Pnefersed eatalysty ihchida pathadium,
I r
|
pa lacglu@l %&’%‘{’1 ﬁal?adugn%g acma{t%{)%rg@% )Plag%dg\%é n alumma %allaglum on
carbog. pg)wdeaqnéﬁttumna(piaﬂl,nunmrf daniyated catboo aad Edee)dH duqkr:bp‘k oni ¢
u nts,,such as
combma dlgh of ng le Cﬁ’sllo OSDen séd lglg)c few%tl ]i‘%e ?a%ﬂ ilﬁ %aqlléllglum on
acnvaléed:mrbmmatl on of sol vents may aI so be used Mor e

abl the, solvent is acetic, ,ac
In onREbSARENY whirk Ehe SRIFRIE eolp N rhiifleechn Sl BefRafnethod of
removihg the thl@lHﬂn@bﬂsﬁyl Zfduf.onlvhe ﬁxlt verigefoatlula, (W) by treating the salt
'ht rature | from about 18 éfg about 50 C, and nost
with 1R B B Ge B a0t (30 & The eal
havi ng Formula (V) | S preferabl y

R 5, 6-di et d
The SH&Y[Blgtdgéﬁ‘f @5 $ion §i) s PR %ﬂab nel(%gtﬂ; fram ﬁbﬂﬂﬁﬁl asetaite cBe vz Sarkyl

acetaﬂe@ satiehs drhyl aE&gtesﬁbﬁroBﬂVch‘lgteF AN BHA a(:éfhae lo$ve§' Eﬂ'@t SRylamines,

th an acid t he presence of a sol ven forma

e 8> GeaalkpgmingroRlae BV LTy DUoobE Tehes methanol, ethanol,
propaF> gﬂ_/bﬁPangpA’r{@pe%%Jr%l a%gh:Qlc %ﬂ%ﬁ@ &Mc!u)ooné\l %Z, r%ra)g'%age,tlﬁgtane,

In-X- 1S an ani Anfon corrés
dlmeththfqrnwsl@de,|anor&rerph>(djr9carm aich ds tedeagieiand bezepe; @pgtonigrile;
f.er ' u [
hetercrg]gg?le? sﬁlgl s Cf@tr Cg&ﬁl}’alc g’{?‘,ﬁ%{l gt’hf;% < ?f fitso g?cgj?%t%er?% %t}rul:»éyethyl
ether,amdcdleth&isme phet ex atidyeg. dvetiaadid, tuﬂedrqanet@tae;d épd piopionic acid;

aqueomg Elvgntg sugbasg_ \?%ers,g(l)rttlg %ulgs,%{lﬂ fnlorm%tgn s%lvl, ts sucr:]hois 1
methﬁyrtét:h)hoyldet Aybinb&rakipal bbxglve(nld-l)la}q alise) o€ nsed?2 Ma& prefebtye the

solvenht 1S acegic 5851%‘#'2 prg)xggoll

The temperature used in Step (i) 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 (VI) is preferably 5-[(R)-2-(5,6-diethyl-indan-2-ylamino)-1- -
hydroxy-ethyl]-8-hydroxy-(1 H)-quinolin-2-one benzoate.

In Step (j) the salt having Formula (VI) is treated with an acid in the presence of a solvent to

form a salt having Formula (VII)



O HNHO (GO0 (XXI1'l) Z, coo OH The solvent used in

Step (j) is preferably selected froman al kyl acetate,
we@2@4/087668 et at es, suchas et hyl acetat e, PCT/EP2004/003479

i sopropyl _acetate Arid 'butyl acetate; alcohols, eg.”

Cl- C6-al kyl al cohols, such as nethanol, ethanol,

propanol , isopropagol, butanol and pentanol;

di met hyl f or mam de; [|ar omati c hydrocarbons such as

t ol uene and bengghedi al kyl e.g. acetone

and methyl s et one; | e;
het er ocycl es, hyds tetr dﬁﬁ?kyl
ethers, e.g., ppr opyl hpxyethyl et her

and di et hyl ene efiery alngcid such as ‘acetic acid and
propi oni ¢ aci d; aquegHs sol vents, such as water; ionic
l'iquids; and chlorlnated solvents such as

whereife Khiélaa @i, The dﬁloneoﬁ‘@d'}\%hdbaﬁol thé a@ﬂ u§é@l| i¥ SBdp(j)EheAkOused in

Mor e prefer , the sol vy is et anol The
Step <Béwé?%§lﬂ¥ 3 ca@eay iwnacgf » §PFI(35) ep@l@f%‘f dRAC goidy YFalsAsds
fumar® feid, Or 3@ 28U, QoM rBferddE iRy ﬁl?d Ysedtif) gteE)?'? REhAkida@id.
is fromabout 10 C to about 60 C, and nos preferably
from about 20 C to about 50 C. The invention is
e s g P B s ap e
hydroesf' -ethydcfehydrogy-tlflkauigolintHpne) miateate; hﬂ@gd‘wemmadkﬁxmhm
chloride (93.8 g, 700 mmol, 3.5 eq.) is suspended in
1, 2-di chl or obgnzene (320 nL). The suspension is
25 C and
8- hydr oxy- (LH) - gui nol i n- 2/= (32.24 g, 200 nnDI 1.0
[ P j € "rnnMe% I T max.
Zlog?ﬁb 1. Oﬁﬁﬁm ) is
sIOV\Ayad 30 0 C and t
addi tion funnel zi s ansed with a snebb amount of
1, 2-di chl or oben®tne. The suspension is stirred for 30
ninutes at 20-25 C. HPLC control reveals conplete
conversion to 8-aceto' xy-
The solvent used in Step (j) is preferably selected from an alkyl acetate, e.g., C1.Cs-alkyl

“deétates, suchias ethyl acerate; isopropyl acétate and butyl acetate; dlcohols, e.g. C1.Cs-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 isobutyl ketone; acetonitrile; heterocycles, such as tetrahydrofuran;
dialkyl ethers, e.g., diisopropyl ether, 2-methoxyethyl 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 (j) 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.

The invention is illustrated by the following Examples.



(1H)-quinolin-2-one. The mxture is heated to IT = 80
C while purging the head-space with a stream of
wmpdorogmes HCl evol ution is noticed upon reachP@OEPI04003479
40 C. The reaction mxture7is stirred for 1 hour at
= 80 C. HPLC control reveals al nost conplete

EXAMIPDESI Si on to S-acetyl -8-hydroxy-(1H)-quinolin-2-one

(3.1% O acetyl internediate, 10.8 % ortho-isoner).

The reaction mxture is poured hot (80 C) over water
ExampfOp nL). Water (100 nmL) is added in the reaction

vessel and bnou.ht to reflux tenperature. After 15
-3gety-Sehvidroxyaldblquinelin-2-ence syspensi on i s added

Alumt,gumﬁmd@m)y% BOIPREID] 15 BENS! Afien I Kk Rrbtinzene
mai nt ai ned 15 m nut hen hot

(320 ml) ¢ Eh@wswﬁ@wﬂe maemampé e@PJ?:lS G and ﬁsbe'drqmt(ﬁh‘\)vamph(@ one
(32.24 PZQ&) Blmol SPO g%] ) is éﬂé@ th %Bx@mﬂ?@‘m uge'éoﬂmalx ai%'dct%h%r&etxc

i ed overhi er vacuum at 70
anhY((xa}Lt (@%pt.g, RLO lntnyol 995 ¢q%s deyvlzeddedB@Pasidutes, IT max. 20 °C) and the

addlt{: E-ELEFJ%Q'LHSQ&) Wih3 st agff&gp ocF th%h?ﬁie%‘ P srxlx_s%e_ncs)xr?éx is

cation of b5-acet qui no
stirred fody3r mx;nx«(shlt—l)l(){zu i°Qol HPnLQ amteol (re@alz A:oglplezc()sznncmilop td 8eaceto xy-
gqded

(1) Gl 2 aRE R St A EA T 206 UK R et ampce wic
a streginl dfrmtd@ge(19 HA evolutiéN s noriekd uBorbreaching 1T5= a4dd€d Tihﬂ reaction

mixefi9ie P 97 DDRHEAETT T W Go Py L SR Lo AR oo

convdillﬁhltcﬁ.swacdtw 8¥H¥dr02§1 ﬂY) Guilfloli2-oaél (8.1 9:00-acktyNin@drmie8iate, 10.8 %

orchogEPhs | Bhresciat PR 1 BPAreatonaEbEvevest (340 L) B

(100 £ANS fdded 8V @RI EacEOAPMESE And BRYRKS tPRALR té?np’ﬁﬁhﬁé)(y};féé H)s-
qU|noI|n 2-one. The mxture is heated to IT =80 C

minutgs at eflgy tmprIatuFfe thicuapensian ds 3fded totheqarpvians grench suspension.
The I‘HIIXEL[I'Q gsetﬂalnﬂged%PhyHlﬂﬁed &t ITYU $ /S a PN h8RHIEDRE, THe Fellow
C. The reaction mxture is stirred for 1 hour at
producrlszmsgd withryrter @on2@bmly 84 &), sinsadrwish aeasons! (60 enl) and then
t b~8 r o/
cried B e R O A9 b Lo
reaction mxture is heated to I T = 90C and poured hot
(90 C) over water (645 nL). Water (100 nlL) is added
in the reaction vessel and brought to refl ux
tenperature. After 15 mnutes at reflux tenperature,
the suspension is added to the previous quench
suspension. The m xture is maintained for 15 m nutes
at IT =80 Candis hot filtered. The yell ow product
isrinsed wwth water (2 x 200 nL, SO C). The crude
product (70.1 g) is suspended in acetic acid (495 nlL)
and the suspension is heated to reflux



tenperature for 30 mnutes. The suspension is cool ed
down to IT = 20C and then filtered. The product is
wormhesices t h acetic acid/water 1/1 (60 ni) andr@EEP®A4/003479
with water (S x 100 nL) beé8ore being dried at 70C
under vacuumto yield the title conpound in 75%yield
(31.48 g) and with 99.9% purity. Exanple 3 Preparation
0 -acetyl - 8- hydroxy-(1 H)-quinolin-2-one
,Exan‘gﬁ‘%getyl - 8- hydroxy- (11)-quinolin-2-one is prepared
Prepaa&ieai sHdshirifRatiie ofds-aceyl 8-kydiety-f1¢)tduindlin-Fusapl e 1

5-Hy ey GAE - Bhingles Toige 163 A ALY, khFa)s sisperhig A drdichloro-

benze% (30temL).t TRe ﬁﬁg&@mds }rﬁuﬁ@@édoa&izmzseéofan%&mm@qamwr{he (93.3
r epar atl on of a

cetyl - 8- hydroxy-(1H) - quI %?A lq
& 709 enelgd é&eﬂes@dd(em P@ﬂﬁioﬁbﬂ el T max. cetic anhydride
(21. 49g AEE hdx; ibk')eng Yr&dgecp(?)@ rhiflutes AT m38k. POCL) add fhe addition
q.) Is suspen | or obenzene (80 m). The
funneé uig]!féﬂé Wirh 3 ssnaAJaam@mttOé 1gadichlarpbendengr “ﬁhmfmsmswua@lrred for
!
30 m‘n]]?es Qs 28259, WC a&}tgﬁl ?% %ls cémg?:%le#m{:/é}élgﬁ E(g %%EI%LEJ '(]fH)

eactionis Stirre our
qumorborﬁ -ond. Thevmiiteread masad todiH Sﬁ ¥ while purgingrthe bead-space with a

s R UL 8 B8040 350 i,

mixtyre usrsendreuo’br ( 86urGt I \=e30 Wat HPLCkﬁﬂtruﬂ:)evea%mlmbst(cBﬁlpdﬂxé

converr311;>11§l tagf‘% QY&Péy-% gl?mt\ilesi «%ﬁaﬁ;g% @ athé/ 1nl51§med1ate, 7.2%
orthotiesmen).alhe eeactidremintaeds Bd:a(ﬂdftl doSIT adglEd 4nd goueedic@\(PDES) over

The S mai nt al
waref (38 & SPRERTLBR8) 6 SadPerth e eateOp e LoE) 4 Drenhtyer sty
temp@aQu@eICAfteS1S mmﬁ@chmﬁda( tamberardre, the mpeﬁs;orﬁ@ a&‘aedaadhe
t hen dr,i ed overnight under vacuum t 80 C. Yie

previgusER el PPN, PO PSSR e £ Pisges s d 6rpOGiC and i

hot fifeer@@ £ The y81dwe Produeniy rlﬁaéd)wﬂilwa&lr (D x 200 L @OU’@ The crude
S-acety I-8hdrox- qui nol i n-2-one (8.1

prodygify(0.1 P Swey qumae%cﬂqdd% m) @pd §}Bﬁpﬁ“éwlﬁ’é>flhilh%ﬁﬁdn@ reflux
tempérButOfdd 302RinBR! Thd sespeRfbn)is %@ledil&&b& e BQO@Lnd ?H%ﬁ flltered

_ suspension is heated to reflux tenperature and
The predysg iporiashed wh@)cerwsvsmzymr biti (g6 mil).and vgashezmthhmter 5 x 100
mL) beford b@ﬂl )drleéa Ppaé{yluﬁxetowd H{Eent[e ogﬂd l11?75% yleld
mal ntal A or ours at errpe ature
(31.481g) alytwrhﬂr?g%ﬁwgm al has reacted. Water (20 nlL) |s
added at IT = S8 C

Example 3

Preparation of S-acetyl-8-hydroxy-(1 H)-quinolin-2-one

5-Acetyl-8-hydroxy-(1 H)-quinolin-2-one is prepared according to the procedure set forth in
Example 1 except that 3 eq. of aluminium chloride is used instead of 3.5 eq. of aluminium

chloride. The yield of the title compound is approximately 84%.

Example 4

8-Acetoxy-(1H)-quinolin-2-one (6.1 g, 30 mmol, 1.0 eq.) is suspended in 1,2-
dichlorobenzene (80 mL). The suspension is warmed to 80 °C and aluminium chloride (12.0
g, 90 mmol, 3.0 eq.) is added in portions. The reaction is stirred for 1 hour at IT = 80 °C.

HPLC control reveals almost complete conversion to 5-acetyl-8-hydroxy-(1H)-quinolin-2-
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filtered and washed with 250 nL water in several

portions, and dried overnight in a vacuum drier at 60
Examblel® Qi ve the title conmpound with a yield of 39.64 g.

ample 7 Prepar at| on of

Prepagationiof dolarghl drpacetyl )R- (phenvimethh 15 hyl)-(le
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-phe\MlmeSloxy- %-(Illlpl}lo fh-Fone. Then the mixture is cooled to an internal temperature
of 40-45 °C. Within 30-60 minutes, 600 mL water is added. The resulting suspension is
stirred at room temperature for 30-60 minutes and then filtered. The solid residue is washed
with 200 mL water in several portions and then added to 2000 L ethyl acetate ina 3 L, 4-
necked flask equipped with a mechanical stirrer, thermometer and refluxing condenser. This
mixture is heated to reflux and refluxed for 15 minutes. The mixture is cooled to an internal

temperature of 0-2 °C and stirred at this internal temperature for 2 hours. The mixture is



internal tenperature of 0-2 C, 153 nL of a 1 nol ar

solution of BH3 in THE is added over 1-2 hours. The
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Exam

chloro-1-hydroxy-ethyl)-(1 H)-quinolin-2-one to 8-phenylmethoxy-5-(R)-oxiranyl-(1 H)-
quinolin-2-one. When the reaction is complete, the hot (45-50 C) reaction mixture is
filtered to remove the inorganic salts. The residue is washed with several portions of
acetone, and the combined mother liquor and acetone washings are concentrated to a
volume of 450 mL. To the resulting suspension is added 235 mL heptane at 25 °C and then
the suspension is cooled to an internal temperature of 0-2 °C and stirred at this temperature

for 2-3 hours. Filtration and washing results in a crude 8-phenylmethoxy-5-(R)-oxiranyl-
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oxirapylhbfwpinolifiZconegi hhegesnirimpgsugpessipn is heated to a temperature of 110 °C
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from 400 R S n e U B BB ey Pireh el kB (e
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onversion to S-[(R)-2-(S, 6-di et hyl -i ndan- 2-
pOW‘%fam no) - 1- hydr oxy- et hyl ] - 8- hydr oxy- 1H qui nol i n- 2- one.

The m xture is filtered over a pad of filter-aid. The
. filtrate is concentrated at 50-60 C under vacuum (100
Exa%q to a vol ume of 70- 90 m_ This residue is

A g nalerc acl
quinoligdegneymaleatse resul ting cl ear solution is seeded at
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ylami X -f%ygri?xz' 3 ?]V%L)é%anoggg%lgél %Jé—f) gb 5127@ filtered over a pad
of filter-aid. The filtrate is concentrated at 50-60 °C under vacuum (100 mbar) to a volume
of 70-90 mL. This residue is dissolved in 400 mL of ethanol and heated to 50-60 °C. A
solution of 11.6 g maleic acid in 24 mL ethanol is added and the resulting clear solution is
seeded at an internal temperature of 50 °C with a suspension of 350 mg micronised S-[(R)-2-
(5,6-diethyl-indan-2-ylamino)-1-hydroxy-ethyl]-8-hydroxy-1 H-quinolin-2-one in 20 mL
isopropanol. The product is crystallized by slow cooling to 0-5 °C. Filtration and washing

with 50 mL of ethanol followed by 25 mL of isopropanol provides 65 g crude 5-[(R)-2-(5,6-
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individually treated with an acid selected from benzoic acid, malelc 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 is based on the amount of 8-substituted oxy-5-(R)-
oxiranyl-(1 H)-quinolin-2-one, and the purity is based on the salt having Formula (II) and is
determined by HPLC.

CLAIMS




oxiranyl-(1 H)-quinolin-2-one, and the purity is based
on the salt having Fornmula (Il) and is determ ned by
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1.

process for preparing 5-(a3bal oacetyl)-8-substituted
oxy- (1H)-quinolin-2-ones conprising: (a) reacting (i)
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comp&singdroxy (1H)-quinolin-2-one with an acyl ati ng agent

(a)

(b)

2.

to form 8-acetoxy-(1H)- quinolin-2-one, and treating,
in-situ, the 8-acetoxy-(1ll)-quinolin-2-one with a
Levacsingacid to form
5-acetyl - 8- hydroxy-(11)-quinolin-2-one; or (iii)
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5 (a-hal oacetyl)-8-substituted oxy-(1H)-
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a ride or acetyl chloride, is present in an
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Step (a). is conducted in
agent in the presence of a solvent to form a 5-(a-haloacetyl)-8-substituted oxy-(1H)-

quinolin-2-one.

A process according to Claim 1, wherein the acylating agent, which is preferably

acetic anhydride or acetyl chloride, is present in an amount of from 1 molar equivalents to

1.5 molar equivalents, based on the molar equivalents of 8-hydroxy-(1H)-quinolin-2-one.

3.

A process according to Claim 1 or 2, wherein the Lewis acid, which is preferably

boron trifluoride, aluminium chloride or titanium tetrachloride, is present in an amount of

from 3 molar equivalents to 5§ molar equivalents, based on the molar equivalents of 8-

hydroxy-(1H)-quinolin-2-one or on the molar equivalents of 8-acetoxy-(1 H)-quinolin-2-one.

4.

A process according to any one of Claims 1 to 3, wherein Step (a) is conducted in the

presence of an ionic compound, wherein the ionic compound is either an alkaline halide
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methoxyethyl ether, diethylene ether, methylenechloride and combinations thereof.
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nStePé‘) thempemgm(eug fremmhwuok@ € 1-hbauiladFCn- 2- one with an
acylating agent and a Lewis acid to form
5-acetyl - 8- hydroxy- (1H) - qui nol i n- 2- one; or (||)
12. S-myxdxesxyex(ﬂrbparmgijqu R 26pati@hyltihararylenihe)t i-hgiragpethyl]-8-

to ui nol i n-2-one, and
hydrox ?"ég%? ﬁ&'nOF 'ﬁo%e%éne *‘ta?fé %‘“Blgsé?%xy (1H) - qui nol i n- 2- one
with a Lewis acid to form
5-acetyl - 8- hydroxy-(11)-quinolin-2-one; or (iii)
(@) greg<lpexy- (1H)-qui nol in-2-one with a Lewis acid to
form 5-acetyl - 8- hydroxy (1 H) - qui nol i n- 2-one; (b)
pﬁﬁg go#yﬂeé{?éﬁ?% 1%/1! 5 thwg gr)l( %cy(la:ll'ti_t?g a%grlltnacglldlanLe%wg chxd to form

C GORHNY-Hyd b4y 1 HMQuineliALéheRbr i N the presence of a
base and a solvent to form5- acetyl-8-substituted

oxy- (1H) - qui nol i n-2-one, wherein Ris a protecting

gn | t

L (L I Rgdin R TR g Wi Picyllide FEAELS ' Qcepory-(112)-
hauinglin 2t oneg andityesting in- qmletlprt?es@m (@H)-quinolip@renetwith a Lewis
f g > it y-(1H) -

P G0 S0 PRSGASLY Prplath visd o

5- (a- hal oacetyl) - 8- substitut ed oxy-(1H)- qui nol i n- 2- one

en |n th pLesen
oAk SR o BORE P Wil PR EH 8 Bo R s S opirony
h;(ﬂHbﬂymehmy.L@ne(l H) - qui nolin-2-one; (e) treating the
8- (substituted '
oxy)-5-((R)-2-hal o-1| - hydroxy-ethyl)-(1H)-qui nolin-2-on
(b) e reastibftiee ba&eylismﬁdh@ypﬂeﬁqmmlmfz-mesﬁepﬁea it Srep (If With a

H)cgs’l'l Mf‘%‘%%d@gi%} (R -

2 ORI LAY oD e
Kiomibspastepers S G04 poslysgro form S-

acetyl-8-substituted oxy-(1H)-quinolin-2-one, wherein R is a protecting group and L

is a leaving group;

(c) reacting the 5-acetyl-8-substituted oxy-(1 H)-quinolin-2-one with a halogenating
agent in the presence of a solvent to form a 5-(a-haloacetyl)-8-substituted oxy-(1H)-

quinolin-2-one;

(d) reacting an S-(a-haloacetyl)-8-substituted oxy-(1H)-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;

(e) tréating 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)-S-(R)-oxiranyl-

(1H)-quinolin-2-one;



36 (f) reacting the 8-substituted
oxy-5-(R)-oxiranyl -(1H)-quinolin-2-one having Fornul a
W@ 20o4/0876684IN o | o) R~ 1 \ O wth PCT/EP2004/003479

2-am no-(5-6-diethyl)-indaseto forma reaction mxture
cont ai ni ng conpounds having Formulae (Il), (1l1l) and

() (Irecting thi\B-RilBtituted oxy-§-(RNokirar@H(157)- @mlb]ld'NoFEb-lﬁhvmﬁFG}mula (1)
VI I/ N/ (") OHOH OHglV) HNON H O1R
wherein Ris a protecting grjjup; (g) treating the
reaction m xture preparedy ep (i) with an acid in
the presence of a solvent|to fjorma correspondi ng
salt; (h) isolating li zi('hg a salt having
Formul a (V)

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

having Formulae (II), (III) and (IV)

\&/\ /&;:/ o
o)

0 HN

HN R/O
_0
r N
(i) OH OH
OH
HN I

v

wherein R is a protecting group;

(8) treating the reaction mixture prepared in Step (i) with an acid in the presence of a

solvent to form a corresponding salt;

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

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



O HN RHOM NH2+ OH wherein Ris a protecting group

and A- is an anion; W) 2004/ 087668 PCT/ EP2004/ 003479
wW@7Z00¢03766&0VI Ng the protecting group from t hepGEEP2004/003479

having Formula (V) in the presence of a solvent to

on f . t _havi.ng F la (V). O HN [, NH. . A
0 e eRinBdnd pARckB8 gt sl e FPimith () s gpce of o
haselvegt fecformilassalt WayingiFoimala (¥hi d i n the presence of a

solvent to form :
5-[(R)-2-(5, 6-di et fiyl -i ndan-2-yl am no) - 1- hydr oxy- et hyl

]-8-hydroxy-(1 i nolin-2-one t having Fornul a
(VIl) 0O HN HO NH z; wherein X- is an
ani on, HO i)
ars A
OH
wherein A- is an anion; and
G) treating the salt having Formula (VI) with an acid in the presence of a solvent to

form §-[(R)-2-(5,6-diethyl-indan-2-ylamino)-1-hydroxy-ethyl]-8-hydroxy-(1 H)-
quinolin-2-one salt having Formula (VII)
0]

HN

HO viD

NH,

O
I

wherein X- is an anion.



