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internedia9§§2W$@H§%&clic i ntermedi at es. BACKGROUND CF$%¥@#?§R%§$#<JV

Synt hesi s of various qui nol one conpounds have been reported in the
literature, e.g., U S. 10Patent 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, Vol. 35, p. 198-200 (1992); V.
Cecchetti et al., "Studies on 6-Am noquipolines: Synthesis and

Antibacterial Evaluation of 6- Anino-8-nethylquinolones”, J. Med. Chem,
Vol . 39, pp. A489rAE REDPPGION VROCESS RS PREPARING QUINORORM INTERMEDIATES
6- Dest | uor o- 8- net hyl qui nol ones as New Lead Conpounds in Antibacterial 15
Chenot herapy", J. Med. Chem, Vol. 39, pp. 4952-4957 (1996)). The qui nol one
conmpounds (3S,5S)-7-13-am no-5-nethyl -pi peridinyll-1-cyclopropyl-1, 4-
di hydr o- 8- net hoxy- 4- oxo- 3- qui noF—%@é‘?ﬁéﬁWYWT&éNd, and (3S,
5R) - 743- am no- 5-TRtga%édR inRedtiodl el ko frefit bo@Tcemynlquinofomd inbydlédad &t hoxy - 4- ox
o-3-quino|inecqrboxylic acid are disclosed in the U.S._Pa%enp No.
6, 329, 39, WATIEHE]sORCITES RYdride Pt At BekimAcYlr dPEReEngdfes framslignt i ret y .
However, thek@mk&atds,need in the art for inproved nethods for preparing
these and |ike antim crobial conmpounds. SUVMMARY OF THE | NVENTI ON
The present invention relates to a process of hydride reduction to prepare
intermedi ates 25useful in anghbrGROUNA OFUHPGYVIREIIONNt hesi s. I'n one
ﬁgt\j?gbnfﬂé’ f E”h € yg&gsqg éf%griguglqg;[lo gnetcgnlggugé)s%g\llerl) eﬁfjl regoliltlecii] 81| tl?enheterlatg;[e,eg.g., .lS.at €

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., Vol. 35, p. 198-200 (1992); V.

Cecchetti et al., "Studies on 6-Aminoquinolines: Synthesis and Antibacterial Evaluation of 6-
Amino-8-methylquinolones”, J. Med. Chem., Vol. 39, pp. 436-445 (1996); V. Cecchetti et al.,
"Potent 6-Desfluoro-8-methylquinoloncs as New Lead Compounds in Antibacterial

15  Chemotherapy”, J. Med. Chem., Vol. 39, pp. 4952-4957 (1996)).

The quinolone compounds (35,55)-7-[3-amino-5-methyl-piperidinyl]-1-cyclopropyl-1,4-
dihydro-8-methoxy-4-0x0-3-quinolinecarboxylic acid, and (3S, SR)-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 relates to a process of hydride reduction to prepare intermediates
25  useful in antibacterial quinolone synthesis.
In one embodiment, the invention relates to preparing a quinolone intermediate having

the formula:

Formula (I);




X HN,Z HO'CH Formula (1); WD 2007/110836PCT/ | B2007/ 051057 2 wherein, n is
1 or 2, Xis selected fromthe group consisting of Cl1-C4 al kyl, C6-C10 aryl
or al kylaryl, and C3 C6 cycloalkyl; and Z is selected fromthe group

consi sting gnd COX, wherein X is as defined ab ocess
conpri sing \ghe step of reacting the conpound of Formul a\é?ll?z)%%‘gggg

S5Formula (11) wherein Y is selected fromthe group consisting of Cl-Ca

al kyl, C6-C10 aryl or alkylaryl, and C3- C6 cycloalkyl; and X, Z, and n are
as defined for Formula (1); in an adm xture of Cl-C4 al kanol/ C2-C6 et her
inaratio (v/v) of fromabout 100/0 to about 20/80, at about -20Cto
about 10C, and about 2 to about 4 equivajents of sodium borohydride;

foll owed by 10addition of about 1.5 to about 3.0 equivalents of a cal cium

salt at abougheRfa, m1&199{12mk&&tedlﬁbnam@glh@ccﬂmmgbmmamy1 the abgpve- descri bed
process, X isS Cl - Ca .. I.n_anot her enbodi nent of the above-descri bed

process, X ik L3 @?Fyélﬁweﬁ“d ErbBUrRERe™ e g{ﬂﬂ%%&ﬂ%% OHeQeY 1MEP%or ocess,

X i's tert- buihélein X is as defined bo@0t her embodi nent of the above-described
process, Z is_ tert-butoxycarbonyl. 151 n another errbodl msnt of the

above- descr i BEE EdEBHLSE e Siemplpasipeshy ompaund f Eerpmia (L

5 Formula (II)
wherein Y is selected from the group consisting of C;-C, alkyl, C¢-Cp aryl or alkylaryl, and Cs-
Cs cycloalkyl; and X, Z, and n are as defined for Formula (I); in an admixture of C;-Cy4 alkanol/
(C;-Cg ether in a ratio (v/v) of from about 100/0 to about 20/80, at about
-20°C to about 10°C, and about 2 to about 4 equivalents of sodium borohydride; {ollowed by
10 addition of about 1.5 to about 3.0 equivalents of a calcium salt at about 5°C to about 15°C.
In another embodiment of the above-described process, X is C,-C4 alkyl.
In another embodiment of the above-described process, X is methyl.
In another embodiment of the above-described process, X is tert-butyl.
In another embodiment of the above-described process, Z is tert-butoxycarbonyl.
15 In another embodiment of the above-described process, the calcium salt is calcium
chloride.
In another embodiment of the above-described process, the compound of Formula (II) is
(25,45)-1-(1,1-dimethylethyl)-4-methyl-5-oxo-1,2-pyrrolidinedicarboxylic acid-2-methyl ester.
In another embodiment of the above-described process, the compound of Formula (IT) is
20 (2S,4R)-1-(1,1-dimethylethyl)-4-methyl-5-0x0-1,2-pyrrolidinedicarboxylic acid-2-methyl ester.
In another embodiment of the above-described process, the compound of Formula (I) is

(1S,35)-(4-Hydroxyl-1-hydroxymethyl-3-methyl-butyl)-carbamic acid ters-butyl ester:
NHBoc
HO\)\/‘\/OH

In another embodiment of the above-described process, the compound of Formula (I) is
25  (18,3R)-(4-Hydroxyl-1-hydroxymethy!-3-methyl-butyl)-carbamic acid ferz-butyl ester:

NHBoc
HO._A_A_OH




chloride. In another enbodi nent of the above-described process, the
conpound of Forrmula (I1) is (2S

,4S)-1- (1, 1-di met hyl et hyl ) - 4- met hy1- 5- oxo-1, 2-pyrrol idi nedicarboxylic
aci d-2-meth ester. I n another enbodi nent of the above-descri process,
t he corrpoun%bé(fm’f—']é’ﬁ?ul a (I1) is 20(2S ,4R) - 1-(1,1-di Bedlfiiifie,

nmet hyl et hyl ) - 4- net hy1- 5- oxo- 1, 2- pyrrol i di nedi car boxyl i c aci d- 2- net hyl
ester. In another enbodi nent of the above-described process, the conpound
of Formula (1) is (1S, 3S)-(4-Hydroxyl- 1

- hydr oxynet hy1- 3- net hyl - butyl)-carbam c acid tert-butyl ester: ".113 oc HO
CH I n anot her enbodi ment of thge above-described process, the
conmpound of Forrmula (I) is

25(1S, 3R) - (4- Hy dinQxdther dmBYARAXATRS MYk BsiBid e Uhy dlamsAbRET CaRsdd te
rt-butyl ester: E NHBoc OH WD 2007/110836PCT/ 1B2007/ 051057 3 I n anot her

enmbodi ment of t hi® 2adSsy embpdinqn; ofdlp abpscisacsibedimieeess| hagir sdwmiie methylderst hanol .
I n anot her gghpgieent of the above-described process, the ether solvent is
met hyl tertbutyl ether. _ I n anot her enbodi nent of the

above- descri bed Brestles smbadhgensef| thecihpverdgsaribednygegss, the sobsRiiaiivdy/ Y hedt hy |
tert-butyl etBfimkedyi33+-Butyl METSs4.ED DESCRI PTI ON OF THE | NVENTI ON The
protecting groups used for nitrogen include, but are not limted to, acyl
groups such

DETAILED DESCRIPTION OF THE INVENTION

The protecting groups used for nitrogen include, but are not limited to, acyl groups such

as an acetyl, phenylacetyl, and formyl; carbamate groups such a tert-butoxycarbonyl or fert-
10  amyloxycarbonyl.

The protecting groups for the carboxyl group include, but are not limited to, C,-Cy4 alkyl
groups such as methyl, ethyl, n-propyl, isopropyl, and n-butyl; aryl groups such as phenyl,
naphthyl; aryl-alkyl groups such as benzyl, diphenylmethyl.

' The compound of the general formula (I) may be produced by subjecting a compound of

15  the general formula (II) to a hydride reduction reaction.

Formula (I);

Formula (II)

20 For the compounds of Formulae (I) and (I), n is 1 or 2; X is selected from the group
consisting of C;-C4 alkyl, C¢-C1p aryl or alkylaryl, and C;-C¢ cycloalkyl; Z is selected from the
group consisting of CO,X and COX, wherein X is as defined above; and Y is selected from the
group consisting of C;-Cy alkyl, Cs-C; aryl or alkylaryl, and Cs-Cg cycloalkyl.

In one embodiment, the compound of Formula (I) is (15,3S)-(4-Hydroxyl-1-

25  hydroxymethyl-3-methyl-butyl)-carbamic acid fers-butyl ester:




as an acetyl, phenylacetyl, and fornyl; carbamate groups such a
tert-but oxycarbonyl or tert10 anyl oxycarbonyl. The protecting groups for
t he carboxyl group include, but are not limted to, Cl1-C4 al kyl groups such

as net hyl, h n- propyl, isopropyl, and n-butyl; ar ch as
phenyl, naﬁﬁ@ﬁ%k?wg%yl-alkyl groups such as benzyl, di%ﬁﬂﬁ%ﬁ#@?ﬁ%f.

The conmpound of the general formula (1) may be produced by subjecting a
conpound of 15the general formula (11) to a hydride reduction reaction. X
HN- Formula (I); ."2\10Y ,z Formula (11) 20For the conpounds of
Formulae (1) and (I1), nis 1 or 2; Xis selected fromthe group consisting
of Cl-Ca alkyl, C6-ClO aryl or alkylaryl, and C3-C6 cycloalkyl; Zis
selected fromthe group consisting of CO2X and COX, wherein X is as defined
above; and Y is selected fromthe group ceHBésting of Cl-Ca al kyl, C6-C10
aryl or alkylaryl, and C3-C6 cycl gabk A_OH I n one enbodi ment, the
conpound of Formula (1) is (1S, 3S)-(4-Hydroxyl-1-

25hydr oxynet hyl- 3- net hyl -butyl )-carbamc acid tert-butyl ester: WO

2007/ 110836PCT/ 15200 OndfdRentt the compound of Formula (1) is (18,3R)-(4-Hydroxyl-1-

hydroxymethyl-3-methyl-butyl)-carbamic acid rers-butyl ester:

I}IHBoc
5 HO ~OH

11

In one embodiment, the compound of Formula (II) is (25,4S)-1-(1,1-dimethylethyl)-4-

methyl-5-oxo-1,2-pyrrolidinedicarboxylic acid-2-methyl ester:

AN

I}I COOMe
Boc

In another embodiment, the compound of Formula (IT) is (2S,4R)-1-(1,1-dimethylethyl)-

10 4—methy1—5—0x0-1,2~pyrrolidinedicérb0xylic acid-2-methy! ester:

.
",
‘s

OJ\;)\COOMe
Boc

The solvents which may be used in this reaction are an alkanol, preferably a C; to Cq4
alkanol, or and admixture of an alkanol and an ether, preferably a C; to Cg ether. Preferred
alkanols include but are not limited to:, methanol, ethanol, propanol, isopropanol, and butanol.

15  Preferred ethers include but are not limited to: methyl fert-butyl ether (MTBE), ethylene glycol
dimethyl ether, diethy! ether, tetrahydrofuran, diisopropyl ether, and dioxane. These solvents
may be used in admixture at varying ratios.

In one embodiment, the ratio of the admixture of alkanol:ether is from about 100:0 to
about 20:80 (v/v).

20 In one embodiment the ratio of alkanol:ether is 33:67 (v/v).

A reducing agent that may be used for the reaction is sodium borohydride, in
combination with a calcium salt suitable (o participate in the reduction, preferably via interaction
with the reducing agent. A factor to consider in determining the suitability of the calcium salt is
its solubility. Unsuitable calcium salts are those which are too insoluble in the reaction solvent

25  to effectively participate in the reduction. Suitable calcium salts include, but are not limited to,
calcium chloride and calcium bromide.

In one embodiment, the calcium salt that may be used is calcium chloride.




NHBoc I n anot her enbodi nent, the conpound of Forrmula (I) is

(1S, 3R) - (4- Hydroxyl-1- hydroxymnet hyl- 3-net hyl -butyl)-carbam c acid
tert-butyl ester: = NHBoc 5HOCH. I n one enbodi nent, the compound of
Formula (11 4S) 1- (1, 1-di net hyl et hyl ) - 4-

met hy1- 5- ox &Ok&iﬁﬁﬁ%rol i di nedi car boxyl i ¢ aci d- 2- net hyl PEVIRY R Soove Boc

I n anot her enbodi nent, the conpound of Formula (I1) is

(2S,4R) -1-(1, 1-di net hyI et hyl)- 104- net hyl - 5- oxo- 1, 2- pyrrol i di nedi carboxylic
acid-2-met hyl ester: X1:1.COOwe Boc The sol vents which may be used in
this reaction are an al kanol, preferably a C1 to C4 al kanol, or and

adm xture of an al kanol and an ether, prgferably a C9 LO C6 ether.
Preferred al kanol s include but are not limted to:, nmethanol, ethanol,

propanol , i sopropamund RREvE #adbeut 2 2P @El@ﬁ@oﬂbd]ﬁﬁ%ohﬁ&@h&&ﬂaymét are not
limted to: nethyl tert-butyl ether (MIBE), ethylene glycol dinethyl ether,

di et hyl et hé‘?lxedtaéf-k}"&h%ff o ahoatnma ifelloppd bypddditien plapout 34 & ovhd{Hauivatpiis e

sol vents naxsfp@al&lﬁﬁgmM%Qtrs'oéwbsu%oc/aw QR ductedlarONE
enbodi nent, the rati otaoz1 the adm xtture o) ' kan l%g %Secﬁmlug fzritom about 100: 0

to about 20 t@apeyapyrgs oelow hope @ﬁ@behbmnﬁ@wnphebqwqrwddvfheraltheamqwnet her is
33:67 (Vv/v) “sleeps”, reAllﬁx%qh'ﬁl'e @Qldq@ea%ag&r&aﬁucmt \Pt?en'&%%&c idiis &ﬁ%léﬂﬁ%&ﬁl@@ I'S
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agent. A f a?ﬁa? boduP "ﬁl%rh?dy%@{e Slgﬂlﬁggltt ﬁ§kg1fd?'s£}& the: ékﬂafe%hﬁﬂa&&hn@f Aglcﬁﬁ‘g cal ci um

salt is its solubility. "Unsuitabl e cal ci um sal fgs are those which are too
i nsol ubl e i Kal¢iya S?Ié‘a’étﬂi b deseribpd fsmpogtugs refze ssdeliayed tp help eqnitie] thagxethpmni¢ he
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chloride and calcium brom de. In one enbodi nent, the calciumsalt that may
be used is é@ﬁmbed{ﬁl%wwmg@@mpouv@rrm@W@m%@mﬂaymu}mp@Mmsmaceutwal

use, purity, particularly with regard to isomeric purity.

The reaction may be carried out in about 10 mL to 100 mL of solvent per one gram of
reactant.

The completion of the reaction may be monitored by known techniques, including, but

not limited to, HPLC, TLC, and IR,
EXAMPLES:
Example 1: Synthesis of (35,5S)-7-[3-amino-5-methyl-piperidinyl }-1-cyclopropyl-1,4-dihydro-

8-methoxy-4-oxo-3-quinolinecarboxylic acid and malate salt thereof,

10 A. Synthesis of (35,55)-(5-Methyl-piperidin-3-yl)-carbamic acid rert-butyl ester (8):




5 Compound 11, solvents, and about 2 to 4 equival ents of sodi um
borohydri de may be m xed at about -20C to about 10C, followed by addition
of about 1.5 to about 3.0 equivalents of a calciumsalt at about 5C to
about 15C. m xing step i s conducted at tenpe Low t hose
descri bed, Wg@@ﬁ@?@non may be observed where the reac%?%’#zg&ﬂ?ﬁ) £
resulting in the build up a reagents, such that when the reaction |s
sufficiently warned, an undesirabl e degree of exotherm c (which may even be
characterized as "violent") reaction may occur. This may pose significant
risks for safety in |arge-scale manufacturing. Adding calciumsalt within
the described tenperature range is beligyed to help control the exothermnc
properties of the reaction. Wiere the m xing step is conducted at

t enper at ures above those described, the resulting conpoupds may exhi bit
inferior, perhaps unSLw}ggg ﬁ(Lpr p maceuti cal use, purity, particularly
with regard lr pUf] o gﬁniedwﬂNbﬁWW%W he/carried out in
about 10 ni toﬁlo @ﬁ&@61V@nt pep one gran%9%15gact8ntN COOMe The

conpl etion of the reacti¥¥Nmay be moni t or ed by known techPBicques, i ncl uding,
but not linmited to, HPLC, TLC, and ER 5 EXAMPLES: Exanple 1. Synthesis of
(3S,5S)-743-am no- 5- net hyl - pi peridi nyl] -1-cycl opropyl- 1, 44di hydr 08- net hoxy-
4- oxo- 3- qui mol i necar boxylji ¢ acid and nal at |t thereof. |#H3A,ESynt hesi s of
(3S, 59) - (5- Met hyl, - piyped | di n-~\dery Lheis@nfpanm g (6£§%t'bUtyl ester (8): WO

2007/ 110836 PEH] 6105766t SEet2, B 2) (Boc) 20,

tOH / 4 Boc ESCAT-142
MTBE =

TEA MeCNBoc |12

[[3)]

CH3S0,Cl, Et3N
iPrOAc

NH, ~NHBoc

©/\ PAIC, H, (g) wNHBoc
NHBoc

\/|\/'\/OMS DME, A )N 7 EtOH, A N e

Ph

(25)-1-(1,1-Dimethylethyl)-5-oxo-1,2-pyrrolidinedicarboxylic acid-2-methyl ester, (2). A 50-L
reactor is charged with compound (1) (5.50 Kg, 42.60 mol), methanol (27 L) and cooled to 10-
5  15°C. Thionyl chloride (10.11 Kg, 2.0 equiv.) is added via addition funnel over a period of 65

min, with external cooling to maintain temperature at < 30°. The resulting solution is stirred at
25°C % 5°C for 1.0 hour, after which the methanol is distilled off under reduced pressure. The
resulting thick oil is azeotroped with ethyl acetate (3 x 2.5 L) to remove residual methanol. The
residue is dissolved in ethyl acetate (27.4 L), charged into a 50 L reactor, and neutralized by the

10  addition of triethylamine (3.6 Kg) from an addition funnel over 30 minutes. The temperature of
the neutralization is maintained below 30°C via external cooling. The resulting suspension of
triethylamine hydrochloride is removed by filtration, and the clarified mother liquor solution is
charged to a 50 L reactor, along with DMAP (0.53 Kg). Di-fert-butyl dicarbonate (8.43 Kg) is
added via hot water heated addition funnel, over a period of 30 min with external cooling to

15  maintain temperature at about 20-30°C. The reaction is complete after 1 hour as determined by
TLC analysis. The organic phase is washed with ice cold 1N HCI (2 x 7.5 L), saturated sodium
bicarbonate solution (1 x 7.5 L), and dried over magnesium sulfate, The mixture is filtered
through a nutsche filter and ethyl acetate is removed under reduced pressure to yield a crystalline
slurry that is triturated with MTBE (10.0 L) and filtered to afford intermediate (2) as a white

20 solid (5.45 Kg, 52.4%). Anal. Calcd for C;;H;7NOs: C, 54.3; H, 7.04; N, 5.76. Found: C, 54.5;




(2S)-1-(1, 1- D net hyl et hyl ) - 5- oxo0- 1, 2- pyrrol i di nedi car boxyl i c aci d-2-net hyl
ester, (2). A50-L reactor is charged with conmpound (1) (5.50 Kg, 42.60
nmol ), nethanol (27 L) and cooled to 10- 5 15C. Thionyl chloride (10.11 Kg,
2.0 equiv.) via addition funnel over a period with
external co (gﬂﬂggnalntaln tenperature at < 30. The fr/Iﬁgzt%fyﬁ%ﬂ?olutlon IS
stirred at 25C 5C for 1.0 hour, after which the nethanol is distilled off
under reduced pressure. The resulting thick oil is azeotroped with ethyl
acetate (3 x 2.5 L) to renove residual nethanol. The residue is dissolved
in ethyl acetate (27.4 L), charged into a 50 L reactor, and neutralized by
the 10 addition of triethylamne (3.6 Kg) froman addition funnel over 30
m nutes. The tenperature of the neutralization is naintai ned bel ow 30C via

ext er nal coqllmg N, 5. ARS8 (ES IO xpateaen s, )N, tM-irgtoly | B3] pvandmudn ohl or i de
is renpved }f Itratlon and the clarified nother |iquor solution is

charged to a R (CREl56p MHg): érrf‘gs“\ﬂﬁi%ﬁ QNGA?’SH@ 158, 36, 3D 218+ 10 But
di car bonat e 4.4, 159); 4 &.499eg) dﬁ) ﬁ(ni/\@ﬁ)eﬁc)m@%@ﬁ' 129di 40i©0uf; URPRIVR Over a

period of 30 nmw th external cooling 15 maintain tenperature at about
20- 30C. The (£P&bt125A0 Miﬂc),érﬁ‘ﬂ Bblél. %ﬂﬂ%? 8§5hi§L$F 5% 341289 e MpyO-ILC

anal ysi s.s The organic phase is washed with ice cold 1IN HC1 (2 x 7.5 L),

sat ur at ed sodi um bi carbonate solution (1 x 7.5 L), and dried over nagnesium
sul f at e. Thd2nitluil d-Pigmethylethg- éd(dtnmﬂwl?gllrnoanﬁrﬁlme@e]hfequll%er and ethyl acetate
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I T e e S i
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0. 58 Kg et ahed 9f Celimt( @5 Inkg)iia audcB) filfet to&@mcb«g catély 3 Thaohgthea highor 5@papopadol

22.4 K t. t at d
T R 0 S .
t enper at ur e 18090 4 k P3:2 diesierbdnomuig Imixture. A sarnple of product mixture is purified by preparative

HPL.C to give material for analytical data. Anal. Caled for C;5H oNOs: C, 56.0; H, 7.44; N,
5.44., Found C, 55.8; H, 7.31; N, 5.44; MS (EST") Expected for C;,H;9NOs, [M+H] 258.1342.
30 Found 258.1321; "H NMR (CDCls, 499.8 MHz) § = 4.44 (m, 1H), 3.72 (s, 3H), 2.60-2.48 (m,




25a bed of Celite (0.51 Kg) in a nutsche filter to renove catal yst. The

not her |iquor is evaporated under reduced pressure to give a thick oil that
crystallizes on standing to afford 4 (1.69 Kg, 1009 as a 93:7

di astereo j ] re. A sanple of product mxture is it
preparati \%h&?ﬁ@@%&’gi ve material for analytical data. Pﬁﬁé‘?f”’@%"% for
C121-119N05: C, 56.0; H, 7.44; N, 5.44. Found C, 55.8; H, 7.31; N, 5.44; M5
(ESP-) Expected for G 2H19NO5, [MtH] 258.1342. 30Found 258.1321; 11-1 NWR
(CDC13, 499.8 MHz) 8 = 4.44 (in, 111), 3.72 (s, 3H), 2.60-2.48 (m WO
2007/ 110836PCT/ 1B2007/ 051057 8 2H), 1.59-1.54 (m 1H), 1.43 (s, 911), 1.20
(d, j =6.8 Hz,3H); 13C NWMR (CDC13, 125.4 MHz) 8 = 175.7, 172.1, 149.5,
83.6, 57.4, 52.5, 37.5, 29.8, 27.9, 16.2. M 89.9C.

(1S, 3S) - (4- Hyglriowvil sakmhvgy 0xy mesiydooa Tetdwiiz imt Yo NaR(EBHL, 01288 Mi1z) 5
tert-butyl el%]?er (5).J(nA O? ygajl_}b)r/ea(}gt gflf{% c%grggj vvit(h i nt e?rredi éte (4)
(3.02 Kg, 1E7S5A0l73.1 HBS03M 67 &tBANDLS, £83.22.9K)2. Mm¥-IAFBE (14.81 Kg). The
solution is agitated and cooled to OC + 5C and sodi um borohydri de (1.36 Kg,
35.9 nol) is added in snmall portions so as to nmaintain reaction tenperature
at 0C + 5C. (%.30dt-Hydpolrh thydrbxyafefhak rmsbdriveDicarbahis erid &d-bulphester €a.c6i58n

m Xture iss Wﬁﬁ)@istcﬂ%r&e%@iih iégné{i‘igte @é}k&&f@,ghb %if%a%scﬁ&t@é’tﬁa[n@f(@.zé gl{;)@g’ndK@ ) is

added portion wse at a slow rate over an hour so as to maintain a
reaction tenfiEiatléBEeKef THOCuobhiCagihivd ande@eled or)°C & ST hrolwediumn borplaydrisit 0 20C +
5C over one  hg aqgi.t at.ed for,an.additional .12 hours at 20C.+,5C. The
Ceactton s (h8Ke 399 ot MEEn S SUAFY 1R Sl Pl Rand g 2 T
rate to mai Bt@I A sdall eanht @ efféreRpacat obsaval ThErerctbmixdge tsatarmed  $0°€tzopped t o

al l ow phases_to separate. The |ower _aqueous phase (pH = 1) is renmpved. The
feactor 1s. GHalgaat AmeHoH DYE s Rar R CBH R Ea BUNAFE 15180 Kg)

over five Mokt maindH 4 RictiONiemersih@ BPRAEC LGo@l TiRMERARSEAIWd eRah &) €. The
| ower aqueous phase (pH = 8) is renoved. The reactor is charged with

magnesi um s@dPiCat ECempnrhgur arfpged far aacdgdipnaht2 howrs 8t 2010 + § G uthe geactigds
m xture is ) edt ] kel ( iganﬁ der reduced
pressure tocgdfl%dg!r; g)d? r—ik‘t%géril%%dc?)g{%q I?@{@?%k%%@%ie @%go%g 8{6 na ﬁggé?clg for C1
11- 123N04: @mpeBiu6: d0°Q+ 9. AditaGon0fstorpedinall@y pteses 0y scpirat® . B lowdr afe@B8: HRVG
(ESP) Expected for C 1 H2ANO4, [ M+ 4.1705. Found 234.1703: 11-1 NWVR
Coca Bog e ' DlieyShyqeds HhExbscnds Myhlap iy ks SRUNG Bt bilBRmag ! £
Hz, 1H, 1SHCHGHZKMpyerdiv8rhirnfutes. AgitaborBis stbpp8d tdzllod phas€SH3 CpiEk2 OFf)e, 10Ber46- 3. 45,
(in, 111, NHCL1),.3.28. (dd, J= 10 5. 3. CH 3.21 J= 10. 2,
S8t e byt e st {{fre b RER e d £ 25 -
3.12 (dd, JandlQitSed fBr 4 lda, 10 bithutSHBRHGHEH) filtckedBough b Gutfche filldr), an€CH3 CHCHHOH) |
1.35 (s, 25 911, .0(,C113)3, 1.30, (gdd, J =.13 2 37
N ToHe 1 o peed e i srord i b indhmai o3 v gy At o 0
= 6.6 Hz, 3H,HENG);C, 586 HNNRS(ICHOFoudPS, SB.OMHZ).688 N1586; THRMY (KBI") Hpeied 65. 1,
67.6, 65.1, .35. . 7, 1. L AC. , - Met ha | foni c
acid 2- ?gr t foﬁ%ﬂ‘%%@’r@%ﬂé%ﬁ%ﬁ %-Fé’l‘?%%ﬁ‘ﬁ’s uﬁy%§fé@3g%%%{#38§%gjn%yl
ester (6). A8SH IMAID) 051 {tS -£H RSP, WINHEHSBION)] 03 @f =is# ssmredimt e (5)
(5.1 Kg) in| %ﬁ) (i.: ), {11, 8 Kg) inse with
an additi on&hﬁ‘gﬁéﬁ i’?'f%gé)%%:?m’ %%ﬁ%dé‘égpgﬁiég%’%‘%‘?&i 53¢

(dd, J =102, 5.8 Hz , 1H, CH;CHCHHOH), 3.16 (dd, J = 10.2, 6.2 Hz, 111, NHCHCHHOH),

3.12(dd, J=10.6, 7.1 Hz , 1H, CH;CHCHHOH), 1.53-1.50 (m, 1H, CH;CHCHHOH), 1.35 (s,

25 9IL O(CHs)s, 1.30 (ddd, J = 13.9, 10.2, 3.7 Hz, 11, NHCHCHHCII), 1.14 (ddd, J = 13.6, 10.2,
3.4 Hz, 1H, NHCHCHHCH), 0.80 (d, J = 6.6 Hz, 3H, CHs); *C NMR (CDCL;, 125.7 MHz) &
156.1,77.9, 50.8, 65.1, 67.6, 65.1, 35.6, 32.8, 29.0, 17.1. Mp 92.1°C.

(25,4S)-Methanesulfonic acid 2-terz-butoxycarbonylamino-5-methanesulfonyloxy-4-methyl-
30  pentyl ester (6). A 50 L reactor is charged with a solution of intermediate (5) (5.1 Kg) in
isopropyl acetate (i-PrOAc) (11.8 Kg) followed by a rinse with an additional 7.9 Kg i-PrOAc.




9 The reaction is cooled to 15C + 5C and triethylamne (TEA) (7.8 Kg) is
added while maintaining the set tenperature. The reactor is further cool ed
to OC + 5C and net hanesul fonyl chloride (MsCl) (6.6 Kg) is added to the
reaction s I.on ile maintaining the set tenperatur r ion is
stirred f08L§&FZQWE%urS and nonitored for conpletion b?CP@%@”Qg%%{C. The 5
reaction i s quenched by the addition of a saturated agueous bicarbonate
solution and the resulting isolated organic phase is washed successively
with cold 10% aqueous triethylam ne solution, cold aqueous HCl sol uti on,
col d saturated aqueous bicarbonate solution, and finally saturated agueous
brine solution. The organic phase is drigd, filtered, and concentrated in
vacuo bel ow 55C + 5C until a solid / liquid slurry containing internedi ate

(6) is obt alm@ﬁ:actf!;h% cSdIeH th Y 5°EQU @C%&&eﬁ{dh&ﬂﬁe mAwb@ﬁgwemed w@etion w thout
further characterization.

(3S, 5S) - ( 1- BEanioghest pperps chhc dsagonis rpereaaOC 8 Cpng prpanspiony est er

(7). A 50 L chigadl®IsCl) &.6CRE gRedVo R SicdonkBludn mahlab@mygl tﬁé@eﬂt@mpéﬁﬂ&er eact or
is brought to 55C and a solution of internediate (6)

1, 2-di et ho>2f§*%feh%lﬁ%m(smé)for(alfaw poyggygndimoniererblgr sogipieign l?ye‘é%[tco?r  The

15na| nt aisni Réhc@bnliSAHRRNEL B/ e Riti6OS akamfeted Adebs biBPAeL Bluasitintiten of this
solution, the reaction is stirred at 60C + 5C for several hours and

moni t or ed f SFUkBHENAE] Brrnisphase & wshad spscessivety with edd Q% pups BSEVERI® o anbi ent
t enper at ur e s@isbnV@iPdgldoaSHCTMRioR EHd gm&&@u&ms biGdrednilte @M@tﬂﬁraﬁlﬂ Egmyunder
vacuum The residue is diluted wth 11.7 Kg of 15%4‘v/ v) eth

acet at e/ hex &Hwaed #uerus BiresAlyte: E%ﬁ%%ﬁmc\ﬁﬁ?slgg degd filigrph gnd %P‘feﬂtrai@ TYRY of 20%

(W) aqueouseldd sPOLase ubiNaGalldYiat SluiPbdtaimiy intdrmiehiiR (@S Gbidiicd IThe Sluir
obt ai ned upon sett]ing. The bottom agueous phase is renoved and the m ddl e

phase i sl¥sets used gule lwase&l&a@ﬁaca?rg‘moet fybes gharagteliggfipact ed and hel d for
combination with extracts from additional extractions. The i sol at ed m ddl e
phase is extracted tw ce [gyaln with 11. 7%12 ortions of 15‘V\§f)vl et hyl
acet at e/ hex&e®)-§oBaey o prendind yDSABIAL AGT e RLEREEY-sA vb R i naI

organi c pha@@rgemahgqrﬁyﬁﬁghtwngﬁm@e Zﬁleeesubﬁgbrsu@m%v@ﬁﬁfdemnmdfnto a
rotary evaporator and solvent is under vacuumuntil an oi leerem due

remai ns. Th&TELIYE) (82 Kedhl, %d?ﬁef‘lo@é?‘*\??%@%)é%‘ ISReierdfrdep G At g il

chr omat ogr aphimngaf tbiagethupelbi 60°€d POt AFeFRHpRIcdliddn @&magbhmoh .the reacuon
(3S,59) - (5- Met hylatg(iggerl din-3-y %ﬂ carbam c acid tert- but este(lé[ A 40
U,

L pressure Vedeg 30 @Iﬁfﬁﬁij’éﬁl fn¢ymgnifeged §@W?}%’F‘,‘(’n§’é§| & opHHad m on

carbon ( E10sactb istdoole®tb aﬂlﬂﬁﬁtrterﬁﬁeﬁﬁfﬁr@ﬁnd%taﬁl@Q@ME)Are&@h(Weﬂ Bﬁroﬂlfy 3.2 Kg
i nt er medi ateag)ﬁ%tfln 13.7 K of aqséllgl ut e Ethano is, t ged to the

react or undé&f qndlﬁ‘écﬁ"a - PReLRY Qe iy ddlu W&léw?/\}(%ﬂ“rﬁ%tﬁ"’é’é%‘ﬁrand is then

pressuri zed awtatefhexE 3R GBI Rl BAARE/ DRUBT K4 2b%dwgg@1ao@t 45 psi .
The reaction is then heated to 45C whil e nmaintaining a hyd rQf gen pressure of

45 psi. “PhePPESBIHRONA SHBHT o EEPA B e Sy oPiEel P LG Bl he r eact i on

i's cool ed taquashipeRE lstr@ﬂmedaidlmeamdmemaeas se'ﬂmihepﬁfegﬁﬁkr\é&gbﬂﬂcﬂia&d’@gen. The
reactor contents are filtered throu%ﬁa&s Celite and the solids are

washed wi t h2egeqrd 5eld K5 Serhipasiony HA R Eaﬂ“r%?léﬁ‘éac Hanss Thpdast r at ed by

rotary evapgidale phike i @ictedanide!iatankithl 117 KBpoMios Ol 5% @/v@ b abfik/hieRané f or d

i nternedi ate (8) TLC Rf éSl lica F254, 70:30 v/v eth acet ate hexanes

KMhO4st ai n) St esch figrsopspme fasx s onging ogpnie pas Thfﬁ?mb‘%e SERABC68 (m

%H)lg (2 ng(%ctra&s-ér&trénsfdﬁed %fd)Sa,zrotary%Vap()A%r Quﬁbtvenixﬂs&aﬂéﬁ&l hd Qnddlvalgi)ﬂiﬁﬂ?ﬁlgl Hz, S::i)i),
t r s, 1. S, :

1.25-1.15 (P resiqyf rengpings Thegesidpicds %ewnﬁ%q{b‘g 13@%&’83}6@?1’?%“1\?#&){“3‘@5@%)t£ 8

afford purified intermediate (7) as an oil.

(3S,5S)-(5-Methyl-piperidin-3-yl)-carbamic acid rert-butyl ester (8). A 40 L pressure vessel is
30  charged with 0.6 Kg 50% wet, solid palladium on carbon (E101, 10 wt. %) under flow of
nitrogen. A solution of 3.2 Kg intermediate (7) in 13.7 Kg of absolute ethanol is then charged to

the reactor under nitrogen. The reactor is purged with nitrogen and is then pressurized with




10155.3, 78.9, 54.3, 50.8, 45.3, 37.9, 28.4, 27.1, 19.2; M5 (ESI+) mz 215
(MHLT), 429 (2MHI1). B. Synthesis of
1- Cycl opropyl- 7-fl uor o- 8- met hoxy- 4- oxo- 1, 4- di hydr o- qui nol i ne- 3-car boxylic

acid (19): 1.2 &0 X Ove 0 OEt NVe2 X=F 9 NaH Et 0
e 2N HUBVEGE S22 eq) (2 4 eq) Ot pC B NS

10

hydrogen at 45 psi. The reaction is then heated to 45°C while maintaining a hydrogen pressure of
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 [iltrate is

5  concentrated by rotary evaporation under vacuum until a waxy solid is obtained to afford
intermediate (8): TLC Ry (Silica Fass, 70:30 v/v ethyl acetate-hexanes, KMnOjy stain) = 0.12; 'H
NMR (300 MHz, CDCl;) 8 5.31 (br s, 1H), 3.80-3.68 (m, 1H), 2.92 (d, J/=11.4 Hz, 1H), 2.77
(AB quart, Jop=12.0 Hz, Av=50.2 Hz, 2H), 2.19 (t, J/=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) §

10 155.3,78.9,54.3, 50.8, 45.3, 37.9, 28.4, 27.1, 19.2; MS (ESI+) m/z 215 (M+H), 429 ZM+11).

B. Synthesis of 1-Cyclopropyl-7-fluoro-8-methoxy-4-oxo0-1,4-dihydro-quinoline-3-carboxylic

acid (19):
p-TSA o 1 o
o I\
HO/\/OH o. .0 e e
Me ____ O Mo 1. n-Buli. THF, -65°C Me,S0. (1.3 eq)
—_— F F oo ae F F
F F a1 Toluene F F 12 2. B{OMs)g AcOH, OH 13 K:C0; (1.4 eq) e
H,0, (aq) Toluene, A, 2 h
60% wt. NaH (2.2 eq)
/?L (2.4 6q) | Toluene, 90°C,3h
EtO” TOEt
7ab o O HaN (200 #ab o o oMe o o
OFt ]> o ot MeN—(_ (15eq)
l -— l OMe ot
F X NH Toluene, 1 h F X NMs, Toluens, A, 2 h F X 152.b
X=F, 0Bt OMe OMe  x.F OFt
o OMe  X=F, OEt
ie i Carried on as mixture
Garted on as mixture Carried on as mixture in toluene

O,TMS

/k {1.3 eq) l Toluene, A, 1 h

NZCH,
™S

Qo o o 0

] OEt  37%wt. HCl (aq) ] OH
—_————

F N 18 EtOH, A, 6 h
OMe A OMe A
s A

68% overali from 13

15
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
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 water/toluene azeotrope in a

20  Dean Stark type trap apparatus until the reaction is complete as determined by TLC analysis




0O Owve Toluene, 90C, 3 h 0 Oet XF, OEt Toluene, 1 h Tol uene, A, 2 hF
Carried on as mxture Carried on as m xture in toluene c¢r.TM5 N.::..
(1.3 eel)Toluene, A, 1 h +M5 0 CEt37% w. HC (aq)

10

15

20

25

30

WO 2007/110836 PCT/IB2007/051057

11

(15% EtOAc/Hexanes v/v). Upon completion, the reaction is cooled to ambient temperature and
poured into an aqueous solution of sodium bicarbonate (6 L). The organic toluene phasc was
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 MgSO,,
filtered, 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.

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
for at least one hour at -40°C until complete as determined by TLC analysis (30%
EtOAc/Hexanes v/v). The reaction is warmed slightly to -30°C and acetic acid (3 L) is added
slowly. Upon complete addition, water is added (0.5 L) to the reaction and the mixture is
allowed to quickly warm to ambient temperature while stirring overnight. Organic solvent is
removed from the reaction by distillation under reduced pressure at 45°C, To the reaction residue
is added 3-4 volumes of water (6 L) and 30% hydrogen peroxide (0.7 L, 1.0 eq) slowly at
ambient temperature with cooling provided to control the exotherm. The reaction is stirred for at
least an hour at ambient temperature until complete as determined by TLC (15%
EtOAc/Hexanes v/v). The reaction mixture is cooled to 0-5°C and excess peroxide is quenched
with the addition of 10% aqueous sodium bisulfite solution (2 L). The mixture is tested to ensure
a negative peroxide result and the reaction is acidified by the addition of 6N HCI (aq) (1.2 L).
The reaction is stirred until the hydrolysis reaction is complete as determined by TLC or NMR
analysis. The resulting solids are collected by suction filtration to afford intermediate (13) as a

yellow solid (1.0 Kg, 79%).

Intermediate (14): A reactor is charged with intermediate (13) (0.53 Kg, 3.0 mol, 1.0 eq) and
dissolved in dry toluene (2.7 Kg, 3.1 L). To this solution is added dimethylsulfate (0.49 Kg, 3.9
mol, 1.30 eq) followed by solid potassium carbonate (0.58 Kg, 4.2 mol, 1.4 eq). The reaction
mixture is heated to reflux and held for at least 1 hour until complete as determined by HPLC.

During this time, vigorous gas evolution is observed. The reaction is then cooled to ambient

(0,3




EtOH, A, 6 h 15 Internediate (12): A reactor is charged with a solution of
internediate (11) (1.2 Kg, 7.7 nol, 1.0 eq) in anhydrous toluene (12 L)
foll owed by ethylene glycol (1.8 L, 15.7 nol, 4.2 eq) and solid

p-t ol uenesul f Qni cid (120 g, 10 wt. % . The reaction_ni | s stirred
at anbient'Wég%}ﬁggﬂ%e for at least 30 m nutes and theﬁghﬁgﬁéﬁﬁkg7reflux,
collecting the water/toluene azeotrope in a 20 Dean Stark type trap
apparatus until the reaction is conplete as determ ned by TLC analysis WO
2007/ 110836PCT/ 1B2007/ 051057 11 (15% Et OAc/ Hexanes v/v). Upon conpl etion
the reaction is cooled to anmbient tenperature and poured into an aqueous
sol ution of sodium bicarbonate (6 L). The organic toluene phase was renoved
and washed with saturated sodi um bi carbonate solution (6 L), distilled

water (2 X Geheranfdthatdhid Hucdsdedeaus3 o) Aend e Ndug1 @4qem kgmse was
removed and dried over MpSO4, 5filtered, and evaporated under reduced

pressure to °4FflBy 2ausaye Bhasrdg peatrateq angthegemajpingfojueephase exugrghiwicape gt er j al

i's used wi t hautdididEd dr (A1) ohbAbd Ofth 30% REOS BRYVONS K OREH dgP RenSivBRShe
Internediate (13): A reactor is charged with a solution of internmediate

(12) (1.2 Kgauesupphagsieachting. Ehgjorgapic gy phiagnis cqnesnpraipr Ryrdbvillption i vesuq &< 190 g

n-but yl Iist higed)aRappikinbelRNBNERi a donBerkrate® iofieA®olutidn it achvaLIhd Ssudtfhided at

-40C, while nalntalnln? this tenperature throughout the addition. The
{)

reaction is Selfigrigepoed o anpbiqnplguperypre. dhglpd fof qualiyendyiddd by it Y4 B84t e (0. 9

L, 7.8 mol, fdrwdrdQ6lhe héke ﬁ@&ﬁiﬁ@lets%xtﬁe@i@ whthtdc eir@erMiifi @uidPRtnRS:86idAl Yield fohe
tenperature at or bel ow -40C., The reaction mxture is stirred for at |east

one hour at nrpedighti4 assypgdl @¥KYs det erni ned by TLC anal ysis (30%

Et OAc/ Hexanes v/v). The reaction is warnmed slightly to -30C and acetic acid
(3 L) is added 15slowl y. Upon conplete addition, water is added (0.5 L) to
the reacltd olntgydier é15ﬁ'¥3&t41¥eé“‘?rés hesedgih 1HKg [CRN aphydeons{ofugne e e

t enper at ur e swhih Bydsiaé (01J61KG, ©¥ BN ABtq) aOX PRI, % EPbrvieNIn thiferfl@NDYEeehif rom t he
reacti on by disti{lation under reduced pressure at 45C, To the r tion

. , , ea
residue is AYYEE inadded B3 Res okt e diedylcsrboal 28He4ASHIP GENe Fdrd%d e (0. 7
L, 1.0 eq) sbawwr AlousMiofiibn s6aRaE&LM (B) Wi1iokq o @hicAdr@th MéipeRidus GepGont r ol
the exotherm The reaction_ is stirred for at 20 | east an hour at anbi ent

t enper at ur e 2% hefsAgIoR Rl aipaipiag AfeRREralle of PECES 0, E5 6YIVIIB LSS v/ v) .
The reactsi ob&¥wel tirfigittss £1818be A flefcolphie AMboE Xe &GN BixbdRr htJcaiBONChed Wit h
the addition of 10% aqueous sodi um bisulfite sol ution %%PL . The m xture is

tested to emuUHE RUNR AR s e RSy HESL 2pal sy dUR M SOPRISA; BRIEIGE di fi ed

by the addi tha)st t0bmbibht Habefatte) and dilkedyith TDRA. % eq@bisQMfirS a&ill (3.8 BE 3nhdl] t he
hydrol ysis reaction is conpl ete as determ ned b% TLC or NWMR 25anal ysis. The
resul ting sdPicasYisltagieion) Hepitessye Aiqwed Bcraraferapdine (et 19ueius BYS ¥ nt er medi at e

(13) as a yedohdwwd. 78¢ fefhaithg Orgliide phaQY8 concentrated in vacuo (<100 mbar) at approximately
20 40°C until a concentrated toluene solution is achieved. The resulting solution is cooled to
ambient temperature and carried forward to the next step in the synthesis without further

purification (theoretical yield for intermediate (15a,b) assumed, 0.85 Kg).

Intermediate (16a,b; 17a,b): A reactor is charged with a solution of intermediate (15a,b) (0.85
25 Kg, ~3.0 mol, ~1.0 eq) in toluene from the previous step. To the reactor is then added
dimethylformamide-dimethylacetal (0.54 Kg, 4.5 mol, 1.5 eq) and the resulting solution is
heated to reflux temperature (~95-105°C). The lower boiling solvent (methanol from reaction) is
allowed to distill off while the temperature is maintained at > 90°C. Heating is continued for at
least 1 hour or until complete as determined by HPLC analysis. Upon completion, the reaction
30 containing the mixture of intermediate (16a,b), is cooled to ambient temperature and toluene (1.8
Kg, 2.1 L) along with cyclopropylamine (0.21 Kg, 3.6 mol, 1.2 eq) are added to the reaction. The

reaction is stirred at ambient temperature for at least 30 minutes until complete as determined by




Internmediate (14): A reactor is charged with internediate (13) (0.53 Kg,
3.0 nol, 1.0 eq) and dissolved in dry toluene (2.7 Kg, 3.1 L). To this
solution is added dinmethylsulfate (0.49 Kg, 3.9 30 nol, 1.30 eq) followed
by solid p sium carbonate (0.58 Kg, 4.2 nol, 1.4 eq ion

m xture is%‘gg 044%Y reflux and held for at Ieast 1 hoE?T/gé%ﬁq’]fog@grrpl ete as
determ ned by HPLC. During this tinme, vigorous gas evolution is observed.
The reaction is then cooled to anmbient WO 2007/ 110836PCT/ 1B2007/ 051057 12
tenperature and diluted with distilled water (3.2 L) along with 30% NaCH
(ag) (0.13 Kg, 0.33 eq). The aqueous phase is separated and the renaining
tol uene phase is extracted twi ce nore with distilled water (3.2 L) conbi ned
with 30% NaCH (aq) (0.13 Kg, 0.33 eq), renoving the aqueous phase each
time. The orma*g &m&blematﬁgreh@omm@t@amﬁ Bk ¥, adhicobd dulrdid 01 (2. oKy a0 (<
100 5nbar) at OXI mately 40C until a concentrated toluene solution is
achi eved. Tﬁ@lr Wi%@“%‘ﬁ’lntﬁnij%Pfl@"%‘b‘lh@h?“f’ﬁeddﬁﬁ‘ipé‘mc Thenpprepustilitse s checked

for quality :gRdeyimlid B¥anicBhdse is 3BRefiRlcl Ltflr fe@icd@preksi® (L10@mBRYXA Step in the
synthesis without further purification (theoretical yield for internediate

(14) assunmedPProximgelxd)°C bygistibatian. Fssn sielesired songgnirationizachievsd. hesolgn ed wi t h
1 8 Kg (3. 1cbdled QMQEIQ%&@!U%%@&@'t&Me Wildiddn Sehetidial i elixtudeor (Herddikkd, 6. 6

. 20 e?k as a % di spersion in mneral oil. To this mxture is
added (o 85 db)rfcgn?fbfprwagl (g the@sxt geipHb Yahesidhen Jatherpurificalien i on i xt ur e

i s heated t@nO@R&icAVRIA for ifGMfedia® (BRlbyhd@Reapf1.i Rper medi ate (14) (-1.0 eq) in
toluene fromthe previous step is added to the reaction while nmaintaining a

tenperature of 90C 5C. Gas evolution can be 15observed during this

addi tion. Afiti@hme&aBPIspt £ readéhi indied §/idea sEoﬁf&Gﬁ bQRe hikwsd dfidi@hedifE (134,b) east 30
m nutes or until conplete as determ ned HPLC anal%m s. Upon conpl eti on,

the m xtidr e (1%’ Ié%dﬁedwpdt%{%?ﬂéwmpfrétﬁrﬁe?%weéﬂ%{dd dNPed with 10 wt. %

aqueous sul fbié(dnﬁetﬁﬁhl}l)ﬁc&a&dt(g) 613<g93 0%dol, 100 3) ﬁﬁ)he\/i«batcd'bnaghda@a taBuxThe phases
are allowed to separat ower aqueous phase is renoved. The

renai ni ng ou“‘@“e?ﬁ’iaE“ep(ﬁla‘?e“?@ é%ﬁblé‘ﬁ’f Mty %weardplft%mwﬁﬁla?%byﬂm
appr oxi mat elyalysROIf A8 Corkiflétb, lan ddda@NS@MbERLEN, 0L B (HRRey B 4tdiMhdd (6. 188Bj g2 ed.
The resulting solution is cooled to anbient teﬁ&%rature and carried forward

to the next M98 eihis pdiled ©yhppaciprsto grhiqys ammlgiop Hdon FRmRIGtHoRAhS 15370 R eor et i cal

yield fars i gésedte iy mo@ﬂaéddrgam@s&dﬁmem&ea5ndégx)educhmlsr@dsdpedua<o gbirlfa, b;
17a,b): A reactor is ¢ arged wth a solution of internediate (15a,b) (0.85

25Kg, -3.0 Aeproximarely 4G by distilagpn wtiba pregipaieid foppesdy TR Feactondy coo%d 1§ he react or

i's then addeglbigti@igaptuOmbeRipeip o a@@@ﬂaéd HyQudeidn Kkatich. 8dd W¥hed 1. 5 eq)
and the resultln?uﬁéolutlon IS heated to reflux tenperature (-95- ? The
| ower boi | i Mgh&isTledrtaier irager hioid Lt £ o hordalberdidys dried i afigpareridgicd{P e of f

while the temars il (76 K, BBh)TIR Mediablk uied Ktbout he@érpadfidatiorio Meingtied for at
| east 1 hour or until conplete as determ ned by HPLC anal ysis. Upon

conpl et 28n, e@ffonsERct i on 30 containing the mixture of intermediate (16a,b),
i's cooledto anbi ent terrperature andtoluene(18 Kg, 2. 1 L) along wth
cycl opropyl am ne_ (0,2 actl on. The

ol Q
reaction .slf%%n?%dﬂa% Admt%d%chfﬂé?#pww dterfd?dwé@tﬂg)ég%% K%d rﬁ ’téé) unti |
conpl et e asedlat SivRndRp&ture WRoZODHY HA836PRE/ A8 8DH 0Dafueous

hydrochloric acid (1.1 Kg, 10 mol). The reaction mixture is brought to reflux temperature (76-

25  80°C) during which time the mixture first becomes homogeneous and later becomes
heterogeneous. The mixture is heated at reflux for at least 5 hours or until complete as
determined by TLC analysis (15% EtOAc/Hexanes v/v). Upon completion, the reaction is cooled
to 0°C % 5°C and the precipitated solid is isolated by filtration 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

30  white solid (0.65 Kg, ~95%). 'H NMR (CDClLs, 300 MHz) & (ppm): 14.58 (s, 1H), 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). ’FNMR
(CDCls + CFCl3, 292 MHz) § (ppm): -119. HPLC: 99.5% by area.




13 HPLC. Upon conpletion, the reaction is diluted with 10 wt. % aqueous
sulfuric acid (2.9 Kg, 3.0 nol, 1.0 eq) with agitation, and the phases are
then allowed to separate. The aqueous phase is renoved and the organic
phase is ¢ n ed under reduced pressure (<100 nba i mtely
40C by di 58?13?%?%@%3.6 When the desired concentration i s%%/g'%zg@;ebgf,og%t(he
solution is 5 cooled to anbi ent tenperature and the toluene sol ution
containing the mxture of internediate (17a,b) is carried forward to the
next step in the synthesis without further purification (theoretical yield
for internediate (17a,b) assuned, -1.1 Kg). Internediate (18): A reactor is
charged with a solution of the mxture qf internediate (17a,b) 10 (-4.7 Kg,
-3.0 nol) at anbient tenperature. To the reactor is added N, O-

bi s(trinethylsilyeacetam de (0.61 Kg, 3.0 nol, 1.0 eq) and the reaction is
heated to reflux tenperature (-105-115C) for_at least 30 minutes or until
conpl et e as detvabhesispiforpye cpip arelan af 1 Sydoprapyl-Hfore-gmsihetet-oxmnl - 4digyde-onal
amount of N fQmbiiR(dtvarilvlisidy! ) acetam de (0.18 Kg, 0.9 nol, 0.3 eq) is
added to the reaction to achieve conpletion. Upon conpletion, the reaction
is 15 cool ed to bel ow 40C angd, gg(gg[gk%o <8| vent is rermve’éfqﬁaer reduced
pressure (<100 nbar) at appr6xI mat €ly"40C by distillati ntil a
precipitate is formed. The reaction is cool ed to anby e erature and
the precipitated sotfds are isolated by suction Tilg i,eh and washed with
distilled water twice (1 xX*1.8 L} £ x 0.9 L). The solbgjs dried to afford
internediate (18) as a white @ d (V. "eukg, 82% . The terial is used

wi t hout further purificationti Mef“he ext 20reaction step@ Internediate
(19): Areactor is charged wt éol 14 intermedi ate (18) (0.76 Kg, -2.5 nol,
-1.0 eq) at anbient tenperat whgndQ.d.owed: &y ethanol (5.3 Kg, 6.8 L) and 32
Wt . % aqueous hydrochloric ag(j_s?oc(qurl Kg, 10 nol). The reaction mxture is
brought to reflux tenperature (76- 25 80C) during which tine the mxture
first bedones honogeneous and | ater becomes heterogeneous. The m xture is
heated at reflux fo t, ] 5.hour s, o0 nti.l. C | et e a t 1.ned by
TLC anatysi & tibeehaRe e S0P Epo Hoh bnsh AR b FpurdL AL ARET

cool ed t o O@rid B3 arld2 tmhp aptegicpnliydtied 162 L] 71 n®))i Belrestladg iixudr¢ is heagtditon and
washed with gisti]l 7. Kg) . foll I K The

i sol at ed sof%iﬁxlgegl parg%\él@%ag[egéf]{ g(r)uds'% Ercﬁglg@% élg%f%agds}ggo né/ﬁlletg gends7ol id

(0. 65 Kg, - @b8tpquiidRné BDCHBTMAIRE: (111} 4.BKE, 3P mjod) islatid&Bo (e reattdpn migu@. T, 111),
8.25 (m,,1H) ... 7.35 (. 3 . 4.0 : 1), . . , 1.1
(m 2H. %9 “’ﬁRFEelS(aéEﬁ%age-@)‘dd?@i’%t?m’%gAé“%)“ 1?5‘(03%0(3% ek ot Mpwidy by
area. WO 2097WPLJ 68BEARTTHEBHQOE/OHE D apdroXima@ly0 H{emid wolwhe B6 Ldiseddedter

chel ate of » , o 0T

1- Cycl opr opflhf-m/a-C ﬁnug}c()r? YRt ﬂlg%/r-caqlcéixtg-s C £ ‘éfeﬁ’yba‘ rtytl)n(ﬁclﬁll1 yrll((:)tP?rlglle)-Lo)-lscaéi?i dotgyl iC
acid (20): thereaction mixture to bring about precipitation of the product. The mixture is then cooled to

20°C and the solid product 19 is isolated by filtration. The isolated solids are then washed with

15  tert-butylmethyl ether (26 L) prior to drying in a vacaum oven at 40°C (50 torr). The product
yield obtained for intermediate (20) in this reaction is 86.4%. Raman (em™): 3084.7, 3022.3,
2930.8, 1709.2, 1620.8, 1548.5, 1468.0, 1397.7, 1368.3, 1338.5, 1201.5, 955.3, 653.9, 580.7,
552.8, 384.0, 305.8. NMR (CDCl3, 300 MHz) & (ppm): 9.22 (s, LH), 8.38-8.33 (m, 1H), 7.54 (t,
J=9.8 Hz, 1H), 4.38-4.35 (m, 1H), 4.13 (s, 3H), 2.04 (s, 6H), 1.42-1.38 (m, 2H), 1.34-1.29 (m,

20 2H). TLC (Whatman MKC18F Silica, 604, 200 um), Mobile Phase: 1:1 (v/v) CH3CN : 0.5N
NaCl (aq), UV (254/366 nm) visualization; R=0.4-0.5.

D. Coupling of 1-Cyclopropyl-7-fluoro-8-methoxy-4-oxo-1,4-dihydro-quinoline-3-carboxylic
acid (20) to (3S, 55)-(5-Methyl-piperidin-3-yl)-carbamic acid fers-butyl ester (8), and synthesis
25  of malate salt of (3S,5S)-7-[3-amino-5-methyl-piperidinyl]-1-cyclopropyl-1,4-dihydro-8-

methoxy-4-oxo-3-quinolinecarboxylic acid (25):




AcO, QAc C. Tol uene, tert-Butylnethyl ether 20-50C, filter 5 A reactor is
charged with boron oxide (2.0 Kg, 29 nol) followed by dilution wth gl aci al
acetic acid (8.1 L, 142 nol) and acetic anhydride (16.2 L, 171 nol). The
resulting mxture is heated to reflux tenperature for eas hours. The
reaction 03%9éﬂyg”§?% cooled to 40C and the solid 7- f?éybgﬁwﬁﬁéﬁﬁne acid
internediate (19) (14.2 Kg, 51 nol) is added to the reaction m xture. The
10 mixture is again heated to reflux tenperature for at |east 6 hours.
Reaction progress is nonitored by HPLC and NVR. The m xture is cooled to
approximately 90C and toluene (45 L) is added to the reaction. The reaction
is further cooled to 50C and tert-butylqethyl ether (19 L) is added to the
reaction mxture to bring about precipitation of the product. The m xture
is then cooled to 20€ @and the solid product 19 is isolated by filtration
The isol ated sol1 ] &€t hen washigdyW th 15t rt-bytyl ngt iy et her (26 L)
prior to dryin yv‘a vacuum oven al 40C (50 ton). m;p)oﬁd@f yield

obtai ned for interAedi ate (20Laldidlihskaactijon iS85, ¥% Ranpr”{em 1):
3084.7, 3022.3, 2930.8, ®1709.2, 1620.8, 15485, 1 (68. 05 1397.7, 1368. 3,
1338.5, 1201.5, 955.3, 653.9, 580.7, 552.8, 384.0, 31%.8. NVR SCDC13, 300

MHz) 8 (ppm): 9.22 (s, 1H), 8.38-8.33 (m 111), 7.54 [t 98w 11-1),
4.38-4.35 (m 111), 413 (s, 3H), 2.04 (s, 6H), 1.42-1.38 (m 2H
1.34-1.29 (m 20 2 (What man MKC18F Sililca, 60A 9m, Mbile
Phase: 1:1 (Vi © 0. SN NEERCHEP O " ( 2544366 Iam) Ivi'suglizat i on;

Rf :0' 4_ 0 5 D Qoﬁti ngzaof b. Extract, pH adjust to ~7-8, 50°65C, fitter OMeA 22

1- Cycl opr opyl- 7-*I uor o- 8- net hoxy- 4- oxo- 1, 4- di hiydr o-wgqui nol i ne- 3- car boxyl i c
acid (20) to (3S, 5S)-(5-Methyl-piperidin-3-yl)-carbamc acid tert-butyl
ester (8), and synthesi\s 25o0f mal ate salt of

(3S, 59) - 743- ani fi6-"B=" et hyl.- @i peki di ny1] - 1- cycl opropy1- 1, 4- di hydr o- 8-

met hoxy- 4- 0X0- 3- qui jonesar boxylic acid (25): 20 Acetonitrile,

Tri et hyl am ne, 50,Co+3® d 0 OPtc o o '

95% EtOH, H;0 HaN,,,

Me 0.5H,0

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 L/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 reactor 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 distillatcs arc observed. The reaction
is then cooled to room temperature and the hydrolysis reaction is monitored by HPLC or reverse
phase TLC. Upon completion, the reaction mixture is neutralized o a pH of between 6-8 by
adding ~4-5 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




21 0"0Ac Me A reactor 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 nmop and piperidine side chain internmediate (8) (2.1 Kg, 9.8 nol) in

acetonitri l"?%goﬁgb@%k 15.7 L/Kg) at roomtenperature. Igﬁlﬂzﬁ’osifﬁg Lhg mxture

i s Swarned Ximately 50C until reaction is judged conpléete. Reaction
progress is nonitored by HPLC or reverse phase TLC. \Wen conplete, the
reaction is cooled to approxi mtely 35C and reaction volune is reduced to
approximately half by distillation of acetonitrile under vacuum between
0-400 ton. The reactor is then charged with 28.2 Kg of 3.0N NaCH (aq)
solution and the tenperature is raised tg approxi mately 40C. Distillation
under 10 vacuumis continued between 1-4 hours or until no further

di still ates @t@r. PRS@EN S dontchBiurd IRABA 10A0°A Md kR cERCbREhetied0@I® t enper at ur e
and the hydrolysis reaction is nonitored by HPLC or reverse phase TLC. Upon
conpl eti on, 2PHexipggly PRIRIRY disilfadon. Ihoygppiqr & thepghargdd V&thﬁﬁzd?g%(g\{%]e{ﬁq)& 8 by

addi ng - 4- 5 sKgiAf hleRBbtureaRids@d RCISEL, addRithi®a¢d MowédStot A @Ast¢hBdugad Wi th
12.7 Kg (9.6 L) of dichloronmethane as an extraction solvent, the m xture is

agi t at ed, pRESEINGRE daPTPIEHon "aeo8 part Bie TPUritmPHE™d Py HR}C or reverse

di chl or onet BaRE TROASRenicEmMPIBRTRYRAion FIRCcANihicaGhd @OPREQERSHWA 1§ @paat.ed two
additional tinmes using 12.7 Kg (9.6 L%] of dichl oronet hane ,col,)l ecting the
| ower, or garfeoyRagaEaRIs i FrRoverifad whtllulhe felSE (18 g Aptelr ZRe e

or gani c ext naefdchféndandisg dxtta0tich ssiverd i mi¥¥re2OEblhitd, QB3R KeldlloB2OG 7/ 051057
16 reactor. The reactor contents are heated to 40C and the reaction_ vol une

is reduced fBpEKepERRIcBRrTRRRTe A f TTRI L ip BRaNITRLETEHR EBIE t hen
charged W t Bnddscdrded TRe OMNaikilag a(%u@éﬁs pBak 14tdi1@Bd withEs. 3 RgPiaNRE Water 4n8 thadj ust ed to
35C, and agitation is allowed for a})o | east 12 hours to geg it the Boc
depr ot ecti off"PEART bR OGEREHATH 8" e RELHAHAD PYERERITLI E4 BYHRLC or
r ﬁv erse 5 p liilétlﬁﬁmadt@-renw(}@ Fesia@IBicabBmedgic fidinl tBd redctiol) TREFMNbI thdhesttiamid tHehe
phases are allowed to separate. The | ower [ ganj hase is.remved and set
asi de. The P@_&Séetdd? betweep {&rf- LS %‘@ﬁg ??&Q &EJSI(I ga.qgs ‘)“OBf”?"&fi A Bret hane
as an ext r adnipeRwslf R RactidnhRlol 65t Mee letetidgistcadi@rlo sPiTase te areipitdiddowed t 0
separate, and the organi c dichl oronet hane rPha,se i s renoved. Tt}g or. anic
extracts ar éOllé&ﬁ:B Flgf:g 1 at least an hour prior to cooling the mixture to room temperature. The solids
15  areisolated by suction filtration and washed twice with 5.2 Kg portions of distilled water. The
solids are dried for at least 12 hours with suction and then for an additional 12 hours in a
convection oven at 55°C. The yield achieved for intermediate (23) in this example is 3.2 Kg
(79%). A reactor is charged with 3.2 Kg solid intermediate (23) and the solids are suspended in
25.6 Kg of 95% ethanol as solvent. To the reactor is then added 1.1 Kg of solid D,L-malic acid
20  (24), and the mixture is heated to reflux temperature (~80°C). Distilled water (~5.7 L) is added
to the reaction until a complete solution is achieved and 0.2 Kg of activated charcoal is added.
The reaction mixture is passed 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 suspended 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, /=9.0 Hz, 1H), 4.23-4.18 (m, 1H), 4.10-3.89 (m, 1H), 3.66 (br s, 1H), 3.58 (s,
3H), 3.45 (d, J=9.0 Hz, 1H), 3.34 (d, /=9.3 Hz, 1H), 3.16 (d, /=12.9 Hz, 1H), 2.65 (dd, J=16.1,
30 4.1 Hz, 1H), 2.64-2.53 (m, 1H), 2.46 (dd, J=16.1, 8.0 Hz, 1H), 2.06 (brs, 1H), 1.87 (d, J/=14.4
Hz, 1H), 1.58-1.45 (m, 1H), 1.15-0.95 (m, 2H), 0.91 (d, J=6.3 Hz, 3H), 0.85-0.78 (m, 2H). TLC

(Whatman MKC18F Silica, 60A, 200 um), Mobile Phase: 1:1 (v/v) CH;CN : 0.5N NaCl (aq),




and di scarded. The remai ni ng aqueous phase is diluted with 18.3 Kg
distilled water and the 10 tenperature is raised to approximately 50C
Distillation under vacuum (100-400 ton) is perfornmed to renove residual

di chl oronet hane fromthe reaction. The pH of the reaction is then_ adjusted
to between WO8WE 18 ng about 9.42 Kg of 3.0N NaoH (aff S PER whi I e
keeping the tenperature of the reaction bel ow 65C. The reaction is cool ed
to 50C and the precipitated solids are aged for at |east an hour prior to
cooling the mxture to roomtenperature. The solids 15are isol ated by
suction filtration and washed twce with 5.2 Kg portions of distilled
water. The solids are dried for at |east.,12 hours with suction and then for
an additional 12 hours in a convection oven at 55C. The yield achieved for
i nter medi at GU\Q gz%%(smlﬁ)mqﬁaﬁa&ﬁﬂphﬁ ESMBbife ﬂﬁgse(ﬁ@“@im 079 BARE Yid/hS Ak ged
with 3.2 Kg Internediate (23) and the solids are suspended in 25.6 Kg
of 95% et harvmh el fophig eqid, grafligntofysion witle Bk Hp(/farpis aeig epfdde HaOrforgjc efid.sol i d

D, L-malic aczofanQB 8% bknm Qﬁ'ﬂ) rhﬁa%olmnﬁwt%l a‘é@%b‘ﬁ%@q $ Ry hg 5o LERer at ure

(-80C). Distilled water (-5. reaction until a conplete
solution is ta@hwweuDatﬁdor@@el@ 3é1’f/\ a?élﬂ ﬂWé@@@“% ﬁ?a%té’e%ip MogeldHd&lds- Sthe

reacti on gm Xid4bfpnhdp, H@t%?%qplém&}é% dﬁslx'sbk%:ﬂﬁs?@“bé‘g\é&eﬁ%@del(ﬁi}éQA'm
cooled to 45C and or a period of at least 2 hours to al

crystalli zatJP?ﬁQO??é9 FePOHmaT Fpentianine GRingrnediped19)s 15.0 i aprredBrie BlepdesC and
the suspendegl.s9l 1htgx§ne@i51€ (iﬁ?qll %tnﬁﬁi aB rosikile k@bl ithd RBE inRPnedtRe2H0ld. Hginar e
then 25 washed with 6. hanol and dried for at |east 4 hours
wi th sucti orfPRipriBpte %@uwmemwn@amd&ée @EPel&hew; soforiere refpation timg fo
convection GyeheHat %z%g 8168 ap xﬁﬁ&é&&ezﬁbn &é@fotr QOn?Joﬁfo (d5)38 dnitg Of

internedi ate (24 NVR 0 Mz) ppm : 4 (s, 1H), 7.37 (d,
J=9.0 HAO 1H), 7t @a)t(dﬁothgwge U)Ot‘fclzaﬂ Wnts mcwsmaqqaautc%l)e?ﬂ)tagem paions, 99 (m
1H) 3 66 (t%E'O %I’UOHSFQIG uﬁicé%oé §) be%ld)hﬁe@%ftﬁ (Vgld 81’)'09( Qn&"&mou“’s’)arc II%t r'ﬁﬁ:n((c@ {0 ‘J 9 3
Hz, 111), 3216 (d dd, J=16.1, 304.1 Hz, 111),
2.64-2.53 (ﬂdl%ﬁflgnlﬁcwﬁdle’éﬁd 3= 16 1, 8.0 Hz, 1H), 2.06 (br s, 1H), 1.87 (d,
J=14.4 Hz, 1H), é—xc@[ﬁ aéotﬂéwﬁs@hol@d"%e arl-lclt]zsr’ 9 "%15 oy m@jfﬂe)m 'de arlm&lﬁl J=6.3 Hz,
311), 0.85-0. 78/& . TLC (What man M(ClSF Silica, 60A, 200 gr’r) Mobi | e
Phase: 1:1 (v/v) @@ements Qled iy thelestailed Bpscriptiapoblye v eutigB I FETV BB 08T/ 051057
17 W ( 254/ 308mhfkd Kér&H@if fefdnbO the cliftlefrof My BbdufeNARR ot Cotrlid 20anl % fOrmi C
aci d/ Acetonitrile wth 0.1%formc acid, gradient elution with 88%

H20/ f or mi ¢ A@issienyba s Wipp @ Fish FRPRectde g Presat Byseuap logherx Rt 2950 rm

col um,  Par tyNane I RnIP 8 ternt imihid Wwritlbdde @b co%ﬁlcmvﬂthrah')nmédnfﬂgor &B2itibh N,
Det ect or Mbdel é1314A SI N JP72003849, Quat Punp Model G1311 SIN5
US72102299, o isirislogmabigespatatty cterspag thmenying Padefiniay asigesd Qe

GL322A, S/ NJR{30BR %37 dRRRERMBbRd et ention time for internediate (19):
13.0 min; approximate retention time for internediate (20): 11.6 min;
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SI gni ficant Vxﬁhgltﬁe%copgﬁxmgmveﬁsonot herw se noted, the articles "a", "an", and
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the extent that any neaning or definition of atermin this witten
docunent conflicts with any neaning or definition of the termin a docunent
i ncorporated by reference, the neaning or definition assigned to the term
inthis witten docunent shall govern.




20Wi | e particul ar enbodi nents of the present invention have been
illustrated and described, it would be obvious to those skilled in the art
t hat various other changes and nodifications nay be nade w thout departing
fromthe spirit and scope of the invention. It is therefore intended to
cover in the appended clains all such changes and nodifications that are
within the scope of this invention. 18 CLAIMS What is clained is: 1. A
process for preparing a quinolone intermnediate having the forml a:

Formula (I); wherein: nis 1 or 2; X iggselected fromthe group consisting
of C1-C4 al kyl, C6-C10 aryl or alkylaryl, and C3-C6 cycloal kyl; and Z is
sel ected fromthe group consisting otL&X and COX, wherein X is as defined
above; said process conprising the steps of: (a) reacting the conmpound of
Formul a (Whatisclakgdiaal @ (11) wherein Y is selected fromthe group consisting
of Cl1-C4 alkyl, C6-Cl0 aryl or alkylaryl, and C3-C6 cycloal kyl; and X and

Z are as jdefi Qeﬁoée%rfofﬁé’pg?ﬁlgaaq(x rﬂ)lonmnteﬂnaipa@éﬂavxgg e f@Radt 4 equi Val ents of

sodi um bor ohydri de i n "al kanol an adm xture of al kanol/ether in a v/v
ratio of from about 100/0 to about 20/ 80, ‘fl about -20C to about 10C,
X HN™

HO\/kH/\/OH
n

Formula (I);

wherein:
nis 1l or2;

X is selected from the group consisting of C,-C, alkyl, C¢-C,q aryl or alkylaryl, and
C;-C; cycloalkyl; and

Z is selected from the group consisting of CO,X and COX, wherein X is as defined
above;

said process comprising the steps of:

(a) reacting the compound of Formula (II):

Formula (II)
wherein Y is selected from the group consisting of C;-C, alkyl, C4-C)o aryl or
alkylaryl, and C;-C; cycloalkyl; and X, and Z are as defined for Formula (I); with
about 2 to about 4 equivalents of sodium borohydride in alkanol or an admixture
of alkanol/ether in a v/v ratio of from about 100/0 to about 20/80, at about -20°C
to about 10°C;

(b) setting the temperature of the reaction mixture to a temperature in the range from
about 5°C to about 15°C; and

(c) adding about 1.5 to about 3.0 equivalents of a calcium salt.




(b) setting the tenperature of the reaction mxture to a tenperature in the
range from about 5C to about 15C, and (c) adding about 1.5 to about 3.0
equi valents of a calciumsalt. 19 2. A process according to claiml1, .
wherein the alkanol is a Cl to C4 alkanol. 3. A process according to claim
1, wherein the ether is a C2 to C6 ether. 4. A process according to claim
2, wherein the ether is a C to C6 ether. 5. A process according to claim
1, wherein Xis Cl-C4 alkyl. 6. A process according to claim5, wherein X
is nmethyl. 7. A process according to ch@im1l1l, wherein Zis
tert-butoxycarbonyl. 8. A process according to claimb5, wherein Y is
methyl . 9. A X 96RsSacar@R) dcRth ,WheleRl 4B akan¥ied €0 Cl AraneR! Ci um salt i's

sel ected fromthe group consisting of cal ciumchloride and cal ci um brom de.
10. A pracess Amgeessthctvgdiigro clhii MvlereithiBy @lienistalts tc@lettieim salt i s cal ci um
chloride. 11. A process according to claim1l, wherein the conpound of
Formula (1) iAspr{@$,adSydide tp tlaibr 2, wherein the ether is a C, to C; ether.

di et hyl et hyl ) - 4- met hy1- 5- oxo- 1, 2- pyrrol i di nedi car boxyl i ¢ aci d- 2- net hyl
ester. 12. A priveesssiceodientdiclign 1 ovhelemiXms C-Calllsylei n t he conpound of Fornul a
(11) is (2S,4R)-1-(1,1- _ o

di met hyl &t hy| YA progesstapspiding te glgimy 5, 7hegrginoisim¢thiedi car boxyl i ¢ aci d- 2- met hyl
ester. 13. A process acgording to_claim1l, wherein the conpound of Formula
(1) is (TS, 3SARroeeiarossa 12 St SRFHHHs FrPu s RPrut y1) - car bami ¢ aci d
tert-butyl ester: .L?21.113pc, HQOH, 14. rocess according to claiml,
wher e n the  c OSSP REFLY ChYPeY FTEIgR) (4. °

Hydr oxyl 41- hydr - 3- e P - i i - . er:
£ NBor £ - sTab ki B B R P B ER pB KhSRRET

the al kanol st@gﬁPﬂThéorlg%?’gcféﬁmf ?%dng group consi sting of methanol,
et hanol, 1Bf Op%npgédesslagc%pd’iﬁ)gqg cnlgllnri 9, %‘Vrﬁgrel?l%e%gf%lum salt is calcium chloride.

11. A process according to claim 1, wherein the compound of Formula (II) is (2S,4S)-1-(1,1-
dimethylethyl)-4-methyl-5-0x0-1,2-pyrrolidinedicarboxylic acid-2-methyl ester.

12. A process according to claim 1, wherein the compound of Formula (II) is (2S,4R)-1-(1,1-
dimethylethyl)-4-methyl-5-ox0-1,2-pyrrolidinedicarboxylic acid-2-methyl ester.

13. A process according to claim 1, wherein the compound of Formula (I) is (1S,3S)-(4-Hydroxyl-
1-hydroxymethyl-3-methyl-butyl)-carbamic acid tert-butyl ester:

NHBoc
HO\)\/\/OH

14. A process according to claim 1, wherein the compound of Formula (I) is (1S,3R)-(4-
Hydroxyl-1-hydroxymethyl-3-methyl-butyl)-carbamic acid tert-butyl ester:

z QTHBOC
HO._~ ~_-OH
15. A process according to claim 1, wherein the alkanol solvent is selected from the group

consisting of methanol, ethanol, propanol, isopropanol, and butanol.
16. A process according to claim 15, wherein the alkanol solvent is ethanol.

17. A process according to claim 1, wherein the ether solvent is selected from the group consisting
of methyl tert-butyl ether (MTBE), ethylene glycol dimethyl ether, diethyl ether,
tetrahydrofuran, diisopropyl ether, and dioxane.




16. A process according to claim15, wherein the al kanol solvent is
ethanol . 17. A process according to claim1l, wherein the ether solvent is
selected fromthe group consisting of nmethyl tert-butyl ether (MIBE)

et hyl ene glycol dinmethyl ether, diethyl ether, tetrahydrofuran, diisopropyl
et her, and di oxane. 20 18. A process according to claim17, wherein the
ether solvent is nethyl tert-butyl ether. 19. A process according to claim
16, wherein the ether solvent is nethyl tert-butyl ether. 20. A process
according to claim 19, wherein the solygent ratio (v/v) of ethanol to nethyl
tert-butyl ether is about 1:2.

18. A process according to claim 17, wherein the ether solvent is methyl tert-butyl ether.
19. A process according to claim 16, wherein the ether solvent is methyl tert-butyl ether.
20. A process according to claim 19, wherein the solvent ratio (v/v) of ethanol to methyl tert-butyl

ether is about 1:2.




