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provides a pw%cfnﬁ.?/oaﬁ?(rs preparing 5-(a-hal oacetyl)-8-benzyl gefrdehé 41003479
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In a first aspect the present invention provides a process for preparing 5-{a-haloacetyl)-8-

substituted oxy-(1H)-quinolin-2-ones comprising:
(a) reactring

{i) 8-hydroxy-(1H)-quinolin-2-one with an acylating agent and a Lewis acid to form

5-aceryl-8-hydroxy-(1H)-quinolin-2-one; or

(, (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-(1 H}-quinolin-2-one with a Lewis

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

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

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

is a leaving group; and



(c) reacting the S-acetyl -8-substituted oxy-(11-1)-quinolin-2-one with a

hal ogenati ng agent in the presence of a solvent to forma

5-(a-hal oaceryl)-8-substituted oxy-(lH)- quinolin-2-one. This process prOV|des

the 5-(a- chWOr8at®iea) - 8- benzyl oxy- (1 H) - quinolin-2-one in PrﬁTé'F’u'Pz"%'é{l"b"d't"’i vity and
yield, and ninimzes or elininates the formation of regioi somers, such as -

7-acetyl - 8-benzyl oxy-(1 H)y-quinolin-2-one-(1 H. In one enbodi nent of the
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with an acylatlng agent to form 8-acetoxy-(1H)-quinolin-2-one, and treating,
in-situ, the 8-acetoxy-(1H)-quinolin-2-one with a Lews acid to form
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invention, Step ( i preferably i1nvol ves reactlng 8-acet oxy- (IH)- U|noI|n 2-one
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bury]. "C4-C,s-aromatic group” as used herein denotes an aromatic group having

4 to 18 cHFBYM2Pems. "A kyl" as used herein denotes straight chain or :

branched al kyl, which may be, e.g., O Ct o- aIkyI such as nethyl et hyl , )
propyl,_isoprop n- butyl , isobury sec X rt-buty 241(14/ 087668

PCT/ Epzod&/@e%m IbO@rrgepF o @ﬁtmveavmbrsa% R Bre ﬁfelwnvo Féﬁaﬁﬂ’t‘g 8- Gydroxy-

branched- @@ﬁéﬂgmo‘iﬁf@bmnh Qh abylad nRPbh 8- ac%iorx?l gm-qu%hmza&céﬁ%gd nonyl or

strai ght- or branched-decyl. Prefera |y al kyl is - %dy 5- "Ar " as used

9B

herein deiertias, waii) the Arjderoxyr(dHaniseln-emremithap Jvf-‘mséﬁlﬁi aC@rxj 8-
hydroxy-(1H)-quinolin-2-one.

In a further embodiment of the invention, Step (a) preferably involves reacting 8-acetoxy-

(1H)~guinolin-2-one with a Lewis acid to form §-acetyl-8-hydroxy-(1 H)-quinolin-2-one.

Terms used in the specification have the foliowing meanings:

“Halo” or "halogen” as used herein denotes an element belonging to group 17 {formerly )
group VII) of the Periodic Table of Elements, which may be, for example, fluorine, chlorine,

bromine or iodine. Preferably halo or halogen is chlorine, bromine or iodine,

“Cy-Cys-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 buryl.

“Cq-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., C:-Cyo-
alkyl, such as methyl, ethyl, n-propyl, isopropyl, n-buryl, isobutyl, sec-buryl, tert-buryl,



substituted by at | east one group selected from nercapto, dialkylamno, nitro,
al koxy, hal ogen, keto, cyano or a conbination. Preferably aryl is phenyl.

" Al koxy" as used herein denotes straight chain or branched al koxy and may be,
e.g., C-C oWapKex§e6such as net hoxy, ethoxy, n-propoxy, iRIBERREOKY3+T- but oxy,
i sobut oxy, sec-butoxy, tert-butoxy or st¥aight- or branched-pentoxy,

- hexyl oxy, -heptyloxy, -octyloxy, -nonyloxy or -decytoxy. Preferably al koxy is
Cl - C4- al ko¥¥aj hAlok@mblcheaageﬂﬂﬁeﬂrar@rewbrdﬁa@msxﬁtsf:alxgxhtordhamdhed)mptyl
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br anched- pent enyl , -hexenyl -heptenyl -octenyl -nonenyl or -decenyl.
Preferred al kenyl is CA- al ken Cycloal as used herein denotes

C3- G o- cycréaylkw uwé\heffgn écn% Q- gwegy cﬁﬁ%ﬁ?lﬁaéﬁ% Al AN 58, %2 g
CyCl opr OpYkyb sk PBHENkace 9}4@%@95@& ¥red U EIND, d QK AEAIRDRNTo, kao%(/d oheptyl,

any of which can be substit one, nor e Caal kyl' groups,
partlcularhﬁogﬂnﬁyk>CgmmupgCOPbemepabeﬁﬁeM&hoﬁhk@ﬁﬂﬂs C3- C6- cycl oal kyl .
"Benzocycl oal kyl " as used herein denotes cycloal kyl, e.g., one of the
C3-d o-cycl oal kyl groups nentioned herei nbefore, attached at two adj acent
carbon at of‘rﬁll{o@cy’a abenddresin dangres sBaighedail yr, brastizdejiokpah&yayibs, e.g., Ci-Cio-

b Cs | oal lly, b clohexyl | (tetiahyd t hyl
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one of the G -G o-al gr oups ne tlﬁned herei nbetore, particularly one of the
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ment i.oned her ei nbef ore. Preferably cycl oal kyl al kyl is
C3- Cé cycl oal kyl - Cr Co-al kyl . "Aral kyl " as used herein denotes stralght chain or
br anched - &slkeny” ap preddieram éexwrwlrra@rhachmyr pranchedplkengl avhigh mpebgiegy G:-al kyl
groups nen r I 2 668
PCT/ EP2004/€{ 103%’ g%‘[‘&l Mf@% P O;;’@w El“,’l“?,re uber fe?tﬂl gsggﬁtmlh%%f?[a%z E xyl yl
or naphr hybranfiresf penegnlyl; -hexenyl kw:ptrzgyl ph@nxll n@her@éoafdcyqny p%rlffer!@dlabkt’-lny ibenzyl or
2-phenyl et A yk) H¥§§@rocycllc as used herein denotes a nonoval ent heterocyclic
group havi ng up

“Cycloalky!l™ as used herein denotes Cs-Cyo-cycloalkyl having 3- to 8-ring carbon atoms and
may be, e.g., cyclopropyl, cycloburtyl, cyclopentyl, cyclohexyl, cycloheptyl or cyclohepryl,

any of which can be substxtuted by one, two or more C1 C4a1kyl groups, pamcularly methyi

Hg'roups Preferab]y, cycloalkyl is Cs s—cycloalkyl

“Benzocycloalkyl” as used herein denotes cycloalkyl, e.g., one of the C3-Cio-cycloalkyl

( groups mentioned hereinbefore, attached at two adjacent carbon atoms to a benzene ring.
Preferably, benzocycloalkyl is benzo-Cs-Cecycloalkyl, especially, benzocyclohexyl
{tetrahydronaphthyl}. '

“Cycloalkylalkyl” as used herein denotes Cs-Cio-cycloalkyl-Ci-Cio-alkyl, where the C3-Cio-
cycloalkyl group has 3- to 8-ring carbon atoms and may be, e.g., one of the C;-Cyp-alkyl
groups mentioned hereinbefore, particularly one of the Cy-Cq-alkyl groups, substituted by
one of the C3-Cio-cycloalkyl groups mentioned hereinbefore. Preferably cycloalkylalkyl is
C3-Ce-cycloalkyl-Ci-Cs-alkyl.

“Aralkyl” as used herein denotes straight-chain or branched-Cs-Cyo-aryi-Ci-Cyo-alkyl and

may be, e.g., one of the C;-Cyo-alkyl groups mentioned hereinbefore, particularly one of the



carbon atons and one, two, three or four heteroatons sel ected fromnitrogen,
oxygen and sulfur, the group optionally having an al kyl, al kyl carbonyl , -
hydr oxyal kyl , al koxyal kyl or aral kyl group attached to a r}J carbon_or

ni t rogen atWHZS?fH("‘Bé'ISng linked to the remainder of the nn'f(lé'@gf;'é’"f’ﬂ?"dﬂ’gh a ring
carbon atom and may be, e.g., a-group, "preferably a nonocyclic group, with
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i mdazolyl, pyrimdinyl, piperazinyl, oxazolyl, isoxazolyl, thiazolyl,
nmor phol i nyl or thionorpholinyl. Preferably, heterocyclic is a nonocyclic group

having 5-«QLref5.hdiNg 2840 RAH d@fte ] moWByAMd: hOQRR YAl Bup h¥in®BS tHi2br ogen atom
and one oxygen atom in the ring and optionally substituted on a ring
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“Heteroaralkyl™ as used herein denotes straight-chain or branched heteroaralkyl, e.g. one of

the C;-Cio-alkyl groups mentioned hereinbefore, substituted by one or more heterocyclic

groups.

“Haloalkyl” as used herein denotes straight-chain or branched-alkyl, e.g., Ci-Cio-alkyl, such
as one of the C;-Cyo-alkyl 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 aroms.

“Substituted silyl group” as used herein denotes is preferably a silyl group substituted with

at least one alkyl group as herein defined.

Throughout this specification and in the claims thart 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.



(i) 8-hydroxy-(lIH)-quinolin-2-one with an acylating agent and a Lews acid to
form S-acetyl-8-hydroxy-(1H)-quinolin-2-one; or (ii)

8- hydroxy- (1H) - qui nolin-2-one with an acylating agent to fo y-(1H)-
qui nol i n- 2- gReudbghety eating, in-situ, the 8-acetoxy-(IH)- mﬁﬁ'ﬂﬁ&%%ne wlth a

Lewis acid to form5-acetyl-8- hydroxy (’1MqU| nolin-2-one; or | (iii)

8- t -(1H) - I th L dto.f S: d - (1
1) “qui nol | HOA BAE TBTot BaBEreRg IR L BIEER ¢ BRI (TR ORI 2. one

prepar ed i niSh ARnddn) 2 Yalhind- 1-ERiTBAuaty Maviydeosiyhe Hirqomolifoml2-bie ahg presence of
a base and a solvent to form5- acetyl-8-substiruted oxy-(ZH)-quinolin-2-one,

wherei n R i*8M&TiPFGt ecting group and L is a | eaving group; (c) reacting the
S-acetyl -8-substituted oxy-(1H)-quinolin-2-one with a hal ogenating agent in
the presence of a solvent to forma 5-(a-hal oaceryl) 8-substituted oxy-(1H)-
qui nol i n- 2{@ne; r¢af¥ingeacti ng an 5- (a- hal oacetyl )-8-substituted
oxy-(IH)y-quinolin-2-one with a reducing agent in the presence of a chiral
catalyst to form 8-(substituted oxy)-S-((R) -2-halo-1- hydroxy-ethyl)-(lI

M qui nol i n- 2- onéi) S(Mratxye(du‘ﬂﬂgixtdﬁe-%er(eswuibksam eeptlazthg agent and a Lewis acid to form
oxy)-5-((R)-2-h drox- yl)-(l1H)-quinolin-2-one wth a base in the
presence of a s?ﬁf@ﬂ’ c¥df°8¥’#$w'ﬁg{'i‘8é?'ilj%ciﬁ%é%r oxy)-S-(R)-oxiranyl - (1

H) - qui nol i n-2-one; (f) reacting the 8-substituted

oxy-5-(R)-oxiranyl-(1H) - quj oI|n2 ne hayi ng For.mul a V\02004/087

PCT/ EP2004/ 0034 EYQ)OXHK%% ~quipglyn- ARTRL T Ry, f’-&?nég@”& BaARAPY- an to

forma reacti on qinkliHi2€ome) Bt dirBiiHg, ROMRORBSacetoxy-(1H)-quinolin-2-one with a Lewis

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

(i) 8-acetoxy-{1H)-quinolin-2-one with a Lewis acid to form S-aceryl-8-hydroxy-
{1H)-quinolin-2-one;

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

is a leaving group;

{c) reacting the S-aceryl-8-substituted oxy-(1H)-quinolin-2-one with a halogenating
agent in the presence of a solvent to form a 5-(e-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 2 chiral catalysr to form 8-(subsrituted oxy)-5-({R)-2-halo-1-

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

{1H)-quinolin-2-one;

(f) reacting the 8-substituted oxy-5-(R)- oxu'any {1H)-quinolin-2-one having Formula (1)



havi ng Formulae (I11), (Il1l) and (IV) O HNH OHO OHNFINRO RHON (I11)
OHOHOH (M HNO- -N HO R wherein Ris a protecting group; (g) treating
the reacti i e.prepared in Step (f) with an acid in of a

sol vent toqp8%’r§<429lég(bﬁ?r esponding salt; (h) isolating and crptycs aﬁpﬁéﬁﬁgﬁa salt
having Formula (V) O HNRI ~/ M NH= OH wherein Ris a protecting group-
and A- is an anion; WD 21104/087668 PCT/ EP2004/003479 7 (i) renoving the
protecting group fromthe salt having Forolrml a (V) in the presence of a solvent
to forma salt having Formula (VI): '

()

il
“0

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

having Formulae (I}, and (IV

1), (15 (IV)
o _
gi\
R [ § S my
Sy )
: H S
OH
o
&A/b
H N
O OH

O

V)

o
HN
R/O
HN

o
R/
(Hy
OH

wherein R is a protecting group;

(g 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)

o)
HN |
o}
rR” ™)
N A-
N
OH

wherein R is a protecting group and A" is an aniom;



HN HO/ (M) NH2 A OH wherein A- is an anion; and (j) treating the salt
having Formula (VI) with an acid in the presence of a solvent to form

5-[(R) - 2- (5, 6-di et hyl -i ndan- 2-yl am no) - 1- hydr oxy- et hyl ) - 8- hydr oxy- ( ZH) -
qui nol i n- 2- owe wad/s7h@vi ng Formula (VI1) O HN HO (Vi) X'P%Tﬁlﬂ%‘}{ﬁg-"lo%er ein X-
is an anion. The 8-hydroxy-(1H)-quinolin?2-one has Formula (VII1) HN HO
(VI'l1l) The S-acetyl -8-hydroxy-(IH)-quinolin-2-one has Fornmula (1 X) 0 _HN HO ~
(1X) ~cH3 (@ woromesrgs t9SEing EIOPP OO U470 haunpf erria Y kin thepresense #f ing

agent is acetic @nRYdifdan AlaRESLNE F6Hh QL (. Preferably, the acylating agent
is present in an anount of from about | nolar equivalents to about 1.5 nolar

equi val ents, nore preferably abogt 1.05 nolar equivalents, based on the
HN |
Ho B vy |
= , NH," A
OH '

wherein A" is an anion; and
{1 treating the salt having Formula (VI) with an acid in the presence of a solvent to

form 3-[{R}-2-(5,6-diethyl-indan-2-ylamino)-1-hydroxy-ethyl]-8-hydroxy-(1 H)-

( quinolin-2-one salt having Formula (VII

)
o)
HN |
HO (Vi)
. . X
<" NH,
H

wherein X- is an anion.

Qin

The 8-hydroxy-(I H)-quinolin-2-one has Formula (VIII)
O

HN
HO (vir)

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

HN

HO
(X)

CH



nol ar equi val ents of 8-hydroxy-(1H)-quinolin-2-one. The Lewis acid is
preferably selected fromboron trifluoride (BF3), alumniumchloride (Ad3),
and titani t oride (TiCla). Mire preferably, the b iy A
aluniniun1u§k¥@§¥@§a%A conbi nation of Lgw s acids may a|séﬁ%%§%§géﬂm#ﬁ% Lew s
acid is present in an anount of greater than 2 nolar equival ents, based on the
nol ar equi val ents_of 8-hydroxy-(1H)-quipo]in-2-aone or, nol ar equival ents of

8- acet oxyEreferahv.jir ADTlITIERESHES 2esPE R YEIAS or pFREYISBIA Y aci d is present in an
anount of about 3 nolar equivalents to about S nolar equivalents, nore
preferably fromabout 3.2 nolar equivalents taq about 4 nolar equivalents. In
one enbodtsetmbinithe RVl tBABERIh Presiig pih AR FMPENISATRR RRAY L I PlRE et ¥ 8 BRBECOf a
sol vent . %H&ut@%gﬁ'ﬁ egﬂpﬁgxﬁtmﬁe%‘efgﬂﬁi | BYENT b9 Mol RivhRhesl Base@nRGluGLed in the
absence of a solvent and 1n the preseﬂbe of an ionic conmpound. The ionic
conpound mislaanqiienlemns bf §ihydroxy-(4H)-ghioalin-deonehal i de. Preferably a solvent is
used in Step (a). The solvent is preferably a solvent conpatible with

Friedel -Craft conditions. Such solvents are well-known to those skilled in the
art and I1Thd bstisided neprlefersihe eddcendi fdem bbrdh wifloptidn B, elsmoniudeshletidor obenzene,

o-di chl or ene,. / . aliphati. .t 2hydr ocar bons 9., 1sooct ane, heptane
and conbﬂ%gﬁﬂéﬁggfﬁﬁ?ﬂafqgﬁgkﬁﬁﬁﬁﬁéﬁﬁo ‘3?p§§?3§ﬁt§mﬁﬁ§”%f%o” TR A

pref err edhsstidee™ cérabinieén bILeSHERidAhaV 8ls®be dicehl or obenzene. Step (a) may be
conducted in the absence of a solvent and in the presence of an ionic conpound

selected froman al kaline halide and an ionic liquid. The alkaline halide is

pr ef er ablyhesiehae t &M if 5reBnd iU &I OF B8 rer SIRGI Lol @Fhitiglends, BRedBL Gk or i de and
lithium brom de. Mre referabl&, the alkaline halide is sodlun1chlor|de.‘§

conbi nat iTelapequirias phehrigioxedsayinaliné-ope onsar oppvalsou/of §rsewrxy- :
PCT{ Epzoqgﬂizgﬁf})?o%n:ﬁo é?%ﬁfeldb%“ It}QESL@\I;i? 2B n}ﬁgge F |28 YR PBbdr & flo¥arC hf’” ged
cation an negati vel y-charged anfon. Gerera é’ any nolten salt or mxture
of ol t ereqeivatestsite abonsi detadguinalentsi mote prefietably Boinabopi Jdimisiat sprivaledry have
essentiaklgb?&uyggg %qgﬁgﬁﬁgye, good heat transfer characteristics, are stable
over a wide enperé?ure range and are capable of dissolving a wi de range of

mat eri al

In one embodiment of the invention, Step (a) is conducted in the presence of a solvent. In
another embodiment of the invention, Step (a) is conducted in the absence of a solvent and
in the presence of an ionic compound. The ionic compound is an ionic liquid or an alkaline

halide.

Preferably a solvent is used in Step (a). The solvent is preferably a solvent compatibie with
Friedel-Craft conditions. Such solvents are well-known to those skilled in the art and

inciude methylenechloride, 1,2-ethylene dichloride, chlorobenzene, o-dichlorobenzene, )
aliphatic C¢.Cizhydrocarbons, e.g., isooctane, heptane and combinations thereof. A

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 hatide and ar 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.



in high concentrations. As used herein, "essentially no vapour pressure" neans
that the ionic liquid exhibits a vapour pressure of |ess than about 1 nm Hg at
25 C, preferably less than about 0.1 nmHg at 25 C. Wth respect to the type
of “i onic |iqgwdajooavosicee variety of possibilities exist. HowsVEEP200fen34pr ef erred
ionic liquids are liquid at relatively |ow tenperatures. Preferably, the ionic
liquid has a nelting point of less than 250 C, nore preferably |ess than 100
C. Most pred@rabhiys aretdi@racRei&d Mﬂgbﬁrm@sc@rg@c&ﬂa@awa REgatibell @Bsrglehanis30 C and
is aliquid at roomtenperature. referably, the ioni¢c I1quid has_a viscosity
of |ess thQ?HSGGY@éWtfP?JEﬁ“s*é“(D&P)i?,ff”ﬁ%?%mﬁll‘%‘fSékab‘lcwﬂd?féi%n {opRl dPic and nost

pref erabl yngﬁ% efaMy HA0 £Eon ARy EVEFST Rl R8d Great s RAERABIBIRSE M el N the
ionic liquid can'be a single species or a plurality of different species. Both
of these esisbliavent vide empatacyrd ezhgeanpereesrbrlie efidisipivies s vidtrangt sfemaprsial f i ed,
by the use.of. [ rAXR Lan.. Len', T LQDns the, iqnic liquid
i ncl ude ofngglﬁ}' Eggﬁgggﬁ%rrﬁgani cgggﬁcghsésg@%rﬁgp%ga%& %g%s%ug%smlg%%l tu%‘élhguat ernary
ni t r ogen- cantialiqiidgxhibas i emsur prosphohiessthemtband mmdHg at 1M umefeadlilpiess The
guat ernary _ni trogen-contai ni ng,cations are not particularly limted and enbrace
cyclic, afhaﬁ’haak’toﬁﬁ&én%mﬁ%ﬂ‘a?‘?c&quat ernary nitrogen-containing cations.
Preferably, the quaternary nitrogen-containing cation is an n-alkyl

pyridinium_.a dialkyl imdazqgliumor an alkyl- amoniumof the formula R 4.x
NHx, wher o i resech osths Typech] AMIRIGRIS. 7 Hiskyy HH@rﬂe}IPys%Hﬁ?SWl“- PEEPSERF ng 1- 18

carbon at opffertdd ibﬁicb@_lllgid@\é%jlicsd?@h MDSY AR kRpersidlds OMSerGaRy PiheVade lihel | ower
nelting tenperatures. The phqoSphonium cations are not particularly limted and

enbrace cybis emeliingeiticd lanehaarsfats BoprRisisrihY i 1arlBASC. Plest srelpmahly. t he
phosg—hom UPRe i6Ak190R HaRG! HEBnd BOREOOEsstkhe: j@‘ﬂ%@isg'lﬂkﬁd ﬁ%ommﬁgsfa@ueé. I's 0-3,
and each R' is an-alkyl or aryl group, such as an alkyl cg)roup havi nagul- 18
car bon at oResfesebla, thadenis ligrid hps 2 Tiseosity of feomtham’ 8@ censipsisaid) rroereppaeferabls ar | y
limted an vyl i i i i ations.
Pr of er abl v/ =% Rar S £ oo BriBaBly 16 30 RATEM ferg bR AR 7% s
wherein xis 0-2 and each R'"" is an alkyl or aryl group, such as an al kyl group
having 1- carbon_atons,or a phenyl group. Preferred,cations..nclude
L eyl pyr TR R PG 000 (PRt bR U0 BRS850" 2 0 R IRt m dazol | um
1- et hyl - 3- spetisy | Bochdd zldse eibodimetits\alre Breamdtdyd beémimracdd, unless otherwise specified,

by the use of the singular expression "cation". The cations of the ionic liguid include

organic and inorganic cations. Examples of cations include quaternary nitrogen-containing

carions, phosphonium cations and sulfonium cations.

The quaternary nitrogen-containing cations are not particularly limited and embrace cyclic,
aliphatic and aromatic quaternary nitrogen-containing cations. Preferably, the quaternary
( nitrogen-containing cation is an n-alkyl pyridinium, a dialkyl imidazolium or an alkyi-
ammonium of the formula R'«.x NHx, wherein x is 0-3 and each R’ is independently an alkyl
group having 1-18 carbon atoms. It is believed that unsymmetrical cations can provide for
lower melting temperatures. The phosphonium cations are not particularly limited and
embrace cyclic, aliphatic and aromaric phosphonium cations. Preferably, the phosphonium
cations include chose of the formula R"4x 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 aromaric
sulfonium cations. Preferably, the sulfonium cations include those of the formula R'"'3x
SHs;, 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,



phosphoni um and N-butyl pyridinium The anion used in the ionic liquid is not
particularly limted and includes organic and inorganic anions. Cenerally the
anion is derived froman acid, especially a Lewis acid. Thlg

| . jon
typical |y mBCA"HYE ?¥es as descri bed in gore detail bel ow, %Tdﬁ(;iﬁ)%’;"%h%sphor us
fluorides, alkylsulfonates including fldorinated al kyl sul fonates, such as ;
nonaf | uor obut ane- sul fopate; and_carbpoxylic acid anions, such, as. .

trifl uoroa@aoaf%maﬁaé%@ ey ilﬁg‘wg-ém%f Bupazolpme 1a‘?ﬂ‘ﬂr§'f“§‘*t¥:d€‘ﬁ%za{il‘-‘gﬁ’d -, Br-,
NO2-,  NCBphosph&ibim an@F&-burPhficiGac00- , CF3SCB-,  (CF3SM2) 2N, OAc, uCl3

GaBr4-, GaC a- and SbFs . Exanples of ionic liquids include, but are not
limted to, imdazoliumsalts, pyridiumsalts, ammoniumsalts, phosphonium

salts and i - r LM ok | la (X) R
LN A o e e e o ¢ he

group consosganirnadnsa @ineGilly-the 2phais derigedirpm amtid egrecigig 2 dewiedid. dghoup; and

A- is an Lon rre nni ts.have : i R e~ N, R (XI)

|4 A- R wherel ar{e%@éa?lﬁ,m%%e%mg%*be?ﬁd%’ﬁéengg%w %/l,g“slé%r)é)gtoerg’hp gr:{%lﬁ?rfl he group

consi sti nfu@ides, dlkyl@BRonates pivhtding flgsrinapedaiklyl aulCamatdss swh esabhdigrobpanend A- is

3[‘033' ggh%ﬁ?@ﬁ%%ﬁ é/agl["%%lif:ggigragg A" Ros F G roro BRI b tahuodShuteh St oM the
The anion is preferably Cl-, Br-, NO2-, NOs-, AICli-, BF+, PF¢, CF;COO-, CF3S0s:-,

(CF380,):N-, OAc, CuCls~, GaBrs, GaCle- and ShFq-.

Examples of ionic liquids include, but are not limited to, imidazolium salts, pyridium salts, )
ammonium salts, phosphonium salts and sulphonium salts. Preferred imidazolium salts have
Formula (X}

(ﬁ_ (X}

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

A-is an anion.

Preferred ammonium salts have Formula (XI)

R
RS \ . RS
N (X)
A

L

R
wherein
R3, R% RS and RS are, independently, selected from the group consisting of a C1-Cys-aliphatic
group and a Cs-Crg-aromatic group; and

A-is an anion.

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

propyl and butyl.



WD 2004/ 087668 PCT/ EP2014/ 003479 11 Preferred phosphonium salts have Fornmul a
(XI)y RIO R- \r R (XIl) RB Awherein R, Rs, RO and R10 are,

i ndependently, selected fromthe group consisting of a G -C s- aliphatic group
and a CA4- O sY& ¥Ht§7€5%r oup; and A- is an anion. Preferabl FCTER20RE34LY and R10
are, independently, selected fromthe grbup consisting of ethyl and butyl.
Preferred pyridiniumsalts have Fornmula (XIl11) (X111) N A R11 wherein RI1 is
sel ected fromthe group-consisting of aCl=C saliphatic group and a

C4-d sarongti.c rooup; and A- i s an_ani Preferably R' is ethyl or buryl.
Specific gg’é%F spl't?fs&?%]ﬁ'i”@ Sp)itsqkﬁﬂvﬁgofrﬁ@figgg? but are not linited to,

1- butyl -3-net hyl i m dazol - i um hexaf*uor ophosphate, 1-hexyl-3-nmethylim dazolium
hexaf | uor ophosphate, 1-ocry-3- rR?t\h LiRYi dazol i um hexaf | uor ophosphat e,

1- decyl - 3- et hyl i mi dazol i um hexaf | u%r o- phosphat®)

1- dodecyl - 3- net hyl i m dazol i um hexaf pbuor dphosphat e, 1-et hyl - 3- et hyl i ni dazol -
iumbis((trifl uoronethyl)sul phonyl)-imdate, 1-hexyl-3-nethylimdazolium

bi s((trifl u@eemn net hyl ) sul phonyl )am de, 1-hexyl pyridiniumterrafluoroborate,

l-octyl pyridiniumtetra- fluoroborate, 1-buryl-3-nethylimdazolium
tetrafl uprgg&“aﬁé;mfi- \GahyndeRS AR HlegessdTamme & AYRFITSLING 0kt hryf-18- but I
i m dazol i ugn ket S ank-IT€L-0Y= 3okt brol fazol i um chl ori de,

A-is an anion.

Preferably, R7, R®, R? and R0 are, independently, selected from the group consisting of ethyl
( ' and butyl.

Preferred pyridinium salts have Formula (XIII)

AN

- (X

wherein
- -RMis selected from the group consisting of a-Ci-Cisaliphatic group and a' C+-Crsaromatic’
group; and

A-is an anion.
Preferably R is ethyl or buryl.

Specific examples of ionic liguids include, but are not limited to, 1-butyl-3-methylimidazol-
ium hexafluorophosphate, 1-hexyl-3-methylimidazolium hexafluorophosphate, 1-ocry-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-buty! 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



met hy- 3-butyl im dazolium brom de, 1-nethy-3-propyl imdazoliumchloride,
-net hy-3- hexyl im dazoliumchloride, 1-neshy-3-ocryl imdazoliumchloride,
-meth

y- 3- 04/ 087668 PCT/ EP2004/ 003179 12 imd J de,
g@gﬁz )W) Y}Qﬁ%ﬁ% . aIzCOIL/iE EM!HQSJ

net hy- 3- dazol i um chl ori de, ,.,l- net hy- 3- hexadecyl azo
chI oride, 1-net hy 3-octadecyl imdazoliumchloride, 1-nethy- 3 oct adecyl

i m dazol i um chl ori yri rom de, i,ni um chl ori de,

et hyl ene ‘”BQ??O&PHE%‘E‘? b‘f%?dﬂ’f‘g Cg’td lfé'ﬁg W‘PFH?M?’U‘%/&FE%FBS rhgsadsg yl

pyridini umlamo%mﬂﬂ@mt hane- 3. d&yidle@l}l nhwmdmru@nudend?merﬁamedod:m@] liquids are
1-et hyl - 3rret - ollurntrlfluoroa atgle, Hb g;irreth - |mdazoI|um
trifl uoro!aeé% igm cf Cﬁw 3L REtARIE D RPN o P i rﬂm dlene_ pytyl -

net hyl - i %ﬂmﬁﬁhhbmbhﬁeﬁaé | & an lan@&rﬁ dichidey barr PRI Lm M S0l i d1Pnzy]

hexaf | uoro hosphat e 1- hexyl -'3- met hy-i m dazol i um’hexaf | uor ophosphat e,
1- butyl - Ihymbfpmléf-‘azol i um hexaf | uor ophosphat e, 1-butyl-3-nethyl-im dazolium

tetrafl uoisrgﬁag{?at,gmcﬁ SH0Mc 30 0B I ROl B AT SO0 S

1-octyl I-|m azol 1 um
trifl uor asudiéz@hamerrlﬂmemtgﬁhsesl-rtétthmethyidazdmzoiummtmﬂtﬁdrumcreoscl,l Jf-bmat!é -

but yl - 3- net zol trif ul fonate .

L eyl - SR R A opb PR 88y bee s ofiaealium feafivoro-

pr of el abl g LG LoN Cr L Gur T |5 Se|ec ﬁ*ﬁﬁ??ﬁh?@’é‘?ﬁ“mw‘ﬁeﬁhﬂ'?nf"“ S0l um

trifluor dﬁ%@%zsﬁa%@‘ex fuRiephesEhae %%FW SRR tﬁéar}ﬁwfgbom ethyl-

1- ocryl - B-ARtMyimidabslaze kdrrafuofoedct, UICH& tmﬁaﬁﬂﬁﬂ-&nﬂﬁﬂahum bromide, l-e,rh yl-3- 7

1- hexyl - 3- rret hyI -| m dazolfjlum h? af | uoropEosphat e. conbi ﬁatl o | oni c J
rm

li qui ds rESFhYErEmdpeliver riflygreaudioasteot-bpw) ?ﬁn%ﬂﬁmgh%dn (e é‘é’i"d%l'rray f

reacti ve Hue \;aua %t}@u-lm\&&mp%m}&aﬁetheﬁﬁelfaméqraﬁﬂea ﬁheﬁ,ty; BhidazdMGEW. Chem
I nt. 3772-3789 (2000)). Prefera he wei ght ratio of

Lewi s acﬁ& perqnamhw&léfamm keth Vb%nn%wmlﬁezq umabtgdtnfbxqomeqhegwéfppvla y. More
prefer ablz}ﬁ’lda&?eM#LEz%fagbl etWe?orﬁz?h 95 deRBE £ ?ﬁ?%ﬂ'@ﬁj B'Q?tgipxg} a‘ng'llﬂm'l?’ to about

1, respective tenperature u In Step prefe rom about 0 C
to about tmﬁ®0!©sullfmaee, lppwhle? amlt}whnttd@dlembhmd@r bopts'l Bmmh)dboudazmﬁuﬁ to about

120 G and, imed: oRE&HEERRNY 11 QY 3 AR -idhRiafoihn BRAMLoADRophate. A

combination of ionic liquids may also be used.

Mixtures of ionic compounds and Lewis acids may form reactive liquids at low temperature
(see Wasserscheid et al., Angew. Chem. Int. Ed., Vol. 39, pp. 3772-3789 (2000)).

Preferably, the weight ratio of Lewis acid to ionic compound is from about 10 to about 0.1,
respectively. More preferably, the ratio of Lewis acid to jonic compound is from abour 3 to

about 1, respectively.

The temperature used in Step (a) is preferably from about 0 °C to about 160 °C. More
preferably, the temperature is from about 10 °C to about 120 °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 alsc be
present with 7-acetyl-8-hydroxy-{1H)-quinolin-2-one having Formula (XIV)



The 5-acetyl -8-hydroxy-(1l)-quinolin-2-one product prepared in Step (a) may

al so be present with 7-acetyl -8-hydroxy-(1H)-qui nolin-2-one having Fornul a
(XI'V) WD 2004/ 087668 PCT/ EP2004/ 003479 13 O HN HO (XIV) O CH3 The

5-aceryl - 8- hwdoexuywdshdds- qui nol i n- 2-one nmay be recovered frorctrirezmaaciizon

m xture and purified by any of the variads techni ques known to the art, such
as by crystallization or formng a slurry in a solvent. A preferred sol vent
for formng a slurry is acetic acid. In the second step, Step (b), the

5-acetyl - 8- hydroxy-(11)-quinolin-2-one that is prepared in Step (a) is reacted
wi th a conpound having the Fornmula RL in-the presence of a base and a solvent
to form 5-aceryl -8-substituted oxy- (1M -quinolin-2-one, wherein Ris a
protecting group and L is a |eaying group ‘The 5-acetyl -8-substituted

oxy- (I H) - qui nol i n-2-one has For nil % HN RHO (XV) CH3 (\ O wherein R
is a protecting group. \Were refereng made herdvn to protected functiona
groups or to protecting groups,nthe ip ecting groups may be chosen in
accordance with the nature of theyfunctional group, for exanple as described
in Protective Goups in Oganic nthesis, T.W Geene and PP.GM Wits, John
Wley Sc Sons Inc, Third Edition, “M999, which reference al so descri bes
procedures _suitable for replacenment of the protecting groups by hydrogen.

ent. p ydr og
Preferred ﬂ-rhét-se%?\?ﬁ’hé‘l'g'ﬁi&ﬁ)’s(Iéf)élum?éﬁél‘onﬁrf&ye'%@c jepRyeERdoPra theieatiiC/MBINEEWN t o

those skillgd purified by any of the various techniques known to the art, such as by crystallization or

forming a s]urfy in a solvent. A preferred solvent for forming a slurry is acetic acid.

(ﬂ- In the second step, Step (b}, the S-acetyl-8-hydroxy-(1H}-quinolin-2-one that is prepared in
Step (a) is reacted with a compound having the Formula RL in the presence of a base and a
solvent to form S-aceryl-8-substituted oxy-(1H)-quinolin-2-one, wherein R is a protecting

group and L is a leaving group.

The S-acetyl-8-substituted oxy-(1H)-quinolin-2-one has Formula (XV)

(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.

Wuts, John Wiley & Sons Inc, Third Edition, 1992, 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



inthe art. Mre preferably, the protecting group is selected from al kyl,
al kenyl, aryl, (cycloal kyl)al kyl, arylal kyl, cycloal kyl and a substituted

silyl group,.The or aryl group WO 2004/ 087668 PCT/ EP 4/ C .79 14 7
has from 1- y@%ﬁ?@oﬁwatons, nore prefergply 6-12 carbon at%?r’g/.gpﬁl{?g?@{l &tituted

silyl group is preferably substituted wth at | east one al kyl group. Mbst
preferably, the tectin group is benzyl_ or t-butyldinmethylsilyl.
br of or abl 135 B TOHGTRAR SHeros, APTE REF78E et 1 REDI28f5a) b
substi t ut egh Iikpﬂeferaaﬂyisdssm@tu@bviaﬁa;aem&ﬂkym%e@zwp.hpi@m;defmrm,t hyd peditasigde,

benzyl chl ori de and Eenzgibronide., Pref erred bases include sodiun1ethOX|de,
sodi um hy 8FPi 8 BenZy 0Pk t@ﬁf‘ﬁ?ﬁﬂé‘ﬁide, pot assi um phosphat e, potassi um

car bonat e, potassi um hydrogencar bonate, caesium carbonate, pyridine and
trial kyl am nes such as triethylamne, tributhylam ne and N, N

di i sopr op¥reéerablly athie sempauebhanirgthiedarmofla Bdsesn aiy! halils dpeubssicered Rllefler r ed bases
are potaggsi r.OX| I C . an i onat e.
Vost pr ol R R A IV QAR T,
(b) is prefedsredal hasssahdateshdivmrrianxidel kodivrahedakale, pogssiufChy@ioxiadekyl acet at es,

such as etﬁyl,ace%at , 1s0 r0§¥l cetate and bH%é] ace%gte' | ower al kyl

al cohol s, PRagsium @hoggiiate, pRLassiosp SAFRANATE, RIAHRIN NKHPRHHBILOMAtEn A pr opanol |
but anol aegtbpgdé,aeldinetindRtiBdytanfiféssae seriethyRinkidt, HiBldRRMin@afd N, B et one and
met hyl isgburyl ketqne; acetonitrile; heteroqyc es, .such as. tetrahydrofuran,;
di al kyl efihapEopyietiylamye; g‘oiﬂrgwfm%mfehafeszn%% 5ty Preterrefbpasgharddi et hyl ene
Sther; A0HGAURS Al ARIE, pSUGhd Salithek ank BOlaCsibinilfiren ARt hl. UbRA! ed

sol vents, such as’ met hyl enechl oride. A conbi nation of solvents may also be -
used. A ppeffembbd thobugns N di-diopropyleBivdpnipb) is an acetone/water mixture. A)
preferred volune ratio of acetone to water is from 10:90 to 90: 10,
respectively. More preferably, the volune ratio of acetone to water is from

20: 80 to '8Rs &dvent as&egtélia)\&ebbeferh@ls;*tseieﬁaf goabinyalk{l Reeti@] 1B 0 @dalk ac@hredcet one

to water is abouyt 75: .| The tenperature used in ep.(h) .is preferably from
about 20 StEhtd UBbHEITE leeprwﬂécifﬁféfaéi@ww%@ P&’ﬁ’béslﬁ‘éltﬂ?‘g’ql%cﬁho@ﬂ-%out 30 C

to about B0y ook stERsts dtei Rl athahol (PHpandBUtanelakd %&:ﬂ&ﬁ}ﬂim@a;}lﬁ The
5-acetyl -8-substituted oxy-(1H)-quinolin-2-one is preferably
5- acet y| - Brmemide; gialkyl kpopes, e.g., acetone and methyl isoburyl ketone; acetonitrile;

heterocycles, such as tetrahydrofuran; dialkyl ethers, e.g., diisopropyl ether, 2-methoxyethyl

ether and diethylene ether; aqueous solvents, such as warter; 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 an acetone/water mixture. A preferred volume ratio

of acetone to water is from 10:90 to 90:10, respectively. More preferably, the volume ratio

of acetone to water is from 20:80 to 80:20, respecrively. Most preferably, the volume ratio )

of acetone to water is about 75:25.

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-aceryl-8-substituted oxy-{1 H)}-quinolin-2-one is preferably $-acetyl-8-benzyloxy-{1H)-

quinolin-2-one.

Optionally, the 5-acetyl-8-substitutec oxy-(1H)-quinolin-2-one product may be purified by

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



qui nolin-2-one. Optionally, the 5-acetyl-8-substituted oxy-(IH)-quinolin-2-one
product may be purified by any of the various techniques known to the art,
such as by crystallization. W 2004/087668 PCT/EP2 0114 /00 3 4 7 9 15 1In the
third step, Qiemo(a3wed he 5-acetyl -8-substituted oxy-(11-1)p@uErbi/ms2mone t hat
is prepared in Step (b) is reacted withim hal ogenating agent in the presence
of a solvent to form 5-(a- haloaceryl) 8- substituted oxy- (I M qui nol i n-2-one.
The 5-(a-hal t?\frﬁls}epgSt;%(Ht?cﬁt {He W £ 28 ¥ bskitardd 09 gﬂnghrpﬁ'-%ng'%?at Formula (XvI)
0 HN RllO I rein % is a protec |ng roup; and X is a hal ogen.
The hal ogematriane ia btrwetmsechwyh @oMPEarAling RESTTID trraRTesACOM CWHSBE FRIfPrithat
provi de a al o oY Sit r ggenati ng agents |nclude sodi um
bromat e anéqaﬂvgg%ggag?%hg%ﬁ (Pﬁvgaﬁh%ULﬁﬂB?§%52u00|nlnlde

N- chl or osucci ni m de, i odi ne, chlorlne sul furyl chlori de,

benzyl tri hyI ni ungi chl or oi odat e, hl ori d ihium tribi &

de, tetramﬁl Sz PRFRVE - BPSTURE © d&f’ﬁé‘gg‘ﬁ‘ T o, haﬁ?ﬂf%@ g:y?)c acid and an
oxi dating agent, such as oxone, hydrogen peroxi de and nonoperoxyphthalic aci d.
A conbi nation of hal ogenati ng agents y al so be used. Most preferably, the
hal ogenating ( agent is benzyltrln% amoni undi chl oroi odate. It is within the
scope of the invention to use sul hl oride with nmethanol. The sol vent
used in Step (c) is preferablycsel egfed froman acid, e.g., carboxylic acids,

such as acetic acid, trifl uRfoack daci d and prOBPGhIC acid; an al kyl
acetate, e.g., C -Cc-alkyl aceta such as ethyl acetate, isopropyl acetate
and butyl acetate; dinethylformamde;

afohaty c hydrocarbons, such as toluene
and benzene; acetonitrile; heterocycles,{/such as

wherein
R is a protecting group; and

X is a halogen.

The halogenating agent may be any compound or combination of compounds that provide a
halogen atom in situ. Preferred halogenating agents include sodium bromate and
hydrobromic acid, bromine, N-bromosuccinimide, N-chlorosuccinimide, iodine, chlorine,
sulfuryl chloride, benzylrrimethylammoniumdichloroiodate, copper chloride, pyridinium
" tribromide, Tetraalkylammonium tribromide, iodine chioride, hydrochioric 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 acetare, e.g., C,-Ce-alkyl
acetates, such as ethyl acetare, isopropyl acetate and butyl acetate; dimethylformamide;
aromatic hvdrocarbons, such as toluene and benzene; acetonitrile; heterocycles, such as

7 tetrahydrofuran; dialkyl ethers, e.g., diisopropyl ether, 2-methoxyethy] 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.



tetrahydrofuran; dialkyl ethers, e.g., diisopropyl ether, 2-methoxyethyl ether
and diethylene ether; i1onic liquids; and chlorinated solvents, such as

met hyl enechl or.i d conbi nati on of solvents nay al so be f@?& £erred
sol vent foN§§3(94ﬁﬁ7@§ep (c) is acetic agid. WO 2004/08766 /%@‘%‘&3}%03479
16 The tenperature used in Step (c) is preferably fromabout 10 C to about 160

C. Mre referably, the tenperature is fromabout 20 C to about 120 C and
most pref”gb%lwmelfamefmm@é)mﬁtem}earsfeaaé@uirowbevt Hth&- to about 160 °C. More

5-(a-hal ogeery), 1B Rl chidl e domXabdul bb~@Ub B8bLN23~eNgn P LRAUSfdSHRITES AT abl y

S-(a-chl oroaceryl ) -8-benzyl oxy-(1 H)-quinolin-2-one. Optionally, the

5- (a- hal OMF§0¥C80§13@1§t'4’ @-ed oxy-(1H)-quinolin-2-one product may be purified
by any of the various techniques known to the art, such as by crystallization.
As mentioned above, 5-(a-hal oaceryl)-8-benzyl oxy-(11-1)-quinolin-2-ones, for
exanpl e SF{eas-(«chilosaadpBylhstBulsd pxy DM g ¢ihblir-gwina ptoducRisqmeleradive usef ul
internmedi ates fromwhich t prepare ..

S-[(R)- 2-5((3'%?‘6}118‘1'%???% )-8-br83 Qéy‘ﬁfg)ﬁrﬂ‘ﬁﬁ?h%zw&r oxy- et hyl ) - 8- hydr oxy- (1H) -

qui nol i none-2-one salts. In fact

5- (a- hal oaceryl ) - 8-benzyl oxy- SI H) - qui nol i n-2-ones are useful internediates
fr om whi cBptienay ahadelcchaledsstyit §reuhgriongd Syt R opeincdingd-one piedyetimay ba-  2- ones,

whi ch i L . . o
I e o S i s S
H) - qui nol i none- 2-one salts. The 8-substituted

-5- (R) £ oxi .- (1H) -quinol i n-2- b ti 8-
RS s el T e e e
\(ij ; hi ar fetiuccirgg:ee,g)ﬁmitbg%zy%dﬁd?-(uhﬁqprsr@%iarg:@n@ﬁreaxsaﬁai nddrediaadsysdm &G6€H €6 Ng to st'ep

o form 8- stituted gxy)-S

hal o- 1- hyRIFR -g-Zﬁ'ﬂy‘f'55-=fﬂmhﬁag‘%ﬁﬁ'ﬁfa?z'B‘??e’:‘h%é{axrﬁféﬁlltsr@’é‘tf%(%fﬁe 8- (substi tuted
0xy) - S- ( (Rlnoldohdh nt s e St tvhala dbH) = AL B Plok P 2HRBEInbRATEshes ArSt €P (d)
with a base in the presence of a solvent according to'step (e) to form
8- ( subst iusefubitesmpiiiates frRm whighammypregarHf-syestitered axy-2:=(Brexirpaxi-(kagpinelint n St ep
). the -8 Xy i D with
Fetuci ng agent T Ehe s AR B AR e A e o PP S SR oo
oxy- S- ( ( lihgan-2vyhaaline)t -hydhogygrhal|FBrhydrokHf Lidugrindtineng-2eere sefts.Formula (XVI1): 0

The 8-substituted oxy—S-(R)-oxiranylf(IH)-quinolin—Z—one may be prepared by reacting an 8-
_{substituted oxy)-S-haloaceryl-(1H)-quinolin-2-one formed in step (c) with a reducing agent

in the presence of a chiral caralyst according to step (d) to form 8-(substiruted oxy}-5-((R)-2-

halo-1-hydroxy-ethyl}-(1H)-quinolin-2-one; and then treating the 8-(substituted oxy}-5-((R)-

2-halo-1-hydroxy-ethyl)-(1 H)-quinolin-2-one formed in step (d) with a base in the presence )

of a solvent according to step (e) to form 8-(substituted oxy)-5-(R}-oxiranyl-(1 H)-quinolin-

2-one.

For example, in Step (d}, the 8-substituted oxy-5-haloaceryl-(1H)-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}):
G

0 (Xviy



O HN R (XVIl) OH VNO 2004/ 087668 PCT/ EP2004/ 003479 17 wherein Ris a
protecting group; and X is a hal ogen. The hal ogen is selected from brom ne,
chlorine, fluorine and iodine. Preferably, the halogen is chlorine. WD 2 O
03708 766 8 POEPREIOW 003379 18 Preferably, the chiral caCAVERHOI/EIHN
oxazabor ol i di ne conpound of Fornmula (XVIf1): b HRe (XVIIl) O R wherein Ra
and Rb are, independently, selected froman aliphatic, cycloaliphatic,

cycl oal i ghalﬁérgm&{ Isﬂh@btdlctm@gx)duppﬁncm(ﬁ& a hhlogdhatThe Ha&sgﬁﬁluesfieaeegxeﬁab}mldaa and Rb
are, in ep nden sel ec eny pheny an

3, 5- di met H ‘HH?anghWH¥€IO%F%fEFQHng”ﬁ héﬁa“ﬁbcgﬁénﬁhenyl and R is selected
fromaliphatic, cycloaliphatic, cycloaliphatic-aliphatic, aryl or

aryl -aliphatic residue, which, in each case, may be linked to a polyner. More
preferably, Re is nethyl. Ra, Rb and Re are preferably unsubstituted but nmay be
substituted, exanple, by one or nore, e.g., two or three, residues, e.g.,
those selected fromC, -Cr-al kyl, hydroxy, -OCH2-O, -CHO C2-C7-substituted
oxy, C2-Cg-al kanoyl -oxy, hal ogen, e.g., chlorine or fluorine, nitro, cyano and
CF3. Aliphatic hydrocarbon residues include C2-Cr-al kyl, C2-C7-al kenyl or
secondarily C2-C7- al kynyl. C2-C7-Al kenyl- is, in particular, C3-C7-al kenyl 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-Cr7-al kynyl and is preferably propyl nyl.



Cycl oal i phatic residues include C3-Cs-cycloal kyl or, secondarily,
C3-Cs-cycl oal kenyl . C3-Cs-cycloal kyl is preferably cycl opentyl or cycl ohexyl .,

C3- Ca-cycl ogl 15 C3-C7- cycloal kenyl is preferably cy -2-ep-yl and
cycl opent - 3€gnkzglp},?'l'8071(%&cycl ohex- 2- en-yl ag&g cycl ohex- 3- en- y'l%ﬂ'?%h’”%“ﬁ%
e

Cycl oal i phatic-aliphatic residues inclu C3- Cs-cycl oal kyl -C, - C7- al kyl .
pr ef er abl - C6- . cycl gal kyl -G - C4- al kyl,.,. but especi al | opyl met hyl . The
aryl resi%rﬁg%rg’?f dﬂ%,h‘f%?”@é’éﬁ’ﬁl”‘@,Oxﬁzaé’ﬁyoé@w&oim@og? ﬁg%%rqr(noug% [ cf}aromati c
residue, in particular, phenyl or, in gharticular, an appropriate 5- or

6- menbered and nono or nmulticyclj esf deé which has up to four identical or
different hetero atons, such as it 0@@43 oxygen or sul fur atons, preferably
one, two, three or four nitrogen\ atons, \an ox{ydnh at om WO 2004/ 087668

PCT/ EP2004/ 003-79 19 or a sul fur Ay Sui t abl e 5-menbered hereroaryl residues
i ncl ude nonoaza-, diaza-, triaza-, tetraaza-, nonooxa- or nonothia-cyclic aryl
radi cal s, such as pyrrolyl, pyrazolylg®irnidazolyl, triazolyl, tetrazolyl,
furyl and thi er;{/l , While suitable appropriate 6-nmenbered residues are, in
parti cul awherpipi*dpd Rb apgingspendeatimskletteq foirean alihdtiesyepaliphetinr acenyl |

phenant hr Q-1 ]-di 3 I : [ esi gue..may be
nono-subsctll'zt()al{?%%gf}lggé%’ ag’hﬁé%’wﬁha@&ﬁ%&ﬁ%ﬁ g?ﬂguﬁidtgt %teéd by OH or CHO
and SOBH.indepehdemitlypiebacied fras iptergs, 4-methytikeptiemd 3,64i@Rthaipkyiyl. pherey| - C2- C7

al kenyl and. phenyl - C2-.C7 | kynyl ., Suitable polyners include polystyrene (PS),
cross-| i rﬁf%fﬁpalg%"%\]f‘gg&?&?’ﬁ@%e%%d glycol (PEG) or | a silica gel residue (Si).
Exanpl es Rrie sdNdrdddromhadipiicit, Retldadiphi«d), ¢ fHtd)liph RS- sliphati€(a0y IR ipHRG: and

-OSI (R2(CH2)RE, whereijn nis 1-7,, Reis Cl-C6.alkyl, e g.,. ethyl, and Rf ys
2 ool yol JEERE oibat 1chiet: OV V6L RyREie PRURSROMYE FHeable BT SoRegyki (1 ca ge
residue. The reducing agent that is used to reduce the 8-(substituted

oxy) - 5- hal oacetyl - (1H)-quinolin- 2-one is preferably a borane reagent such as
bor ane-t gf’r 5&%‘?/8'? HF%C%%’E‘I wsubsgitprgd gﬁémaN,E’F\l-s'éﬁsé‘f%ﬂ’&ﬁ?‘l“?]r‘?ebbﬁ?ﬁ)%%%‘?s a

bor ane- m%t.g?g@wosw thi<deres AU, 8%, choPEIBAES 8l @Y A H8Br x5 OP)eX,-0S, especi al |y
preferred. The oxazaborol i di ne chiral catal ﬁiﬂ | ,

) Is preferably (R)-
t et r ahy dr6HCQufet Gysulstigued prio iyt Cralkemu-opy melgel &.0- dij¢rineRrd|uosinszaibs ol e |,

al so kno‘@?an@ﬁm(&{. 2- met hyl - CBS- oxazaborol i di ne (Me-CBS).

Aliphatic hydrocarbon residues inctude C;-Cs -alkyl, C2-C7 -alkenyl or secondarily Cs-C- -
alkynyl. C:-Cr-Alkenyl is, in particular, Cs-C»-alkenyl and is, e.g., 2-propenyi or 1-, 2- or 3-

“butenyl.” Ca-Cs-Alkenyl is preferred. Ci-Cr-Alkynyl is, in particular, Ca-Cy -alkynyl and is
preferably propylnyl.

Cycloaliphatic residues include Cs-Cs-cycloalkyl or, secondarily, Cs-Cs-cycloalkenyl,
Ci-Cs-cycloalkyl is preferably cyclopentyl or cyclohexyl. Ci-Ce-cycloalkenyl is C3-C;-
cycloalkenyl is preferably cyclopent-2-en-yl and cyclopen:-3-enyl, or cyclohex-2-en-yl and

cyclohex-3-en-yl.

Cycloaliphatic-aliphatic residues include Ci-Ce-cycloalkyl-Ci-Cs -alkyl, preferably Cs-C-
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 S- 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 solvents include: an al kyl
acetate, e.g., C3- Co6-al kyl acetates, such as ethyl acetate, isopropyl acetate

and butyl acetate; al kylam nes, e.g., C3.C6 al kylam nes; |ower alkyl alcohols,
e.g., C, -Co6-sdanh+/ed766thol s, such as nethanol, ethanol, prdarier20048EGpt%panol ,
but anol, and pentanol; aliphatic C6-Cn -hYydrocarbons, e.g., isooctane, heptane;

di met hyl f or mam de; aromatic hydrocarbons, such as toluene and benzene;

acet oni trilge;, shekes 86y Guittble SUakmBeed e&éxebyyqi rQfdbEafctudl BldayhzCldSNS, 1828,
di i sopropyl ether, 2-methoxyethyl ether nd di et hyl ene et her’: aqueous

sol vents, SHEZasMRAPE¥A- OF GNOtIRFERbE @8 r%eheﬁ KR r 3 ely ] T Wl s rmideravlas
gglt Cxeflnfn?g:aﬂ,%geﬂﬁﬁuﬁ&ﬂnm GX:atn'dQH‘ieﬁ)}fl \%thevmaﬁ r;syropﬂhe% Bemysied resld\& ée&@f erred

is tetrahydrofuran. enperature used in Step
(d) is pr eﬁiepabrb}ﬂalf,rm'ﬁﬂélb proar@rwbxca@ims@es@re mhecermi ehenzrishryl, hengo-

t enper at ure ) P E 1114/ 003479
20 The 8- su]bbf?1%@518@%2}3&%'0(‘%h%r?,&]aeﬁgp%nﬁ%?ﬁgg}o\oégf%g hy‘i‘*ﬂ?fﬁ& gﬂho h-2-one is

pr ef er abl y S8sHp&EIGY bnii-hibsyrugd(HyRPH2: I Orand|SChyAdr oxy- et hyl ) - (1

H) - qui nol i n-2-one. Optionally, the 8-substituted

oxy-S-((R)-2-hal o-I-hydroxy-ethyl)-(IH)-quinolin-2-one product nmay be purified
by any of I'Ahﬁ Aiphidesideahinelqeshdano@nCi dk tihgheav k- C.-Suglherds aby phenyy<t,ad-l | zat i on,
and may, éﬁogal |y, be conducted in the presence of charcoal. In Step (e) the

8-substituf Xy-S- ((R)-2-hal o-1-hydroxy-ethyl)-(IH-quinolin-2-one is

treated with a base in the presence of a solvent to form8 substituted

oxy-S- (R) - oxi ranyl n-2-0n The 8- substltu

oxy- S- (R) - o%iabanpal ¥rpﬁwnﬁ3ﬁ]eﬂaﬂirwr2nfo(ﬁéla Repss-liprd Ay @) esdw%)hy‘eoe slpel BEGKPX) R 0

wherein R i g, gél%sf?&&e' (89. @&QHBEes E’Feerﬁﬂfﬂdeqrh?ﬁﬁaeﬁd !s@b'i‘(@{z $.08§ 4y er hoxi de,
sodi &m hydr oxi dé, pot assi um phosphate, potassi um car bonat e, potassi um

hydr ogencafoRELECHnePeza -Ghbicn o as R, Whereisrbis at:iRsns C:-Csalkyl, e.g., ethyl,

and Rfis a polystyrene, cross-linked polystryrene, polyethylene glycol or a silica gel residue.

The reducing agent that is used to reduce the 8-(substituted oxy)-5-haloaceryl-(1H)-quinolin-
2-one is preferably a borane reagent such as borane-tetrahydrofuran complex, a borane-

N, N-diethylaniline complex or a borane-methyl sulfide complex. A borane-tetrahydrofuran
complex is especially preferred. The oxazaborolidine chiral caralyst is preferably (R)-
terrahydro -1- methyl 3,3- d:phenyl (IH 3H)- pyrrolo[l 2-c}[1,3,2]-oxazaborole , also known

(R) 2- methyl CBS oxazaborol:dme (Me‘ CBS)

Preferably a solvent is used in Step (d). Preferred solvents include: an alkyl acetate, e.g., C;.
( Ce-alkyl acetates, such as ethyl acetate, isopropyl acetate and buryl acetate; alkylamines, e.g.,
C1.Cs alkylamines; lower alkyl alcohols, e.g., Ci-Cg-alkyl alcohols, such as methanol, ethanol,
propanol, isopropanol, butanol, and pentanol; aliphatic Cs.Ciz-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 chiorinated 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 . basesmay. al so be-used. The base is nost preferably potassi utmtarbonate.
The solvent used in Step (e) is preferably selected froman al kyl acetate,
e.g., G .C6-alkyl acetates, such as ethyl acetate, isopropyl _acetate and butyl
acetate; al \5’&?8@‘337@39_, C,-C6-al kyl alcohols, such as né{)%‘éﬂ%q"‘,'“gqi‘ﬁghol ,
propanol, butanol, and pentanol; ali phaf‘i c C6_C12- hydrocarbons, e.g., :
i sooct ane, heptane; dinet hﬁgform&n‘i de; aromatic_hydrocarbons, such as toluene

and benzehbe Saphrikyrd REY-6ribR)-2-62lg:1-hedrexirdyl thgninpiwdunglis RistesAbly 8-
acet oni L1 bhsiindiS,SLORMOLESloSUCh @St B ANV A ahibana. dheal kyl ethers, e.g.,
I gtr%er 2 yethyl”™ ether; and

di i soprop , 2-methoxye t , I et hyl ene ether; aqueous

sol vent s, Optiohallys theelt-sbstifuesd exvt§-§i) dshalah dydrporatindt @dl)-gdnalimd-©nsuch as

met hyl enechl,or.i [ i I : ed. referred .
sol vent f%@dﬁ%telg%nbééf%gm(ae%ng %Z t@%‘r’%&ﬁ%ﬁ%&%% l’f’;@g‘tﬁ‘ gtﬁte%g%%g’ S\(/i]\]/acbg? .bQThe

t enper at wrestaliedtidnn 2 epy( epridnsllpriefeendinad rcberpabout ofitha@&dad about 160 C. Mre
preferably, the tenperature is fromabout 30 C to about 80 C, and nost
preferably from about 50 C to about 60 C. WD 2004/ 087668 PCT/ EP2004/ 003479 21
The 8- subjatdrépifed che@yubbtitufRd O 5-ARY2-Kald-) -t DL dthyI Re10Nequisol p-Bbaeadl y

8- phenyl net hoxy- 5- (R)-oxiranyl - (1H) - qui nol i n-2-one. tionally, the

8- subst i ttase wb-asbﬁew-rémpf%ﬁw-og PP&"—"E{Ui‘ﬁé‘I’Hffhsz‘Pgﬁ’é‘“B 8Vt RIOXFanYt i ed by

any of tﬁ@m%uﬁxﬂiﬁ%-i-éﬁé?”l“}%'§§uﬂﬁﬂw%ﬁ Bﬂz-ﬁJ_?R)-é‘iﬁrany?«\“ﬁlﬁ)«ﬁﬁn&}ﬁ-yo}{@h@l;| | zat 1 on.
Crystallization fromtoluene or acetone is especially preferred, and nay,

opti onal 15ormwée (3d3hducted in the presence of charcoal. 8-Substituted
oxy-S-(R)-oxiranyl - (I H)-quinolin-2-ones are useful internediates fromwhich to
prepare 5-[(R)-2-(5, 6-di et hyl -i ndan- 2-y] am no) - 1- hydr oxy- et hyl ] - 8- hydr oxy- ("3le) -
gui nol i none-2-one salts. This is achy by carrying out Steps (f) through
(j). I'n Step (f) 8-substituted oxy-S-|(R) {oxi ran&l - (1'H) - qui nol i n-2-one having
Formula (I) 0 HNol (n R [-° 1X)

wherein R is a protecting group.

Preferred bases inciude sodium echoxide, sodium hydroxide, potassium phosphate,
potassium carbonate, potassium hydrogencarbonate and caesium carbonate. A combinartion

. .of bases.may also be.used. The base is most preferably potassium-carbonate.

The solvent used in Step (e) is preferably selected from an alkyl acetate, e.g., C1.C¢-alkyl

acerates, such as ethyl acetate, isopropyl acetate and buryl acetate; alcohols, e.g., Ci1-Ce-alkyl )
alcohols, such as methanol, ethanol, propanol, butanol, and pentanol; aliphatic Cs.Ci-
hydrocarbons, e.g., isooctane, heptane; dimethylformamide; aromatic hydrocarbons, such as

toluene and benzene; dialkyl ketones, e.g., acetone, methyl isoburyl 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 chiorinated

solvents such as methylenechloride. A combinartion 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.



is reacted with 2-am no-(5-6-diethyl)-indan to forma reaction m xture

contai ni ng conpounds-having-Fornulae (Il), (H-)-and (IV): 0O HNR\ ~ 00 H
OHO OHNHNRO RLN~ OHOHOH(IV) HNON H OIR W 2004/ 087668

PCT/ EP2004/ 003 7®+/02B68herein R is a protecting group. PrefRCT/BRRIM4/02368TE I NQ
groups are phenol protecting groups whiclilare known to those skilled in the
art. More preferably t he protecting group is selected fromthe group

consi sting I akkyl ,
cycl oal kylg séﬂbszﬁh&’%x{z@ ﬁetD Ded?%)&é@)gﬁﬂca& ﬁ@%ﬁ%ﬁfﬁtg@%‘waﬁ glgﬁﬁg&?&xg%}g g
subst i t ut ek} scmuyhﬂqﬂéﬂmmfl\?ﬂi@tz preferably, the protecting group is benzyl or
t-buryl di | &8 t~e cg,of a
sol vent . négpéeg[l?a?f dMllseogl 5‘%}%{1%@% ud@ &é{ﬁ&%l 1?2%9&%%2 %] PE (F"E?fsl%'t ?:fgeﬂoﬁg such
as net hanoiny dtthanoiquspeaipagued kndyat sk artangh apéﬂta’snalltzawm phat ic

C6a2hydr ocar bons, e.g., isooctane, heptane;dinethylformam de; aromatic

hydr ocar bons, such as tol uene and benzene; acetonitrile; heterocycles, such as
t et r ahydr oftisatiizadombdoy tobiehe bs acetord.is espedislopprefeyded,einldatiay, dpti@isiox et hyl et her
and di et hyl

Condscted in the presence of charcoal.
8-Substituted oxy-3-(R)-oxiranyl-(1 H}-quinolin-2-ones are useful intermediates from which
to prepare 5-[(R)-2-(5,6-diethyl-indan-2-ylamino)-1-hydroxy-ethyl]-8-hvdroxy-(1 H)-

quinolinone-2-one salts. This is achieved by carrying out Steps (f) through (j).

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

0

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

«compounds -having-Formulae. (H IH-and-(TV):

O HN
HN -4 °
0
R” : N
OH OH

(o)

OH {iv)

HN




et her; dimethyl sulfoxide; terrahydrothi ophene 1, 1-dioxide, also known as:
tetranethylene sul fone or as tetranethyl ene sul fol ane; dial kyl carbonat e,

e.g., dinmeth ate and diethyl carbonate; aqueous h as

wat er ; i oni ¥ ‘méﬁk 8% and chlorinated sgpJvents, such as ﬁghﬁ éﬁggﬁFg?lde A
conbi nati on of solvents may al so be use More preferably, the solvent is :
2- nethoxyegﬂy%dgther or butanol. The tenperature used in Step (f) is preferably
from abouPP 96" 5" BISSUT 8 85PE: More preferably, the tenperature is from about
30 Cto about 120 C, and nost preferably from about 90 C to about 120 C

Pr ef bl duct th I f th ,
e it e R RS TR GRSl o e

oxy- 5- (R)mQKé EANWore b feﬁulynmelpno&cmﬁgmﬁ’ b pfseleadl Yron‘ﬂ-th@%rdﬂﬂ @nsieei; vahgnt to 3
nol e eqU|vaIents of 5-6-d

I)-|nd nis %;e& q respect to 8-
subst i t ut@lylosy! sllm) %Jk?rrvérfwloelkm aﬁnzra@lciqallq GHeoalkpe anraéﬁé lably, 1.1 nole
equi val e i s used
wth respssrorslg B eh"%‘“ﬁd?&%@%ﬂ%“;ﬂ B R L The
8- substltmbsmnmgwmspGﬁbumﬂunaﬁyﬁﬂdmmvhﬁmWhol|n -one is preferably
8- phenyl net hoxy-5- (R)-oxiranyl-(lH)-quinolin-2-one. The
5-[(R)-2- (S, 6-di et hyl -i ndan-2-yl am no) - 1- hydr oxy- ethyl]-8-substituted
oxy- ( 1H) -Ryefierabliy, 1$tep- (Onie corxlupredfie clalprysebed ¢fR) sobe (S, Breliret Iatyllventi; ingthunde? -

yl am no) r oxy met hgxy-,(1 qui nol.i,n 2004/ 087668
T EPSbRSBGBASE Gt ki AsObB TEn PR Rates Fohah Bt ipPERERed Siep (1) is
treated vpehthnan aflphdtid O 1bHyEr Uacls Ry pfsoooaar&phagﬁme ditneilQltointarfides 2oRQRE Ng
salt. Pr rre oIvths for use in Step é cIude al cohol s, e.qg.

C7_C6- al KYArOMRERARS Weh a3 aiens anfbetzgpg acer g kol eeTBEYSIArFD 3but anol ,  and

pent anol ;re@bhhyRictutf; @pan@ue@mr 0520hPSepye etthes, 2- ﬂn@ﬁh@ﬁ}e@iﬂ}@ctlﬁ?%@ﬂﬁhykne
di met hyl f or mam de; aronmatic @ﬁdrocarbons such as toluene and benzene;

acet oni t rathes; diFeEl sl des tereaiydrogyophepe AHYRIPSEEr P, knfiva asyprapRdyinee. g |
di i sopr O%ifon&e&hfsrtetrgmgﬁg'lggé(ﬁﬁomﬁle &Eﬂﬂ?lrca%%a‘é’é %tghﬂarﬂ%@ﬁyleéah%natedéﬁﬂat hyl

sul foxi de; tetrahydrorhi ophene 1,71-di oxi de, al'so known' as tetranethyl ene
sul fone chethy cashanarrepfiyoanEoluams: ShchirRs waigTaloyd liquidss boqhahierm:ete@ solvetithet hy|
car bonat g, aNg %Fe@,}taxéch [R0DAL b AU R BhY By e e@SMRL BFefers ni ¢

l'i quids; and c |nate sol vent s, suc as met Ienec I"hnati on of
the soivent is 2-methoxyethyl ether or butanol.

—

The temperature used in Step (f) is preferably from about 10 °C to abour 160 °C. More
- preferably, the tcmperature is from about 30 °C o about 120 °C; and most preferably from
about 90 °C to abour 120 °C.

Preferably, Step (f) is conducted with a molar excess of the 2-amino-(5-6-diethyl}-indan with
respect to the 8-substituted oxy-5-(R)-oxiranyl-(1 H)-quinolin-2-one. Preferably, 1.05 mole
equivalent to 3 mole equivalents of 2-amino-(5-6-diethyl)-indan is used with respecr to 8-
substituted oxy-S5-(R)-oxiranyl-(7 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-(1H)-quinolin-2-one.

The 8-substituted oxy-5-(R)-oxiranyl-(1 H}-quinolin-2-one is preferably §-phenylmethoxy-S5-
(R})-oxiranyl~(1 H}-quinolin-2-one. The 5-[(R}-2-($,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-phenyimethoxy-(1H)-quinolin-2-one.



solvents may al so be used. More preferably, the solvent is ethanol. The
tenperature used in Step (g) is preferably fromabout -10 C to about 160 C.
More preferably, the tenperature is fromabout O C to about 120 C, and nost

preferably fmnosroahetsts O C to about 75 C. In Step (h) a salgchapion@odnrgul a (V)
HN._ RM A NHOH is isolated and crystallized, wherein Ris a protecting
group; and A- is an anion. The anion corresponds to the acid used in Step (9).
The aci d U$reﬂtepr(lg3hep:a¢tly)n msxrpfeqfrepaa&ﬂ ¥ SQepcdr ibeveyted evithaai hid mubdpasedenaloi ¢
acid, male succinic a fumaric acid, or tartaric acid; or a mneral

acid, suchaégﬁ'ﬁ'ﬁfcf%grﬁ’?6??%855’8%?“3!@?}& preferably, the acid used in Step (g) is

be’nzoi c acid. The salt having Fornmula (V) is preferably a benzoate salt having

Forrmul a (XX) WO 2004/ 087668 PCT/ EP2004/ 003479 24 RROI ~ 57P ~ (XX
] NHZ | | Bfergieiotients for wedn SreadBldpslRee: @f hpls: avbiCe- Cpr"b# SCDBIP%}S Stfl abenzoat e

sal t havi ng,-B0mLBYlethabe{Xprdpandl, BEAZAAL K] féHdndhaNipRGridOL M hgdrdcaKbhs Be.g HN COO
isooctane, heptane;dimethylformarmide; aromatic hydrocarbons, such as toluene and
benzene; acetonitrile; heterocycles, such as tetrahydrofuran; dialkyl ethers, e.g., diisopropyl
ether, 2-methoxyethyl ether and diethylene ether; dimethyl sulfoxide; terrahydrothiophene
1,1-dioxide, also known as tetramethylene sulfone or as tetramethylene sulfolane; dialkyl
carbonate, e.g., dimethyl carbonate and diethyl carbonate; aqueous soivents, such as water;
jonic liquids; and chiorinated solvents, such as methylenechloride. A combination of

( solvents may also be used. More preferably, the solvent is ethanol.
The ternperature used in Step (g) is preferably from about -10 °C to about 160 °C. More
preferably, the temperature is from about 0 °C 10 about 120 °C; and most preferably from

about 0 °C to about 75 °C.

In Step (h) a salt having Formula (V)

)

OH
( 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)



| O~ (XXI) NHZ/ OH In Step (i) the protecting group on the salt having
Formula (V) is renoved in the presence of a solvent to forma salt having

Formula (VI1),.0 (VI) NHz A OH wherein Ais an anio having ~
For mul a (VI%‘T@m?D%T% ably a benzoate sg%t havi ng Fornul a %&yﬁpﬁmi@hhﬁp HO C00.
(XXI,) LNH2* OH WD 2004/ 087668 PCT/ EP2004/ 003479 25 The renoval of a ,
protecting group i s known tg those skilled in the art-and depends on the type
of protecting group. In onefjenbodi nent where the protecting group is benzyl, a
preferred nmethod of renoy|ng~the benzyl groop—on the salt having Formula (V) is
by treating the salt w he
catal ysts include pal®adi i X pall adi um on acti vated
car bon, paIIadiun1dh al 3 wder, pkati num plati num
on activated carbon and ; [ [ [

used. Most preferably, thé cat ti vated carbon. In one
enbodi nent where the protectibg group is t-buryldinethylsilyl, a preferred

met hod of
wherein R is a protecting group.

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

(XXI)
0
TEE |
SN INC S
{(xx)
=" NH . [:i:] -
on

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)

(Vi)

wherein A* is an anion.

0
HN
coo’
HO
. (Xx1)
NH,"

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



removing the t-buryldinmethylsilyl group on the salt having Fornula (V) is by
treating the salt wth t-burylanmmonium fluoride or potassiumfluoride. The
solvent used in Step (i) is preferably selected froman al kyl acetate, e.g.,
Cl = C6-al kyl wvazgiatgmss such as ethyl acetate, isopropyl acet@i/ermngodsuty|
acetate; |ower alkyl alkylam nes, e.g., 2£7.C6-alkylam nes; alcohols, e.g.,
Ct. C6-al kyl al cohols, such as nethanol, ethanol, propanol, butanol and

pentanol ; g RhabL o@pgt&rmﬁ%mg RABSN (S cibse shiBADGHLANG: aH@Héﬁﬂ@s on the
di met hyl f or mam de arormati ¢ hydrocarbons, such as tol uene and benzene;

acet oni t ri e of PEPEFENEEEPER , Insenerembodimaent Ayt e BFIpCtingigeaupys bethbras, e g ,
di i sopropy re@&ﬁ?i@'d;;ine oHRE DA¥Reid ke be@%{'ﬂgfoug%mhgka‘?{ﬁ% BLAGN) i szcg;r %ﬁc@'n

acetic acid, trifluoroacetic acld l'oni ¢ acl agqueous vent & such
as water; tendab Wlmlqbrdisgewndh@memnma& aedatslmsttvé’mfsrrectmﬁmsmclwét psilmhenhl ori de.

A combi nat | Qlﬁlaaotém%?gyog(n&el, pﬁ%ﬁeﬂ? 38 apr?valtl carb gllrﬂ!’u@?%lhai? r%(xha Spa%aclsoI Y

is
acetic acif nperatu pre eraﬁl y from
about 0 C tnbab@quE@ pﬁtmh/blr platlpnmfcexraa:hlvg/tgd t;heoﬂ empBaadyltr aickd. A om about 10 C
to about 50 G . and rTF ref eraF Y, fro Mabout 138) Cto al?out ngcli The salt
having For RAPRIEUFY © séf BPABISY "B PR ™ 95t P elg TR o L1y AR EPAE 2T P aN o) - 1-
hydr oxy- et Byt vared-dayisbmoxy- ( 1H) - qui nol i n- 2- one benzoate. In Step (j) the salt

havi ng Forpula (VI) |streat d with an acid in t se a,solvent to
form a sal {0 PRRARCABERUYBETE Thel DI OWESBERIRLD) B 7618 Qw@ﬁw{éa/m SuHmespd! Ho

(V1) HN len{S{fy dhe tMﬂ%f %etwrylegreu%on Ieife AR Lﬁmngrpora{n@ ams%{y tPRFhESRONgS to

the acid used in Step . The acid used in is preferably a
car boxyl i cWafé‘llch“"!éa@ﬁl%urbgHQBﬁ%OTaR,qt%PS*“ﬁhﬂ@?féﬁeac| d sucm nic acid, funmaric
acid, or tartaric acid. Mst preferably, the acid used in Step (j) is maleic

aci d(
The solvent used in Step (i} is preferably selected from an alkyl acerate, e.g., C1.Cs-alkyl

acerates, such as ethyl acetate, isopropyl acetate and butyl acetate; lower alkyl alkylamines,
e.g., Ci.Ce-alkylamines; alcohols, e.g., C1.Ce-alkyl alcohols, such as methanol, ethanol,
propanol, butanol and pentanol; aliphatic Ce.Ci2-hydrocarbons, e.g., isooctane, heptane,
dimethylformamide; aromatic hydrocarbons, such as toluene and benzene; acetonitrile;
hererocycles, 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 soivents, 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 (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 ro 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 benzoare.

In Step (j) the salt having Formula (VI) is treated with an acid in the presence of 2 solvent to

form a salt having Formula (V1)



The salt having Formula (VI1) is preferably

5-[(R)-2- (5, 6-di et hyl -i ndan- 2-yl am no) - 1-

hydr oxy- et h k&-8-@ydr oxy- (1lh~-qui nolin-2-one maleate having Formula (XXI11):
HN HO COO- %’ d0p148704§2" cCOO OH The sol vent used in Step (ﬂg‘ﬁT’F%z"Bf’{%Q%?%bl y
selected froman al kyl acetate, e.g., CFS C6- al kyl acetates; such as ethyl
acetate; isopropyl acetate and butyl acefafe; alcohols, e.g- C=C6-al kyl

al cohol s, such as net hanol, mnol , propanol, isopropanol, butanol and
pent anol ; dlnethylfornanlde xomat i ¢ hydrocar:: s, such as toluene and
benzene; dial kyl ket ones, et one and_ng i sobutyl ketone;
acetonitrile; heterocyclu., s tetrah an; 2l Kyl ethers, e.g.,

di i sopropyl ether, 2-nethoX -thylene ether; an acid such as
acetic acid and propionic a ) vents, .such as mater ionic liquids;
and chlorinated sol vents, nﬂﬁhylenechlorlde A conblnatlon of solvents
may al so be used. Mire preferablah the solvent is ethanol. The tenperature
used in Step (j) is preferably fromabout 0 Cto about 70 C. More preferably,

t he tenperkareineXiisar aminn abeaniaroc@raspords sothegBidysed il Stepdi). Jhepedalsey isf r om

about 20 | | |l pwi ng

Exanpl es. SQM)ZB%%%I ggﬁc%ggglgé%géﬁg 51})%& @fl{h/Cf S%tlcég :E%(CMEég anple 1

Pr ar at i orfunirib-aadebviar@ribuddoMoest pisferablynileianidAisedin Skpi() Bimateichtiar i de (93. 3 g,
700 mmol, 3.5 eq.) is suspended in 1,2-dichlorobenzene (320 nL). The
suspension is maintained at 20-25 C and 8- hydroxy-(1H)-qui nolin-2-one (32.24

g, 200 me,salk .hAvieg ForingladWied prefefabidos-{(RO2S(S(A8iethyhiHdas-2-¥dmifmdy-1-25 C). Acetic

hydroxy-ethyl]-8-hydroxy-{1 H)-quinolin-2-one maleate having Formula (XXIII}: _ )
\@é £ -
(XX
z Coo’
OH

The solvent used in Step {j) is preferably selected from an alkyl acetate, e.g., Ci.Cg-alkyl

" acetates, $uch as ethyl acetdts; isopropyl d¢étare and buryl adetate; alcohols, eg. Cr.Ce-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; hererocycles, such as tetrahydrofuran;
dialkyi 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
chlorinarted solvents, such as methylenechloride. A combination of solvents may also be

used. More preferably, the solvent is ethanol.
The temperarure used in Step (j) is preferably from about 0 °C to abour 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.



anhydride (21.4 g, 210 mol, 1.05 eq.) is slowy added (30 mnutes, |IT max. 20
C) and the addition funnel is rinsed with a snmall anpunt of

1, 2-di chl orobenzene. The suspension is stirred for 30 mnutes at 20-25 C. HPLC
control revediGoeonphet e conversion to 8-acet oxy- (1H)-qui RRAT/BRZBOGNBI79The

m xture is heated to IT = 80 C while purdfng the head-space with a stream of
nitrogen. HC evolution is noticed upon reaching IT = 40 C. The reaction

m xture i sEXAMPEBSfor 1 hour at IT = 80 C. HPLC control reveal s al nost

conpl ete conversion to 5-acetyl-8-hydroxy-(lr)-quinolin-2-one (3.1% 0-acetyl
internediate, 10.8 % ortho-isoner). The reaction m xture is poured hot (80 O
over water Eggfplentt) . Water (100 nL) is added in the reaction vessel and brought
to reflux Af reflux tenperature, the suspension

i s added t & FPREALOALL FEENE e ~<3HE i xture is maintained for 15
nnutes at N]JmmllﬁQc}Qoﬁﬂg 93@@ m)tmfnlol t3es'etii ) is ThOeN@ld!iW 2 - BERbendepel | NSed Wi th
water (2 x 200 nL, 50 C), rinsed W th acetone and then dried overnight

under vacumﬁoamL)on}e sugpesIsign igmappaiged 20024 °C PlﬁHly‘%m%i Yvguipgirpderdy 087668
PCT/ EP2004/ @@ﬂ%%OO%ﬁmgrquJﬁ 12 aBH&pﬁrSaﬁérBBn@{ag nHH{iﬂeg 'F‘f’%d)p s @t Acertic

5-acetyl - 8-hvdr qU| i n-2-one roxy- ( ui nol |n 2-one (32.24
g, 200 mmlanhndrldf:ébl) 4 gs2 Humpendeds eq) &, shovdy edﬂiadr(éO rrbemse ma3080 AL) andThiee

suspensi on b B il DOl w205 35 AN R S 0L Il Qe g 100 0!

3.5 eq.) I'C an drlde
(21.4 g, 23@rrediok 30 mﬁﬁteeqt 30-25 °€l erL)C amhched] rey80s mmmltnwpn?e‘fsmabo 8 zeetS)fyand t he

addi ti on 12 r_1e|i i[ |0nse vmtlh a.s at 0rzwﬁ.u gogc),é“i]flﬁz gl ch tC)e zZene. lThe
suspensi on THRQIPsarofy, ThSBIFHES 5 8 ‘{ 2 E& ’E,gér?*ﬁ are%%aéf’?’élbnpl ete
convrslrSI ONaffedn tagﬁlhr?gyn(Hlﬂ)levdludldﬂDislnﬂnaeden rara]tctﬁmg;m‘tdmw@ sHic“jhte&hefbr{o I T = 80
e purging the ace m of . ni tr.ogen. evolution is
noti ced up8ir® éﬁ?“ﬁ@‘f?of A 2E! T%Q Fe}il%lr@ﬁom‘fﬂiH"ﬁ?légﬁ%oséf?’fl?lérﬂ for 1 hour at

| T = 80 C. ciRlefsidn0Bt s flery] BVBAE Sy 11D SHuifoWnTY- 88 3. 109 TY.8Fe3Y1 QR efrfediate, 10.8 %
5-acetyl - 8- hydroxy-( H)qgu:qﬁgl i nya{{Z oﬁfg( 8%Oacetyl |e§¥er nedj ate, 7 2%/0

ort ho-i son@ft 0fspﬁgrrJat@trﬁeﬁﬁlom%mrélﬁpaoun@ahww&lowepwewc 8ambbu¥esrhot (90 ©)
over wat ef1g084D) ivhddedMAtRY rebdifih Pdsel brid %qm rb'?eﬁtﬁere ?a@mrenm@ﬁﬁl and

br ought to reflux tenperature. After 15 minutes at lux tenperature, the
suspensi onmizitesrtaeflxotemiperature, the suspension is added to the prewous quench suspension.

The mixture is maintained for 15 minutes at [T = 80 °C and then hot filtered. The vellow
product is rinsed with water (2 x 200 mL, 50 °C), rinsed with acetone (50 mL) and then
dried overnight under vacuum at 70 °C. Yield: 33.32 g (82.0%). Puriry: 95-97%.



previ ous quench suspension. The m xture is maintained for 15 mnutes at I T = 80
Cand is hot filtered. The yellow product is rinsed with water (2 x 200 nL, SO
C) . The crude roduct (70.1 g) is suspended in acetic acid1(495 m.) and the ~
suspensi on WQWE&?’E{&(’%O reflux tenperature for 30 ni nutestCHTHRHERARSi on is
cool ed down to IT = 20C and then filter&. The product is washed with acetic.
acid/water 1/1 (60 nL) and washed with water (5 x 100 nL) before being dried
at 70C under vacuumto yield the title conpound in 75%vyield (31.48 g) and

Wi th 99. 9gapipletsy. Exanple 3 Preparation of

S-acetyl - 8- hydr oxy- (I H) - qui nol i n-2-one 5-Acery] - 8- Pyroxy- (1'H) - qui nolin-2-one
i s pr epar BiEpawESn@NAPUIIHCAt O3 SACEUSdIVEERXYHAAQUINQUIEONeH| e 1 except that 3
eq. of al grEkp : oL j:de: i s i NSt . . I b oride.
The vi el cbof R P ol B g 3 e e R e R e ot on of
5- acet y| - Berfrymir 3RV -nfll)M ThaismplensiorRisgrainfainghag 2838t Oandglymiginm ehionidz-(8a &

8- Acet oxy- ( - QUi I - QRe . | .0 .eqc el ﬁggg in 1, 2-
di chl oro néded%lnelgi?!}gﬁ #ncj]; %fagedsﬁgﬁéﬁgqséﬁgiwﬁ?’gﬁ at}((')ggoC %é:ﬁgég m %lleum
chlori de (2124 g 21§, m80!,raf eq.)3is Sloady 3dded (3@ déxhitesny IPoraki 208C) dfkerhe @addtrioon i s
stirred fpor 1 hour at |T = 80 C LC conptrol reveal s al npst.conplete

conver si oﬁf“’f‘é igrigsed wirh é-‘“ﬁ?@?g')?)‘??t(%’g d’ﬁﬁ?‘%?#’ﬁﬁ‘??‘ GB%FB%?%&S“EP& fof

PCT/ EP20030 803#dSar 292 9NE. HPDE doras! teOtklidortplée chsvepiet 08-hakoxy8G D) over water
(100 nL). water (30 Eﬂﬁ) S a,d?led in the re cti.f)n ve,ssg_lt anéi t hen brought to
reflux teHpBRlR-grome. APE BEXwrE iiharred o Bk = 8P o vehiie Russas seiead-spare ik Bensi on i s

added to stc&%mpéfemére%ﬁl. YENGRIRSIAENSHRA upd N PealhhE IT € 40 T MRkl for 15
mnutes at IT = 80 and |tered, The yellow product is rinsed w-h

=

t hen hot fi
wat er (2 mixserers stimerd ©F 1dwer ehln= 8P i"ed HRI& eangial rersele plmese compiste 80 C. Vi el 4
4.32 g (7nQ%sionkRYsldkeyl- 92 Quiichh 8 7180 Dhceryt | diate, 7.2%
5-acetyl - SPb%%]rzoyltoxy 1% - qlﬁﬂo?l?ia(mﬁgng o5 ﬁeea( cetyl intermediate,

5- acer yl| -Sthryigpory)- reagtipm obiknpris dgeted & MB=§0°Aendrpoired hoo(HgO) dver added to

N N, di T sopr 0 sShiy | @2tR 1 doPmf PisGda@Pin WP leacdord Festil zhd BRSLAER! RRG, (64 ML) . The

suspensi on
temperature. After 15 minutes at reflux temperature, the suspension is added 1o the

previous quench suspension. The mixture is maintained for 15 minutes at IT = 80 °C and is
hot filtered. The yellow product is rinsed with water (2 x 200 mL, 50 °C). The crude
producf(?(}.l g) is suspended in acetic acid (495 mL) and the suspension is heated to reflux
temperature for 30 minutes. The suspension is cooled down to IT = 20°C and then filtered.
‘The product is washed with acetic acid/water 1/1 {60 mL) and washed with water (5 x 100
mL} before being dried at 70°C under vacuum to yieid the title compound in 75% yield
(31.48 g) and with 99.9% purity.

Example 3

Preparation of S-aceryl-8-hydroxy-(I H}-guinolin-2-one

5-Acetyl-8-hydroxy-(1 H)-quinolin-2-one is prepared according to the procedure ser 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

Preparation of 5-acetyl-8-hydroxy-(1H)-guinolin-2-one from 8-acetoxy-(71H}-quinolin-2-one

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-S-hydroxy-(I.H')-quinolin-Z-



is heated to reflux tenperature and water is added (8.2 nlL). Benzyl brom de
(7.S2 g, 44 nmol, 1.10 eq.) is added drop-wi se and the reaction is maintained
for 6-7 hours at reflux tenperature until all starting nmaterial has reacted.
Water (20 niwo meadkdesk at | T = 58 C and the m xture i s coRAG@ERWIMIINIGTI20- 25 C.
The product is filtered, washed with ac&one/water (1/1, 2 x 8.S nL) and then
wth water (4 x 8 nL). The crude product is dried overnight under vacuum (60
O . Yiel doné.OTHe?regcr.(c@ﬂmﬁ%m iﬂwdre@/h@:f 89 Ae) evendiatgor bfml). Wagerg3h rithles pr oduct
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flask equi pilagt twmpd‘raa:r&mbd”laﬁpmionst addeéno thehppeviomequench adpédsioon Thenmeltuand

refl uxi ng condenser har

8- ( phenyl nEtRYRIAEE f% E{S}‘I‘“ isla‘wf %b?‘?d thsn porfilzered. TSNPV RIREPE Sici d under
an at mosphghgdaficnivhfeo PR S0 HOL,LIV °T) )éﬁB kiety ds el Whvkr@iphk Sndeddachu®daO8Dd 9C.

benzyl -tri rret hyI ammoni undi chl or oi odat e and 400 nL acetic acid. The resulting
suspensi onYiedd: &g 6d-UhdePuréti #5%ng to an internal tenperature of 65-70 C. The
m xture is stirred at this internal tenperature until an in-process control
shows conpl ete conversion to 5-chl oroaceryl| -

8- pheny! meExample 1H) - qui nol i n- 2- one. Then the mxture is cooled to an internal
tenper at ur re Qrfanégof]'? ager ]W-BgH 199&1’?5401\@00 m. water is added. The

resul ting S erature for 30-60 m nutes and then
filtered. Crheiesﬁeéqccyl-tsds’dduaf (i1 &N wastodid-2- omet( 12®4ﬁ1n1m@lt &0 qqri lsedﬁédado Mortions
and t hen d ace ate ne sk e ed with
a mechani ﬁrfg??rro% aﬁ'é??r@n%ﬁ% ’HH‘OF&[% xqi?,)ng dcagﬁtgen h| se % ?&SP e is
heat fd to ﬁ&%hﬂd&uﬁfﬁﬂlu&@édqpbf%rémd W hrerisndties(8.2Mé.). nBe«tzulrbeomsle¢ﬁ(§2%d4§o an

i nt et nal te . of C and stirred at thISInt I era ure for 2
hours.  The G uf e Lioaer ShEAPoRFoBH BETIEBIDBAPIOBITS 105 T IEhd washed
with 250 rrdemwaelﬁreIuﬂnsﬂVﬁaﬁlngnﬂJr&mQmﬁs reaB@d A L6k Q@@xﬁmugmdemraﬂéamwﬂ drier
at 60 Cto g |vethet|tle§ npound with a_vyiel fﬁ Iﬁx

Pr epar at i GHi%OME SRR FPHEE B8RP to SOEERf~ 2Tft9mre ‘&Ft s Vded whihed Wik

roxv-eth): :lc)etc(nleﬂvl)a’cé}‘{'lﬂoh'xrkgn&ﬂ%n@tﬁéﬂw@h lfﬁate‘h#‘ﬁcskr‘ﬁﬁ fT%u@&HoHQ&dis\&hw a

mechani cal stirrer, théernoneter, addition funnel | uxi ng condenser is

char ged wi Q"r?r@@hfglr@ﬂ( YesewmI (R Bbx )6 107 1t (Br Bhb eowy-Oé F}H)CIUdC product:

99.5%. The product may be recrystallized from acetone/water.

A 3 L, 4-necked flask equipped with a mechanical stirrer, thermometer, addition funne! and
refluxing condenser is charged with 40 g 8-(phenylmethoxy)-S5-aceryl-(1H)-quinolin-2-one and
( 800 mL aceric acid under an atmosphere of nitrogen. To this yellow solution is added 94.93 ¢
benzyl-trimethylammoniumdichloroiodate and 400 mL aceric acid. The resulting suspension is
heated under stirring to an internal temperature of 65-70 °C. The mixrure is stirred at this
internal temperature until an in-process control shows complete conversion to S-chloroaceryll-
8-phenylmethoxy-(1H)-quinolin-2-one. Then the mixrture is cooled to an internal temperature
of 40-45 °C. Wichin 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 acetare ina 3 L, 4-
necked flask equipped with 2 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



qui nolin-2-one and 600 nmL dry THE under N2. Then 15 nL of a 1 nolar solution of
(R - tetrahydro-1-nethyl -3, 3-diphenyl-(IH 3H)-pyrrolo[1,2-c][1,3,2]-oxazaborole

in toluene is added. The m xture is cooled to an mternalgé E{Eerature of 0-2 C
and while n&%"ﬁf’ﬂ’ﬁﬁ@* an internal terrpgr ature of 0-2 C 158R90+ %M1 nol ar
solution of BH3 in THE i s added over % hours. The reactlon is stirred for

anot her hgur n inter erature of 0-2 C a he enched by addition
of 65 nL ﬁléﬁ?fgﬁ&a wagipd VF‘BE%%QH“ JAYILETER PLrTREs ﬁgﬁ%ﬁaﬁ %H‘dﬁd‘ CHEENt r at ed
to a vol usmerQf 6250 wkivé BR tRe/coR@Bumd@it) a yikdd &ffnesszcgmcentrate i s added a

m xture of 713 nL water and 37 g HCl 37% During the addition

8- (phenyl met hoxy) -S- ((R)-2-chl oro-1I-hydroxy-ethyl)-(lH)-quinolin-2-one

pr eci pi tagﬁ%%ﬂ@'ya nearly colourless precipitation. The resulting suspension is
stirred for mnutes at 25 C flltrate]d and vvashed vvlth 220 m_water in
sever al B 2 4 FO-Sve G- £ 158

R B T R e s R b

8- ( phenvl.me[trlaﬁ)w)]g Ser{d@hsenxd aharged wWith6 g @i( pbd:nyhné&home -A{o3chlprodeand¢ K e H)f | ask

Condonserl o lEmAP R AP TN TS0y T S eRE Ay F2S0( { RIS SXCIGIER: O e oy

et hyl) - ( kkdralgidir 0l hethy g@enprﬁay42Pwmf:ﬁs@lbunz-em,lapz]abtxezabangmola@r@t@ne and 25
nL water. The_m xture is Efﬁ under, stirring Eo reflr@x1 tA}gflumn (S
mai nt ai néddedr The mOXTurrgsFROlEthiq 30 W4 tRperakise ehfivr Sl anshshile mainstiaing an

conver si QRrePfa] SRRt BN XY, BsA ﬁl@o‘f% 1 molar soiution of BH: in THF is added over
chl oro- 1- hi/droxy et hyl) - (IH)-qU| nolin-2-one to

8- pheny| rfet hexss @@R;ac@s@nmawted(fqr #atheydionpri #n Dresnel tempenaturpef Peat@ rodh i s )
conpl et e, L h Jﬁ%%ﬁ%cﬁ@mﬁj of &PHLIH h:g%c?ft %grésﬁltm% shhBDEG §Qnld ?'YBVB iche

i nor gani c sa resi e IS wWas sever pOI’tI ons O acet one, and
t he conbianddongsnbrated| tpqu@ﬂuramlf 2embiie0 Wad RP% gdaak el @ thirceamterdtagdistasided avol unme

of 450 [ [ C and then
t he susgk?\%l]%ﬁto?gl%:o %Engmg%? %{@rﬁgﬁ’ tf)él?rrlgg?g% %cfozmo S-E&Be%g an%'l’ s’gi%r'r ed at
t hi s t engétiai- c&nlero-i{hwd@xs ebtorlir(§ H)gjulrtoliat3-ome prad puarsheng neaglyulotairiess a crude
8- phenyl net ho S ( WO 2004/ 0 766 PCT/ EP2 J 4
(1H) - qui r%‘fc‘*?{‘ g, TRQMFS ““gssxsl’e“%?“ stsé'ﬂc% §? PO tot" ueneéz%ﬁ;lted ?‘ééul ts in 36.7
g 8- washed with 220 mL water in several portions. Drying in a vacuum drier at 5¢ °C for 12

hours results in 47.41 g of 8-(phenylmethoxy)}-5-((R)-2-chloro-1-hydroxy-ethyl}-(1H}-

quinolin-2-one as a slightly yellowish powder.

Exampie 8

reparation of 8-

A 3 L, 4-necked flask equipped with a mechanical stirrer, thermometer, addition funnel and
refluxing condenser is charged with 50 g 8-(phenylmethoxy)-5-({R)-2-chloro-1-hydroxy-
ethyl)-(1 H)-quinolin-2-one, 52.42 g potassium carbonate, 2500 mL acetone and 25 mL
water. The mixture is heated under stirring to refiux. Refluxing is maintained for 5-10
hours until an in-process control shows complete conversion of 8-phenylmethoxy-5-{(R}-2-
chioro-1-hydroxy-ethyl}-(1 H)-quinoiin-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
filrered to remove the inorganic salts. The residue is washed with several portions of
acetone, and the combined mother liguor 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. Fileration and washing results in a crude 8-phenylmethoxy-5-(R)-oxiranyl-



(phenyl net hoxy) - 5- (R) - oxi ranyl - (11- 1) - qui nol i n-2-one as nearly col ourl ess
solid. Exanple 9 Preparation of

5-[(R) - 2- (5. 6-di et hyl -i ndan- 2-yl am no) - 1- hvdr oxy- et hvl | - 8- phenyl met hoxv-

(1 H) - qui nol i wo2wones7tienzoate A 1 L, 4-necked fl ask equi ppedCiVEROG/maEhani cal
stirrer, thernoneter, addition funnel an® refluxing condenser is charged with
30.89 granms of 2-am no-S, 6-diethylindan and diethyl ene gl ycol d| nmet hyl et her.
To this sollifl-gwnblin-2cidewhsd. mregcrazmal ig¢d Bopriekwpne nEhinERylSnGR)7 g 8-

oxiranyl - | ?D-hggg%o THAE ?3%?% J}l {%{% &%_ ,gﬁpgm 25 cloﬁmh ategyto a tenperature

of 110 C rréd ure or ours. e resulting brown
solution is cool ed to 70 C At 70 C, 210 nL of et hanol |s added foll owed by a
sol ution o% gram; of benzoic acid in 140 nL of ethanol. The solution is
cool ed to 453 and seeded. The suspension is cooled to 0-5 C. The crude

8- phenyl rrePi‘t@xfsgﬂSn [of RtR-1-5, 6-dekiiet iydant Ddlamid - androva) ethvl)-8-phenyimethoxy.
hydr oxy- et thI !-I H-Iqu: nol 1 n- 2- one benzoate is isol ated by filtration and washed
with 150 e portions. The wet filter cake is purified by
r8 e- ﬁ r yslt al {Mh ZBt4- g&ke% ﬂszla %ngpgegkwﬁ] a %%H?a'ﬁétlal, stvaHrCt’fﬂe@:hd/rﬁ*&er5Qd@80ﬂ fIPA e and

phenyl me oxy ie i ndan mn
1- hydr oxy- Efiying-ce %?rnéphaﬁgeziwb 3§§ﬁzg@a’fléofa%a@mm$ éé’lféhxl@@am rréiethiarter .
Exanpl e 10 f 36.4 f 8-phenyl-methoxy-5-(R
S T(R) - 2 (B ETaran /Tl To dis plucion s addep 36,4 grams of Siphenymechosa SRy
qui nol i n- 2oxirepyirdHeqtieolin-2-ohe. hybir syelriag swpenseasie hejt cqmrege:drmrterpfzﬂaog“rcarrs of
8- phenyl ne
di et hyl -i n%j‘n:l 8§>¥ed [ﬂ( Ig)w)nglgf%?urcf for 1 ?Hrs hfl—ﬁsu“m Ob'rown OSH%” Secr?%%)egttg 7<'§1}nd 400 nL
of -acetit.ast EIO °@,al]iCB:defmmanchanédrdl foB%rr(CBbﬂzﬂ scg)mmrsofa.t[dégrmobftﬂfmzmeact i on
ga[s?lgl) 52 (%déorgftﬂfxﬂg ﬁagﬂ gl'hréqs% ustlo%qg cI:cl)oled 456.%(53 Jeg 1} seegedonl"he suspension
yl ami no) - 1rslaydléd>xq196t°lﬁylThe&Thid/diS-@KMrﬁ[rhEtQUkﬁm {R)-2¢50ndiechbhindah2tpla@ing-1f-i | t er ed
over a padh f flbﬁr id. Th filtrate is onceettrated a gﬁg under vacuum
(100 nbar ) Ddso%y-GBHHE-aypokm Z-gae henzonit s isp eiicetfatich subragid MER00 L of

et hanol angshat@diHafobid-thide gortfbnssmhm#e@ﬂltél'fcajeéis%uglfllg@-bl)?'r@c@%ﬂleaﬂo@‘l .
et hanol is added and the resulting clear solution’is at an internal

t errper at urEomfl486 ng- @i ethanplstikisl Been0-88 23308 ?r@hPﬁYéfF‘%fhP%)é&[@ {4 Rye-giethyl-

(2 g - di et hyha b 8daRsido )t AN edayiY ST QKRR bde Bnb¥AE 0¥ whitk 948l den- 2-one in

powder.

Exampie 10

guinolin-2-one maleate _
( A 1 L hydrogenation vesse!l is charged with 40 grams of 8-phenylmethioxy-5-{{R}-2-(5,6-

diethyl-indan-2-ylamino)-1-hydroxy-ethyl}-1 H-quinolin-2-one benzoate and 400 ml. of
-acetic acid. Palladium on charcoal 5% (5.44 g) is added and the reaction mass is
hydrogenated for 2-8 hours until complete conversion to 5-[(R)-2-(5,6-diethyl-indan-2-
ylamino)-1-hydroxy-ethyl]-8-hydroxy-1 H-quinolin-2-one. The mixture is filtered over a pad
of filter-aid. The filtrate is concentrated at 50-60 °C under vacuum {100 mbar) to a volume
of 70-30 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 resulking clear solution is
seeded at an internal temperature of 50 °C with 2 suspension of 350 mg micronised 5-[(R)-2-
(5,6-diethyl-indan-2-ylamino)-1-hydroxy-ethyl}-8-hydroxy-1H-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 isoproparol provides 65 g crude 5-[(R)-2-(5,6-



i sopropanol . The product is crystallized by slow cooling to 0-5 C. Filtration
and washi ng vm'th SO mL of ethanol followed by 25 nL of isopropanol provides 65
g crude 5- [&Y]a /ﬁ WD 2004/ 087668 PCT/ EP2004/ 003479 32 .

di et hyl - i nd&He 3% 'ﬁ?ﬁ’ﬁo) 1- hydr oxy- et hy|] - 8- hydr oxy- | H- qui REFERZEH8AS el eat e
which is further purified by crystalll?atlon from1.36 L of ethanol. This

gl ves 24 diethylit & azbafingl1-hydroxy-ethyl]-8-hydroxy.1H-quinolin-2- 1 hich i
(5, 6-di et hlfl -}fpndarrll- E’y ell?nl%n )ylroﬁy?j y>]<y e)t floxy uilnc}jgx (-me maﬁf"ﬁo‘f"l lr? 2lS one

nal eat e aéuraher\mrrfled b yesailizeien fomdes Lefarh@mel "&htpawr%%ﬂ HEPU &t éR)o&
D|fferent I f: |

ethyl | -8- sjsgg}ti&?}f)gtlg%a%g(?aﬁ %51 ﬁ{fﬁbg Q%vg %ﬂ?}%&lyﬁa&ﬂ&%& ég%qra eqw pped .
with a newhimicoatalists paveder. therrmneter addi tion funnel and refl uxing
condenser is charged with 30.89 grans of 2-am no-5, 6-di et hyl i ndan and

di et hyl ene glycol dinmethyl ether. To this solution is added 36.4 grans of

8- phenyl| - Beampdey15- (R) - oxiranyl - 1H qui nol i n-2-one. The resulting suspension is

heated to arte r_t f rrfor 15 hours.
The resul +FAg-¥Hfe : ~ledhduct ed as
foll ows: xggtﬁbm@eﬁ@&( Mmrbnﬁ-zr@@ctl on m xture cont ai ns 68. 7% of a
conpound havin rlréu (L), 7.8%of a Cﬁ npound having Fornula (11 I) and

12. 4% of 4 Ich d Hlagh ?fgnpnférvﬁth ymephanicrhglrFEs fféﬁmﬁ‘ie%taéfiéloi“ ugptliandi n equal

portions @R@xﬁé%n@a{s& 9 @hirged {vﬂﬁ'm' S@Ug%lu'ny of 1 8alifdls V@,‘ &1@&?&;&%‘ a@ldscﬁl:&&lte%@ from
benzoic acid, maleic acid, Succinic acid fumaric acid, tartaric acid and

hydr ochl oglyeol slimerhyheshere Sliel this safusion isradded A6ef gnans ath Bephenygmethoty-5viR)- TABLE 1
Salt Puri &éé%%ﬁ@d&oi‘ﬂ 8loe. %E'Fégéﬁ:ﬁg g@sp@stoM'h@QﬁeQ 08 :éﬁperfﬁ%f"i?o 9 48 -

Succi nat e
and stirred at this temperature for 15 hours. The resulting brown solution is cooled to 70

°C.

/

The reaction is conducted as follows: |

As determined by HPLC , the reaction mixrure contains 68.7% of a compound having
Formula (I}, 7.8% of a compound having Formula (IIT), and 12.4% of a compound having
Formula (IV). The reaction mixture is split in equal portions and each portion is
individually treated with an acid selected from benzoic acid, malen: acid, succinic acid,
famaric acid, fartaric acid and hydrochlonc acid. The results are summarized in Table 1 as

follows:

TABLE 1 )
Salt Purity {%{Area}] Yield [%]
Benzoare 96 60
Maleate 98 28
Fumarate 37 48
Succinate 98 30
Tartrate 98 23
Hydrochloride 87 235

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

CLAIMS



Tartrate 98 25 Hydrochloride 87 25 As set forth in Table 1, the percent yield
is based on the anmount of 8-substituted oxy-S-(R)-
oxi ranyl - (I H -quinolin-2-one, and the purity is based on the salt having

Formul a (I1)wanehsosressiet er m ned by HPLC. CLAI M5 WO 2004/ G&¥4E3004/003479
PCT/ EP2004/ 003479 33 1. A process for greparing 5-(a-hal oacetyl)-8-substituted

oxy-(1H)-quinolin-2-ones conprising: (a) reacting (i)
8- hydroxy- (1H)-quinolin-2-one with an acylating agent and a Lewis acid to form

5-aceryl - 81hydr23,¥ scksh by (Hdb ! %am‘éew% (s(xff_in);u u%l?frjﬁﬁzh%l"ﬁ-z%ﬂcpo' i n-2-one

wi th an acyl ati ng agent acet one, and treating,

i n-situ, tem@isinget oxy-(1H)-quinolin-2-one with a Lewis acid to form
5-acety| 8- hydroxy-(11)-quinolin-2-one; or (b) reacting the

S5-acetyl - 8- hydroxy- (1H) - qui nol i n-2-one prepared in Step (a) with a conpound
havi ng t he{@or ni¢p@imRL i n the presence of a base and a solvent to form 5-

acetyl -8-substituted oxy-(IH)- qU|noI|n 2-one, wherein Ris a protecting group
and L is a leavin rou and reacting the 5-acetyl-8-substituted

oxy- ( 1H) - qui nol {ikg- gycg &Pﬂmuw a1zd§6ﬁﬁfh4ﬂgﬂcha§@rﬂEePfr?“@WeL°p‘ﬂ%¥é¢1t%f°W a sol vent

to forma 5-(a- halLa%ehpddxyX1Bhainblistb Re;fy- (1 H - quinolin-2-one. 2. A

process according to Cl'ai m1, wherein the acyl ating agent, which is preferably
acetic anhydride or acetyl chloride, is present in an anmount of froml nDIar

equi valents to (11}851)@??})@1 Iﬂﬂhmi{ﬁlneﬂbﬁe wiR 3£ GeyPhing lﬂgenm frmSfte -Qf‘lt[ﬁ
8- hydr oxy- (11) - qU|qu| one . {“Bdﬁcess accor to Caim 2, mhereln

the Lewi s acid, IUR? E'hz’Pge’ﬁP f"é‘i“mgb i Ba- aF?‘P’DI‘G&QI%‘EOhmzcﬁﬁenYlEhﬁ E?W'érl de or

titaniumtet racmd){dfggn 5L&e@rg§ﬁd}5x; Pfgrqummtorgfor from 3 nol ar equivalents to
5 nol ar equival ents, based on t ar eqU|vaIents of 8-

hydr oxy- (1H) - qui nol i n-2-one or on the nolar equival ents of
8- acet oxy- (I H) - qui nol i n-2- one.

(b)  reacting the 5-acetyl-8-hydroxy-(1H)-quinolin-2-one prepared in Step () 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

(e reacting the 5-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.

2, 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-(1H)-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



4. A process according to any one of Clains 1 to 3, wherein Step (a) is
conducted in the presence of an ionic conpound, wherein the ionic conpound is
either an al kaline halide WO 2004/ 087668 PCT/ EP2004/ 003479 34 sel ect ed

fro
the group cWRSAY4%¢80f sodi um chloride, sodi um bromide, |T¢HERANW#R1B7 de and
l'ithiumbromde or an ionic liquid sel e% ted fromthe group consi sti ng of an

i mdazoliu yridiumsalt,  ammon Iy t

sul phoni u??&%f?tfm%ﬁp ©RTRPR EUSETAR BhFF Y C%ﬁg} lg% SE,d,uR-PQ,%BgQQ Hm%aéhloﬂ “HRhLr ei n

t he conpolihchmBxdnfige bhen 1d{-ﬁ>dfmﬂ:&sdﬂctddsfrﬁeItmgmdptnmcmg@fgnmmpiazohsmStahng of

a- met hyl benzyl br om de, net h% or.i deél %Z'-ﬁ hI.ori de and benzyl brom de. 6..
A pr ocessPAEYHP §ilhGMBOHHT BHeP PRS2 8% SEPPOHRP SR ¢ he

5-acetyl -8-substituted oxy (1H) - qU| nolin-2-one is

5-aceryl - 8- benzyloxy (1'H) - qui nolin-2-

ocess accordi to any one of
Cains 1%o0 6, W@.%@C@W@mw@g@ﬁaﬁ ﬁbirabéﬁ?‘* @L?emsfgr é%‘i“éﬂ“"f%ﬁ“ﬁﬂﬂ@egr oup
consi Sti ng,.ofy. %{eﬁﬁmﬁ tf?e'g%hgg&ggmgbpa mtﬁyzb%maaﬁude,  methyl

N- br onosucci n| m |'or osucti ni m de, 1 odine, chlorine, uryl chloride,
benzyl t r i ahbsridel bemaplohlonide ehd bereylbodatde, copper chl ori de, pyr| di nium tri brom de,
tetraal kyl ammoni um tri brom de, iodine chloride, hydrochloric acid and an

oxi dating agent and conbinations thereof, 8. A process according to Caim?7,
wherei n tde hah @gﬁﬂatdca@d&@&atanmnbemwrhﬂmﬁhwheremrmaGiacutryuBehbﬁrt@ﬁeddate. 9.

S-{( % hal WACL AR BT irest-Bsby 1y LA RIS B | o

5-(a-chl oroacetyl ) - 8-benzyl oxy- (1H) - qui nol i n- 2-one. 10. A process according to
any one of Clains 1 to 9, wherein in Step a t he S?':d% sel ected fromithe
group consi st ishErASESSASERGINEHE ARY 8PF a%Claimsz & hyVB#EINgPe P‘@BFW@“S agedf obenzene,

o-di chl 0rserea@mzr%ﬂﬁheagkéw@édsﬁu@eﬂo&dw9{&5&& RRh sy &BgrdRelabAabiodise t hereof ;  in
Step (b) the solvent 1s selected fromthe group consisting of acetone, net hyI

i sobut yl ﬁé?@ﬁ%mﬂﬂé@ﬁ’&h%fhw@ﬁuéﬁmf@ﬂ%é@ﬁﬁl‘bﬁ?]m@f—'h%ﬂfurﬁ-c riféxyet hyl et her,
di et hyl enenslib ey REA EARONLA oS UGS AL BIRMAR Aol ol » and In
SO ecte r om on

Step (c) t vent IS se e group sisting o aéetlc aci d,
trifl uor carstlidamumiodjurp ripomides icidnecthlagidey hydrodtlatieacid nsdpn opidatiag egatre, but yl

acet at e, an(alcg%@’ rianggpél%pe%’f. t etrahydrof uran, diisopropyl ether, 2-

8. A process according to Claim 7, wherein the halogenating agent is benzylirimethyl-

ammoniumdichloroiodare.

9. A process according to any one of Claims 1 to 8, wherein the 5-(a-haloacetyl)-8-

substituted oxy-(1 H)-quinolin-2-one is S-{a-chloroacetyl)-8-benzyloxy-(1H)-quinolin-2-one.

10. A process according to any one of Claims 1 to 9, wherein in Step (a) the solvent is
selected from the group consisting of methylenechloride, 1,2-ethylene dichloride,
chlorobenzene, o-dichloro-benzene, aliphatic C¢.Cia2-hydrocarbons and combinations thereof;
in Step (b) the solvent is selected from the group consisting of acétone, methy! isobutyl
ketone, rerrahydrofuran, diisopropyl ether, 2-methoxyethyl ether, diethylene ether,
methylenechloride, water and combinations thereof; and in Step (¢) the solvent is selected
from the group consisting of acetic acid, trifluoroacetic acid, propionic acid; ethyl acetare,
isopropyl acetate, butyl acetate, toluene, benzene, tetrahydrofuran, diisopropyl ether, 2-

methoxyethyl ether, diethylene ether, methylenechloride and combinations thereof.



met hoxyet hyl ether, diethylene ether, nethylenechloride and conbi nations

t hereof. WD 2004/ 087668 PCT/ EP2004/ 003479 35 11. A process according to any
one of Clainms 1 to 10, wherein in Step (a) the tenperature is fromO Cto 160
C, in Step (Wwb2damsteegrperature is from20 Cto 90 C and pameb@moifssd t he
tenperature is fromabout 10 C to about3s160 C. 12. A process for preparing
S-[(R-2-(S, 6-di et hyl -i ndan-2-yl am no) - 1- hydr oxy-ethyl]-S-

hydr oxy- ( 18- qud REACEsS @ecording preanyne of Elsimpy 1 & Wy whengin in Stept(ahthe (i)

8- hydr oxy- {highraflith REdrR 02CRD 8600 ENn BRpIENhALehpErafBe RlErdaN g0 €C kEYH ScaGh to form
5-acetyl - 8- t%/dr oxy- (1H) -qw nolin-2-one; or (ii) 8-hydroxy-(lH)-quinolin-2-one
with an aci25th (ﬁbél'&g‘é’i‘ﬂ“’t prefipiramabaudidotato apeyt168 (&nol i n- 2- one, and treating,
in-situ, the 8-acetoxy-(1H)-quinolin-2-one with a Lewis acid to form
5-acetyl - 8- hydr oxy- (1H) - qui nol i n-2-one; .or (b) reacting the

S Bcetyl - Shhydr bRt PRIRRSIS S oA b oben R amips ) vdiponerhyll-8-

conpound- 1hyab:Rd 1 H)Quinelindted-ble salts édneprgingsence of a-base and a solvent to form
5- acetyl-8-substituted oxy-(111)-quinolin-2-one, wherein Ris a protecting
group and L is a leaving group; (c) reacting the 5-acetyl-8-substituted

oxy- (I H) - b nol fesictidggone Wi th a hal ogenating agent in the presence of a solvent
to forma 5-(a-hal oacetyl)-8-substituted oxy-(1H)- quinolin-2-one; (d) reacting
an 5-(ct-hal oacetyl)-8-substituted oxy-(11-1)-quinolin-2-one with a reducing
age )nt 5i ?( }? ?esz (ﬁfaemﬂboaﬁ,f-(émqhiﬁoai?{zlcab ailmhs:)n atﬂg:ﬁ:sglrs_rge&za(uauu&w'(ist d;t'idadw form )

oxy) - 5- -2- o- 1- roxy- et - -qui nolin-2-one; (e) treating the

8- (substi t ut ed “@‘i@fi‘&gfft}%ﬁxyg-yﬁg%’%?%’ﬁéﬂ?ﬁﬂ]- ethyl)-(IH-quinolin-2-one with a
base in the presence of a solvent to form 8-(substituted oxy)-S-(R)-oxiranyl -
(1 H)-quinolin-2-0ne, WO 2004/.087668 PCT/ EP2004/ 003479 . 36 (f) re ing the
S subst'i t ut ed 0@9@?@3‘%& i -%ﬁ\vﬁl-n( &?f-'a\ﬁ‘? AP IRE gosat FPa(?F’H&“ﬂf%ﬁ"m?&’t'l)

quinolin-2-one, and treating, in-situ, the 8-acetoxy-(1 H)-quinolin-2-one with a Lewis

acid to form 5-acetyl-8-hydroxy-(1H)-quinolin-2-one; or

(b) reacting the S-acetyl-8-hydroxy-(1 H)-quinolin-2-one prepared in Step (i) with a
compoiifid Having thié 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;

{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-haloacetyt)-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-1-hydroxy-ethyl)-(1 H)-quinolin-2-one
with a base in the presence of a solvent to form B-(substituted oxy)-5-(R)-oxiranyl-

{1 H)-quinolin-2-one;



O HNI (I) R0oO wth 2-amno-(S-6-diethyl)-indan to forma reaction mxture
cont ai ni ng conpounds having Fornmulae (11), (I1Il) and (IV) O HNR1I0H OHO
HN HN RHO RHO 1 glll OHOH OH(IV) HNH wherein Ris Brotectlnggoup

(g) treati nyQHEHPEE i on nixture prepared in Step (i) wi t'ﬁcyﬁ HOHEOHA t he
presence of a solvent to forma corres bndi ng salt (h) I sol ating and

crystalli % ng reasc?il'lé thheaéllsu%%n&?er xy 5%\/9 ox:ranyﬁHH) qulnolm -2- onM‘navmg ngj'mula (I)

U]

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

having Formulae {II), (I0) and (IV)

\&/\ /éi ) }
o]

o HN

HIN r~°
0
Y N
) 5H
OH {w)
HN |

wherein R is a protecting group; )

{g) 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 2 salt having Formula (V)

o)
HN |
0
-~
v}
L[] A-
<" NH,
OH

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



wherein Ris a protecting group and A- is an anion; WD 20 0 1/08 7 6 6 8

PCT/ EP2004/ 1103479 37 (i) renoving the protecting group fromthe salt having
Formula (V) in the presence 0* a solvent to forma salt having Formula (VI):
HN HO (V1) o NdaobRss OH wherein A- is an anion; and (j) raeerdogodh® salt

having Formula (VI) with an acid in the presence of a solvent to form

qui no i n-2-Hne. SEPPHRR PG EGH RERE P | ydr%xief%vﬁ%i AR P el x.

an ani on. solvent to form a salt having Formula (VI

& S

wherein A-is an anion; and
() treating the salt having Formula (VI) with an acid in the presence of a solvent to

form 5-{(R}-2-(5,6-diethyi-indan-2-ylamino}-1-hydroxy-ethyl]-8-hydroxy-(1 H}-

(' quinolin-2-one salt having Formula (VIL}

e

wherein X- is an anion.

OIH



