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QUI NOLONE | NTERMVEDI ATES FI ELD OF THE | NVENTI ON The present invention
relates to prepar ation of certain quinolone internediates. The 5 present

i nvention 'Wﬁ’ sto a process for making a PCT/AB2007/051036

7-cycl oam no cyc opr opyl -1, 4- di hydr o- 8-

nmet hoxy- 4- oxo- 3- qui nol i necar boxyl i ¢ aci ds. BACKGROUND OF THE | NVENTI ON

Synt hesi s of various qui nol one conpounds have been reported in the
literature, e.g., US. 10 Patent No. 6,329,391; U S. Patent No. 6,803, 469;
B. Ledoussal et al., "Non 6-Fluoro Substituted Quinolone Antibacterials:
Structure and Activity", J. Med Chem, Vel. 35, p. 198-200 (1992); V.
Cecchetti et al., "Studies on 6-Am noqui nolines: Synthesis and

Anti bacterial Eval vraCOORLIGIG BROGNS MORIRAPHIRINIEG QUG0S INTERMHVBATEChem |

Vol . 39, pp. 436-445 (1996); V. Cecchetti et al., "Potent

6- Desf | uor o- 8- net hyl qui nol ones as New Lead Conpounds in Antibacterial 15
Chenot herapy", J. Med. Cheat. X%LD B8R R R vAS PN 957 (1996)). The

antim crobial quinol one corrpoun

(3S, 5S) - 7- [ 3- am ribe Beswrttimehtiquirg@es td praydrdtiol of certain quinolone intermediates. The
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5- nmet hyl - p| p@Pﬂl@qyﬁwX}) Siugwliteopbaphd acills.4- di hydr o- 8- met hoxy- 4- oxo- 3- qui nol i ne
carboxylic acid are disclosed in the U S. Patent No. 6,329,391, which is
herein incorporated by reference in its 20 entirety. However, there is a
need in the art for inproved BeEEFEINDHPF FHEPHAVENGOMese and | i ke

anti m crobi al CORDQRHRY . HM}@Q ) | : [ ion is
related to a process ??)?Vﬁrraki g&og%%fﬁfg%@mf%&g&%rﬁnlﬁ%g%%%é RYA0S:

met hyl - pilper Patinhdi$.16-329,834¢ DepPasgny No.16,83 46 Pakado@saretah o Ripn 4-Fbwen Bbgititedol | neca
rboxylic aci o,

(3S,5R)- 7-[ 3 émurlr(l)l%%q\émbactehalq Structlér? Iand Actw1ty_ ,‘%)(%%_F%%mw O\F{)ollﬁ P 2198d%0r(1} );1 r90) ' et hox
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relates to asploQe [noi%c%p% 88 Cen U@(ﬁt@t%} 2 449819@% 9”(?&8%&?6"9 t he
Formula (1): WO 2007 0835 P 1 05105 OR1 Rz N
N "Potent 6- Desﬂuoro 8-methylquinolones as New Lead Compounds in Anubac,terlal

15 Chemotherapy”, 1. Med. Chem., Vol. 39, pp. 4952-4657 (1996)).

The antimicrobial quinolone compounds (3S,55}-7-[3-amino-5-methyl-piperidinyl]-1-
cyclopropyl-1,4-dihydro-8-methoxy-4-ox0-3-quinolinecarboxylic acid, and (3S,5R)-7-[3-amino-
5-methyl-piperidinyl]-1-cyclopropyl-1,4-dihydro-8-methoxy-4-0x0-3-quinolinecarboxylic acid
are disclosed in the U.S. Patent No. 6,329,391, which is herein incorporated by reference in its

20 entirety. However, there is a need in the art for improved methods for preparing these and like

antimicrobial compounds,

SUMMARY OF THE INVENTION
The present invention is related to a process for making, e.g. (35,55)-7-[3-amino-5-
25  methyl-piperidinyl]-1-cyclopropyl-1,4-dihydro-8-methoxy-4-0x0-3-quinolinecarboxylic acid,
- and (3S,SR)—7—[3-amino-S—methyl—piperidinyl]-1-cycloprbpy1—1,4-dihydro-8—methoxy—4—0ko—3-
quinofinecarboxylic acid. .
In one embodiment, the invention relates to a process for preparing a substituted

quinolone having the Formula (I}




R4 Formula (1); wherein R is G-C4 alkyl; R2is C-C4 alkyl or C3-C6
cycloal kyl; R4 and R5 are each independently selected froma group

consi sting of am no, Cl-C4 al kyl anuno, protected am no, and Cl-C4 al kyl;
and nis 1 X process conprising: reacting a co rmul a
(1) with cgﬁ%gﬁﬁggggf Formula (I1l), 5 in the presenggﬂgﬁﬂ39%%§$able base
at about 20C to about 80C, followed by hydrolysis: RS R3 00 B OR4 L
~R5 N F VNHFormula (Il'l) Fornmula (I1l) wherein R3 is selected fromthe
group consisting of unsubstituted or substituted Cr-C4 acyloxy; and R,

R2, R4, R5, and n are as defined for Fornmula | above. In another enbodi nent
of the above-descri bed process, for the pesulting conpound of 10 Fornmul a

I, R is nmethyl. In another enbodi ment of the above-described process, for
the resulting compound of Formula I, R2 is cyclopropyl. In another
enbodi nent of the above-described process, fox t resul ting conmpound of

ffentjjof the above-descri bed
] y. | n anot her

Formula I, R4 is nmethyl. 15 In another enbodi
3

O
{ he Tonpounds of Fornul a |

process, for the conmpound of Formula gt,
583

enbodi mrent of the above-described prpce

and Formula I'll, R5 is amno. WO RET/ 1 B2007/ 051056 3 In

anot her enbodi ment of the above- crifbed process, for the conpounds of
Formula | and Ill, R5 is am no-tenrtybut oxy aRbonyl . In another enbodi ment
of the above-described process, for ®4e conpounds of Formula | and Ill, R5

is am no-tert-butoxycarbonyl, and co ounp 6_is further subjected to a
deprotection 5 process. ormula (I);
wherein R' is C;-C4 alkyl; R” is C)-Cy alkyl or C3-Cs cycloalkyl; R* and R® are each

independently selected from a group consisting of amino, C,~-C,4 alkylamino, protected amino,
and C;-Cy alkyl; and nis 1 or 2;
the process comprising: reacting a compound of Formula {II} with compounds of Formula (IH},

5  in the presence of a suitable base at about 20°C to about 80°C, followed by hydrolysis:

R3 R3
o %o ((A)\n
4=  T~R5
F N H
OR' g2 Formula (lI1)
Formula (1)

wherein R” is selected from the group consisting of unsubstituted or substituted C;-Cy acyloxy;
and Rl, Rz, R4, R5, and n are as defined for Formula I above.
In another embodiment of the above-described process, for the resulting compound of
10  FormulaI, R'is methyl.
In another embodiment of the above-described process, for the resulting compound of
Formula 1, R? is cyclopropyl.
In another embodiment of the above-described process, for the resulting compound of
Formula I, R is methyl.
15 In another embodiment of the above-described process, for the compound of Formula I,
R’ is acetoxy.
In another embodiment of the above-described process, for the compounds of Formula I

and Formula IIT, R’ is amino,




I n anot her enbodi nent of the above-described process, for the resulting
conpound of Formula I, the conmpound is: OO LOH HZN,,. N..I N/ V OWRA
Me I n anot her enbodi nent of the above-descri bed process, the compound of
Formula (I1 NHBoc N H 10 In another enbodi

above- descrk%gﬁlgpgggss t he conpound of Fornula (I11) ??Qhﬂ%ﬂwkgﬁg O B, CAc
F N OMA |In another enbodi nent of the above-described process, the base is
selected fromthe group consisting of triethylam ne,

di i sopropyl et hyl am ne, triisopropylamne, and 1,8 15

Di azabi cycl o[ 5. 4. 0] undec-7-ene. | n anot her enbodi nent of the
above-descri bed process, the base is triegthylam ne. DETAILED DESCRI PTI ON
OF THE | NVENTI ON The protecting groups for am no group, or C -C4 al kyl am no
gr OUEI i ncl uﬂe buk ardther dﬁﬁabdimﬁﬂ of mahﬁoe@ldésmbg@ﬁbml belcgér?pmﬁds oEig(gmulla[

trichl or oet hoxycarshon tri brompet hoxycar bony enzyl oxycar bony

p- n|trobenzy?%&ﬁd%ﬂ%%%??w”&“%ﬁﬁﬁﬂﬂgﬂzyloxycarbonyl tert- anyl oxycarbonyl,
tert- butOxycarbOﬂthmﬁﬂﬂﬁbMﬂMMbemZMkﬂ%&ﬁ&ﬂh@ﬁy&$sBxémcmnmmmhofﬁﬂmuhl

s (mono., di 9&%%8%7%&%%%%&*5’%@@@%%@%% R EE ﬁ%ml%r guios suer

br onbacet yl , mbﬁﬂﬂo- -, or tri-) choroacetyl, and (nono-, -, or tri-)

1 Sorcacely oy o RS o B PR PR

Herein is deEﬁmhhedmammp@mess for the preparation of a substituted

qui nol one as depicted in
Her ’dj/t
Q OMe

In another embodiment of the above-described process, the compound of Formula (IHI) is:

MGU‘,\NHBOC

N
H
10
In another embodiment of the above-described process, the compound of Formula (IT) is:
O O OAc
B
| 0" “OAc
F N

OM?A&

in another embodiment of the above-described process, the base is selected from the
group consisting of triethylamine, diisopropylethylamine, triisopropylamine, and 1,8-
15  Diazabicyclo[5.4.¢Jundec-7-ene.

In another entbodiment of the above-described process, the base is triethylamine.

DETAILED DESCRIPTION OF THE INVENTION
The protecting groups for amino group, or C;-C4 alkylamino group include, but are not
20  limited to, carbamate groups, e.g., trichloroethoxycarbonyl, tribromoethoxycarbonyl,
benzyloxycarbonyl, p-nitrobenzyloxycarbonyl, o-bromobenzyloxycarbonyl, tert-
amyloxycarbonyl, tert-butoxycarbonyl, p-methoxybenzyloxycarbonyl, 3,4-

dimethoxybenzyloxycarbonyl; acyl groups, e.g., C;-Cy haloacetyl groups such as (mono-, di-, or




5 general Formula I, wherein R is C-C4 alkyl, R is C-C4 alkyl or C3-C6
cycloal kyl, and R4 and R5 are each independently selected froma group
consisting of amno, Cl-C4 al kylami no, protected amno, and Cl-C4 alkyl. A

boron ester Vg@%‘bﬁlﬁwg t he 7-fluoroqui nol one acid as q%qjﬂ%ﬁgﬂsil&gener al

Formul a 11, R2, are as defined for Fornula T, 'S Sel ected
from the group consisting of unsubstituted or substituted Cl-C4 acyl oxy,
fluorine, chlorine, and 10 bronmine, is charged to a reactor. The solid is
diluted with a solution of a suitable cyclic amne side chain as depicted
in general Fornmula 111, wherein R4 and R5 are as defined, and nis | or 2;
and a tertiary am ne base, in a suitablesorganic solvent for the coupling
reaction to take place. The coupling reaction is kept between about 20C to
about 80C unid.} breReRbAL @rond NG, ocQRhiBIL@R1, @fd (rldfo-T Ba6L digMubBtedp det er m ned
by HPLC, TLC, or IR spectroscopy anal yses that 15 are known to one skilled
in the art. HELYERUP 68 baexlahthepdmybylandiniXt r eppved by distillation to

reduce the vol umay asdnbBEméRakd dndhb prétedun@Frost ik kiaskoidatboy agueous caustic
solution to initiate  hydrolysis of the boron ester (t:pel,ate. Di.stillation,

> rol'y ‘ : I
with heating, mayl B & aRtTHEBroRHOF 1 BRERRTHOD PIGySUBHBTY ainplgneg™ ARAE oy
unti | nOngrgéi@fal Ebingilh I, Watreis RAGE, AR SRIVRUS CIU@aJJE}@aﬁ(Egi—(chtyﬂdSzﬂl@[, eﬁsR4rm¢y be
monitored by HPLC, TLC, or |R spectroscopy. Upon canpletjon, the reaction
i s neutral i zBd¥B§bY %Pﬁ‘éie%fadfaﬁt‘gw%?a%ﬂupa%i“&i’“&f%i Tmlg‘gﬁﬂgéf‘]ﬂ%%‘ﬁ?’ 7 or bel ow
i's achi eved. plRcied gand, end Wat,Qlkyl. MIb&EE6H ddleCehels® oFdav-flu€ogrinoldie add 8r onet hane,
is added to the reaction m xture, and itatjon follo y. phas
separation i Qengéeﬂf'b%eﬁﬁﬁ%‘fﬂﬁa Igr“gﬁ’ﬁ’l pﬁ%@%aﬁ %g?egr%r\};@ﬁl\{ﬁ%dgtIﬁFeéecgngTPlgcti ve
process is rgpeateehnsibtng ofk@Sitk@aed divabs@fugdili-C, exlokaClusriml algihgrged to a
react or,&ﬁon entrated t(? r oxi and treated

u

[ € appr oxi.mat el .y 50% vol u if desired
woh an’ dlaoboRinkdr feress SRBAGE, TRtk SR iR iep L PTRVES R o5
gr oupt re{Tpvahide @ai?_as depietell ir@;ﬁ@éﬂ%@:..hmnﬁdaheéeam")H Lan@R?E@as dmﬁldpern@gﬁseztsﬁ 2pf the
eprotection reaction . e nonitaore : L9r spect roscopy.
Thon_the.  oaRgrS bR 0L SHLE B SHALHE oEiTS PRt Ee G P
separ at e. Thehaogang ea@iaskepidetvesmbed 209Cometche’(P@ anttl osmaetel Thext r act i on
wi th additional . or i ¢ _sol vent be pe . e acidified a ous
Phase s af PORORR iR mms Sepadar bR el e ait iy FERB IR The
pH of thesr eaﬁkﬁm_tsa{eu;dilem'nm aﬁOdejms'chradlvbm ihetisBenrmabdby diftiltadorabout 8
wth aqueous caustic whi | e keepi ng tggill}ae%m%r&?%#u%gl{s%g Sti(?'%ﬁlﬁtaltt%qncl:ﬂa% about
we stit at abou t'0 about

70C. The preCIL[l)CF Srey" %%rfdi&clfsm%frl%mameo to 0 a 60C

for at | easthyhyis obthe haur esencheltee Didadnios,oathddating veayde bortisuedmydebecigiol at ed

by suct on V0, 2007/ 110835 PCLLR007L 05058, o511 tretl.on, andugshed  th

wat er. The SOFI prodauc e e na vacuum oven at
about 60C t omafiford dy YPEC.AE.C, yydRcpdciryscopy. Uhen qvaplgdonofhe adagtion isAGuiBO%IbR3 R3O
OO0 B 020 the addition of an acid until a pH of about 7 or below is achieved. An organic, water immiscible
solvent, e.g., dichloromethane, is added to the reaction mixture, and agitation followed by phase
separation is performed. The organic phase is removed and this extractive process is repeated, if
desired, The organic extracts are charged to a reactor, concentrated to approximately 50%
volume, if desired, and treated with an aqueous acid, e.g., hydrochloric acid, Lo effect protecting
25  group removal, e.g., tert-butoxycarbonyl (Boc) group. The progress of the deprotection reaction
may be monitored by HPLC, TLC, or IR spectroscopy. When the reaction is complete, the
biphasic mixture is allowed to separate. The organic phase is removed from the reactor and
extraction with additional organic solvent may be performed. The acidified aqueous phase is
diluted with water and residual organic solvent is removed. The pH of the reaction solution is
30  adjusted to between about 7 to about 8 with aqueous caustic while keeping the temperature at
about 30°C to about 70°C. The precipitated solids are allowed to stir at about 40°C to about

60°C for at least about an hour and are then cooled. The solids may be isolated by suction




5OC0HO0ORR aNN~N JORt F2 FN'H Ry ORS R2 Fornmula (1) Formula (I1)
Formula (Il1) 5 The reactant of Formula Ill is as defined above. In one
enbodiment, 1l is a piperidine. In another enbodinent, IIl is

(3S, 59S) - 3- amiomeBrnss hyl pi peridi ne. I n anot her enbodi nmeatr/isiobios1056
(3S,5S)-(5-Methyl -piperidin-3-yl)-carbamc acid tert-butyl ester. In one

enbodi nent, Ris a nethyl. In one enbodinent, R is
am no-tert-butoxycarbonyl. 10 In another enbodinment, R5 is amno. In one
enbodinent, R is nethyl. In one enbodinent, R2 is cyclopropyl. In another

enbodi nent of the above-described process, for the resulting conmpound of
Formula |, the conmpound is: OO OH H1V3../~-NIN FYl OWA 15 Me In

anot her enbodi nent of the above-described process, the conpound of Formula
1f is: O O Bjatiqyapd waghed with wqiqg Bsolid arp@csmimbe fecdipp &R 9vVBa 898%d in this
reaction is BOC b ELi®L asebalyicds ypleallQR te ke o2Bo@dyymel y affect the
reaction, and includes, but is not limted to, nitriles such as

acetonitrile; am des such as N, N-di net hyl formam de, N, N-di net hyl acet am de;
pyrrolidinones, such as N WO 2007/ 11088& PCT/ 1B2007/ 051056 6

met hyl pyrrolidinonc; sulfof des such g€ ginethyl sulfoxide, ethers, e.g.,
met hyl tert-butyl gt BE) , digpelho ethap%hK[]VE), di et hyl et her,

t et rahydr of uran, i yl ethe di §xane, rinigot’e, diethyl ene glycol

di et hyl et her; dﬂfﬁatb§1@ydrocar%0's duch as benzepe, toluene, xylene;

hal ogenat ed hydrogﬁwbons such as di°Bh#*or onet hane, chloroform and esters

such as ethyl acetate,
Formula (F) Formula (II} Formula (III)

5 The reactant of Formula ITl is as defined above. In one embodiment, III is a piperidine.
In another embodiment, Il is (35,58)-3-amino-5-methylpiperidine. In another embodiment, III
is (35,55)-(5-Methyl-piperidin-3-yl)-carbamic acid fert-butyl ester.

In one embodiment, R* is a methyl.
In one embodiment, R’ is amino-tert-butoxycarbonyl.
10 In another embodiment, RS is amino.
In one embodiment, R is methyl.
In one embodiment, R® is cyclopropyl.
In another embodiment of the above-described process, for the resulting compound of

Formula E, the compound is:

In another embodiment of the above-described process, the compound of Formula II is:
o 0 (IDAC
| O’B\OAC

F N

OMeA

The solvent which may be used in this reaction is not limited as far as it does not
20  adversely affect the reaction, and includes, but is not limited to, nitriles such as acetonitrile;

amides such as N,N-dimethylformamide, N,N-dimethylacetamide; pyrrolidinones, such as N-




5 butyl acetate. These solvents may be used in adm xture. In one

enbodi nent, the solvent is acetonitrile. The bases that may be used in
this reaction include, but are not limted to, alkyl am nes such as DI PEA
(Di i sopr opywas fugt/anssge) , N-al kyl nor phol i nes, N-al kyl pyrocalmbshinasess N-

al kyl pi peridines, tertiary diazabicyclic am nes such as DBU

(I, 8-Di azabi cycl o[ 5. 4. 0l undec-7 10 ene), DABCO

1, 4-Di azabi cycl o[ 2. 2. 2] octane), and DBN (1, 5-Di azahi cycl o[ 4. 3. 0] non-5-ene),
substituted and non-substituted aromatic am nes such as pyridi ne, DVAP

(N. N- diethyl am nopi peridine), pyrimdine, N-alkylpyrrole,

N-al kyl i m dazol e, N-al kyl carbazole, N abkylindole, and triazine, guanidine
bases such as tetraal kyl guanidines, and N, N- dial kyl pi perizines . In one
embodi nent, ey pgEddipencswifaddes shch podinethd sgfoaidp clsnhst-simatyl 6f-besl ether
triethylamn il § 14 IS ] ;

1L B Di Azabi Con o e e AT, ) b SRRk Aol A royame
triethyl am natisoihdehprengslycd dicthpietss seomadelydreaarb e sush alhengens, lushd sYlens: nol ar
amount of t hg,6RMRAURNE ocaRfond 16h HAREHLAmeHAHMMRothind; afif estels Suc@l &nyt IRGaNOUNT
of the conmpound of the general Fornula Il or its salt used may be about 0.8

20 to 1.5°noPHy! 2t nthesroly e ity RpBuhH Piitie 1§ arferdrdipstinfy P&Y"I@F‘Iis or its

sal t. Herei ngdegniatis0 descri bed a process for the preparation of a boronate
ester of 7- fluoroquinolone as depicted below in general Fornmula H Boron
oxide is treated , wth an organic.. carboxyl. cid R3 H and .car boxylic
onhydr | de. ( Ra00) 8¢ e i RepB s i ERUERAD il bhart o0 BtipT BoheT BPrRY of
unsubst i t ut eshcss BRBA (Diisupres)l il atdnen INGIkyImdhi®linds X¥ ulkelpyrsolihiaat §d at about 25
90C t o about QC for about .1l to about 4 ho copl ed. t t 20C to
about 900 antaPEREs RERH dFO R nR Sal ARy e B iR A0 er a
Formul a 1V, &), Bdded. 1,4Diazdblvgcla2.2 R jou@nadGud DBNGn & Didzatgenief4adl Oldearsrankla 1V, R1

is Cl-C4 alk .and R2 is (- al kyl .or -C8 . ¢ . The reaction is
agai n heat ed%gﬁnmé%dg“tﬁlfl ngbsébsgﬁmegﬂ%ou auéll%efsfs?c)%rs“ aé%&f%gg%bﬁﬁ’gut 9 hours and

t hen cool ed. dighylaniosygicriding Olydaitiine, B-atkylpyrtaid, Medliey]imidszdld) BlreligitteidekoteoNt he
reaction. Angther .30 solvent, .e.g.. tert-butyl methyl et is then added
o the react o AR b Endoscssih s Pt TEReHIR R © Rl o

cool i ng to addkilpiferizinesabiowhe @BGinterethpbadisctleded froayvadipwomsisting ¢fr at i on and

WO 20071110835, PCT/ 182007/ 56 ',.. 7 shed wi .ether. .. T sol i.d
P oauor T2 cmenfiind AERRERAENI e, pisopbp YRS s i GAOS o  uilr

of 70-90% R2eRB a@tberemBodindnt, khe@asl$ triethylamine.

The amount of the base used may be about 1 to about 4 molar amount of the compound
of the general Formula III or its salt.

The amount of the compound of the general Formula II or its salt used may be about 0.8

20 to 1.5 molar amount of the compound of the general Formula OI or its salt.

Herein is aiso described a process for the preparation of a boronate ester of 7-
fluoroquinolone as depicted below in general Formula II. Boron oxide is treated with an organic
carboxylic acid R3C02H and carboxylic anhydride (R3CO)20 wherein R’ is selected from the
group consisting of unsubstituted or substituted C-C, alkyl., The mixture is heated at about

25  90°C to about 130°C for about 1 to about 4 hours, cooled to about 20°C to about 90°C and a
[unctionalized 7-fluoroquinolone as depicted in general Formula IV, is added. For the 7-
fluoroguinolone of general Formula IV, Rlis C1-C4 alkyl, and R’is C1-Cy alkyl or C5-Cy
cycloalkyl. The reaction is again heated at about 90°C to about 130°C for about 3 to about 9

- hours and then cooled. An aromatic solvent, e.g., toluene, is then added to the reaction. Another
30  solvent, e.g., fert-butylmethyl ether, is then added to the reaction mixture to afford precipitation

of the product. After cooling to about 0 to about 25°C, the product is removed via filtration and




FNFN ORSR ORS R Fornula (I1) Formula (1V) 5 EXAMPLES: Exanple 1:
Synt hesi s of

(3S,5S)-7-[3-am no-5-net hyl - pi peridinyl]-1-cycl opropyl -1, 4-di hydro- 10

8- et hoxy- 4yaxmedriaess nol i necar boxylic acid and nal at e sahtstdoeesest. A

Synt hesis of (3S,5S)-(5-Methyl-piperidin-3-yl)-carbamc acid tert-butyl
ester (8): Nwe2 1) SOCCI2, MMOH O/~ h eZN2CH GBu) O (M COCH N COOwe
O 2) (MeCN TEA 105C, 12 hr Boc COOvMe Boc 1 2 IPA, H2(g) LNHBoc NaBHq,
CaCl 2 x 2H20 O HO N COOWve Et OH 4 Boc ESCAT-142 MIBE CH3SO2Cl, Et3N tll

i PrOAc NH2 NHBoc NHBoc | Pd/C, H2 (g) NHBoc MO NHBOVs n DVME, A N 7 EtCOH,
ANB8G6 Ph_, H 15 7

(2S)-1-(1, 1-Di net hyl et hyl ) - 5- oxo- 1, 2- pyrrolidi nedi car boxyl i ¢ aci d-2- net hyl
ester, (2). RKasodyith ¢tescthssolidpredyalrigdisdin & owarpyeuwatierd yicds bpigalgn thg 2 60
nmol ), met hangl.d 4 fobdpand cooled to 10 WO 2007/110835 PCT/ 1 B2007/ 051056 8
15C. Thionyl chloride (10.11 Kg, 2.0 equiv.) is added via addition funnel
over a period of 65

RZ R®
o} B“o o 0
F N F N
OR' g2 OR! 2
Formula (II) Formula (IV)

EXAMPLES:
Example 1; Synthesis of (35,58)-7-[3-amino-5-methyl-piperidinyl]-1-cyclopropyl-1.4-dihydro-

10 §-methoxy-4-oxo-3-quinolinecarboxylic acid and malate salt thereof.

A. Synthesis of {35,58)-(5-Methyl-piperidin-3-yl)-carbamic acid terr-butyl ester (8):

NM92
' \
N~ COOH  2) (Boc),0, TEA N" “COOMe . O N NCooMe
MeCN Boc e 5 Boe
1 5 3
IPA, Halg)
NHBOC NaBH4, CBC|2 X 2H20 (@]
HO\/l\/"\,OH ) o0Me
EtOH / a Boc ESCAT-142
5 MTBE -
CH3SO,Cl, EtN
iPrOAc
©/\NH2 .NHBoc
N «~NHBoc
MSO\)\/_\/CW'S DME, A N" 4 EtOH, A N~ 8
J ! H

6 Ph

15 (28)-1-(1,1-Dimethylethyl}-5-oxo0-1,2-pyrrolidinedicarboxylic acid-2-methyl ester, (2). A 50-L
reactor is charged with compound (1) (5.50 Kg, 42.60 mol), metharol (27 L) and cooled to 10-




mn, with external cooling to maintain tenperature at < 30. The resulting
solution is stirred at 25C + 5C for 1.0 hour, after which the nethanol is
distilled off under reduced pressure. The resulting thick oil is

azeot roped widtoetigss acetate (3 x 2.5 L) to renove residuateenestisanol . The
5 residue is dissolved in ethyl acetate (27.4 L), charged into a 50 L
reactor, and neutralized by the addition of triethylamne (3.6 Kg) from an
addition funnel over 30 minutes. The tenperature of the neutralization is
mai nt ai ned bel ow 30C via external cooling. The resulting suspension of
triethylam ne hydrochloride is renoved by filtration, and the clarified

nmot her |iquor solution is charged to a 80 L reactor, along with DVAP (0.53

Kg). Di-tert- bUt){JBi,gdi carbonate (8.43 Kg) is 10 added via hot water heated
addi tion funhel; Teigwt chiorie (10dld K 2-Benui: ri” Yidedvizsddision Bnncd 9¥F £ AGOE 81 %5ai nt ai n

tenperature gfin, %ﬂﬁ) biterdd cfiife to hdEhdiCRMmbdrAike biSc ROMPhEtRIRE siltiod isROMI 48S
determned b C anal ysis. The organi c phase is washed with ice cold 1IN

HCl (2 x 7. 5¥@C SAE éﬂfétoélaurs%r which $¢ pathehiadistilied o{fupdspredyced pryssge. The gnd
dried over nRgnesi dieR GHs LAbGoped B8 Bhyfhdlg & £ 251 ) (8L G6e idsRAURRaL. "I‘ﬁ& sche
filter and ethyl "acetate Is renoved ‘under r educed pressure to yield a
crystall i Ae Isideqigdipspivedigretylaceeptp (47 dd0.aharggdtinto pABE rqaqtor, gndinputsliggd by titered to
afford inter %ﬂloﬁ%%él@lalﬁﬁe @ 6\’@) tﬁ%m aﬁ Q&dﬂ%n(ﬁﬁmé%v&@ﬂ mﬁ’(%teﬂ e tﬁgﬁkaturgéfl cd for
Cl1H17NGG: C, 54.3

HRVS (ESI ') Eﬁﬁ@@?@d“q“d? m@ﬁm&@%@ ?(T%HPXE%@, 0‘101435 Tkﬁéﬁﬁlﬂﬂ&&?&)e&%"!@f 1H NVR
(CDC13, 500 aﬁm‘éh%cﬁfggde lg rem03edjb f&raﬁoﬂ“'gnd tﬂel_cplanféd &0&1@: hqg\:!f&olut%n\‘i_?@ 2.50
(m 1H), 2.41 {ddd, 1H 9 5. 1), 2 i, 1.98-1.93
(m 1H), 1. achapesd wgpay. rcaf@ca}qwmw@m@ Do 8ipe- lmﬂwzsbonate( 3Ky

173.3, 17 ]LO 9, 44481 da RR waeriPald i%ltéﬂ Athndl, Rér a%egcjd o730 Mbh vith fernal cooling to
(2S,4E)-1-(1,1-Di et hyl et hyl ) - d|nethylanlno)nethylene]-S oxo- 1, 2-

pyrrol i di nedPEarBeRYAcTE G FQPUQZ Gy Thegedcian i pplore Aigr | hqupadelemined bEhar ged
W th i ntermegj@hfy 1@)The(o¥ga21§ p@@ is %3stBd TR ke RV (161 3L KOD), saltfbaBEREIRT ecK’ s
Reagent (7.7 Kg, 44.2 . The 25 solution is agitated and heated to 75C
5C for at | ebis¥banpfp é‘é“tﬁ’é @r 7s7 5 iFh anduligg) pees magypsiyip aulfate e A pighrd 18 THH t or ed by

HPLC. The reﬁ%grp@ndts%h&m{ £ lu91 a@&at@gré?l‘((ﬁréd ﬁﬂeﬁ%ﬁed%sk&&o%ld(b sttath@ a
pr eci pltate fornms. The m xture'is held a for 'one hour ang | tered

t hough al? nu%l%f%iéatﬁ fifugaped Al MFRE (9. BEHJ@@ f'&?%‘@ aﬁﬂfdal“‘%}’é}é‘émﬁ{?é?f%ﬁm%r at
| east 30 h0U§(>‘ﬁd€§45 256 U OCNR o 01 7 9Bt e () 0as 8 ok eryst al | ne

solid (6.93 a for Cl4H22 H 7.43;
N, 9.309. Fou ?é NS%S HRMS (?S%)ZEXPWB@M@H Wl\éﬁﬁlz‘*‘)‘ 1@5@’(‘:‘%%1*41‘16?4
?1‘11?2(28'\'205 é@ﬁ@} 15@@%1}159%(8@9 3361165 H%"i}i)l"\ﬁ &%1235 f‘&}‘%mBHM"Z) S =

rg 23 é . 3.28- 5319 m
1H), 3.00 (s 4]6(1‘15“1 g, 971726 Qé m%@bﬁ‘i%l(im b 1PETPP 20@17,/10@1@%) | H),

3043 222(9"') (CD@C@WM%%% 3 1@?9 114%'28}, 5558'8 ,397@ 3@1 2176)99155 Mp . @c 146. 51
(25,4F)-1-(1,1-Dimethylethyl)-4-[{dimethylamino)methylene}-5-0xo-1,2-
pyrrolidinedicarboxylic acid-2-methyl ester (3). A 50-L reactor is charged with intermediate (2)
(7.25 Kg, 28.8 mol), DME (6.31 Kg), and Bredereck’s Reagent {7.7 Kg, 44.2 molc). Thé

25  solution is agitated and heated to 75°C # 5°C for at least three hours. The progress of the
reaction is monitored by HPLC. Thc;, reaction is cooled to 0°C+ 5°C over on hour during which
time a precipitate forms. The mixture is held at 0°C+ 5°C for one hour and filtered though a
nutsche filter and the product dried in a vacuum oven for at least 30 hours at 30°C + 5°C to give
intermediate (3) as a white crystalline solid (6.93 Kg, 77.9%). Anal. Caled for Cy4HyN2Os: C,

30 56.4; H, 7.43; N, 9.39. Found C, 56.4; 11, 7.32; N, 9.48; HRMS (ESI") Expected for
C14H2N20s, [M+ﬁ] 299.1607. Found 299.1613; "H NMR (CDCls, 499.8 MHz) 6 = 7.11 (s,
1H), 4.54 (dd, 1H, J = 10.8, 3.6), 3.74 (s, 3H), 3.28-3.19 (m, 1H), 3.00 (s, 6H), 2.97-2.85




(2S,4S)-1-(1, 1- D net hyl et hyl ) - 4- et hyl - 5- oxo0- 1, 2- pyrrol i di nedi car boxylic
acid-2-nmethyl ester 5 (4). A 10-gallon Wandler reactor is inerted with
nitrogen and charged with ESCAT 142 5% pal |l adi um powder on carbon (50%
wet, 0.58 Kgvonep7/wbssp, internediate (3) (1.89 Kg, 6. 33 malipeoaesess

i sopropanol (22.4 Kg). The reaction mxture is agitated under a 45-psi

hydr ogen at nosphere at 45C for 18 hrs. The reaction mxture is then cool ed
to roomtenperature and filtered though a bed of Celite (0.51 Kg) in a
nutsche filter to renove catal yst. The nother |iquor is evaporated 10 under
reduced pressure to give a thick oil that crystallizes on standing to
afford 4 (1.69 Kg, 1009 as a 93:7 di asPereoneric mxture. A sanple of
product mxture is purifi arative HPLC to 9gl ve material for
byt 1 ol QbdED RARIS S10nT 6 A TE S HEDRMT) G T8, 67! 07 4465, R0 5. .24
Found C, 55. §60@237493)128 N”’Gg dZ'P‘@C( EST) Expected for CL12HL9NO5, [ MtH|
258.1342. Found 258.1321; 1H NMR (CDCl 3, 499.8 M—|z) S=4.44 (m 1H), 3.72
(s, 3H, 2.60-2.48 (m 15 2H), 159154(mIH), 1.43 (s, 9H), 120(dj
= 6.8 Hz, 3H) p» 21 ng;}g 3.
57.4, 52,5 \(3 7SJ4§,P1 g%/ﬁg,( 5 .i]egh,yl);h%%ﬂ%zl Mal%c)l Sgroléhzl@dlc?arbo;:ﬁl% aé1d ZJnﬂe%ly‘ﬁcsteg

(1S, 3S) - (2- Hyfor & Hsallon Ragdlenagastsr 1 yaert mmwg%ﬂﬁyharg(éaﬁtbﬁséué%%
tert-butyl eﬁilﬁaml(lé))waef\ommh (io%sé&fssl% W@%ﬁﬁhﬂ%cﬂdﬁe @%9@% ﬁiﬁom 4)
(3.02 Kg, 11.7 nol), absol ute ethanol Kg) .
The sol ut i onaiddsogeppingt @44 &8y %Eﬁa@@n%ﬂ@eys as@teainladfgééﬁ mwbiﬁ?géwalmpa@e (1.36
Kg, 35.9 coost)4s+c,sfoaphiﬁ9 i3 r SO ki R0 b BRZ0SE t@%omelﬂpérm@m HIERE b
tenperature at 0C C. A small anount of fervescence i s observe The
reaction m xtbpdef (- §ht@‘/\ﬁ’r5ﬂré%) e nppche filtge @ﬂ@vwFabFMﬂ?l%lﬁbe?rlhd@TGﬁeﬁ@ﬂﬁ'r@@e (2.65

Kg) is adged,fer bR }}%s%e @tglv@aﬁh&\%lrﬂ?ak EryMBes @J‘steﬂ@fﬂé to a%[grdaﬁl %@KEH' ntain a
reaction tenperature C. The reaction is allowed to warmto 25 20C

5C over one HE® aghd: %@i{%ﬂowuf BixtuE ‘atapieiobpraduct Rixpen ip Buridied orepasEye The
reaction is ypQo oeg(il/etlﬂdtenglq;or aﬁgl"yuchﬁﬁfacglng @e’ﬂ:d"ﬂgc %9\1(9 Ko d. B, peded at a

rate to maintain reaction nper at ur e _of gq}tatlon S stopped to

al | ow phases>tb F%‘élﬁéjr at-& H. Tﬁé 1‘1I é\ﬂ;éf Wdﬁmpecﬁﬂﬁié@éJ 1thil¥Gs, IM+HI@5%.-E4dved. The
reactor is CRRh@esk Mbi.NHAGUR AHSCIS AbsE @ﬁ&?ssq% W ﬁzf) Gahhonal € 60bkB (f, Kg)

over five minutes. Agitation is Stop o allow phases to 'separate.
| oner 30 laquébubShhasen. (PH1438) 9libsl. E@WDME@S HZBE): r é?aRiMBr(CDQscHéﬁ@@ék)ﬁn t h

magnesi um sul F%tﬁ”{ 2y %d@k%%aq 53%?# %?t f,gr9 8o Iﬁggé J mnutes. The

mxture is filtéered thou a nut’si “and ondénsed under reduced
pressure to afford |nterrred| ate (5) (1.80 Kg, 66% . Anal. Calcd for WO

Found G, 56,07 Heagg e\ oGt bl gt e mig o oy o, ©

[ MtH 234, 170Bact@EeuhersaBeitliedediatd (ANROY KDL 3 moBOdsdike ym@ot(aaz 4), gl J

23, e g2 e glach inb sobomi oy By eddfn o M R hpediial {7

5.3 Hz, NHCHCBbIRE)35.93ndANis added in small portions so as to maintain reaction Lemperature at 0°C +

5°C. A small amount of effervescence is observed. The reaction mixture is warmed to 10°C +
5°C and calcium chloride dikydrate (2.65 Kg} is added portion wise at a slow rate over an hour
50 as to maintain a reaction temperature of 10°C + 5°C. 'T;he reaction is allowed to warm to

25  20°C 4 5°C over one hour and agitated for an additional 12 hours at 20°C + 5°C. The reaction is
cooled to -5°C £ 5°C, ice-cold 2N HCI1 (26.9 Kg) is added at a rate to maintain # reaction
temperature of 0°C + 5°C. Agitation is stopped to allow phases to separate. The lower aqueous
phase (pH = 1} is removed. The reacfor is charged with agueous saturated sodium bicarbonate
(15.6 Kg) over five minutes. Agitation is stopped to altow phases to separate, The lower

30 aqueous phase {pH = &) is removed. The reactor is charged with magnesium sulfate (2.5 Kg)
and agitated for at least10 minutes. The mixture is filtered though a nutsche filter, and

condensed under reduced pressure to afford intermediate (5) (1.80 Kg, 66%). Anal. Calcd for




5(dd, J =10.2, 5.8 Hz , | H CH3CHCHHOH), 3.16 (dd, J = 10.2, 6.2 Hz, IH,
NHCHCHHOH),  3.12 (dd, J= 10.6, 7.1 1-1z , IH CHCCHCHHCOH), 1.53-1.50 (m
IH, CH3CHCHHOH), 1.35 (s, 9H, O CdIl )3, 1.30 (ddd, J = 13.9, 10.2, 3.7 Hz,
1H, NHCHCHH®H) 2004m1isds(ddd, J= 13.6, 10.2, 3.4 Hz, 111 pchinbfbi/@GHissCH), 0.80 .
(d, J= 6.6 Hz, 311, CH3); 13C NMR (CDCI 3, 125.7 M#z) S 156.1, 77.9, 50.8,
6.5.1, 67.6, 6.5.1, 35.6, 32.8, 29.0, 17.1. M 92.1C 10

(2S, 4S) - Met hanesul fonic acid

2-tert-but oxycarbonyl am no- 5- net hanesul f onyl oxy-4-net hyl - pentyl ester (6).
A 50 L reactor is charged with a solution of internediate (5) (5.1 Kg) in

i sopropyl acetate (i-PrOAc) 11.8 Kg follBwed by a rinse with an additional

7.9 Kg i-PrOAc. The reaction is cooled to 15C 5C and tri et an ne ( TEA)
(7.8 Kg) is SededOnfPeoHaf- At Al APRGOIS G HeOdEP BdinsépatiBMs. <bfr‘1%)eﬁ’<rp%“éf‘ét or is

further cool ed 0,80, (PGuansh 7ot henasul fo8Y H IQMRQE,D@E 500 MprEah 5 =(68464, 159) Tlh s

added to the reaction solution while maintainin he set tenperature.

reaction is 58PHeHLND. Bk Evcupd Handl Wﬂ%gﬁ) frét tolrpb éﬁ%‘hlﬁy HPLC or

TLC. The r ea@HBQHCHJG‘i _)Wbﬁdn Ry, Nh@H@@@B"{ddOﬁ 6,3, 3981 NH@H@ﬁH@ﬁH%OHS
bi car bonate solution and the resultin }8 i sol at ed (bfan C hase i S washed

successi vél ydd £hitsbPd Wﬁd/ﬁa@fﬂﬁé‘&fﬁﬂq et KPR A8 2sof Ui IHn Heg-HUISH.aqueous

HCl sol utiong, mwddféawrmmdmcm%m}m@ﬁrmnﬁﬁo%ﬁﬁh l@H3@HCHﬁ@¢1I) fllmi Iy
saturated aqueous . brine solutio filtered,

and concent r 8t “Hrs/ &8 (et biv: 5%233 7#5 lfgrﬁfﬂqfl&%@lﬂ 414 (dfi‘i’ e{mlé sl ry
containing i @H@fznﬁﬂmd@kl?s{) QL LG, EheCﬁJ)U”CNMlﬁ&Gﬁ(ﬁQl@iﬂﬁﬁzM"

subsequent reactlon without further characterization
(3S, 5S) - (1- BEWZYV 1550y 6Tgh pREi3di0n2 §99.-18ar MardPé G@ci d tert-butyl ester

(7). A 5QglLreactor is charged with 9.1 Kg of neat benzyl am ne. The react or
is brought to 55C and a solution of internediate %& 2 Kg)
1, 2- di met hox{Fet*AbMethimepitpni¢ 3cd 3 rephptoxgcarbpydaningS- e@mxywqt@fl

nai nt ai ni ng ﬁantﬁéﬁ&?(@tﬂ's@L%actﬁxqg:chagggﬂ wﬁﬁ&&ﬁud%ﬁ’(ﬁﬂht@ﬁ&di%@%)t(s9Rg}3ﬁ1 this
solution, the reaction is stirred for several hours and

moni t or ed f osorREgYHicEetE GBI TLE I%rfoliqini_d:by r’m@e wh preasditipeh 7P KeddHPad Theo
ambient te ”pl%ﬁcﬁt)ﬁ'fs%mﬁ&i(io yohatsd e tﬁa}@mﬁé @mgmv[@g 1sQ)ideQ»thﬁE )ﬁam@)ﬁﬁ@or ation

under vacuum The residue iS diluted wth 11 15% (v/v)
acet at e/ hexafie st SBPHEPBnIsAmcer e Srder, colpl P E°G ?%Pii pgthangs 1Hn3181ﬂ?ﬂdkg of 20%

(wt) aqueou S(Nfs@l)\f@é %@%é&i@@%ﬁﬁéaf&?ﬂ &ﬁ%&@%h@%ﬁ%@m %]{ike &%ﬁa érhrh&l@‘ BRr bonat e

solution. A tri p asiC mxture i s obtained upon sett e bottom
aqueous phas®&aqign ¥ gHfsd &y aé%hquﬁﬁnﬁinaar%edﬂ%g@w@ﬂsbéﬂm |Oa£LC Tihereagioar

or gani ¢ phasig ghedche§ 8 1€ &dafitbn 3NFsahRledd b QGuORIIRAL doRBoNrdd e ¥dultRE tsSlakd OM
additional extractions. The isolated mddle phase is extracted tw ce agal n

with 11.7 KgPpwinhehis phedsurresyrely wish s 105crusnua prisdamiss solution, cold

20 aqueous HCI solution, cold saturated aqueous bicarbonate solution, and finally saturated aqueous
brine solution. The organic phase is dried, filtered, and concentrated in vacuo below 55°C + 5°C
until a solid / liquid slurry containing intermediate (6) is obtained. The slurry is used crude in

subsequent reaction without further characterization.

25  (35,55)-(1-Benzyl-5-methyl-piperidin-3-yl)-carbamic acid fert-butyl ester (7). A 50 L reactor is
'charged with 9.1 Kg of neat benzylamine. The reactor is brought to 55°C and a solution of
intermediate (6) (8.2 Kg) in 1,2-dimethoxyethane (DME) (14.1 Kg) is added to the reactor while
maintaining a temperature of 60°C + 5°C. After complete addition of this solution, the reaction
is stirred at 60°C + 5°C for several hours and monitored for completion by TLC or HPLC. The

30  reaction i.s cooled to ambient temperature and volatiles (DME) are removed by rotary
evaporation under vacuum. The residue is diluted with 11.7 Kg of 15% (v/v) ethyl

acetate/hexanes solution and treated, while agitating, with 18.7 Kg of 20% (wt) aqueous




5 solution, each tinme conbining the extracts with original organic phase.
The conbi ned organic extracts are transferred into a rotary evaporator and
solvent is renoved under vacuumuntil an oily residue remains. The residue
i s then purivwo sd7/viosss| ar ge- scal e preparative chronmat ogrepag2donosiesst or d
purified internediate (7) as an oil. 10

(3S, SS) - (5-Met hyl -pi peridin-3-yl)-cazbam c acid tent-butyl ester (8). A 40
L pressure vessel is charged with 0.6 Kg 50% wet, solid palladium on
carbon (EIA, 10 wt. 9% under flow of nitrogen. A solution of 3.2 Kg
intermediate (7) in 13.7 Kg of absolute ethanol is then charged to the
react or under nitrogen. The reactor is plrged with nitrogen and is then
pressurized with hydrogen at 45 psi. The reaction is then heated to 45C
whi | e nai nt aiPﬂ‘Fﬁﬁ’g‘méalll??‘H%da@ﬁ‘mp r%@gwlé niippturg & ofgingpon yling. elhe POUSAL § 5

moni tored by aaae&ls@hasbgryﬁﬁvlad anRAhidIEphadd € sel AL TR pjes oA Biketio  anmbi ent
tenperature, vented, and ged with nitrogen, The reactor contents are

filtered thrGellghed 2dbeld f‘BPO‘@EW“P%W%E‘”F‘F?%&%WH@“%F’é‘*’aﬁ%’a“ﬁeﬁ‘e\}\ﬁoﬁi’d2 8 Kg of

absol ut e et hafi@ite phdsaes dkirhddiatie dGin vEANTEKupakisl J2Y15PAlRT dEYRRRMBIn&N under
vacum unt|I a waxy solid is obtained to afford _internediate (8): TLC
RL(Silica FZS%UUO?(?E%HWC\?I“BPW? the gxtEcls rdth QRS axganiqalisesy Tae epnppynedoganie. 20

NVR (300 MHZ ex£b¥%°4:3 YrardfeRreBihto(addbias evabbhasor #xa@0veh @8en(d%d Lirhl}r,vaalu&&nﬁldm J=11.4
Hz, 2.77 gg‘uart JAB=12. O I 1z, Av=50.2 Hz, |-2 éﬁj J=10.7
Hz . lH) 1. 8211y1r B ? 311121_()['11(3 risujsxﬁ 1S(tBeln pugfledlvFQ)Iarg%:sc&lg p{eg tg/ﬁ):hm]a}at aply ipg (m
1H), 0.83 (daffo}a:ﬁlrﬁecﬂ'ﬁltenﬁéﬂ)a{e(iﬁﬁaNMR (75 MHz, CDC13) 8 155.3, 78.9, 54.3,
50.8, 45.3, 37.9, 28.4, 27.1, 19.2; MS (ESI +) ink 215 (MtH), 429 (2MrH). 25
B. Synthesis of

1- Cycl opnopy (35 55}- tsma@y@rpaﬁddn@ W&bmﬁeadm frr iy EeD®RT UA BEL pﬂg;uﬁvesaanoxyl ic

acid (19 71 051056 1 p M HOV/
Me 1 51 BLL % %5’“‘8}8%@3 bBOEE ‘;’é’a‘)‘l%a" éé‘ﬁeﬂf“’y %i““qef:“‘r& 114e91 F
I F F F 11 hubgeh2 AZoluBhONB.) &g itésletiatedT) in3 30NE: of ElzsOluleathanol @ tht@Bargefto 2 h

0
80 é)v\é\'{ NaH &16 reactgp unggar glwogenq%he-l;galctlilne 1rs] %ﬁrgegdc \iritthitI;]ogenEatng)fsCLJ:EfEn p%e]észugs'ize% \gthHS N'16 6 O

hydrogen at 45 psi. The reaction is then heated to 45°C while maintaining a hydrogen pressure of
15 45 psi. The reaction is monitored by TLC or LC until complete. The reaction is cooled to
ambient temperature, vented, and purged with nitrogen. The reactor contents are filtered through
a bed of Celite and the solids are washed with 2.8 Kg of absolute ethanol. The filirate is
concentrated by rotary evaporation under vacuum until a2 waxy solid is obtained to afford
intermediate (8): TLC Ry (Silica I>s4, 70:30 v/v ethyl acetate-hexanes, KMnO, stain) = 0.12; 'H
20 NMR (300 MHz, CDCl3) 8 5.31 (brs, 1H), 3.80-3.68 {m, 1H), 2.92(d, J=11.4 Hz, 1H), 2.77
(AB quart, Jup=12.0 Hz, Av=50.2 Hz, 2H), 2.19 (t, /=10.7 Hz, 1H), 1.82-1.68 (m, 2H), 1.54 (br
s, 1H), 1.43 (s, 9H), 1.25-1.15 (m, 1H), 0.83 (d, J=6.6 Hz, 3H); “C NMR (75 MHz, CDCls) §
155.3, 78.9, 54.3, 50.8, 45.3, 37.9, 284, 27.1, 19.2; MS (ESI+) m/z 215 (M+H), 429 (2M+H).

25 B. Synthesis of 1-Cyclopropyl-7-fluoro-8-methoxy-4-ox0-1,4-dihydro-quinoline-3-carboxylic
acid (19):




15eq) OO Q2o0q9) M-( (' Ot Ot O CEt F % NH Toluene, 1 ML F X NMez
Touene, d 2 h F/ X1, X=F, CEt OB Ov X F, Ot L1 W X=EOEf Caned on as
m xure Carried on as mxture Carried on as mxture in toluene O TMS

NO1j ' 0111 ( WwcB0em)i08Bel uene, d,1 ML TI This O O O O QGEtraBAdedsEs (aq) OH
F/ H18 RAT 6.6h F/ NOw AOw AL 19 L~ i 66%overall tram 13
Internmediate (12): A reactor is charged wwth a solution of internediate
(11) (1.2 Kg, 7.7 noll 1.0 eq) in anhydrous toluene (12 L) foll owed by

et hylene glycol (1.8 L, 15.7 viol, 4.2 eq) and solid 5 p-tol uenesul fonic
acid (120 g, 10 wt. 9% . The reaction mxture is stirred at anbient
tenperature for at |east 30 m nutes andl’t hen heated to reflux, collecting
t he water/tol uene azeotrope ina Dean Stark type trap appqﬁratus until the
reaction is corrpl ete a@,get ermdgd by TLC a sis (15% ELOAc/ Hexanes
v/v). Upon corrp on—the—r qg%%ohﬂ@i:ﬁ‘bl o anii Bt erature and
poured into an aquéé‘us '$81 ut T oh It > gpgitam bi car Bonéiﬁ“’ 6 QowThe organic

t ol uene phase was 10 renoved and washed with saturated sodi um bi carbonat e
solution (6 L), distilled water (2 x 6 L), and saturgfged,.aqueous brine (6
L). The organi c phase was renoved and dried over I\/gSO4,JLJ4Lq)ﬂtTe%eecb3hand
evapor at ed under reduced, G Pressure to afford i nternedi ave>(12) as an oil

(1.3 Kg, 86% . The nat ,g&s uge'elwrvmt I,Eprnetne(? prifigcgtion in
subsequent reaction ste | rterrredi (13) «—A—?—éact%fll‘;i‘?%har ged with
a sol ution of intermediate (ﬁ,Z) (3" Kg, %. -rmpl |1 G" i -anhydr ous

tetrahydrofuran (12 L) and=m=butyl|ithi GC278M i N heXan8s$.meeidud, 6.6 noll
1.1 eq) is added at,~40C | while nmaintaining this tenperature throughout
t he addition. The r%ng;.;“sﬁ‘h g tst i rred for at | east one hour at -40C and

trimethyl borate (O. 9|, 7.8 nol, 1.3 eg—+s—added to the mixture while
mai nt ai ni ng the tenper i t 379“(«.99' DW . fhe reaction mxture is
stirred 20 for at Iegﬁtﬁﬁﬁe hw nti | conpl ete as determ ned by
TLC anal ysis (30% oMe A T - w A H

68% overalt from 13

Intermediate (12): A reactor is charged with a solution of intermediate (11) (1.2 Kg, 7.7 mol, 1.0
eq) in anhydrous toluene {12 L} followed by ethylene glycol (1.8 L, 15.7 mol, 4.2 eq) and solid
5  p-toluenesulfonic acid (120 g, 10 wt. %). The reaction mixture is stirred at ambient temperature

for at least 30 minutes and then heated to reflux, collecting the waler/toluene azeotrope in a
Dean Stark type trap apparatus until the reaction is complete as determined by TLC analysis
{15% EtOAc/Hexanes v/v). Upon completion, the reaction is cooled to ambient temperature and
poured mto an aquecus solution of sodium bicarbonate {6 L), The organic toluene phase was

10  removed and washed with saturated sodium bicarbonate solution {6 L), distilled water (2 x 6 L),
and saturated aqueous brine (6 L). The organic phase was removed and dried over MgSQ,,
filiered, and evaporated under reduced pressure to afford intermediate (12) as an oil (1.3 Kg,

86%). The material is used without further purification in subsequent reaction steps.

15  Intermediate (13); A reactor is charged with a solution of intermediate (12) (1.2 Kg, 6.0 mol, 1.0
eq) in anhydrous tetrahydrofuran (12 L) and n-butyllithium (2.5M in hexanes, 2.6 L, 6.6 mol, 1.1
eq) is added at -40°C, while maintaining this temperature throughout the addition, The reaction
is stirred for at least one hour at -40°C and trimethylborate (0.9 L, 7.8 mol, 1.3 eq) is added to
the mixture while maintaining the temperature at or below -40°C., The reaction mixture is stirred

20 for at least one hour at -40°C until coniplete as determined by TLC analysis {30%




WD 2007/ 110835 PCT/ 1 B2007/ 051056 13 Et OAc/ Hexanes v/v). The reaction is
warnmed slightly to -30C and acetic acid (3 L) is added slowly. Upon
conplete addition, water is added (0.5 L) to the reaction and the m xture
is allowedw®guingsy warmto anbi ent tenperature whileTaBiooy/ésiee
overnight. Organic solvent is renoved fromthe reaction by distillation
under reduced pressure at 45C. To the reaction residue 5 is added 3-4

vol unes of water (6 L) and 30% hydrogen peroxide (0.7 L, 1.0 eq) slowy at
anbi ent tenperature with cooling provided to control the exotherm The
reaction is stirred for at |east an hour at anbient tenperature until
conplete as determ ned by TLC (15% Et OAtY Hexanes v/v). The reaction

m xture is cooled to 0-5C and excess peroxide is quenched wth the

addi tion of EEvhctraney”i o reariion i wrmst lighBy ri0R agdacetc acifhELYi sddeit e i s

tested to eng%g, @&n%orﬁﬁ%‘&dd}{r%n%ﬁ&l‘s‘a@é‘edr(@§ﬂi b tté@&uﬁdﬂ%n& @RI ARs! S
acidified by the addition of 6N H (1.2 Q The reaction is stirred

until the hyda¥asie &) aickly e @r@lﬁb@ntdwaé%wme Sa@w&?wm@a (Qsganiplselvesi ISNIVR

anal ysi s. Thenfo@&ttdal tﬂgrembﬁ BL5diANE = Qhbdd fagdd ?ﬂéss&@ ng@ail Tolutd bR briA8kidu®
afford internedi ate ( asawyellowsolld( 15 I nternediate

(14): A réactafdsls %Wh‘ﬁﬁé‘éf wAtef 1 T re e ideeer r(e%)de?(b'? ?'53 9) slavlpatnp| | 1. 0

eq) and di sabiRenl &dﬂft:)(mﬁl@l)&f’ﬁ@ﬁro(z@ed?to Kﬂwuoﬁh@ex@herﬁpTﬁ&b:&u&plls %ﬁrfe@ forlks added
di et hyl sul fate E nol 30 eq) foll owed L;é%l(dso i d potassium

carbonate (058 HIKE?“I% alﬂg‘ﬁ‘ﬂlteml’fmﬂ?reé&)‘l coppletcap ditarmaad bYdLE 4F% i s heated to

reflux and hEﬂ(ﬂ\cfPQaE(a:ﬁi v\ Bstreabdhaik bt &dmeempkv@taﬁd é@es@ﬁ&r@fuﬁ@ iRgenéi¥a HPLC.
Durlngthls tlma gor ous, gas evolution is observed e reaction is then

cooled to ambi®eiE a%mpefrw& Beeescdliver bl dptigh ) dife titre s it enpge 2 L)

al ong wi t1h 399/@g&iﬂ@ﬁer()ﬁ69re(u@aﬂ<ﬁh5&act1@n &&:mlﬁqa by ti&@dﬁ%&%ﬂ@lhﬁﬁ@l 1 5).
separated and the rensi n%ﬂgtm uene phase is extracted twice nore wth

distilled walreqeaons stire fhedulroly fyreaston Raepnlelq g gyerppned By KHC opNME oq) |

removi ng thgana@qgaﬁélﬁalslml %@1(ﬂaféfdoﬂdctﬁﬁb3& a&aﬂmqm@angﬁ @)aﬂ@aa{termbca&e(mﬁaqla
concentrate istillation in vacuo (< 100 ar) at approximtely 40C
until a conc&ﬁg\”é‘fl’élcﬁlf)gﬁtf'g%é solution is achieved. The resulting 25
solution is cooled to anbient tenperature, checked for quality and yield by
rward to the next step thesi s w thout

HPLC, and_cayri ed n
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e e - bl T2 Bt TRl o Ao e ik o ) BegTH (0 95
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90C over 1 ur. A solution of terrredl at 14%@% 1.0 e d| n tbol uene from
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20 temperature and diluted with distilled water (3.2 L) along with 30% NaOH (aq) (0.13 Kg, 0.33
eq). The aqueous phase is separated and the remaining toluene phase is extracted iwice more
with distilled water (3.2 L) combined with 30% NaOll (aqg) (0.13 Kg, 0.33 eq), removing the
agueous phase each time. The organic upper phasc is concentrated by distillation in vacuo (< 100
mbar) at approximately 40°C until 2 concentrated toluene solution is achieved, The resulting

25  solution is cooled to ambient temperature, checked for quality and yield by I—IPLC., and carried
forward to the next step in the synthesis without further purification (theoretical yield for

intermediate (14) assumed, (.56 Kg).

Intermediate (15a,b): A reactor is charged with 1.8 Kg (2.1 L) anhydrous toluene along with
30  sodium hydride (0.26 Kg, 6.6 mol, 2.20 ¢q) as a 60 wt. % dispersion in mineral oil. To this
mixture is added (0.85 Kg, 7.2 mol, 2.4 eq) diethylcarbonate as the reaction mixture is heated to

90°C over 1 hour. A solution of intermediate (14) (~1.0 eq) in toluene from the previous step is




14 added to the reaction while maintaining a tenperature of 90C 5C Gas
evol ution can be observed during this addition. After conplete addition,
the reaction is stirred for at least 30 mnutes or until conplete as
determ ned Iwo B Gomnal ysis. Upon conpl etion, the m xtur@/isso7/eoased t o
anbi ent tenperature and diluted with 10 wt. % aqueous sulfuric acid (3.8
Kg, 3.9 nol, 5 1.3 eq) wwth agitation. The phases are allowed to separate
and the | ower aqueous phase is renoved. The renmi ning organi c phase is
concentrated in vacuo (<100 nbar) at approximately 40C until a
concentrated toluene solution is achieved. The resulting solution is cool ed
to anbient tenperature and carried forwdrd to the next step in the
synthesis without further Eurlflcatlon (theoretical yield for internediate

(15a, b) assurtlfd ohgBckey) vhittonyRphETRTETE 96Y), %*51C7§ab‘)"01“%\°"r‘€éé‘t or is

charged Wit hoBseS6d dkih@iisQfidilid BFRenAEE addddd, B refddoBR stirk@ foraBlefd 701, - 1.0
eq) in toluene fron%HE previ qQus SteEﬁHTO the reactor i s then added

di met hyl f onn&HiUFe “toﬁlyleé&?éfl%{?m‘(@d K anglysjs. Hppn coppietion, he igfuse pip
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with 10 vp. Wbaqueous sul furic aC|d (2 9 Kg, 3.0 nDI 1.0 eq) with
agitation, a t he re then a te e phase
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(<100 nbar) &t, ~38mpd,oNi0reRY i@ katued®Torh yhe @icsibid dept Tode reWhﬁns thdnendatasi r ed
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20 HPLC. Upen completion, the reaction is diluted with 10 wt. % agqueous sulfuric acid (2.9 Kg, 3.0

mol, 1.0 eq) with agitation, and the phases are then allowed to separate. The aqueous phase is

removed and the organic phase is concentrated under reduced pressure (<100 mbar) at

approximately 40°C by distillation, When the desired concentration is achicved, the solution is

cooled to ambient temperature and the toluene solution containing the mixture of intermediate

25 (17& b) is carried forward to the next step in the synthesis without further purification

(theoretical yield for intermediate (17a,b) assumed, ~1.1 Kg).

Intermediate (18} A reactor is charged with a solution of the mixture of interrnediate (17a,b)
(~4.7 Kg, ~3.0 mol) at ambient emperature. To the reactor is added N,O-

30 bis(trimethylsilyl)acetamide (0.61 Kg, 3.0 mol, 1.0 eq) and the reaction is heated to reflux
temperature (~105-115°C) for at least 30 minutes or until complete as determined by HPLC

analysis. If not complete, an additional amount of N,O-bis(trimethylsilyDacctamide (0.18 Kg, 0.9




mol, 0.3 eq) is added to the reaction to achieve conpl etion. Upon

conpletion, the reaction is cooled to bel ow 40C and organic solvent is

renoved under reduced pressure (<100 nbar) at approxi mately 40C by

di still ati owawi/liogsprecipitate is forned. The reacti aUIs2eT@&esd t o

anbi ent tenperature and the precipitated solids are isolated by suction

filtration and washed 5 with distilled water twwce (1 x 1.8 L, 1 x 0.9 1L).

The solid is dried to afford internediate (18) as a white solid (0.76 Kg,

82% . The material is used without further purification in the next
reaction step. Internediate (19): A reactor is charged with solid
iMeHmmaHaUB)(076Kg -2.5 mol, -1 10 eq) at anbient tenperature

fol |l oned by ethanol (5,3 6.8 L) and 32 wt. % aqueous hydrochloric acid
(1.1 Kg, 10 mshk{3 %@d%&e “6‘??0%1“)2? B ‘é’mrB}eB?HgHPOIE‘SH'WF‘P‘USPGE‘@%’EPat ure

E) 76- 80C) hduwdnsg (BUl U C BR drgaalc@m&nurs&ﬁﬁdvéélgnda&@@@?rdaﬁl?@xgmml 8 aﬁnd5| ater
ecomnes eterogene xture is heated at reflux for east
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shed with distjlled

preC|p|ta ed solid is isolated
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to aff or d i nt enhiediatgc k9929 STha ma\z@eﬁhltleus,smmdm(meﬁ:Blegmma5%.<. nextH NVR
(CDCI 3, 300 MHz) S (ppm): 14.58 (s, 111), 8.9 (s, 1H), 8.25 (m 1H), 7.35
(m 1H), 4.35*¥#Hy), 4.08 (s, 314), 1.3 (m 2H), 1.1 (m 211). 19F NMWR
(CDC13 + CFCl13, 292 MHz) S (ppm): -119. HPLC 99.5% by area. 20 C.
Synthesi s of borone ester chelate aof . . . :
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80°C) during which time the mixture first becomes homogeneous and later becomes
heterogeneous. The mixture is heated at reflux for at least S hours or until complete as
determined by TLC analysis (15% EtOAc/Hexanes viv). Upon completion, the reaction is cooled
15  to 0°C £ 5°C and the precipilated solid is isolated by [iltration and washed with distilled water
(1.7 Kg) followed by ethanol (1.7 Kg). The isolated solid is dried to afford intermediate (19) as a
white solid (0.65 Kg, ~95%). "H NMR (CDCl;, 300 MHz) & (ppm): 14.58 (s, LH), 8.9 (s, 1H},
8..25 (m, 1H), 7.35 (m, 1H), 4.35 (m, 1H), 4.08 (s, 3H), 1.3 (m, 2H), 1.1 (m, 2H). “F NMR
(CDCl; + CECl;, 292 MHz) & (ppm): -119. HPLC: 99.5% by area.
20
C. Synthesis of borone ester chelate of 1-Cyclopropyl-7-fluoro-8-methoxy-4-0x0-1.4-dihydro-

quinoline-3-carboxylic acid (20):

AcO OAc
2. CHyGOOH, (CH3C0),0 o B0
reflux, 2 h
8}
Bo0a - |
b, o o F N
y e
| reflux, 6h
F N 20
OueA 19 B
c. Toluene, tert-Butylmethyl ether
20-50°C, filter

'25 A reactor is charged with boron oxide (2.0 Kg, 29 mol) followed by dilution with glacial acetic
acid (8.1 L, 142 mol) and acetic anhydride (16.2 L, 171 mol). The resulting mixture is heated to




25 A reactor is charged with boron oxide (2.0 Kg, 29 nol) followed by
dilution with glacial acetic acid (8.1 L, 142 nol) and acetic anhydride
(16.2 L, 171 nmol). The resulting m xture is heated to WD 2007/ 110835

PCT/ 1 B2007/ 0800611048 refl ux tenperature for at |east 2Zrdrgem7/05t8 reacti on
contents are cooled to 40C and the solid 7- fluoroquinolone acid
internediate (19) (14.2 Kg, 51 nol) is added to the reaction m xture. The
m xture is again heated to reflux tenperature for at |east 6 hours.
Reaction progress is nonitored by HPLC and NVR. The mixture is cooled to
approximately 90C and toluene (45 L) is added to 5 the reaction. The
reaction is further cooled to 50C and tet&-butyl nethyl ether (19 L) is
added to the reaction mxture to bring about precipitation of the product.
The mi xture FEUE FEReRYE TG kit 2 boes. ARdCichen WBERap Feird & 440G gnd thesofid <pS1 at ed

by filtrati ofuordfifholca®hdd ﬁ@nﬁﬁlaleq 59) 142 £ 8NmWA S8 dW hibreadiBf bttt Stharet hyl
ether (261,) prior to drying in a vacuumoven at 40C (50 tort). The product
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13683 1338 , 1201.5, 955.3, 653. 8, 384.0, 305.8. NWR

(cDc13, 360 Miegseetsn Hismyactiay intyrizes COO!P&‘A() 50“ a@h’%b%lnr?wl eqeyy19 Lyyis gddeq {o
J=9.8 Hz, 1 H)he rtﬁictaﬁ'nﬂxt&é tf $Ang llkdv).lt prémﬁt@u((nﬁ)f thdhoduct 188 mb8ure Bldlen caolél:lao 1.38
(in, 2H, 1. g & atman MKCL8F Silica, 60A, put),
Mobi | e Phase: o o2 ?16 Qi Pangtf\}% is gpokiqd bygilepuiqoa e isofaipd sty prg dsn Wﬁ-jhed with

vi sual i zat i ofr- lﬁfﬁm&lyﬂet@er 86 Il%n@ to @MQM A\@edin oven at 40°C (50 torr). The product

| - Cycl opropyl x0-1, 4-di h dro qui ngl i ne- 3- carboxyllc

ci o (20 oV abiased By A LB B ot s 1 GaPBA e A RS bt y
ester (8 aﬂEdSOSmebleS%SOS af4smlas®, Bab.v, 1868.3, 1338.5, 1201.5, 955.3, 653.9, 580.7,
ooy 4 bos0 B0 eate Wi DLt L) D5 oy 9% AR g 5%
PCT/ 1B2007/ 051056y, 1131)?43@4@5@{\ 1H3, 4. 1%s, BHIB0 04 BAGH)O £2- D8 (im, BHY, 1N42129@n|3- QAc
8\\//56’ BXC HI\N/E’ 2H). TN%t(Whgtgllar? }\/J?(CIS g)lhca g()rg‘"’?&g :11|11)6M0-1|3-1Iic=,| ﬁggy{ IaEU/vr;%HqCN C’ 3 dry,

NaCl (ag), UV (254/366 nm) visualization; R=0.4-0.5.

15

D. Coupling of 1-Cyclopropyl-7-fluoro-8-methoxy-4-0x0-1,4-dihydro-quinoline-3-carboxylic

acid (20) to (38, 58)-(5-Methyl-piperidin-3-yl)-carbamic acid fert-butyl ester (8), and synthesis

of malate salt of (35,55)-7-[3-amino-5-methyl-piperidinyl]-1-cyclopropyl-1,4-dihydro-8-

methoxy-4-0x0-3-quinolinecarboxylic acid (25):




a. 3.0 NNaCH (aq) | CH5CI5 b pH adjustnent to 68, extract 00 OO OH
HaN,,.l/~l a. 6.0NHCl (aq), CH C2, 35-60°C, 12 h OH YN OV A b Extract, pH
adust to J-6, 50-65:,filter e. Not d Me L, 23 L~ M a d.FMalic acid 10 b.
Filter, waslwogmy11083/OH HO I Il 24 OHO OO ZOH 95%@heké7tdaissMe 0.5
H2OO0 HOOH G O Areactor is charged with solid internediate (20) (4.4 Kg,
10.9 nol) followed by dilution with a solution of triethylamne (TEA) (2.1
L, 14.8 nol) and piperidine side chain internediate (8) (2.1 Kg, 9.8 nol)
in acetonitrile (33.5 L, 15.7 UKg) at roomtenperature. The resulting
mxture is 5 warned to approximately 50C until reaction is judged conplete.
Reaction progress is nonitored by HPLC & reverse phase TLC. Wen

conpl ete, the reactlon i s cool ed to approxi mately 35C and reaction vol ume
is reduced to ap (?ely hal f wby~dirgti| | ation of acetonitrile under
vacuum bet ween Qgéég)?grf The reasfor is the char F-28. 2 Kg of 3.ON
NaOH (aqg) sol utidp.jand the tenperatiire is ra oxi mat} ed.\.-40C.
Distillation under 710 vamuun1ﬁ%w%ﬁWWFWU%H°%et wflours on until no
further distillates are observed. The reactio |yethen cool ed to room
tenperature and the hydrolysis reaction is nonitored by s:iRbGa0éct ever se
phase TLC. Upon conpletlon the reaction m xture i s neutraiired=t=so0 a pH of

between 6-8 by adding 44-5 Kg of glacial acetirc acid' Theoreactor is then
charged with L&@Wﬁ L) otondighlpranmt:hane as a
h

g? 13 anmdgst=He organic
di chl or onet hane ase i s #enoved. The extraction p is fepeated two
additional tines using 12.7 Kg (9.6 L) of dichloron€thane, collecting the

| ower, organic phase

a d.FMalic acid
o b. Filter, wash, dry
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A reactor is charged with solid intermediate (20) (4.4 Kg, 10.9 mol) followed by dilution with a
solution of triethylamine (TEA) (2.1 L, 14.8 mol) and piperidine side chain intermediate (8) (2.1
Kg, 9.8 mol) in acetonitrile (33.5 L, 15.7 1/Kg) at room temperature, The resulting mixture is
5  warmed to approximately 50°C until reaction is judged complete. Reaction progress is

monitored by HPLC or reverse phase TLC. When complete, the reaction is cooled to
approximately 35°C and reaction volume is reduced to approximately half by distillation of
acetonitrile under vacuum between 0-400 torr. The rcactor is then charged with 28.2 Kg of 3.0N
NaOH (aq) solution and the temperature is raised to approximately 40°C. Distillation under

10 vacuum is continued between 1-4 hours or until no further distillates are observed. The reaction
is then cooled to room temperature and the hydrolysis reaction is monitored by HPLC or reverse
phase TLC. Upon complction, the reaction mixture is neutralized to a pH of between 6-8 by
adding ~4-3 Kg of glacial acetic acid. The reactor is then charged with 12.7 Kg (9.6 L) of
dichloromethane as an extraction solvent, the mixture is agitated, phases are allowed to separate,

15  and the organic dichloromethane phase is removed. The extraction process is repeated two
additional times using 12.7 Kg (9.6 L) of dichloromethane, collecting the lower, organic phase

. each time. The aqueous phase is discarded and the organic extracts are combined in a single




each time. The aqueous phase is discarded and the organic extracts are
conbined in a single WO 2007/110835 PCT1I B2007/ 051056 18 reactor. The
reactor contents are heated to 40C and the reaction volune is reduced to
appr oxi mat emo moeLibsakf by distillation. The reactor is #drapchasiged wth
20.2 Kg 6.ON HCl (aqg) solution, the tenperature is adjusted to 35C, and
agitation is allowed for at least 12 hours to permt the Boc deprotection
reaction to occur. The reaction is nonitored by HPLC or reverse 5 phase
TLC. When conplete, agitation is discontinued and the phases are allowed to
separate. The |lower, organic phase is renoved and set aside. The reactor
is then charged with 12.7 Kg (9.6 L) ofl8di chl oronet hane as an extraction
solvent, the mxture is agitated, phases are allowed to separate, and the

organi ¢ di chfaranBieHsHier PRkEs ae beaed i dlied andrhgregighMiEnex et © are conbi ned

and di scar deghprokliutdl LsTR ihAF HOdiAARRAURRAASE:S ihen Hialgbd R .1 Ry d.6N BCKGq)
distilled water and the 10 tenperature is raised to aPprom mat el y g
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3H), 0. 85- 0.Th8 rdaerion 2difjture T4 @ssed through a filter to achieve clarification, cooled to 45 °C and held
for a period of at least 2 hours to allow crystallization to occur. The reaction mixture is further
cooled to 5°C and the suspehdecl solids are isolated by suction filtration. The solids are then
25  washed with 6.6 KG of 95% ethanol and dried for at least 4 hours with suction under vacuum.
The solids are then further dried in a convection oven for at least 12 hours at 45°C to afford 3.1
Kg of intermediate (24) (70%). NMR (D,0, 300 MHz) & (ppm): 8.54 (s, 1H), 7.37 (d, /=9.0
Hz, 1H), 7.05.(d, J=9.0 Hz, 1H), 4.25-4.18 ({m, 1H}), 4.10-3.89 (m, 1H), 3.66 (br s, 1H), 3.58 (s,
3H), 3.45 (d, /=9.0 Iz, 1H), 3.34 (d, J=9.3 Hz, 1H), 3.16 (d, /=12.9 Hz, 1H), 2.65 (dd, J/=16.1,
30 4.1 Hez, 1H), 2.64-2.53 (m, 1H), 2.46 (dd, J=16.1. 8.0 Hz, 1H), 2.06 (br s, 1H), 1.87 (d, J=14.4
Hz, 1H), 1.58-1.45 (m, 1H), 1.15-0.95 (m, 2H), 0.91 {d, /=6.3 Hz, 3H), 0.85-0.78 (m, 2H). TLC
" (Whatman MKC18F Silica, 604, 200 um), Mobiie Phase: 1:1 (v/v) CH5CN : (.5N Na(l {aq),




(What man MKC18F Silica, 60A, 200 m), Mbile Phase: 1:1 (v/v) CH3CN : 0.5N
NaC (aq), WO 2007/110835 PCT/1112007/051056 19 UV (254/ 366 nm
visual i zation. HPLC. Mobile Phase 11,0 with 0.1% form c acid/ Acetonitrile
with 0.1% f ovorem7/eesd, gradi ent elution with 88% H2Q f arawsz@widesso 20%
H2O form c acid, Zorbax SB-C8 4.6nmm x 150 m n colum, Part No. 883975. 906,
1.5mM/mnrate, 20 mn run tinme, 292 nm Detector Mdel GL314A, S/ N

. JP72003849, Quat Punmp Mddel G1311A, S/N 5 US72102299, Auto Sanpl er Mdel
GL313A, S/ N DE14918139, Degasser Mdel Gl322A, S/IN JP73007229; approxi mate
retention time for intermediate (19): 13.0 mn; approximate retention tine
for internediate (20) 11 6 m n; approxitate retention tine for
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15 1 documents cited in the Detailed Description of the Invention are, in relevant part,

incorporated herein by reference; the citation of any document is not to be construed as an
admission that it is prior art with respect to the present invention. To the extent that any
meaning or definition of 4 term in this written docoment conflicts with any meaning or definition
of the term in a document incorporated by reference, the meaning or definition assigned to the

20 term in this written document shall govern,

While particular embodiments of the present invention have been illustrated and
described, it would be obvious to those skilled in the art that varions other changes and
modifications may be made without departing from the spirit and scope of the invention, It is
therefore intended to cover in the appended claims all such changes and modifications that are

25 within the scope of this invention.




(Nr Nn( \J ORS R2 R4 Formula | wherein: RLis C-C4 alkyl; R is C-C4
al kyl or C3-C6 cycloalkyl; R4 and R5 are each independently selected froma
group consisting of amno, Cl-C4 al kylam no, protected amno, and G -C4
alkyl; and nis | or 2; said process conprising: the step of reacting a
conpound of Forrmula Il with conpound Formula Il in the presence of a
sui tabl e base at about 20C to about 80C, followed by hydrolysis: R3 R3 B,
OORM ORA~-NRSFH OR R (Ill)crAiMswherein: R3 is acetoxy; and R,
R2, R4, R5, and n are as defined for Forrmula | above. 2. A process for
preparing a S“Wl&éﬁ#} ﬁlllg nol one accordl ng to Formula I: 21 OO e NJ OH
a

'(')r Ncgg 66 &elo éAT ]%rot:ess QY preparmg a Su S%EQGd qumolone acc-:%mg to%loi'mﬁi% I's Cl-C4 alkyl

o O

wherein:
R is C,-C, alkyl;
R? is C)-C4 alkyl or C;-Cg cycloalkyl;
R* and R® are cach independently selected from a group consisting of
amino, C,-C, alkylamino, protected amino, and C,-C4 alkyl; and
nis 1 or2;
said process comprising: the step of reacting a compound of Formula II with
compound of Formula III in the presence of a suitable base at about 20°C to about

80°C, followed by hydrolysis:

wherein:
R’ is acetoxy; and

R, R% R* R, and n are as defined for Formula I above.

2. A process for preparing a substituted quinolone according to Formula I:




R4 is selected froma group consisting of amno, G -C4 al kyl am no,
protected amno, and CI-C4 alkyl; R5 is am no-tert-butoxycarbonyl; and n
is | or 2; said process conprising: the step of reacting a conmpound of
Formula Il with conmpound of Forrmula Il in the presence of a suitable base
at about 20C to about 80C, followed by hydrolysis: RBR3 B OO-n OR4
ERs N11 FIJCNHORS R (I'Il) (I1) erein: R3 is unsubstituted or
substituted Cl-C4 acyloxy; and R, R2, R4, R5, and n are as defined for
Formul a | above. 3. A process according to chai@g 2, wherein the resulting
conpound of Forrmula | is subsequently suhjetdted to a process of
deprotecting the anmino group of R5. 4R5A ocess @dr preparing a
substituted quinol one according to Eoruba@ty-22 0 0 RS OH NNnJ OR R
R4 Formula | wherein: R is Cl-CAnél kyl; oRR.i s O -C4 al kyl or C3-C6

cycloalkyl; R4 is nmethyl; R5 is amn atert-%utoxycarbonyl; and nis 2
sai d process conprising: the step of reacting a conpound of Forrmula Il with
Formula |
wherein:

R'is C-Cy4 alkyl;

R?is Ci-Cy alkyl or C3-Cg cycloalkyl;

R* is selected from a group consisting of amino, Cy-C4 alkylamino,

protected amino, and C-C4 alkyl;

R’ is amino-tert-butoxycarbonyl; and

nis [ or 2;
said process comprising: the step of reacting a compound of Formula II with
compound of Formula Il in the presence of a suitable base at about 20°C to about

80°C, followed by hydrolysis:

wherein:
R’ is unsubstituted or substituted C;-Cy acyloxy; and

R R% R* R®, and n are as defined for Formula I above.

3. A process according to claim 2, wherein the resulting compound of Formula [ is

subsequently subjected to a process of deprotecting the amino group of R’.

4. A process for preparing a substituted quinolone according to Formula I:




conpound of Forrmula Il in the presence of a suitable base at about 20C to
about 80C, followed by hydrolysis: RS R3 OB, O\- N \' Il ORA RE FNH
OR R2 (I1l) (1l) wherein: R3 is unsubstituted or substituted Cl1-C4
acyloxy; and R and R2 are as defined for Fornmula | above; and the
compound of Forrmula Il is: Me NHBoc 5. A process for preparing a
substituted qui nol one according to For al: 2200 REX™H n(\] OR R2
R4 Formula | wherein: RLis d-C4 alkyl; R is C-C4 alkyl or C3-C6
cycloal kyl; R4 and R5 are each independentlygpselected froma group
consisting of amno, Cl-C4 al kyl am no, protédctéd am no, and Cl-C4 al kyl;
and nis 1 or 2; said process corrprlsi’n i he| st®¥ of reacting a conpound
of Formula Il with conmpound of For T t he presence of a suitable
base at 20C to 80C, fol | owed by h&@g YSDR! Rs RB 0O

Formula I

wherein:

R!is C)-Cy alkyl;

R?is Cy-Cy4 alkyl or C3-Cg cycloalkyl;

R* is methyl;

R%is amino-tert-butoxycarbonyl; and

nis 2;
said process comprising: the step of reacting a compound of Formula II with
compound of Formula Il in the presence of a suitable base at about 20°C to about

80°C, followed by hydrolysis:

4 : R5

OR' R2 (nn

wherein:
R’ is unsubstituted or substituted C,-Cs acyloxy; and
R! and R? are as defined for Formula I above; and

the compound of Formula II is:

Me\(j_\‘NHBoc

N
H

5. A process for preparing a substituted quinolone according to Formula I:




B e ORM-NR FNH OR R (IlI)
fromthe group consisting of triethylam ne,
am ne,
unsubstituted or substituted G -C4 acyl oxy;

triisopropyl

as defined for

(I'1) wherein:
di i sopropyl et hyl am ne,
and 1, 8-di azabi cycl o[ 5.4.0]undec-7- ene; R3 is

Formul a | above.

the base is triethyl am ne.

wherein:
Rlis C1-Cq alkyl;
R%is C,-C4 alkyl or C3-Cs cycloalkyl;
R* and R’ are each independently selected from a group consisting of
amino, C,-C4 alkylamino, protected amino, and C;-C, alkyl; and
nis1or?2;
said process comprising: the step of reacting a compound of Formula II with

compound of Formula HI in the presence of a suitable base at 20°C to 80°C,

followed by hydrolysis:
R3 RS
B.
0O 0 (H\n
4~ T-RS5
; O R "-‘—N\ R
F N H
OR' R2 (1)
(In .
wherein:

the base is selected from the group consisting of triethylamine,
diisopropylethylamine, triisopropyl amine, and 1,8-diazabicyclo[5.4.0Jundec-7-
ene; |

R? is unsubstituted or substituted C-C4 acyloxy; and

R, R? R* R, and n are as defined for Formula I above.

A pf_ocess according to claim 5, wherein the base is triethylamine.

the base is sel ected

and Rl, R2, R4, R5, and n are
6. A pocess according to claimb5, wherein




