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(3S,5S)-7-1-3- AM NO 5- METHYL- PI PERI DI NYLF

1- CYCLOPROPYL- 1, 4- DI HYDRO- 8- METHOXY- 4- 0X0- 3- QUI NOLI NECARBOXYLI C ACI D FI ELD
OF THE | NVENOI20N/190BBe present invention is directed to wpal®t@7eabiss and
vari ous pol ynorphic fornsof malate salts of

(3S,55)-7-[ 3-am no-5- net hyl - pi peridinyl]-1-cycl opropyl-1, 4-di hydr o- 8-

met hoxy- 4- oxo- 3- qui nol i necar boxylic acid and pharmaceuti cal conpositions

t hereof . BACKGROUND OF THE | NVENTI ON 10The anti m crobi al qui nol one
conmpounds, (3S,5S)-743-am no- 5-net hyl -

pi peridi nyl]-1-cycl opropyl-1, 4-di hydr o- 81net hoxy- 4- oxo- 3- qui nol i necar boxyl i
c acid, and (3S,

5R) - 7- [ 3- am AELBTESALS ARD POLYHORYHY OT(8YT)-G1i5-8pyNOB; MEHIIYIyHPERB)INﬁn;]hoxy-4-

oxo- 3- qui nO'J'd‘R“L@Pﬁ%ﬁi 3G e BRB MR d&)é)%%( %HN§CAEI§5}@1§C

6, 329, 391, which erein 1 ncorporate y re nce Inits entlre

Synt hesi s of various quinol one conpounds have been 15reported in the
literature, e.g., U S Patent No. 329,391, U.S. Patent No. 6,803, 469; B.
Ledoussal et al., "Non 6- FIuoroFgﬂﬂé@f?H?éNVEﬁTﬁﬁione Anti bacteri al s:

Str Uﬁt ures and ACllhd/[ir&s}ént,mw]:nud}imhg't&moma\é@zl sl-alts%d ngé)u;%ﬁﬁﬁla%l((ﬂﬂgl%zgf V.
Cecchet ti noqui nal i nes: Syn

Ant i bact er i aﬂ ?ﬁ/?ﬂtﬁ%f{(?gasdf [génﬂfﬁﬂ]‘ﬁetggr?é’?ﬂ%‘ﬂh AEIBreLkL4-ghydesd  chem ,
Vol . 39, pp.melidhy44%0-340806])necavboxPacaetiand phaghacaltical codi@IsRibhs thereof.

6- Desf | uor o- 8- net hyl qui nol ones as New 20 Lead Conpounds in Antibacteri al

Chenot herapy”, J. Med. Chem, Vol. 39, pp. 4952-4957 (1996)). The
above-menti oned conpounds ar BACKEROUNIDOF THEINWERTIOIN al i nf ecti ons.

However, d’\’hat sal t quthnm 1&&111156}1}1%!)&%%0 u[ngs (k, Eﬁ—‘f?—gnal‘ltnbgnmefth E the

manuf acture of a pharnmaceuti ca I on known.
Ther ef or e, tperidinylsl-ayomegpyl-hé- tthdraBtmeﬂ@Xy}é\wecb &puluelerkwbosﬁictac@&nﬂ GSors and

pol ynor phs ofy bhese:ant i Q:h CQ ﬁ3§14dh dro-8-methoxy-4-oxo-32IVVARY " OF
THE | NVENTI O\I) 2 one aspec}{%ﬁs e yl”ﬁl\? rel alttyeéo met malat & salts of 00
quinolinecarboxylic acid are disclosed in theUS Patent No. 6,329, 391 which is herein

incorporated by reference in its entirety. Synthesis of various quinolone compounds have been
15 reported in the literature, e.g., U.S. 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-methylquinolones as New
20  Lead Compounds in Antibacterial Chemotherapy", J. Med. Chem., Vol. 39, pp. 4952-4957
(1996)).
The above-mentioned compounds are useful to treat microbial infections. However,
what salt forms would yield a suitable preparation for the manufacture of a pharmaceutically
acceptable composition is not known. Therefore, there is a need in the art to develop useful salt

25  forms and polymorphs of these antimicrobial compounds,

SUMMARY OF THE INVENTION
In one aspect, the invention relates to malate salts of
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(3S,5S)-743-am no- 5- et hyl - pi peri di nyl] -1-cycl opropyl- 1, 4-di hydr o- 8- net | aox
y-4- 0xo-3- quinolinecarboxylic acid (hereinafter Conpound I, see al so

i nt er medi at wo(28@)116884 Section D, of Detail ed Descri ptiorpcafigbdo®odispgent i on).
In one aspect, the invention relates to polynorphic nmalate salts of
Compound |, wherein there is between about 0% and about 5% water by wei ght
present. I n anot her aspect, the invention relates to a pol ynorphic
salt of Conmpound |, wherein there is between about 1% and about 5% water by
wei ght present. I n anot her aspect, the invention relates to a

pol ynor phic salt of Conmpound I, wherein there is between about 0% and about
2% wat er by wei ght present. I n anot her aspect, the invention rel ates
to a pol ynor (¥555)-843-tmiod- S@mtpbpipdidﬁnyl]haayblngo@m1,)(-dﬁaryroeﬁ féthagtdan-3pat t er n
characteri ze n f ure 1.

I n anot her a@l@g?&&g héanv(ye(rl% r%%%?@%'gfogg %e aﬂo mlte‘;nr%%ﬁatf)%?éﬂgg tlong (&orrpound
|, having anDe(alké@esdnﬁtfmaﬁﬁwbwerplan)t ern char act erized substantially in
accordance with imcggk&ecfx&n%nu drgﬁ{cgio%olg{nogglc I @3&9{&% BEG Y whbfh

invention relates to ynor phic sa oun ng an X-ray
di ffracti on e tsé’PWeWPla@f%@miizléﬁt%%Wg‘le’a‘m“(eaﬂmveieht accordance with the

pattern of Fi gur e adother aspect! e BRHBE FelR RELCHolyntoRfhid A §NtdnPouidal Rhgsn tO @
pol ymor phic salt of Conp ound |, having a solid-state 13C NVR spectrum

characteri zetﬂerglﬁl?gtf"ﬁﬂlﬁb%tll% anh abouie 3 WalRichy "Wi'&hhprﬁﬁl%t pattern of Figure 4.

I n anot her aspectnanbh&a ahﬂé&’tellﬁé anéhuBﬁfe&Ee@% 4 1yt AR bttingposid 1t wikeifSompound
I, having a ol | at 50 NMVR spectrum charact eri zed substanti al | y in
eG4

accor dance ‘ir 18 1 28 afepiy ? watgr by weight prgsent ot her aspect, the

i nvention rel atem atrr:aha aﬁ@ktymrélp&nuan ek to0f poGaIsRMiEndlt bfacdﬁamum veght d-stat e

13C NWR spe racteri zed su I n.accor ce wt pattern

of Figure 6(:"£'myr£{fICT 9 O'a%aétfﬂéﬁa%éeﬁé%fsugsttwgﬁiyﬁ%%cﬁ?r%ﬁe wEh 8%“ef“o°fil‘gﬁ’8ﬁynor phi c
salt of Conpoundinlapothavsprg, the Biéntion Stags & aJ;ﬁ&nNMRxcgplecﬁGanmoaﬂmarla&hgan zed

substanti al |)¥ {agﬁffﬁpctlgn d?terglagﬁﬁtew ! suB tl-’BQtlItl dclcordan(,e Wxtlgh!le g?t%em (*f Figure 2

anot her aspec e rnvention re ynorphrc s mpound 1,
havi ng a sol i d- shhanehc 3QedivR: mp@obrrmmeshmmwnEmhmaﬂt sfiBrmipawidi [2Halvipg hm

accor d ance g—IaP dﬁﬁfcupl?}gattt@r?\ Qh:ﬂefxct legi‘“yi] ta%uallfy i acc&rﬁan@é]&{ttb&l% gﬁégleoq'tﬁiﬁu}e t}e

invention r es to ynor phic sal nfrared
spect r um char act &rapoteay a@acbstbameinapn lvlateﬂtmbnmmh@éalvwft@pntph@dddtavmgm of

- Figure 9. \GpQ0skd %@ﬁﬁﬁ@@aﬁ&%@%&&é&@é&ﬁlﬂ i a@c%gﬁﬁt% widl % ﬁ)é&em khe

invention relates to a polynorphic salt of Conpoun an infrared
spect rum chai®Et®ri zed substantially in accordance with the pattern of

Figure 10. In another aspect, the invention relates to a polymorphic salt of Compound I, having a
solid-state >C NMR spectrum characterized substantially in accordance with the pattern of
Figure 5.

In another aspect, the invention relates to a polymorphic salt of Compound I, having a
solid-state *C NMR spectrum characterized substantially in accordance with the pattern of
Figure 6.

In another aspect, the invention relates to a polymorphic salt of 'Compound I, having a
solid-state "*C NMR spectrum characterized substantially by in accordance with the pattern of
Figure 7.

In another aspect, the invention relates to a polymorphic salt of Compound I, having a
solid-state >C NMR spectrum characterized substantially in accordance with the pattern of
Figure 8.

In another aspect, the invention relates to a polymorphic salt of Compound I, having an

infrared spectrum characterized substantially in accordance with the pattern of Figure 9.




I n anot her aspect, the invention relates to a polynorphic salt of Conpound
I, having an infrared spectrum characterized substantially in accordance
with the pattern of Figure 11. I n anot her aspect, the invention

rel ates to wopedmi@sphi c salt of Conmpound |, havi ng an dcifisaoBekigeect rum
characterized substantially in accordance with the pattern of Figure 12.

I n anot her aspect, the invention relates to a pol ynorphic salt of Conpound
I, having an infrared spectrum characterized substantially in accordance

with the pattern of Figure 13. I n anot her aspect, the invention
relates to a polynorphic salt of Conmpound I, having characteristic X-ray
diffraction peaks at about 10.7, about 11.98 and about 12.5 degrees 2

t het a. I n anot her aspect, the invention relates to a pol ynorphic salt

of Conpound |, havinogjerch@tabe arémibh &laks E(B@/po@infofp‘tmtiit of Cqpgalesl [aiavampaut 9. 3,
Ial;\c/)g; t Il(2)n 1I’ Zn Q(P spf:cttrum char‘Tlcgerggde %Jgséantsl%!ptln acfcor&nce with % PﬂOt h rF rsfraliﬁaq%(:t the
characteristic Xlrrcaydldlaﬁrfectam lnwnupeazle&sata Ia)meph& sBlf o%ﬂhm_mouﬂkﬂl havagdn about
12.3 degr eesl cﬂg%c%um Charactch Q?aasﬂgsmﬁglly% Qc%grtdancct, Q/ﬁh {h@ﬁﬁ@&#o‘?glg&@ ‘fi"t es to a
pol ynor phi ¢ sel ected from the group consisting o L-mal at e

hem - hydr at e D Fredngther appgelr the myeniomeelages €0 Hypdmernbic spit pflampeunddhypdingte, and

L-mel ate anh}fﬁlzfr@cfssectrum charzlc&n%&h&@arnuﬁﬁlQﬁgctcordﬁnle@wltﬁ]t\ﬁ@ Bzgt!eﬁﬂ)f 'F%ln%tﬁs to a
phar maceutical conposition conprising a safe and fective anount of a

pol ynor ph accor difrigothes agngef. B invendonts 1@6@&.‘/1"105@& ‘;[é’éPfﬁﬁﬂ?PBW@[ Rgnids an

phar maceut i Gadkdrst s@é‘cﬁﬁzﬁfcﬁd@écﬁén%rshbs@arnually in accdlar@OQLIN@E pARRER FFiguleN. 1 Nvention
relates to a nethod of treating or preventing an infectious disorder in a

human or ot her ali Werlaﬁeﬁééﬂm&‘f““%@ tep forohBRphicsglprGosipaend L keging i f yi ng a
human or ot hﬁara@ensmk rdyllifie&idn éakd 41QBdu @7, @uscupne%%a 'hm)gt 12103 de@fe@cz th@AIS

di sorder; and ad [Etel’l n‘g}aéo t he human or oth algﬁr%ma safe and

ef fective am)unt IRPPYTCRES 106 ROYEIOFR fs P ABPEON OF THE
DRAW NGS Fi g:h:lirmctéhsﬁdmm da?fracelpn ﬁ&em:ttabduv% bty 2. Deddf dbawd 0P .6 dedicek L @fera. f Or

D, L-mal ate hem -pydra of ound I .. Figur shows a
representative X ray eﬁa7pg§a‘§? ‘lnﬁbﬁm%'ie %’F 0 “‘fpgg g%rpgﬁﬁflé?fegﬂg’a?rgtlé‘d&%ym)r ph
salt 5 of C@tmamtmslud X-rd§|dqtracmoﬁ3p®hmb<mt9 gpbas enT arid abeut X2.8 dygrdos R theact | on

Pattern for J@%‘g"f%@i‘géﬁe 1§9en¥5m rreﬁas ?oaal ;;[olyglorp%%rgplpgf@gleétéd fro\{\rghe group

2007/ 110834PCT/ |
consisting of D,L.-malate hemi-hydrate, D-malate hydrate, L-malate Hydrate, D-malate

anhydrate, and L-malate anhydrate.

In another aspect, the invention relates to a pharmaceutical composition comprising a
safe and effective amount of a polymorph according to any of the above-described polymorphs,
and a pharmaceutically acceptable carrier.

In another aspect, the invention relates to a method of treating or preventing an infectious
disorder in a human or other animal in need of such treatment, comprising: identifying a human
or other animal in need of treating or preventing an infectious disorder; and administering Lo the

human or other animal a safe and effective amount of compound according to claim 1.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows a representative X-ray Diffraction Pattern for D,I.-malate hemi-hydrate
polymorph salt of Compound I.
Figure 2 shows a representative X-ray Diffraction Pattern for D -malate hydrate polymorph salt
5 of Compound I
Figure 3 shows a representative X-ray Diffraction Pattern for L-malate hydrate polymorph salt

of Compound L.




Figure 4 shows a representative solid-state 13C NVR spectrum for D, L-mal ate
hem - hydrate pol ynorph salt of Conpound |I. Figure 5 shows a representative
solid-state 13C NWR spectrum for D-nal ate hydrate pol ynorph salt of
Conpound | . wohh@Mh®sPp shows a representative solid-statgerhgieossPect rum
for L-mal ate hydrate pol ynorph salt of Conpound I. Figure 7 shows a
representative solid-state 13C NWVR spectrum for D nal ate anhydrate

pol ynor ph salt of Conpound I. Figure 8 shows a representative solid-state
13C NWR spectrum for L-nal ate anhydrate 10 pol ynorph salt of Conpound I.
Figure 9 shows a representative infrared spectrumfor D, L-mal ate

hem - hydrate pol ynorph salt of Conpound k. Figure 10 shows a representative
infrared spectrumfor D nal ate hydrate pol ynorph salt of Conpound I.

15Fi gure 11 ERewS sidwk & pihRS@kiad Joue sthd CaNMR sgp@Gh fod MIf-Qklatk hérl Ry dr at e
pol ynor ph sal t of hColancund l . I Figure 12 shows a representative infrared
spect rum f or PBHESEEOSARPAY S e pol ynor ph salt of Compound I. Figure 13
shows a repriggeas stoivy e reprefdanariacsokpaatt: PANMR spebrumfoabanatindiydraat pelyaoippnor ph
salt of 20 (ég{trgpélor}lg ohig (PETAI LED DESCRI PTI ON OF THE | NVENTI ON Herein
are descri be E

vari ous nal ate salts and different pol ynorphs of the mal ate
sal t. Sel®ctligme @fhoms ptearcrmeee sobdbthty “ENOER smbinen Ha | tmalite Hyddegiotyatotpd
characteri stgaﬁgfcﬁnr{)gux}dlsol ubility, 25 stability, fornulation ease,

0

requires evaluatio many salts and resulting pol ynorphs (See Handbook of

Phar maceut i dAtursSashows a ppispratativesolid-Sak SEINMR spepenie D-idite adlydsste PH St ahl , C.
G Verinut h (WileehsMtcofibiah, 2002)) . Solids exist in either
anmor phous or_crystalline fornms. In the case of crést alline forms, nolecul es
are positi orfégrry Hishowys iepieEnERYe solidittety cE NYIR apgctruppionLanaagapbidsdie cryst al | i zes
from a 3ftsolgdtynRfpnQhl silcdtdp¥unditt My crystallize with different spatial
| attice arrangenents, a propert_y _
Figure 9 shows a representative iffrared spectrum for D,L-malate hemi-hydrate polymorph salt
of Compound 1.
Figure 10 shows a representative infrared spectrum for D-malate hydrate polymorph salt of
Compound L.
15  TFigure 11 shows a representative infrared spectrum for L.-malate hydrate polymorph salt of
Compound L
.Figure 12 shows a representative infrared spectrum for D-malate anhydrate polymorph salt of
Compound L.
Figure 13 shows a representative infrared spectrum for L-malate anhydrate polymorph salt of

20  Compound I,

DETAILED DESCRIPTION OF THE INVENTION
Herein are described various malate salts and different polymorphs of the malate salt.
Selection of a pharmaceutically acceptable salt with desirable characteristics, e.g., solubility,
25  stability, formulation ease, requires evaluation of many salts and resulting polymorphs (See
Handbook of Pharmaceutical Salts, Properties, Selection and Use. Edited by PH Stahl, C. G.
Wermuth (Wiley-VCH, Zurich, 2002)).
Solids exist in either amorphous or crystalline forms. In the case of crystalline forms,
molecules are positioned in 3-dimensional lattice sites. When a compound crystallizes from a
30  solution or slurry, it may crystallize with different spatial lattice arrangements, a property
referred to as "polymorphism,” with the different crystal forms individually being referred to as

a "polymorph”. Different polymorphic forms of a given substance may differ from each other




referred to as "polynorphism™ with the different crystal forns
individually being referred to as a "polynorph". D fferent pol ynorphic
forms of a given substance may differ fromeach other WO

2007/ 110834RohochB1689¢/ 051055 5 with respect to one or By apRbY&EL1e3!
properties, such as solubility and dissolution rate, true density, crystal
shape, conpaction behavior, flow properties, and/or solid-state stability.
Crystallization 5Manufacturing scale crystallizations are achi eved by
mani pul ating a solution so that the solubility Iimt for the conpound of
interest is exceeded. This may be achieved by a variety of nethods, e.g.,
di ssol ving the conpound at a relatively kigh tenperature and then cooling
the solution to below the saturation limt. Alternatively, the liquid

vol ume nmay beith eghed &tond r More lphy3@al padpbitied) buch beSTbIRy A aARWAbh B, tredCuUM

drying or by,sonme o r means. . Solubility of the conmpound. aof interest
. b decr TR 3 TerSHANERISR o i Makerreine uier SPARSESRO8H 1 i ch
t he conpound exhi bits reduced solubility or a m xture of such sol vents.
Anot her opti@rnstmdbne pH adj ustnment to reduce solubility. For detailed
description on cr ystal lization, please see Crystallization, 3rd edition, J
W Ml | ens3 But t e Maoufedturide scaerraystallizgions| 998 hick SBIN OB Lk2Sdlutiérnf sogtak the
formation i S ' I [ ' b t he
appropri at e%f%g%m%gtri%ﬁegg%mﬁr@eﬁdro\&% %SFLlS %}%%i?dreléc?}%c}rn sﬁfﬁﬁ&fgw %‘ﬁa%fgtfy 0tP he
desired sal tmethods,ggl. dissodvingthecomppwidiaba ielativehchighetgmpiravre prsdhen copling thehe
starting matg,
in which the final desired formis |ess soluble than the reactants may
enabl e di r edCilidg.abigent Hresge SPGB HECHMTEYINGP Y §erne otmp ficsfsz eIy of the he
crystal | {zatcopounB¥f ihlfebitls b 8RR bPthebliBridnroY 8 Ml bR &t bPdsolBA M Fhick0 W t h
crystals of the desired form In addition, stallization processes

) 10 [ many cr )
use conbi natﬂi‘eocr?glpi?}f“dteﬁéb‘ﬁB%SK‘}%@dd%lE‘EP‘iyBé%img‘f‘}r%l?fé@‘fhégg’e%% ARRUREAPHORBE B8 be t he

di ssol uti on poff adjubehetiasRaLIR o108 lity N F@TdeSlled dBscalptsodl o @Rktaifikatibh, leadecigper at ur e,
fol | owed by ogdﬁrl]{ol.l e d‘gtﬂ\ddi t\&g\@% ag anti-solvent in %a Hﬁﬁ @g ate to
bring the sydtEmFut 9b ‘tB)\R/]I[ PP ET8 rlg"\b‘lfl‘ nan hd, } ?Z[g | 0?’19 éds of
t he desired f or nifeaytohetiadddekire@daticuttehtwithiveysaBaion] datidcd of the@peysdtem i S
cool ed tﬁ a%hid%}"/esé 1?12? r%sSu?tri%{gigﬂeacécl is ) ;[ziatoon ‘of @hggsmfegtt'igscagtl'sllzsoro IlealI i Oens and
Vet hods For “0S&" FT L8 SRAEAY 55t YLl 2aioa ol % RodS>Ges B S8R U5t
preventi ng a¢rciionfraxdiai tipanshechtegorgarerialn Likewise, completion of a synthetic reaction in a
medium in which the final desired form is less soluble than the reactants may enable direct
crystallization of the final product.
Optimization of the crystallization may include seeding of the crystallization medium
20  with crystals of the desired form. In addition, many crystallization processes use combinations
of the above-described strategies. An example would be the dissolution of the compound of
interest in a solvent at high temperature, followed by controlled addition of an anti-solvent in a
volume adequate to bring the system just below the saturation level. At this point, seeds of the

desired form may be added, and with the seeds intact, the system is cooled to achieve the

25  crystallization.

Pharmaceutical Formulations and Methods for Use
This invention also provides methods of treating or preventing an infectious disorder in a
human or other animal subject, by administering a safe and effective amount of a salt or a
30  polymorph to said subject. As used herein, an "infectious disorder” is any disorder characterized
by the presence of a microbial infection. Preferred methods of this invention are for the
treatment of bacterial infections. Such infectious disorders include (for example) central nervous

system infections, external ear infections, infections of the middle ear (such as acute otitis

i 1o b%jib%ﬁi@s%@mti&ﬂfml. Q—‘lhief?ﬁti@fyl, Be lﬁé{xﬁ& E&&nh&m&ﬂﬁ%&u% yn a medium




human or ot her animal subject, by adm nistering a safe and effective anount
of a salt or a 30 polynorph to said subject. As used herein, an "infectious
di sorder” is any disorder characterized by the presence of a m crobial

i nfection. wWoeb@nigsy net hods of this invention are for gdiagicdopahssent of
bacterial infections. Such infectious disorders include (for exanple)
central nervous systeminfections, external ear infections, infections of
the m ddl e ear (such as acute otitis WD 2007/110834PCT/ 1B2007/ 051055 6
medi a), infections of the cranial sinuses, eye infections, infections of
the oral cavity (such as infections of the teeth, guns and nucosa), upper
respiratory tract infections, |ower respsratory tract infections, including
pneunoni a, genitourinary infections, gastrointestinal infections,

gynecol ogi cahediafigfedtionns theeatal ﬁm@ésaeyemmbm mf&eutdnt ofrthd d»rsl,ca\b@mﬁlcmnd j oi nt

i nfections, kin 5str I nfections, bac Lal endocarditis,
burns, anti bg}é% g? ?%ﬁhe;t?egb yiaxi smu ?Sg)slﬁprp e re?}”mmﬂ’c}r ac“ fg 13?: L-f’F)Vlﬂrarlesp 1r?ﬁolafhyl axi s
i n post - opertekiiviectpay, ilehrtimg pmeuinnma,rgnmmmppnkstmd gp:amne:sttnsl ipsumhs, as
patients re C e r ).

The salts o(r:g?lﬁécéb@%oa? S‘E&% > 5Qﬁe %’%v%ﬁﬁyger%mt% %)%Q aﬁﬁaﬁégﬁc‘g[&éﬁ Ql?}ébrﬁl %lglt or to
prevent \ar |S@u%urmfkﬁqcbmsd?mdﬁl%eqb%dltl%bmﬁmw! prephylauirpowigeivomdmay

conpri se: 1%@)ac@na3 ifo hﬁm lﬁms@gge&a\(&e ﬁéﬁ@rﬂ@&r 11anu§un%§11pfare§§5d il IR Qg ph of
the invention; and a pharmaceutical ly-acceptable carrier. term
"treatment" Hagentfg@&“’ﬁ’ér‘@cﬁ cheoreatPy+ H ATSAR HFASPIRE PRUEPSbN of a corrpound of t he

present inventi othdBalid @BbISMorBhstr HREF RV nihy Bb SMiMiGEred B (RaP R prevlRIUS, Tt he
term"treatnent” includes, preventi n? a di sorder fromoccurring in a host,

particul arl yaﬂ?ﬁléﬁ““tr%alﬁtﬁ%ﬁseﬁ é\PPSrﬁ}a‘é‘H %%6‘%’&95‘{1‘81 Ié%ycfﬁpli’?st‘ig the di sease, but

has not qet been di agnos e ase; | i nhi l’ g t he di sorder;
and/ or all evi at {hg é‘vggec Ylega“foH%O i"% %58 POIYPRIR ?a CREe 2ot hods of the
present inventi N axghathacecitdly-st@ppbleverdr ng di sorders it is understood

that the term” p{'h%vgnq{[“geﬂl%%@ b1rs] %Eed hgrgw rrt% z;[n a]tt P(}ml t{auorﬁ) atcomﬁoaflrng ?‘Eﬁat her,

conpletely thwa ster"s
as used her erasent tnh@txpenMngpueea/@mwmga éln@@mbazslmts Tthos, th@naKTtrd:aatmqpt of the

skilled 20;a5kis vetne Gg A8def Yot o %{i}y&t 4 0, h%%}]agg v@??t%iﬁP&si ple to

di sorders, such t nistration o e Cco e present
i nventi o mgﬁdtapfée# tomqucrrngtt@ disassetbugfas potdpidweensbagnduéd wite hedideres inhdttingnpl y
that the di $@aggdst %(ﬁorgﬁev%%%rer&%s}ﬁ WQidRldr. [ Qﬁﬂ@ﬂ&ﬂ&!ﬁ of leplklchi ed by

the screening nethods of present i nvention e adm nistered in
conj unct i onIW%[WnélteH‘éf?C“@dPrB@t{ﬁﬁ’&%g disoadess ylsa’ﬁéer%t?@r%ﬁﬁéﬁﬁr@ BPRYanE sess nef

conmpounds i ¢@Qkd k@b dRYse BRI LEHIRAE thwlNed (SR ARG 2ZONMACRHMW RS USI NG in
vitro or in_vivo technol ogi es. Conpounds that exhibit sufficient

t her apeut i ¢ igtaracek Radsr Tfé‘“f?r*@feg’r Pléérﬂna{efvma@wcelammm%e Reltnofsha Gl se

i ES uf fi czoenammg@ aipﬁuyagopumdmc@? id@e ib%lgB@%M&Qfstthltthﬁtﬁmﬁi&Lﬁoﬁ@ﬁtﬁd ned from
the in vitro an vo toxical ogi cal an ar col ogl C t echni ques nmay
be_used t o FERMPE e REsPRRETEr Tereay i B0eT§ aiae. it doos ni

imply that the disease state be completely avoided. The compounds identified by the screening

methods of the present invention may be administered in conjunction with other compounds.

Safety and therapeutic efficacy of compounds identified may be determined by standard
25  procedures using in vitro or in vivo technologies. Compounds that exhibit sufficient therapeutic
indices may be preferred, although compounds with otherwise insufficient therapeutic indices
may also be useful. The data obtained from the in vitro and in vivo toxicological and
pharmacological techniques may be used to formulate the range of doses. Effectiveness of a

compound may further be assessed either in animal models or in clinical trials of patients.

30 A "safe and effective amount" of a compound of the invention is an amount that is
effective, to inhibit microbial growth at the site of an infection to be treated in a host, with

acceptable side effects (such as toxicity, irritation, or allergic response). The specific "safe and




conpound may further be assessed either in animal nodels or in clinical
trials of patients. 30A "safe and effective amount” of a conpound of the
invention is an anount that is effective, to inhibit mcrobial growh at
the site ofwanedfi@ssi on to be treated in a host, wth ReaERLPYIGsSI de
effects (such as toxicity, irritation, or allergic response). The specific
"safe and WO 2007/ 110834PCT/ 1B2007/ 051055 7 effective anount” will vary
with such factors as the particular condition being treated, the physical
condition of the patient, the duration of treatnment, the nature of
concurrent therapy (if any), the specific dosage formto be used, the

exci pients(s) enployed, and the dosage regi nen desired for the conposition.
5As used herein, "pharmaceutically acceptable carrier” is intended to

i ncl ude sol véftse agibEperiivap Miﬁ@liloﬁ,facﬁﬁﬁdsitmgﬁmcﬁﬂtcbm%ﬂnglrea@dddth@nti f ungal

agents, isotonic an abs ti.on de] ayin ents, and the |ik tible
W0th phar nocBo ok ERan R R e R SRR AR G eGRRG | or
phar maceut i cab). he g@tifiv dossgHisinamnde 8setl Shdxoiplenti(s) entpidyed, tind texdegi rdghsaf ar  as
any conventi Q ent is inconpatible with the compound, such
medi a may be&gggéon%%cgﬁg Si’ﬁgcorrpom tions of the invention. Supplenentary
conpoundsS may al deudsé héreig.dpiponaeedallyreeptable cgoerposiitiden®.inchidp bdvenaceut i cal
conposi tion pf

i nt ended rout gelrs P f?gg&%e(%p%@ gatdlugﬁ&e?%@ﬂh%tﬁ&ggl%g%gsu{égtgm g Ad%%%oé? ?16?{1 1“on

i ncl ude par eagenss and th@(@@gCOﬂlP#W@r\&M@f@@erw pdadeistraipn. B veant areb ogdia and

i ntramuscul afdns @f@iam'ca}a@ah ?Ta&LP/@ subbs e RARS A RESR in (b QR ﬁ@éegpmsuaﬁmﬂycos al, and
rectal admini stratl on. Solutions or suspensions used for arenteral

i nt rader mal ,coBYenERBlaRAdERPE BIe8t inPpITRAERIE HHD Fhayommn%a@hmw@lamw BUcHhE the

conponenics: cam $siohd & i thveeitn. smnﬁatm@bﬁpmﬁ@mmﬂs@% lr@&porﬁt@(ll inRansol ution,
fixed oils, B(%%et hyl ene gl ycol s, glycerine, propylene %ﬁ/col or ot her

synt heti c s SRR} sHtigns. %Yt}aﬁ%f"é‘ﬁlé?m%’é’é‘ﬂ? of thq jaypntien ipformyipedio bs RIP2ERle net hy|

par abens; antiinQu iitiabédrost 6tadasni A8 6N WxEmP6 ofl rddtes SRMmiHRuRIiGUhdidee; chel ating
agent s such as etﬂgeltenedi am netetraacetic acid; buffers such as acetates,

citrates or PBTBEBh LTS dR BNy PUALHPY. POPEPSRSS. FiFAHOcHEN ordf nf PR  ty such as
sodi um chl oniatkderaial (dmc’al) omesmlpbéanmd rbx@al a«ﬂmusﬁrﬁdn VW(ﬂlkhOﬁ&kbrtswpbreloasCllsttoﬁr
bases. ge %@rreﬁi? t %ad DT po?gu {ltgnrn(]eﬁ &e%gfcatbqn 0y 1rbcfu%e P’ﬁ gﬁ@lng comﬁ)onentS gosabl e

syringes “or 0S€ Vvia
Phar maceut i cahlecddmnt)@clu asoveser Suniitj@bbre sdline sqlunqom(fbcesbrbxts nodyethiyleod glgbelsst eri | e

aqueous ol yl,Lans (NRRENR B/ aReLHALE) R LR RELS1080ENdagLER ) © pouders

for the ext ratio esoumns or
di spersi on afcofpol Pmmeaidwss andivikidirgs qught ds@scorbaa ctdal B@ltwalplsul@tashqalmmgude

sal i ne, g?éﬁﬂ%ﬁch'-:ak e&ﬁé@ﬁmglﬁl@{e§éa&9 ¥id; lﬁtt%m ll%CF théso Q &s &lf)fnf) ?ﬁzﬁaﬁ sal i ne

(PBS). The conposition may be sterile an to 'the exten at easy
syri ngati0l i #yd agraisfos the P@JU%IH@@ pionaitysueibis éoclmd@ﬂortdher depmebe £ PIbpISY b

manuf act ur e ,gagedStify BEM1eA0-s &h@%k dTlQ%aQB@l%%r d;ﬁﬂatlagﬁhmetené19§d GoRiBmNat i ng

action of m ¢roorgani sms such bacteria and fungi. The carrier may be a
30sol vent ofhsﬁﬁsé%%sryélf‘%?ﬁO?ﬁﬂPﬂﬁfl?ﬁéﬁ‘taﬁlﬂﬁfimf glags ¢§ Plas%ater et hanol , pol yol

(for example, ¢lpne@iaeduicddt Gl sﬁﬂam%rum@dmlen@& M@mﬁwslte%rheaqgéonmmmsand
suitabl e m xtures thereof. The fluidit e muai nt ai ned, e. by the use

of a coati nEVEHHALSOIPRIE) 4 ispersiony a?q%crﬁfaﬁoﬁfl‘é‘ﬂ%% eB“FmP‘H%“eP‘&fEﬁPPTé'&’“p)ért icle
Si ze i n Z&he steris jcdtabld isEPRINS biadispersioal Ry iduAeenbisedfnisshidnagliadM &rrieRr event i on

of the mcr Pnl?:jugel saline, Cremophor EL™ (BASF, Parsippany, N.I.) or phosphate buffered saline (PBS).
The composition may be sterile and be fluid to the extent that easy syringability exists. It should
be stable under the conditions of manufacture and storage and should be preserved against the
contaminating action of microorganisms such as bacteria and fungi. The carrier may be a

30  solvent or dispersion medium containing, e.g., water, ethanol, polyol (for example, glycerol,
propylene glycol, and polyethylene glycol), and suitable mixtures thereof. The fluidity may be
maintained, e.g., by the use of a coating such as lecithin, by the maintenance of the required

particle size in the case of dispersion, and by the use of surfactants. Prevention of the microbial




WO 2007/ 110834PCT/ 1B2007/ 051055 8 growt h may be achi eved by vari ous

anti bacterial and antifungal agents, e.g., parabens, chlorobutanol, phenol,
ascorbic acid, thinmerosal. Isotonic agents may be included, e.g., sugars,
pol yal cohol @o¢ehi1@®ss mannitol, sorbitol, and sodi um chlpgfirgso7diekonged
absorption of the injectable conpositions may be achi eved by including in
the conposition an agent that del ays 5absorption, for exanple, alum num
nonost earate and gel atin. Sterile injectable solutions nay be prepared
by incorporating the conpound in the required anount in an appropriate
solvent with one or a conbination of ingredients enunerated above foll owed
by filtered sterilization. D spersion neglia my be prepared by

i ncorporating the conpound into a sterile vehicle that nay contain a basic
di spersi on ngrokvit Mag belachietrdiby vadbuk mgﬂbmkinerms antﬂfmlghlhgen@aag eiabsiser i | e powder s
o Le, P eRAKR B0 el S, 0 SRS 5L RN Y LGSR TS
of the conpawidlcpiolssudiray mantdmt b@tmajl dd@sximedhlongﬁ ehldﬂargb@alfsommna)fmeew ously
sterile-filt,; t i nert
di l uent or aﬁfeﬁ%li‘%éﬁ{’:gg% 7 {13155?150 gﬁwvcgbgmﬁﬁg 1212111: c'gglg%u}%ﬁ%g%l géttli{%ﬁ(éggsul es or
conpr essed i aktapticalPrerenpleglumgial merdteanitsandatikon, the agent may be
contained in ent §Lif ifiQlBR sbitichbfd} ¥hrifiRd B @eaﬁ&au fthe CU&F%BI Gpated or

m xed for a release in a particular region ©o by known

met hods. Forfequed HRAUpidB an PPropriae sal Year Hpee P2 Cé?ﬂ‘hi“ﬁ‘?%ltolf Hefedignts emEerisApound

nmay be i ncorpeveabiRileibi MefNGlcRlifNbS RErsibs @tdia thal BEpt kMR finchBbla8lgShe
troches, or capsules. Oral conpositions may al so be prepared using a fluid

carrier for “6MPRREginiga %F%Wﬁ\ﬁ/é}?hm%ﬁ?&aé‘i arpagit disReEHB ™ 474 OREF £ | ui d

Cﬁr rier ics aﬁ?‘lidleﬁid of tad éa}é&i (ﬁ@%ﬂ&}{iﬁ)&ﬂk@ﬁbﬁﬂﬂ@p@ﬁﬁ@@@ﬁ or s@érlﬂﬂnj@étalﬁ&@ldtlﬁr\(&edl

Phar maceuti ca ti.bl e bindi agent vant materlasmay
be i nel uded PRETEAPETR o REDERIB S BRIo g A fees %nw ich yigldsdy| es,
troches and pbmerloftﬂaecquy,oummsanmcamy)mﬂesﬁrbtangxednémwomga pnagb@@l s@dfiles, oOF
conpounds of ! gl rpt a% ure: a binder such as mcrocrystalline ceI | ul ose,
gumtragacanlttﬁre soumflmtefeﬁ an exci pient such as starch or 95l actose, a

di si ntegrating a@eMonsxumtinnamaﬁing]hmamimu'dﬂpcnpmi ameq;iblcTMierorI‘hmmy st arch; a

| ubricang: s e |I|con
di oxi denltsa g\f/i\g%st@ %ﬁlggﬂ & &g}ﬁ?@ 8t (%ﬁm%tss‘%d i tg':’sléetg?porg%g% af?llaIréli%)n kh% age%} avor | ng
agent such &scogisé nrmnrmc fomes teyshrviva Ithecgohmleor forthepecated er fixad/ for & refpasefpa

admi ni strat iof:Hy rég?l?n%lfalE'dfGact%pgnowm%ag%opﬁXanosg%} (!)r}ﬁ%ea%eﬁ the form of

an 30aerosol’ s pray Trom pressured contal ner or enser Ich contains a
sui tabl e pr @é@qn}sgﬁpn the ggmpoypd may be incorporated with exclplents and used in the form of

tablets, troches, or capsules. Oral compositions may also be prepared using a fluid carrier for

20  use as a mouthwash, wherein the compound in the fluid carrier is applied orally and swished and
expectorated or swallowed. Pharmaceutically compatible binding agents, and/or adjuvant
materials may be included as part of the composition. The tablets, pills, capsules, troches and
the like may contain any of the following ingredients, or compounds of a similar nature: a binder
such as microcrystalline cellulose, gum tragacanth or gelatin; an excipient such as starch or

25  lactose, a disintegrating agent such as alginic acid, Primogel™, or corn starch; a lubricant such
as magnesium stearate; a glidant such as colloidal silicon dioxide; a sweetening agent such as
sucrose or saccharin; or a flavoring agent such as peppermint, methyl salicylate, or orange
flavoring.

For administration by inhalation, the compounds may be delivered in the form of an

30  aerosol spray from pressured container or dispenser, which contains a suitable propellant, e.g., a

gas such as carbon dioxide, or a nebulizer.

Systemic administration may also be by transmucosal or transdermal means. For

transmucosal or transdermal administration, penetrants appropriate to the barrier to be permeated




gas such as carbon dioxide, or a nebulizer. System c adm nistration may

al so be by transnmucosal or transdernmal neans. For transmucosal or
transdernmal adm nistration, penetrants appropriate to the barrier to be
per meat ed Wo 248M1ds3d 0834PCT/ | B2007/ 051055 9 may be usgq kot oss

formul ation. Such penetrants are generally known in the art, and include,
for exanple, for transnmucosal adm nistration, detergents, bile salts, and
fusidic acid derivatives. Transnucosal adm nistration nmay be acconpli shed
usi ng nasal sprays or suppositories. For transdermal adm nistration, the
conpounds may be formulated into ointnents, salves, gels, or 5creans as
generally known in the art. The cogpounds nay al so be prepared in the
form of suppositories (e.g., with conventional suppository bases such as
cocoa bu:ﬂt) e(r]I may l&tdhﬁ the gdrmeleuidng 860h fRfiettamt &8 k%rﬁﬂllﬁﬁﬁ)m& ek, mﬁfhahdedﬁk ivery.
I n one enmbodi ment,. the co nds are prepar Wit rriers that w
protect the %H@S’r%rotﬁﬁscﬁnuﬁg’%o aﬁg't‘mslnﬁ?ﬁ“dﬁ)eé‘ir er’ﬁsﬁbé]teisﬂﬁ’ a[n& g%dfcﬁélatﬁiﬁrd‘ﬂ?f”e%ch as a
control |l ed rékeasesiladminlsaition may b&\alarahlng:diusipg @i8dl Spraysdr sipessaeitsapsul at ed
delivery sys . Bi radahl e. bi oconpati.bl e | vier s be used, such
as et hyl ene %aﬁsg(f/efmag%d; gl éa?lglbg]efgnﬁ%%}lagsi rngbC f‘f)nélfﬂf}%?i/%oo?l?%m’gsg?%‘,’es’c% I 9gen,
pol yor t hoesta¢ass aagederpld pbweinitee @xci d. Met hods for preparation of such
formul ati ons wi | il [ .ar j.posonal
suspensi ons nay lfﬂ‘ és)%mggl&ggs@%tafall%%fE%ﬁ%?@%&%ﬁg%Isfbfggtgrcl%é%%bwedpcarri ers.

It may be adwarfnapelPurPositpry kasensicitas cespabutior ang gihens xserides) o rebo o 4nomes | n
dosage unit goemifeivesase of admnistration and uniformty of dosage.
"Dosage unit fornt as used herein refers to physically discrete units

sui ted as unit ar {P WeSERRIENGp thecpapayindy asrreratsd yath £3ree Bt will Rectectif t

cont ai Ni NY aoRb&HE bLind BRd cithiadtioh f¥mQke LATRRUAM: LAk RISL ofndiiRduUce t he
desired ther,a{geut i.c 20effect in association with a pharnmaceutical carrier.

The speci fi d&t1¥s mplant #1d mygecgersyippd deliysrpaysisms + Bigdserdahie pisrmRgible e

di ctat ed by paneheRmyaybeudepamds bhylem vidyeachr! @hiatydsdds GRlyefycdiaciaonpound and
the particul ar therapeutic effect to be achieved, and the |intations

i nherent in °P{\a§e‘blp?ly%§‘°fﬁeésp%ﬂdipr?g'ﬁ%i‘l‘c‘}‘r‘da @e&?ﬂb hefeRagiop U%WHQQ’?%’I’?PS of

ani mal s. 95 viik aeqgipesnt Ethesepkitedlin thiByint hipsdomaduspensions may also be used as

(3S,59)- /- [3; Qmacneﬁﬁgﬁ”?ctc?ﬁ(e!bi&agﬁ{' di ny11- 1-cycl opropyl - 1, 4- di hydr 08- net hoxy

- 4- 0x0- 3-quipﬁorfn| necar boxyl1¢ acrd and nal ate salt thereof. A Synt hesi s of

(3S, 59) - (5- Met hylt apy pegdvahitage s yolfprnodardemi of pacitaalicemposhignsyih desggeamit (&in:
for ease of administration and uniformity of dosage. "Dosage unit form" as used herein refers to
physically discrete units suited as unitary dosages for the subject (o be treated, each unit
containing a predetermined quantity of compound calculated to produce the desired therapeutic

20  effect in association with a pharmaceutical carrier. The specification for the dosage unit forms
of the invention may be dictated by and may be dependent on the characteristics of the
compound and the particular therapeutic effect to be achieved, and the limitations inherent in the

art of preparing such a compound for the treatment of animals.

25  Examples:
Example 1: Synthesis of (35,55)-7-[3-amino-5-methyl-piperidinyl}-1-cyclopropyl-1,4-dihydro-
8-methoxy-4-ox0-3-quinolinecarboxylic acid and malate salt thereof.

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




WD 2007/ 110834PCT/ 1 B2007/ 051055 10 N¥% COOH 2) (Boc)20, TEACOOWe 1) SOd 2,
MeOH MeCNBoc 1 2

(2S)-1-(1, 1-Di net hyl et hyl ) - 5- oxo- 1, 2- pyrrol i di nedi carboxylic acid-2-net hyl
ester, (2).wda@1hosspactor is charged with conmpound (1)pcrapRg7/49e5542. 60
mol ), methanol (27 L) and cooled to 10- 5 15C. Thionyl chloride (10.11 Kg,
2.0 equiv.) is added via addition funnel over a period of 65 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 azeotroped with ethyl
acetate (3 x 2.5 L) to renove residual ngthanol. 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 additi gef unnel over 30
m nutes. The t er at ures of NFQ@ neutral i zation is maint a\ned bel ow 30C vi a
ext er nal CO%@ gf %ﬁqgn.ﬁ N ofMeNFPHRY| a hydrochl ori de
is renoved by f rati 6H5°4nd he cl; ed s Ref vl 1 quor Nso‘F‘Rﬂ'VIeon is
charged to a 50, L reactoP"ec al ong Wi th DI\/AP (0.53 Kg). Dg- tB@rt but yl

di carbonate (8.43 Kg) is added via Kot water heated addition funnel, over a
period of 30 min with external cooling to 15 nmaintain tengerature at about
20-30C. Thelreaction is npl ete after 1 ho as det er m ngdeAygi LC

anal ysis. The organiesophgse nasHv@shesh,oM t col d IN HCl| (2 x 7.5 L),

sat urated sqad o t‘e—suwm X 7 N5 ?3 red over magnesi um
sul fate. Thdg mxtuge is fliltere % rough a4n3‘fsche filt&"EHA ethyl acetate
is renoved U : pressure to yield a crystalline slurry that is
triturated with MIBE (10.0 L) and filtered to afford internmediate (2) as
20a white solid (5 &fsdfg,E,82. 4% . Anal. Calcd for CIII117NO5: C, 54.3; I1,
7.04; N, 5.76. Found: ipoac

NH, NHBoc
~NHBoc
NHBoo E) \(j PAIC, Hp (g) \(j
MSO\/I\/:\/

OMs DME, A EtOH, A N~ 8
6 Ph H

(25)-1-(1,1-Dimethylethyl)-5-0x0-1,2-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-tert-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 HC1 (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

20  a white solid (5.45 Kg, 52.4%). Anal. Calcd for C1;H7NOs: C, 54.3; 1, 7.04; N, 5.76. Found:




WD 2007/ 110834PCT/ 1B2007/ 051055 11 C, 54.5; H, 6.96; N, 5.80. HRVS (ESI+)
Expected for CI11118N0O5, [M-H 244.1185. Found 244.1174; 'fl NWR (CDC13,
500 MHz):8=4.54 (dd, J= 3.1, 9.5 Hz, 1H), 3.7 (s, 314), 2.58-2.50 (m 1H)),
2.41 (ddd, wd20eh/s70834-6, 9.5, 3.7), 2.30-2.23 (m 111) pcdBfpndeséss(m 111),
1.40 (s, 9H); 13C NWR (CDC13, 125.70 MHz) 8 173.3, 171.9, 149.2, 83.5,
58.8, 52.5, 31.1, 27.9, 21.5; M 570.2C.

(2S,4E)-1-(1, 1- D et hyl et hyl ) - 4-[ (di net hyl am no) net hyl ene] - 5- oxo- 1, 2-
pyrrolidinedi carboxylic acid-2-nethyl ester (3). A 50-L reactor is charged
with internediate (2) (7.25 Kg, 28.8 nol), DME (6.31 Kg), and Bredereck's
Reagent (7.7 Kg, 44.2 nole). The 10 solution is agitated and heated to 75C
+ 5C for at |least three hours. The progress of the reaction is nonitored by
| 1 PLC. The reaatsi B6.96 NCRgd. emMﬂEsmE@&tmﬁefC@mwmoy[Mdm:m.gmhmxlndti me a

Phough & nuredners e leictt fed Sreiactind a3 ARG 2o ovin T4 Teast
30 hours at @)QIt23Cdde, Igi, Ve 17.01%3, 3EY2a0e.263h, @5, BI’AN93 @, CHY skals| 9me sol i d

5(9.638.3 ﬁghnpd%%’%‘ @b%ﬁ ‘%@%ﬂiﬂ%r@ étéﬂéééggogéérg% é?igé&t éﬂ%‘ﬁdﬁgmym%

[ MkH] 299 16@7%°cFound 299.1613; 114 NMR (CDC13, 499.8 MHz) 8 = 7.11 (s,
114), 4.54 (dd, 111, .1= 10.8, 3.6), 3.74 (s, 314), 3.28-3.19 (m 1H), 3.00
(s, 6H), 2.97-2.85 (m1H), 1.48 (s, 911); 13C NWR (CDC13, 125.7 MHz) 8 =
172. 6, 169. §25,4501-8,1-Dih5leth9)-4§(dirdhyZamibdmbthylbnd]-80xt 220, 28.1, 26.3. M
127.9C. 20

(2S, 49) - 1- ( PYTOURAAYP e R 2 Ao RiyaCh- H3BT 125005 FiPger aih Bt 8oy i c
aci d- 2- net hyV.2&&p.8.8(mgl), DAELB- 3galg] oml IRbdumak's RedgeatcT.0Kg 4.2 mee)t &de Wi t h

0. 55 g Mot PO el MrRE o3 T A R e bR ptrnol

(22.4 Kg) Theetisreia gbhi@fed iy X IRLCE T'heSreacg'bﬁ Btcedled o 0eT+ RC4Perps hodividimgaich 25

at nosphere at 45C for 18 hr The rea ti xture is then cooled to room
t enper at ur e ‘é’?‘?cf‘ﬁ“fcfﬂ“étf“é‘ﬁ”?h d‘HXté\“bselb‘ ' 8%@[2?5“(’6”’5?%)“ ‘I“rh‘? sche

filter to renmue fﬁﬁt@f(a@lh&&tprodﬂ_hﬂnémhB%euhlhgb&rfoﬂﬁle@é(@@ﬁlfu?staegb"gflm J geuced
pressure to ive athick oil that crystallizes on standing to afford 4

(1.69 Kg, 10B8pnediatcsd)gsa phif getalig soiddp-& Fext diee. ARl Lalfgi® Cof LpkBalet

m xture iss Pari f) B4b; By9.py. epakia, 56/e H—PJs@N@@;Mmmﬁr)lmbecte@rforanal ytical

data. Anal. Calcd for C1214191\105: 30C, 56 44; N, 5.44. Found C

55.8: 11, 7.342NR0ssMaH] 299560 Epupyl 209 Hild %NW<®%§WHZ)[%H“258 1342.

goggdZZ?lg (13213, NI, OCA310. 34?%)87%%)%%))332514%%(1® 3ldd)(s, 63{) D270%5 314)6 o
in 1. =

o3y 1aC D B o bR IS ARt 1 Bt Psro kB, 195 150, T 8 So)so3,

56.0, 52.3, 42.0, 28.1, 26.3. Mp 127.9°C.

20
(25,45)-1-(1,1-Dimethylethyl)-4-methyl-5-oxo-1,2-pyrrolidinedicarboxylic acid-2-methyl ester
(4). A 10-gallon Pfaudler reactor is inerted with nitrogen and charged with ESCAT 142 5%
palladium powder on carbon (50% wet, 0.58 Kg wet wt.), intermediate (3) (1.89 Kg, 6.33 mol)
and isopropanol (22.4 Kg). The reaction mixture is agitated under a 45-psi hydrogen

25  atmosphere at 45°C for 18 hrs. The reaction mixture is then cooled to room temperature and
filtered though a bed of Celite (0.51 Kg) in a nutsche filter to remove catalyst. The mother
liquor is evaporated under reduced pressure to give a thick oil that crystallizes on standing to
afford 4 (1.69 Kg, 100%) as a 93:7 diastereomeric mixture. A sample of product mixture is
purified by preparative HPLC to give material for analytical data. Anal. Caled for C;,H;oNOs:

30 C,56.0; H, 7.44; N, 5.44. Found C, 55.8; H, 7.31; N, 5.44; MS (ESI") Expected for C;;H;9NOs,
[M+H] 258.1342. Found 258.1321; '"H NMR (CDCls, 499.8 MHz) 8 = 4.44 (m, 1H), 3.72 (s,
3H), 2.60-2.48 (m, 2H), 1.59-1.54 (m, 1H), 1.43 (s, 9H), 1.20 (d, j = 6.8 Hz,3H); BC NMR




1? (CDC13, 125.7 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- Hydr oxy1l- 1- hydr oxynet hyl- 3- net hyl - butyl) - carbam ¢ acid

tert-butyl wetes/qd@ss A 550-L reactor is charged wth iggassedisais (4)
(3.02 Kg, 11.7 nol), absolute ethanol (8.22 Kg), and MIBE (14.81 Kg). The

solution is agitated and cooled to 0OC + 5C and sodi um borohydri de (1.36 Kg,
35.9 nol) is added in snall portions so as to nmaintain reaction tenperature
at 0C + 5C. A small ampount of effervescence is observed. The reaction

m xture is warnmed to 10C + 5C and cal cium chl oride dihydrate (2.65 Kg) is
added portion wise at a 10 slow rate over an hour so as to maintain a
reaction tenperature of 10C + 5C. The reaction is allowed to warmto 20C +
5C over one (oo, @3¢ Mgitsat 0.7 o, 1amoadsh.6, ispma. 5127910082781 1620G1p- 5C. The
reaction is G0 Qhed to -5C + 5C, ice-cold 2N II1C1 (26.9 Kg) is added at a
rate to mainta I a reaction tenperature of 0OC + 5C. Agitation is stopped to
al  ow phases to separate The | ower aqueous phase (pH = 1) is renoved. The
reactor is ch ous sat yr at e od| um bi onate (15 6 Kg)
over 11 ve m At ees ordr AR I SR BT bl PR e PR hch Toe

| ower aqu’eouw -Iplease@ iy qhktged Bith in@rnfedia@\V @) 3.0TKe, 11 FasdQhibsblste @thamol) BR2Meh,h

magnesi um suI itated for nut es. The
mxture is fif %ﬁs@é&% %olg%hﬂé? Sd]ﬂ?(g’c‘ﬁ%g‘tﬁ‘icﬁi P codl %ta%qoﬁa&n@‘g]do‘ﬂ‘ﬁ’der reduced
pressure to lmfcﬁlgdrtzlle (Iniee gyesld adob i ddded(id sl ;iég;,on%%; to iMidthin ré@alogad for Cl

| H23NO4: C, 56. 4; N, 6.00. Found,C, 56.0, H 9 . N,.5.96; 20 HRVS
(ESI +) Expecf%effaﬁ‘a? iy ‘?mézé‘doa,Smf(ﬁﬁﬂﬁ&;’%ﬁﬁ%@@%&%@%%i%@wn B RRR
(CDC13, 500 iMezrmedic106C 34°C shd cdigiu .cBlofitte, dithdikie (N6h Kgis Ecﬂ;ie({ portichwife.aBa 5.3 Hz,
114, NH CHZO_I 4.34 (t, J= 5.3, 5.3 Hz, 1H, CH3CHCH 3.46-3.45, (in,
1H, NHCH3, at(:émer any h.ouj'_@p % to @algtamza reﬁq@p@lmq)re of310§q_+é Thj reactiqy 182 5 8

Hz, 1H, %qh%%&vart@mb@"((ﬂgb(‘ oller‘onagoug anda gatkézﬁor éln]ahdmwm 20°8+12 (dd,
J=10.6, 7.1 114, CH3CHCH 1. 50 4,25 CH3CI | CHHCH) |

1.35 (s, 91 P°C. oj(@fg_ag)lgl is qoofrd tq 3 + 53(3 mefgldgN I @ @6 9 Bg)is sdded g4p rate to

‘I;ITC|6| gH:-Ilz Cl gr%-aal-ntjiré g-f}e%&tgq qym&tlrdtugc?b{ @9C _Q.QQCZ ’Az%tdt‘%nl_?stgp})gl tf%lgwy%%pdgﬁgg (d,

65.1, 67. 6 s lolver zglgec@s plgpe @H =29 1@emq_vpd 1TheNpac®pistitarged with aqueous saturated

(2S, 45) Vet RaRES BlckiBotake (BF4 Re) over five mmutes Agltatxon is stopped to allow phases to
2-tert-but oxycar bonyl am no- 5-'net hanesul f ony ¥ -neth 0 pentyl ester

(6). A 50 L STREEE die loyrerampeyephay @Hﬁﬁ)wrmween f@freqcmeﬂhaé%ﬁdatﬂé (5) (5.1 Kg)

in isopr Opylnla@ﬁ&ﬁlﬁltsﬁlfité Q@@@ﬁd abtiard 169atQbd 10 WBELRY TRe hixRSSis Witdrdd Bdugh
addi ti onal 7. % -PrQAc. The reaction is cooled to 15C + 5C and

triethyl am ﬁé‘ut(" e andgoqdgnsed undgrfadngedppee irealiatddnampgiateyip (180 Ke,
2007/ 110834%63%5 16820410 Bk 0551, M8, 1 186 581, 9beM el C,Ba®; HeRes: Nr5.96 further

ool e U, Ol Gor e B ESH B TLED B ML 3, By KBl pgdded to
is stirred f500Malzf @weBow, $=a39d1OMINIOL €6l 07= LOBEIe LQNIYHEIROM) 0r34TLC.  The
reaction . y—s3 53Hz 1H, CH3CHCHOH), 3.46-3.45, (m, 1H, NHCH), 3.28 (dd, 7= 10.6, 5.3 Hz,

NHCHCHHOH), 3.21 (dd, J = 10.2, 5.8 Hz , 1H, CH,CHCHHOH), 3.16 (dd, T = 102, 6.2 Hz,

1H, NHCHCHHOH), 3.12 (dd, J = 10.6, 7.1 Hz , 1H, CHLCHCHHOH), 1.53-1.50 (m, 1H,

25  CH;CLHCHHOH), 1.35 (s, 9H, O(CLL)s, 1.30 (ddd, J = 13.9, 10.2, 3.7 Hz, 1H, NHCHCHICTI),
1.14 (ddd, J = 13.6, 10.2, 3.4 Hz, 1H, NHCHCHHCH), 0.80 (d, J = 6.6 Hz, 3H, CHs); °C NMR
(CDCls, 125.7 MHz) § 156.1, 77.9, 50.8, 65.1, 67.6, 65.1, 35.6, 32.8, 20.0, 17.1. Mp 92.1°C.

(2S,45)-Methanesulfonic acid 2-fert-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. The
reaction is cooled to 15°C + 5°C and triethylamine (TEA) (7.8 Kg) is added while maintaining




i s quenched by the addition of a saturated aqueous bicarbonate sol ution and
the resulting 5isolated organic phase is washed successively with cold 10%
aqueous triethylam ne solution, cold aqueous HCLl solution, cold saturated
aqueous bi capbeiaig@ssol ution, and finally saturated aqueaus@iésigssSol ution.
The organic phase is dried, filtered, and concentrated in vacuo bel ow 55C +
5Cuntil a solid / liquid slurry containing intenediate (6) is obtained.
The slurry is used crude in subsequent reaction without further
characterization. 10 (3S,5S)-(1-Benzyl-5-nethyl-piperidin-3-yl)-carbanmc
acid tert-butyl ester (7). A S50 L reactor is charged with 9.1 Kg of neat
benzyl am ne. The reactor is brought to 53C and a solution of internediate
(6) (8.2 Kg) in 1,2-di nmethoxyethane (DVE) (14.1 Kg) is added to the reactor
whi | e mai nt ah¢dengmpericaaPite aactos Ofrth&@Goldd © CC AFCand moimipleailn@dhlbtideon of
this solutio actio S5 is.stirred 60C .+ 5C f sever hours and
noni t or ed fo(&lsgggﬁg? fég)l l%%ddﬁd;m%}fée SR SIOE*I[_‘?EW f?éna}né%ér(’:l?% tgﬁse?éem f(’)%tlmiéfg{“lfeo anbi ent
t enper at ur e regedonvio btaxter fer s f¢wivE)s aad sonienaied oyletiattaHPLEWa HDE dthe ocactiomder

vacuum The .fesi [ | | 7 f % (. .

et at ef hoxanaer gy ot e Rokdth s bl okl el 2Hh S Mg o 500
(wt) aquedugsorsdasginigmhasaisiesiad sucsebively with cold 10% phews giethylminegoligonobt ai ned

upon set tlingiq ofBudftilsOMl O AAUERHS: a‘&ﬂ%ﬁ@bifa?boﬁlﬁg%‘{&fé ,aaﬁﬁlfi%;ﬂ? sifagdd € phase

is set aside. The upper organic phase is collecte and el or conbi nati on
wi th ext r acta§ueepgiFing srivton obig oreanie plagse is orel, filfgsl, andspupprithtediitiicee Ysirgise i s

extracted twsee, §gainl adolidl Hebids1UKY cBRfihih@ RferBddialex®) i€ ¥hdihe TR dIurry is used
acet at e/ hexanes sol ution, each tinme conbining the extracts with original
or gani ¢ pha<e4de FHEbCHIeR; IFASHOOY IR fRrhek ehseicdZadete transferred into a rotary

evaporatmr and solvent is renmoved under vacuumuntil an 25o0ily residue

remai ns. The idue is_th urified via | arge-scale preparative
chr omat ogr aﬁﬁ{,&iéﬂgﬂlggﬁn %Ql“?‘?e@@ni%&é‘iﬂ’éa’i“:ﬁ:g iqrizhurg gst r@o% % L reactor is
(3S, 5S) - ( 5- Mhirpd wighi 9pieK g efindat Benzhmimar DieavetoaGibtbupignd s30tyd a @tief of 8) . A 40

L pressure vessel. i arged with 0.6 K v sol i al | adi um on car bon
(E101, 10 wt™e% ““d‘ﬁ‘ﬁzﬂé&r KBl 6%%‘?%?‘1"?%@3%&1%)\3@%{(#)0% d‘gdfg Ea té‘“ to7 While

i nt er medi at enainfjiningia @Bpcfatiig obH HO QST U fer edhdaiobddition bhbdiz salh@mgddrebaion he
reactor und ni . o [ [ I Wth pitr ] i hen

br essur i Fod TR faTGes S 6 bHRT ARl il LGSR MANIL BERRARES Tl 2Sc

whi | e mai nt aganiiangs epoled tr wpéent pmpasure gndfolafies GIVIE) dfhempeddyirdmryi s noni t or ed

by TLC L k . . ! I
2% 07/ 1 18% 34%(#?%%%10%%}8%%%@5 TEORsiBRACH1R Wi 159Ke%H 18R vyt

acetate/hexanes solution and treated, while agitating, with 18.7 Kg of 20% (wt) aqueous
potassium carbonate solution. A triphasic mixture is obtained upon settling. The bottom

20  aqueous phase is removed and the middle phase is set aside. The upper organic phase is
collected and held for combination with extracts from additional extractions. The isolated
middle phase is extracted twice again with 11.7 Kg portions of 15% (v/v) ethyl acetate/hexanes
solution, each time combining the extracts with original organic phase. The combined organic
extracts are transferred into a rotary evaporator and solvent is removed under vacuum until an

25  oily residue remains. The residue is then purified via large-scale preparative chromatography to

afford purified intermediate (7) as an oil.

(35.55)-(5-Methyl-piperidin-3-yl)-carbamic acid rert-butyl ester (8). A 40 L pressure vessel is
charged with 0.6 Kg 50% wet, solid palladium on carbon (E101, 10 wt. %) under tlow of

30 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
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




14 anbi ent tenperature, 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 filtrate is concentrated by rotary
evapor at i onwgnderssacuum unt il a waxy solid i s obtai negcrapabissics
intermediate (8): TLC Rl (Silica F254, 70:30 v/v ethyl acetate-hexanes,
KWhat stain) = 0.12; 1H 5NWR (-300 MHz, CDC13) 65.31 (hr s, 1H), 3.80-3.68
(m 1 H, 2.92 (d, J=11.4 Hz, 111), 2.77 (AB quart, JAB=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, 111), 1.43
(s, 9H, 1.25-1.15 (m 1H), 0.83 (d, J=6.6 Hz, 3H); 13C NWR (75 MHz, CDC13)
8 155.3, 78.9, 54.3, 50.8, 45.3, 37.9, 28.4, 27.1, 19.2; M5 (ESI+) nitz 215
(MtH), 429 (2M+H). 10B. Synt hesis of

1- Cycl opr opyahab‘{enf tempdrgur8- vméd]ﬂmypuﬁgeémh hitrbg el medasa@toqwntmh bR €HSred rdagixy| i C

acid (19): I at act | ution of

i nt er medi at %?f?aglieafgﬁ& a/rewal% gf Qgﬁ(gd)l)?%’ mﬁﬁ ja/n ?‘gﬁgﬁgo dene (12 L)
fol | oned by c@nmurm@ygmw@m(m«& under ¥cuvimmmiil,a whxPsodid Js oamdlesanl aiffdlrd

p-tol uenesul fQ d ( IS, St rred
at anbi ent tlgn%?ggﬁﬁ)eﬁé%oggwfeégt V/I)]Cthgp g‘:’stgtgﬁ%ta}tmgg% eaS éng togz’re | ux,
col l ecti Ny tMERWRR0MHz1, 6D€|’éhé5 A &ots, rlﬂmé §0rB.68 (Dedh, &mw&ywm&w ‘Hppar at us
until the reagt l et g, A r S

Et OAc/ Hexang@% (blgr?] 158&9 A‘_ et ﬁ%%ﬁs %1 ngg?)ﬁgh coof(gsslﬂ" t‘ﬁﬁr%( ent 20
t enper at ur e satid, pemasem)l msm mmmn0@$($m$aﬂmzaanfl3(snmmm biHzaChOR® e (6

eroved and WASHET U4 RO SACOr ARG 4G N BN BAPBONACE SO o ERety

distilled water (2 x 6 L), and saturated aqueous brine (6 L). The organic
phase wag, r Il , r der
Feduced o eas g ot BOCHaRY EndBE Hanord o5 ESaBB EHERY FRIR

mat eri al is a@détP)wi t hout further purification in subsequent reacti on
Ssteps. Internedi ate (33): A r eactor is charged with a sol ution of

i nternedi ate ( 1. 2Kgy 6 eI 1,HBJﬁ -9 6secq) »anm,gsq QMS f@#@hydr of uran

(12 L) and n- i) ﬂw——(nro.um (Me) anes L—m'rm 1.1 eq) is
added at -4OC whi I'e mai nt ai ni ng t zoswtenperature throrgholt® t he addition.

The 10reaction is stirred for at |east one hour at -40C and trinethyl borate
(0.9 L, 7.8 mol, 1.3 eq) is added to the m xture whide«wriatlai ni ng the
tenperature at or bel ow -40C. The reaction nixture Ewiogw Toluene. 80°C. S

i7ab o o H 16a,b
17ab N 243 o o OMe
1.2 o O
OEt b (izeql ort MeN< (1500
[ [ OMe Ot
F X NH “ F
oM Towens, 1 h X NMe, Toluene. A.2h  F x 13ab
X = F, OFt J OMe  y-F, OEt

) ) OMe  X=F. OEt
Carried on as mixture Carried on as mixture . . .
Carried on as mixture in toluene

O/TMS

)\ (1.3 eq) l Toluene, A, 1 h

N/ CH;
TMS

o o o 0
| OEt  37% wt. HCI (aq) ] OH
—_—

F N 18 EtOH, A, 6 h F N
oMeA ] OMeA l
5

68% overall from 13

Intermediate (12): A reactor is charged with a solution of intermediate (11) (1.2 Kg, 7.7 mol,
15 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 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

20  temperature and poured into an aqueous solution of sodium bicarbonate (6 L). The organic




is stirred for at |east one hour at -40C until conplete as determ 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 slowy. Upon conplete addition, water

i s added (Owd 2bo7/1ude34 he reaction and the mxture is 15%&;3%@7,55%ng| ckly
warm to anbi ent tenperature while stirring overnight. Organic solvent is

renmoved fromthe reaction by distillation under reduced pressure at 45C. To
the reaction residue is added 3-4 volunmes of water (6 L) and 30% hydrogen
peroxide (0.7 L, 1.0 eq) slowy at anbient tenperature with cooling
provided to control the exothenn. The reaction is stirred for at |east an
hour at anbient tenperature until conpl eise as determ ned by TLC (15% 90

Et OAc/ Il exanes v/v). The reaction mxture is cooled to 0-5C and excess
peroxide is tqmam@heelww Itainmtehenca\dajhédi vath s@&lraﬂea%cﬁq;uawson&@@lilmmnm syl fite

solution (2 sted t e.a ne per oxi esul t
and t he reacci‘%u(])lﬁd ‘lwger cf éﬂ a%dga Ptdﬁguegﬁgg:frinl Zé#) Theéwaﬁléfb fim‘éveaf“‘{ The
reaction is died preeMgay, lfllteré(hend”tydfoﬁiteﬁsméerItfﬁl&@ﬂlpﬁ:ﬂbuteSO a:tﬁmbinehﬁedase dataer m ned
by TLC or N i i.n are Ilect |on
filtration l\éoQ Og?f gg%q -eli?lrgre t%g u(sol(%?’ é)lsl ta %nit ob(\)/néno Sﬁq‘t%trgacﬁ 799 .

| nt er mediat estepg.4) : A react or 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

sol utlon is added dinethylsulfate (0.49 Kg, 3.9 nol, 1.30 eq) followed by
sol i d pot asdnigmicdatebiaf aeacor i gharggd wigh 2 sfpfion Oimlﬁﬂé*qi)ate (Thd1 2 &act-9 mal. 30

mxture is he ﬂaﬁ@dﬁﬁg [eHﬁly%ﬂlrﬁq&ﬂL)fagﬂ n%tltyili@ﬁ@rﬁ (215hm91l-ffexéﬂgst b B 1608P lete as
determ ned by LC. During th time, vigorous gas evolution is observed.

The reacti orf9lsl-; tit 2gdsd ped0 ﬂowé}%%v%%lmpémféme{ﬁuée WFyehert e edditian ¢ e

di still e watRtion(iSstérelt Yor ad 108G ¥R a3 G NAOHi kR Ibokatd (8.3 LKQS nll, 33 g} - The
aqueous phase. i s arated and the remai ni ng tol uene ase is extracted
twi ce nore agéﬁdé‘b%‘#ﬁ"i‘ﬁ%é’hlﬁ@‘f*’/ INEDIHY PP FEPEBE oS oyReloy é$§t Thareagtiohapidfrg 3. 2 L)

conbi ned wi tlmlaea/aomcudst(mqho& . -ABChgil ch@Bte@ﬂdmerﬂi@@r@wng‘ ilapsiaoeous phase
each tine. ni c hase is ntrat di stil atl n|n vacuo
(2000 moar Pap R e PSSR B D e bt L AR Tone o
achi eved. Thbwﬂ}eﬁpcbrt aonglemlddutléno WatesSis adied @b 1t)ao atrbdaaioh aicetmpﬁfxair(ui’se checked

for qualjdy nd carried.5forward t he ne teplnthe
synt hesi's w %o&%{ogmc he"lrrmt(t)ffu?1 lf’né% eramfetvﬁelgrﬂé |%?i’|emy% EH6 S())(ll n%er medi at e

(14) assunedem@edbBordi real:tlmléw dsdilzaibeur(ddSeaduodd préssure acib Ul To sheatratiged With 1.8

Ko (2.1 L) antelianiabol ueng 809 o s Sedhm AL 691 2P0k adin !

2.20 cq) as a i spersion In‘mnera tur
added (0. 85 akambicpt empeshiure it} ceading piowitlérib centiobtheiexethamn. tTheremélactmsmmedrfmxt ure

I's heated t g RRGNG ar ImbIM Ecmp@ta&&@ ditil QhpRle & BLERTRAbATEC (154) (-1.0 eq) in
t ol uene from the previous step i
EtOAc/Hexanes v/v). The reaction rmxture 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 HCl (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

25  yellowsolid (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
30  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
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 twice more




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

det er mi ned Wy buGesanal ysis. Upon conpl etion, the m xt yqnksod&segl ed to
anbi ent tenperature and diluted with 10 wt. % aqueous sulfuric acid (3.8
Kg, 3.9 nol, 1.3 eq) with agitation. The phases are allowed to separate and
t he | ower aqueous phase is renoved. The remai ning organi c phase is
concentrated in vacuo (<100 nbar) at approximately 40C until a concentrated
toluene solution is achieved. The resulting solution is cooled to anbient
tenperature and carried forward to the next step in the synthesis w thout
further 20purification (theoretical yield for internmediate (15a,b) assuned,
0. 85 Kg). | nvigrdiwdedtvater((1.64a,) &ymbinédawhh 30ANaOHCEP (0.13K; DAB gpdembrilidy tRe SOl uti on
BI ei/?gﬁ; m;,‘ftjleat eemllg 1])1'[5 %e) earhgténES%‘gegdrgingthlggerrrg 5e ia]é('n%erﬁrqzed Ib{/] ditst(a{a%J Oennlg v%];clilcc)) EQ the

di net hyl f or nﬁ)mn@ep) di apptokiylaglyet0 ] uri0a &hedbgateditomempblutidn iS addgyedaiok reduding
resulting sq o .The | owner
boi li ng sol véé)iralﬁt’tlbflg Céﬂé‘ﬁgf‘rﬂ?g&%ﬂl Eergt(l:1 i(t'c?rcl?k)éd EO?QF a]%éﬁ}, ngy ‘tgld(bé?@{“ & %Q)c {l\ﬁ‘ll |l e

t he t enpet atfgmard tg theaiexitsiab nalbe santheslsgm@outfﬂeraterm:glflpaglomlrrﬂorenwédlelﬁcwr at | east 1
hour or Unt'1hteﬁﬁ?aﬂﬁle‘ﬁz§a&§m9f36%ﬁk)ﬂed by HPLC anal ysis. Upon conpletion, the
reaction containing the mxture of internediate (16a,b), is cooled to

anbi ent tenperature and toluene (1.8 Kg, 2.1 L) along with cycl opropyl am nc
(0.21 Kg, 3.1RerRldiaek1 5 b80A r@bSr 1@%%% Hvah | BK(@RES ABarodQorddA8 albRAGHH ON i S

stirred at anbient tenperature at least 30 mnutes until conplete as
det er ni ned BY ‘FIP’IE‘@MFJ&E% Iﬁ%ﬁﬁl“@t‘l caka@ op wh % dignsrsiog igmingikRdl ietHs 10 wt. %
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phases are the ved, t rate. is rempved and the
organi ¢ phas. @ ¢]% Lﬁ ”t“é?EI ﬁﬂ‘a@}ed%dﬁ"eégi ?qgg‘é@}“’éle?rgw PIGKg§uS step 1s
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When the d d entrat t dt
B et empERrh g i FRueE oy s R R Pt iRt kR ORR B e o

anbi ent terrperature
i nt er medi at enifukésapr b1)t11 cempeie as cednﬁlmd/kar}ﬁ’mnnalm ligott cosiplefion, the iitbgurs ysnt hesi s

i t hout t i f nt b
mssumed, 1 1 h Unbleh S Al LOSRHEL BPlp i B aflocb ¥ sl LTS R J 462 )
sol ution of 1e3rg) witlx agitpéonoThei phasey arpalloave dto(stnpagtddnd thedovier mgxeousgh@e isol ) at

anbi ent te MRELRLY TRe re-ll;fam r@%rg%%@gt&agt%s 'c&r;\_’g@rggég xN)aguoédOO mbarr% ét apﬁroxunatel

bls(trlnethyIsHy[)acetam e reaction is
heated to réfPiGuat %?ﬁ?é‘?ﬂét@lafi'ém()ﬂeﬁ%umsgﬂeﬂﬁ T’@tﬂtfé#ﬂémt%lg@nm qeale@® or until

conplete as aﬂﬁfcﬁ’cﬁéﬂl&%r@é{nd'éﬁ’xh& t%gﬁa@@!o}ﬂ% r&xts %u{‘tﬂ& lg&ﬁ&@’s‘?é Wwitut iﬁf&xc'flddi tional
anount of N, O-bis(trinet )acet am de ( nol, 0.3 eq) is

added t &% h@“’i‘fé’éﬁ‘t"i(gﬁorﬁ‘%faéﬂﬂﬁi@&é“%ﬂbﬁ“’e@%‘?ﬂ asi‘ﬂﬁ'é‘h Ogérl@ etion, the reaction
is cooled to bel ow 40C and organic solvent is renpved under reduced
pressure (<100 nmbar ) at roxi mately 40C by distillation until a

preci pi t at e Emegptapiga, bTWégfé%E?f“i“Hhs ?hérg%ﬁlﬂéﬂsoeﬁo’éﬂﬁdwéﬁ*ﬁed&a@&ﬁétbéfwe and
t he precipi kgt -eb 56l i dSe@iohsR! @ittt ByvisidGleh.am hd rbdcloalsiten added washed

dimethylformamide-dimethylacetal (0.54 Kg, 4.5 mol, 1.5 eq) and the resulting solution is

25  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
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.

30  The reaction is stirred at ambient temperature for at least 30 minutes until complete as
determined by HPL.C. Upon completion, the reaction is diluted with 10 wt. % aqueous sulfuric
acid (2.9 Kg, 3.0 mol, 1.0 eq) with agitation, and the phéses are then allowed to separate. The

aqueous phase is removed and the organic phase is concentrated under reduced pressure (<100




15with distilled water twice (1 x 1.8 L, 1 x 0.9 L). 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. Internedi ate

(19): A reagbaboriisossharged with solid internedi ate (18)pcrasx67/d58ss-2. 5 nol
-1.0 20 eq) at anbient tenperature followed by ethanol (5.3 Kg, 6.8 L) and
32 wt. % aqueous hydrochloric acid (1.1 Kg, 10 nol). The reaction m xture
is brought to reflux tenperature (76- 80C) during which time the mxture
first becones honogeneous and | ater becomes heterogeneous. The m xture is
heated at reflux for at least 5 hours or until conplete as determ ned by
TLC anal ysis (15% Et OAc/ Hexanes v/v). Upon conpletion, the reaction is
25cooled to OC 5C and the precipitated solid is isolated by filtration and
washed wi th mbasiac hypestinade40°C by disigiod. (WHeﬁ)t&Bdesb‘yd &hteatalon ﬁs]aclﬁe\lég)the The

| at ed I d %g d_int t ol.i d 0 65
IK;,O ?92% .SO IPEI > rl(l rgbwr%%aﬁaﬁyﬁégé agcli ihe ng}aéng Tﬁf%g%co(n%muﬁ%e m%tube E ! (

8.25 (m 1l4permeddé ({fab) blaried #rvdd ©onhe nkkstep b B8syhbesis3ditpyt fdrthr (1 m 2H) 1.1
211 1 9. HPLC. 99.5% b
a;nea 32) VJE@%@?&%&%&&?E%&?%%@T%AE)BQ’IQ‘&"?uene kgg'rt-ButyI met hyl e%/her

20-50C, filter A reactor is charged with boron oxide (2.0 Kg, 29 nol)
fol lowed by IQﬂelln'r&Lﬂa@r{lé?‘ meag oag'cﬁgrgea an%oi@t?dn%f (8 mbxtbre of%%nﬁ@aete%m prcetic

anhydride (16.2 The Tesulting mxture 1s heated 5 refl ux
t enper at ur e ¥ Kat~ ?}06‘3@1 atzmh'éﬂrt@lperﬁhlée W@ﬁ’@ﬁa@ﬁr i offee M are cool ed to 40C

and the sol igk(fimefnl @i ReHHR) (@@?K@Qﬂ' Fmdint @EJTRAH BE RadiibPis nbaléh Erdlfix 51 nol)

is added to the reaction mxture. The mxture is again heated to refl ux

t enper at ur e BReragEre (~d 8% 155CHeA écaStﬁié%’cufcéﬂr wibgrekl 5 detsrpinet By BLby HPLC

and NVR. 10Then#rsd ;frnet doﬁlp;éceoaln&ddlh@laa@wuﬁwfm eisamﬁ&@l@@dacte@ﬂnme mam(légS L) is
added to the re ctlonlsfurthe{%coledto 50C

c a
ert - butyl makF b Fas 196 f i et itort s PP REST DREtSoBReRA LRPE<EB hr | ng
about preci pbblad uocbalo®f401ctmldpfg@ﬁiusxﬂven€r henviodtude rddﬁceﬂfp&ﬂsufeqal(m)dnﬁaf) aR0C and

the solid product 1 ed filtrati tedsllds are
t hen' vashed APRnPER 0T b aliig e emie bl St s msd G < eRisorERen o vacuum
oven at 40C a(rib@ntttemperatﬂfbmdphqdcmtatyd gllids obtsalkndbly fuctonifiitaiomedivasied( 20) in

oo, 5L, S i thlde IR M0 PR g 3988 B urnd e Reidd 8
580. 7, 15552.v@jte 38id (076 BOS2%). TNVRae@DE1Bed vBOOuiNkter Birifipasiop in Be 22t (s, HI ),
8. 38-8. 33 (qéacgé-éjf)ltep7 54 (t J=9.8 Hz, 111), 4.38-4. 35 (m 111), 4,13 (S,

3H), 2.04 (s 1.42-1.38 (m 211), 1.34-1.29 (m 2H). TLC (What nman
MKC18F Silica, 60A, 200 um, Mobile Phase: 1:1 (v/v) CH3CN : 0.5N Nad (aq),

W (254/ 366 Iﬁl@ﬂneéﬁh@ l(‘@I):i A@éa-btgpi;s clBilg'_eg w‘ilth Qolg-intermediate (18) (0.76 Kg, ~2.5 mol, ~1.0

20 eq) at ambient temperature followed by ethanol (5.3 Kg, 6.8 L) and 32 wt. % aqueous
hydrochloric acid (1.1 Kg, 10 mol). The reaction mixture is brought to reflux temperature (76-
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

25  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 white solid (0.65 Kg, ~95%). 'H NMR (CDCl;, 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). "°F
NMR (CDCJ; + CFCl3, 292 MHz) 8 (ppm): -119. HPLC: 99.5% by area.

30
C. Synthesis of borone ester chelate of 1-Cyclopropyl-7-fluoro-§8-methoxy-4-o0xo-1,4-dihydro-

quinoline-3-carboxylic acid (20):




D. Coupling of

1- Cycl opropyl- 7-fl uor o- 8- net hoxy- 4- oxo- 1, 4- di hydr o- qui nol i ne- 3-car boxylic
20acid (20) to (3S, 5S)-(5-Methyl-piperidin-3-yl)-carbam c acid tert-butyl
ester (8), wode@yishesi s of malate salt of PCT/IB2007/051055
(3S,5S)-7-[3-am no-5-net hyl - pi peridi nyl]-1-cycl opropyl-1, 4-clihydro- 8-

nmet hoxy- 4- oxo- 3- qui nol i necar boxylic acid (25): WO

2007/ 110834PCT/ 1 B2007/ 051055 A reactor is charged with solid internedi ate
(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
internmediate (8) (2.1 Kg, 9.8 nol) in acgtonitrile (33.5 L, 15.7 L/Kg) at
roomtenperature. The resulting mxture is 5 warned to approxi mately 50C
until reaction is judged conplete. Reaction progress isaspoictored by HPLC
or reverse phase TLC. Wen2c&sPet.¢cHs¢Me reaction is coobehto

approxi mately 35C and reacti ofivdt unme is reduced to appreéxiwately half by
di stillation of acesoni t+He—trder—vactum-between O- @ n. The reactor is
then charged with 28.2 Kg af 3.0 OH (aq) solutioh dndYthe tenperature is

raised to approxi mately 40C. [ , ca{ielun 6L}ljnder 10vaclifd\i s conti nued
between 1-4 hours or until ne her di'Stil|ates are obgerved. The

reaction is then cooled to roofMlenperature and the hydfolysis reaction is
nonitored by HPLC or reverse phase TLC. Upon conpletion, the reaction
mxture is neutralized to & pPt"oP BMTREEN6-8 by adding -4-5 Kg of gl aci al
acetic acid. The reactor is ¢thehf &arged with 12.7 Kg (9.6 L) of

di chl oronet hane as an extraction solvent, the mxture is agitated, phases
are allowed to separat 15and the organi c dichl oronet hane phase is

e
removed. The Bafiparepsed pilkwaoxide 3@ kezp awdiolovad by dilganrit slpd agesif ng 12, 7

Kg (9.6 L) atiads.chl apampt.hangic £8)dRE 6P, { NEnIIPWRE res IR0k Gre HNRHE BACH
time. The aqueous phase is discarded and the organic extracts are conbi ned

in a singl e NSOy 9B Aot/ PR Olhy FRsefirD SENe Jrecoeles fo 40T andrtesolidy -
contents ar l&]uh@@ﬁiﬁcgorfe?cig(ﬂﬁéé@&ﬂgtié ltle) (_ne.acthiT .ﬂnnapils bdmed 'tq':‘thd’@ﬂ:bl&ﬁ@liﬁh@e. Tl&e oh
apprOX|nate - one a, 1 St at1 on. er cto 1S then charge t
20,2 Kg . ORI ASRERnLEARHHP AU {eFBeTp Rt Serahleet & Povs Recliat woetess aistiiosdq

agi tation i yaPlowedNMR. Thd mixedsit cobledoappxintitedednt tind thitedB@€s Idepadaéect | on
reaction to occur.. T reacti.on is i tored HPL r rev .5 phase
re e oo dhuiol, fer SRR hub B LGP Yt EESTIRS S0 |
separ at el0 Thetht eagiop nortgan ging hamepre@pingomf €@e panidets Bie nastetds thdbheoled@ct or i s

then chargedoy I yh3ufs Sﬂ§9du§:¢t9r9§s 1331at9c{1b %&Qioﬁ.ﬁ%‘ﬁﬁﬁéﬁ goh%? ar® theF ¥ hh@FH PN
solvent, thé mxture 1s agitated, phdses are allowe
tert-butylmethyl ether (26 L) prior to drying in a vacuum oven at 40°C (50 torr). The product
yield obtained for intermediate (20) in this reaction is 86.4%. Raman (cm"l): 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,
15 552.8,384.0, 305.8. NMR (CDCl;3, 300 MHz) § (ppm): 9.22 (s, 111), 8.38-8.33 (m, 1), 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,
2H). TLC (Whatman MKCI18F Silica, 604, 200 um), Mobile Phase: 1:1 (v/v) CH3CN : 0.5N
NaCl (aq), UV (254/366 nm) visualization; Ri=0.4-0.5.
D. Coupling of 1-Cyclopropyl-7-fluoro-8-methoxy-4-0xo-1,4-dihydro-quinoline-3-carboxylic
20 acid (20) to (38, 55)-(5-Methyl-piperidin-3-yl)-carbamic acid fert-butyl ester (8), and synthesis
of malate salt of (3S,5S)-7-[3-amino-5-methyl-piperidinyl]-1-cyclopropyl-1,4-dihydro-8-

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




to separate, and the organi c dichl oronet hane phase is renoved. The organic
extracts are conbi ned and di scarded. The renmai ni ng agueous phase is diluted
with 18.3 Kg distilled water 10 and the tenperature is raised to

appr oxi mat eywy 2031088 still ati on under vacuum (100-400 tpeihpiedrddeysiormed to
renove residual dichloronmethane fromthe reaction. The pH of the reaction
is then adjusted to between 7.8-8.1 using about 9.42 Kg of 3.0N NaCH (aq)
solution while keeping the tenperature of the reaction bel ow 65C. The
reaction is cooled to 50C and the precipitated solids are aged for at |east
an hour prior to cooling the mxture to roomtenperature. The solids 15are
i solated by suction filtration and washad twice with 5.2 Kg portions of
distilled water. The solids are dried for at least 12 hours with suction
and then for an addifignal 12 hoyrsg ip.a convection oven at 55C. The yield
achieved for in e (23) |n7fB|s exanplle is,3. %?@0 . A reactor
is charged wt Kg solid interrediate (23).an oli d&|are suspended
in 25.6 Kg of 959 thanq| as &6k @Rt ke % he |readt r [j.§ then add&d 1.1

of solid D,L-malic acid 20 (24), and the m xtlure {s heated tojrefl ux
tenperature (-80C). Distilled water (-5.7 L) is addedE}o t he reaction unt i

a conplete solution is achieved and 0.2 Kg of activat pHgdﬁaHgﬁl étﬁnacj s added.

The reaction mxture ¢ sp passed through a filter to achieyve clarification,
cooled to 45C andﬁ@f@*m a period of at |leasf 2 hou Al 1 ow
ur

crystallizati %Nng) Theﬁ-"é&?&ﬂfﬁ%—sﬁﬁf—me Bbo., I coplgd.t0 5C and
the suspended sofi di/are. 4 sol dt BBy FTAETON )| tr A The| solids are
then 25 washed W'th 6.6 KG of 95% et hanol and driedefor at |kast 4 hours

Wi th suction under vacuum The solids are then further dried in a
convection oven for at\l east 12 hours at 45C to afford 3.1 Kg of

i nternedi ate (24) (07099 N NMRr (020, 300 MHz) 8 (ppm: 8.54 (s, 1H), 7.37 (d;
J=9.0 Hz, 1H), 7.@3%@](0”\]— .0 Hz, 1H), 4.23-4.18 (m 111), 4.10-3.89 (m
1H), 3. 66 (br s, ZH® °3. 58 3H), 3045 (d, J=9.0 Hz, 1H), 3.34 (d, J=9.3

Hz, 1H), 3.16 (d, J=12.9 Hz, MH), {9d, J=16.1, 304.1 Hz, 111),
2.64-2.53 (m 1H) #2946 (dd, J# ’0 Hz, 1H), 2.06 (br s, 1H), 1.87 (d,
J=14.4 Hz, 1H), 1.58-1.45 (m 1T °“1?A15-0.95<(m 2H), 0.91 (d, J=6.3 Hz,

311), 0.85-0.78 (m 211). TLC (Wat man VKEL8E, Sikjsa, 60A, 200 pm, Mobi | e

Phase: 1:1 (v/v) CH3CN : 0.5N NaCl (aq), UV (25#4/366 nn) visualization.
HPLC. Mobile Phase H20 with 0.1% form c aci d/ Acetonitrile WO
2007/ 110834PCT/ 1B2007/ 051055 21 with 0.1% form c acid, gradient elution

w589 0L LRI g BEIERBLLSAL R tho 0T R s Ry By 100
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G1322A, SIN 53P73007229; appr oxi mate r gtention Inte late (19):
13.0 min? awﬁwltwe)xmeé&hiq 6 undlirgreticnay judged eommet-aReacfop@yogresslis 6 i n;

appr oxi mat e nlofk@REHyAPLA dFBevERE pﬂamﬁcﬂﬁﬂh&%&nﬁ&@m r&+ign BlcBbled@pPr OXi mat e
retention tine for InterrTEdlae( . m n; apprOXIma.te retention tine

for inter medPREpxinqeg s Cangreggtion V@!B’ﬂ? 6)?‘?‘1#%%0 srerQEmahnhaltiydisidaion efpound

(25): 8.6 NMadonitile EBXRMPBUNLbetkERPA0B IO ThOFeachdt! it mma@y@wﬂtgm ofz el t
forns A salt screen is perforned on 100 of free base. gI'he i sol at ed

salt forms Qﬁ@Héﬁﬂ&F%&P@ando@e Wfa‘é{eéﬁw‘éﬁ?déf’ a%nﬁwye?lg 40°gcDistifatiogmpsier ¢ 1P| | C.
Tabl e 1 1des em@e& cl@ﬁtyﬁéd:lﬁkweaﬁld AGbERbGRL Kol TaliRe diedllakt hie Sbwefved. NBE €eaS@int
forms. As shown " mal at e salts CPEF% a hal ance Ee%gn desi red
sol ubi lity, lséli‘e&tﬁi’? ?dt‘9 rOORHGmRALWC 4t 129{%5’?3{586‘3&0‘]“?{’ SRRy oVl at e
salts may 1plwed PLOV Wonebinplationpthe iehdtioa tixoire isfenittaliesd to Dplll ofttvaer -8By mal at e or
L-mal ate sal &dlng S%go&lg%%ial 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




di ffering advant ages dependi ng upon the nature of the chiral inpurity to be
renoved. The hydrated forns may provide better water noisture and
solid-state stability as well as greater ease of isolation. Use of the

anhydrous fWQpB7 RMz€Nhance apparent solubility and di $e@hkdobAR1dsat €. Thus,
the mal ate salts of Conpound | exhibit certain advantages, including the

ease of isolation, 20reduced hygroscopicity, greater solubility in water,
greater stability, and ease of fornulation. 22 Comrents Ease and
reliability of isolation Lower solubility Lower solubility, difficult to
isolate Difficult to control final solid-state formD fficult to control
final solid-state formD fficult to isolagte as a solid form Degradation
upon scale up Difficult to control final solid-state formNot able to

i sol ate as ae®k.iTle tead¥@itcombliLaré Beaie8 @) APE a@SthdreSc@bi thldmdNOtedali®y t 0 i sol ate

Szl ;3/. mS;?::)Ihld S %}t)rogglateelytoge f'na?f%yac‘llsullatmn hg 96:|alctgr is QIE gh%r'gec? iwtkp yOd’[ l%é I6 81{11 H%‘tl ?t ¢ and

solution, the temperature is adjusted to 35°C, and agitation is allowed for at least 12 hours to
permit the Boc deprotection reaction to occur, The reaction is monitored by HPLC or reverse
5  phase TLC. When complete, agitation is discontinued and the phases are allowed to separate.

The lower, organic phase is removed and set aside. 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, and the organic dichloromethane phase is removed. The organic extracts are
combined and discarded. The remaining aquecous phase is diluted with 18.3 Kg distilled water

10 and the temperature is raised to approximately 5S0°C. Distillation under vacuum (100-400 torr) is
performed to remove residual dichloromethane from the reaction. The pH of the reaction is then
adjusted to between 7.8-8.1 using about 9.42 Kg of 3.0N NaOH (aq) solution while keeping the
temperature of the reaction below 65°C. The reaction is cooled to 50°C and the precipitated
solids are aged for at least an hour prior to cooling the mixture to room temperature. The solids

15  are isolated 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% cthanol 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 vacuun.
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, J/=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 (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, 60A, 200 um), Mobile Phase: 1:1 (v/v) CH3CN : 0.5N NaCl (aq),
UV (254/366 nm) visualization. HPLC: Mobile Phase H,O with 0.1% formic acid/Acetonitrile




Easy to control. poupuom sosuqd onj, Two phases identified Three phases
identified At | east two phases identified. Not done Single phase observed
At | east two phases observed, hygroscopic phase Control of salt

st oi chi Orretﬁ/b zﬁﬁhll@p“ e Reliable WV/N Reliable Reliabl € pCT/IB2007/051055
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with 0.1% formic acid, gradient elution with 88% H,O/formic acid to 20% H,O/formic acid,
Zorbax SB-C8 4.6mm x 150 mm column, Part No. 883975.906, 1.5 ml/min rate, 20 min run
time, 292 nm, Detector Model G1314A, S/N JP72003849, Quat Pump Model G1311A, S/N
US72102299, Auto Sampler Model G1313A, S/N DE14918139, Degasser Model G1322A, S/N
S JP73007229; approximate retention time for intermediate (19): 13.0 min; approximate retention
time for intermediate (20): 11.6 min; approximate retention time for intermediate (21): 16.3 min;
approximate retention time for intermediate (22): 18.2 min; approximate retention time for

intermediate (23): 8.6 min; approximalte retention time for compound (25): 8.6 min.

10 Example 2. Preparation of Salt and evaluation of salt forms
A salt screen is performed on 100 mg of free base . The isolated salt forms are evaluated

by NMR, elemental analysis, TG-DTA, XRD, & HPIL.C. Table 1 describes physical and
chemical characteristics of these salt forms. As shown, the malate salts may provide a balance
between desired solubility, stability, and ease of isolation. In addition, use of malate salts may

15  help with chiral purification. Further, D,L.-malate, D-malate or L-malate salt may provide
differing advantages depending upon the nature of the chiral impurity to be removed. The
hydrated forms may provide better water moisture and solid-state stability as well as greater ease
of isolation. Use of the anhydrous forms may enhance apparent solubility and dissolution rate.
Thus, the malate salts of Compound I exhibit certain advantages, including the ease of isolation,

20  reduced hygroscopicity, greater solubility in water, greater stability, and ease of formulation.
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Example 3: Preparation of D,I-malate hemi-hydrate salt of compound I
A. Synthesis of D,I-malate salt of compound I from free base: Ten grams of free base of
compound I and one equivalent of D,L-malic acid are heated in 105 mL of 95% ethanol to reflux
(approximately 78°C). Fifteen mL water is added while maintaining the temperature near 78°C.
5  Stirring and heating is continued until the completely dissolved. Additional water may be added
to ensure complete dissolution. The solution is cooled slowly (at least 3 hours) to room
temperature while stirring to initiate crystallization. If an oily or waxy mass (or a phase other
than hemi-hydrate) precipitates, the solution is reheated to dissolve the precipitate completely
and is cooled more slowly. Crystalline solids are then filtered and washed with a small volume
10 0f 95% ethanol. The crystals are dried at ambient pressure, room temperature at a relative
humidity of 25% - 75%RH.
B. Crystallization of existing malate salt of compound I: Ten grams of D,I.-malate salt of
compound I is heated in 105 mL of 95% ethanol to reflux (approximately 78°C). Fifteen mL of
water is added while maintaining the temperature near 78°C. Stirring and heating is continued
15  untl the salt is completely dissolved. Additional water may be added to ensure complete |

dissolution. The solution is cooled slowly (at least about 3 hours) to room temperature while

stirring to initiate crystallization. If an oily or waxy mass (or a phase other than hemi-hydrate)
precipitates, the solution is reheated to dissolve the precipitate completely and is cooled more
slowly. Crystalline solids are then filtered and washed with a small volume of 95% cthanol.

20  The crystals are dried at ambient pressure, room temperature at a relative humidity of 25% -

75% RH.

Example 4. Preparation of D-malate hydrate salt of compound I
A. Synthesis of D-malate salt of compound I from free base: Ten grams of free base of
25  compound I and one equivalent of D-malic acid are heated in 75 mL of 95% ethanol to reflux
{approximately 78°C). Twenty-five mL water is added while maintaining the temperature near
78°C. Stirring and heating is continued until the completely dissolved. Additional water may be
added to ensure complete dissolution, The solution is cooled slowly (at least 3 hours) to room
temperature while stirring to initiate crystallization. If an oily or waxy mass (or a phase other
30  than hydrate), the solution is reheated to dissolve the precipitate completely and is cooled more
slowly. Crystalline solids are then filtered and washed with a small volume of 95% ethanol.

The crystals are dried at ambient pressure, room temperature at a relative humidity of 25% -

75% RH.
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B. Crystallization of existing D-malate salt of compound I: Ten grams of D-malate salt of
compound I is heated in 75 mL of 95% ethanol to reflux (approximately 78°C). Twenty-five mL
of water is added while maintaining the temperature near 78°C. Stirring and heating is
continued until the salt is completely dissolved. Additional water may be added to ensure

S5 complete dissolution. The solution is cooled slowly (at least 3 hours) to room temperature while
stitring to initiate crystallization. If an oily or waxy mass (or a phase other than hydrate)
precipitates,, the solution is reheated to dissolve the precipitate completely and is cooled more
slowly. Crystalline solids are then filtered and washed with a small volume of 95% ethanol.
The crystals are dried at ambient pressure, room temperature at a relative humidity of 25% -

10 75% RIL.

Example 5: Preparation of I.-malate hydrate of compound 1
A. Synthesis of I.-malate salt of compound I from free base: Ten grams of free base of
compound I and one equivalent of L-malic acid are heated in 75 mL of 95% ethanol to reflux

15  (approximately 78°C). Twenty-five mL water is added while maintaining the temperature near
78°C. Stirring and heating is continued until the completely dissolved. Additional water may be

added to ensure complete dissolution. The solution is cooled slowly (at least 3 hours) to room

temperature while stirring to initiate crystallization. If an oily or waxy mass (or a phase other
than hydrate) precipitates, the solution is reheated to dissolve the precipitate completely and is

20  cooled more slowly. Crystalline solids are then filtered and washed with a small volume of 95%
ethanol. The crystals are dried at ambient pressure, room temperature at a relative humidity of
25% - 75% RH.
B. Crystallization of existing [.-malate salt of compound I: Ten grams of [.-malate salt of
compound I is heated in 75 mL of 95% ethanol to reflux (approximately 78°C). Twenty-tive mL

25  of water is added while maintaining the temperature near 78°C. Stirring and heating is
continued until the salt is completely dissolved. Additional water may be added to ensure
complete dissolution. The solution is cooled slowly (at least 3 hours) to room temperature while
stirring to initiate crystallization. If an oily or waxy mass (or a phase other than hydrate)
precipitates, the solution is rcheated to dissolve the precipitate completely and is cooled more

30  slowly. Crystalline solids are then filtered and washed with a small volume of 95% ethanol.
The crystals are dried at ambient pressure, room temperature at a relative humidity of 25% -

75% RH.
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25 X-ray Diffraction analysis: X-ray powder diffraction is performed on the samples using
a Bruker D5000 X-Ray diffractometer. The D5000 is equipped with a 2.2 kW Cu anode X-ray
tube, an Anton Parr TTK-1 low temperature stage, and high speed position sensitive detector
(PSD). Cu K radiation (=1.5418 A) is used to obtain powder patterns. A dual foil, nickel filter
is placed in the receiving path of the X-Rays to remove the K B-radiation. Material is mounted

30  and analyzed on a front loading sample holder. Scans are performed over the range of 3.5-40 2
theta, at a 0.02 step size for 0.2 seconds per step.

Solid-state Nuclear Magnetic Resonance (SSNMR) analysis: All data are recorded on a
Varian 300 Unity Inova spectrometer equipped with a 7 mm CPMAS probe spinning at 5 kHz.
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stability for relative hum1d1t1es up to 75% relative hunndlty as measured by dynamic vapor

sorption methods and via static humidity chamber studies. Using the same test methods, the
anhydrate forms are shown to pick up moisture and spontaneously convert to the corresponding

hydrated form upon exposure to humidity.

25 D,L—nialate hemi-hydrate salt of compound I
The structure for the D,I.-malate hemi-hydrate is definitively confirmed by single crystal
X-ray diffraction. The smallest unit of this moiety consists of two molecules of 7-[3S-amino-
5S-methyl-piperidinyl]- 1-cyclopropyl-1,4-dihydro-8-methox y-4-0x0-3-quinolinecarboxylic
acid, one molecule of D-malic acid, one molecule of L-malic acid and one molecule of water.
30  The water hydration is of a channel nature resulting in some variation of water content with

relative humidity.




1070C. heating and stirring are continued until the salt is conpletely

di ssol ved. The solution is allowed to cool very slowy to roomtenperature.
The solution is stirred for extended period until crystallization occurs,
or the sol uiyipQg7i130sey aporated with dry nitrogen to i ndyegmphigsipi d
crystallization to protect material fromwater gain during the
crystallization and isolation stages. 15 Exanple 8: Anal yses of the

pol ynor phs Vari ous pol ynorphs that may be obtai ned using the nethods
descri bed above nmay be further characterized using the techniques descri bed
bel ow. Water content is determ ned by Thernogravinetric Anal ysis

(TG. A Perkin-Elmer TGA-7 is used to geyrerate water assays. Sanples (5-12
ng) are run under dry nitrogen in open 20 al um num sanpl e pans at a scan
rate of 5C/ nl'Dmma&hydrateandm/biamtemyeramnmseﬁtﬁn@bm ved for the hem hydrate and
0

et e 25 TSP i RPSR BRI S Ep R0 v ot es
spect r oscopyiramajuxRbsdvegrraiiemse Sugkessth @ofadnl ryquhyxirsaotehb dimrtlerpived asid. Mk st ur e
contents ob e Xe t 1. 0%
95 1 ay D1 1 Tant e Hei e AR G Ohor AR oo R R B T O ¢ e
sanpl es usi n@n@ntmwt%@th@watdﬁhﬁmém oneter. The D5000 is equi pped
with a 2.2 KWCu anode X-ray tube, an Anton Parr TTK-1 | ow tenperature
stage, and hi gh speed position sensitive detector (PSD). Cu K radiation
(=1.5418 A) Paaliseahndgicont hintlgromteiaipalt erngposnddual foil, nickel filter

is placed in theng@geiomh HOndRhirads Ha@&eﬂ(lsa%é@wkl@cr&s@dmyseoffshﬁmbﬂ&;é adi ation.
Material is nmounted 30 and anal yzed on a front | oadin anpl e hol der. Scans

are per f or meqRGehish gality Zyge disfacgompagerns Isqlation of thg anky at@?f‘%‘ﬁ BpplsinA for 0.2
seconds mer 0$1tdiéﬁlax that slowlyQ@ystalliz6d iddo@ rhdtGib B higlyB@ned ir€a. Ras ﬁlﬂ@(ﬂlﬁt@s frSRRVR)

anal ysi s: ata are recorded on a Varian, 300 [l_Jal Xstectrometer
equi pped W tpﬁw CTPAYERS BBVESCYHF IR MBinaer fy talline gnajeri uling XH2

2007/ 110834!3&1%&B2@ﬂt3{n@5a1y@55ym&@51 @hd Mrzollab(e ;ﬁmcmeanaaas aystaie tgld Wi th the

Cross- polarlztlon can |nnn Total S ssmn of
Spinni hg. i deRicha BRAereRaneT S Cinabet e Pt B AR
directly into 7 Ermcmak btoamisandted, deam@mams:ludinghuaanmd ;(ctca)taam@blylsnsandThe

sanpl es are rp?%%{uﬁ&sggrﬁge_{deﬁ%oa q@ﬂ{odlﬁeg 8 I L GY& - outrl 9 a%b%@aage d\%t in e§?e%9<9 0 FTIR ‘

spectronete a | eams) ter. Sixteen ackgroun e scans
ar e obt ai nedndiere seadhansdigid e at 4 wavenunber resol ut| on. Sanple prep

consi st of m Xi ngcBhAUlASATRI B WitRs LhOAPRAORELALS il g agent (e 9.,

fl uorol ube for 40 135 wavenunbers, nujol for 1350-450 wavenunbers) using
a agate nortar afldgsemeniecited Wéh@sla?mleé@emyﬂqwf thp Envegrtion A i rélyRnLPerL Xi ng

with the rmlulcul%g rafd88Ein by REerORE K QMPA 0B SRRt iORS & R&ndaLdE o he 10
correspondl n Br discs Tor which the nmull'ed sanple is sandw ched for

sanpl e afal eipissionthaginis priogart withresreeidp fhe Presast inyentiel i ouae axient thtdphs

Mal at e sal t sne@fing or definition of a term in this written document confllcts with any meaning or
7-[ 3S-am no-5S- et hﬁ%- pi peridi nyl] -1-cycl opropyl-1, 4-di hydro- 8-
met hoxy- 4- oXBHUG P H6 PR ELAGBHRM reorapigd Wh‘ﬁfef?écef bF mreepingra defgioat ed under

practi cal assigned to the term in this written document shall govern.

While particular embodiments of the present invention have been illustrated and
25  described, it would be obvious to those skilled in the art that various 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

within the scope of this invention.
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Anhydrate and Lomal ats anfyOisf g Fe”t h?c%”%%{sﬁ% Y%, navine S P of

t he anhydr at i stalltes f sufficient size to
gener atg hi dﬁﬁelﬂ@ %ﬂ?fd"?%cg]itd%f F\gé Tf’ FRSme ?fool ation of the
anhydrates of ten results in an 100il or wax that slowy crystallizes into a
mat eri al of +hijgh surface area. The anhydrates produce powder patterns that
are consistentf with nano-crystalline ngterial. The resulting X-ray
diffraction pgtterns have very |ow sigrjal and irresol vabl e peaks. The
nano-crystal |l §ne, high surface area anljydrates convert to the correspondi ng
hydrate forsjupon exposure to hum dit

o Wl

¥
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wherein the salt is the D,L-malate hemi-hydrate salt; or




Except as otherwi se noted, all anmounts including quantities, percentages,
portions, and 15proportions, are understood to be nodified by the word
"about", and anobunts are not intended to indicate significant digits.

Except as otherw se noted, the articles "a", "an", and "the" mean "one or
nore". All docunents cited in the Detail et Description of the Invention
are, in relevant part, incorporated herein by reference; the citation of
any docunent is-not to be construed as ap 20 admission that it is prior art
with respect tQijhe present invention. Tp the extent that any meaning or
definition of ajtermin this witten docpnment conflicts with any neani ng or
definition of THe termin a document incprpdrated by reference, the neaning
or definitionagsigned to the termin thjs ywitten docunent shall govern.
Whi | e particul.ag enbodi mrents of the pregent |i nvention have been illustrated
and 25describedi it would be obvious to jfhoge skilled in the art that

vari ous ot herg changes and nodifications {jrayffbe nmade wi t hout departing from

the spirit aé§“~cope of thefinvention. I} i§ therefore intended to cover in
t he appended ctqins all such ghanges andf nofili fications that are within the
scope of this.fvention] 28 |WHAT)IS GUAIMED IS 1. A malate salt

pol ymor ph of (3%, 5S)-748-a inW'SW et hyl] -i-wr”dinyll-l-

cycl opropyl- 1,4 oihydro'a-u-tlox‘-h-oxﬁ 340 i‘mlinec;rboxylic aci d,

sel ected frontthg groupjj gorfsi At A fd} of W {L{lrplMie the hydrate salt,
D-mal at e hydr at#ge o Latle LW tfa A t6h WAl A &\ Al A gd®al t and
L-nmal ate anhydriate salt. v 772, A malate salt "pol ynorph according

toclaim1, which is theeD L-malate hemi-hydrate salt of (3S,5 S)i-743-am
in o-5-methyl-piperidinylJ- 1 -cycl opf8p¥y*T*1i hydro- 8-
met hoxy- 4- oxo- 3- qui nol i necar boxylic acid..

wherein the salt is the D-malate hydrate salt; or

T
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wherein the salt is the L-malate hydrate salt.




3. Anmlate salt polynorph according to claim1, having an X-ray
diffraction pattern characterized in accordance wth the pattern of any one

of : 2-Theta - Scale wherein the salt is the D L-nmalate hem -hydrate
salt; or 29 1| kiIyAdiuttiIiArrriiOvekhots-i
2
4. A malate salt polymorph according to claim 1, having a solid-state '*C

NMR spectrum characterized in accordance with the pattern of any one of:

D.L-malate hemi-hydrate

B A s L s O
240 220 200 180 160 PFFAARENY NPT "R LA NAARL" N ALY S
Chervicat Snift (ppm)

wherein the salt is the D,L-malate hemi-hydrate salt; or

D-malate hydrate

wherein the salt is the D-malate hydrate salt; or




..... 2-Theta -Scal e wherein the salt is the D-nmal ate hydrate salt; or
so 2-nmew -Scab wherein the salt is the L-malate hydrate salt. 30 4.A
mal at e salt pol ynmorph according to claim 1, having a solid-state 13C NWR
spectrum characterized in accordance with_ the pattern of any one of:
P.L-mal ate hem - hydrate ,2-rr-rr-c-urrfVirrin irrl Tl I
1601401201008060402004

L-malate hydrate

|

smm) 60 <0 20 6
wherein the salt is the L-malate hydrate salt.
5. A malate salt polymorph according to claim 1, having a solid-state *C

NMR spectrum characterized in accordance with the pattem of any one of:

D-malate anhydrate

240 250 2(')0 T 16‘-’n-|1...%w M |

wherein the salt is the D-malate anhydrate salt; or

, -1




Chem cal Shift (ppm) wherein the salt is the D L-nmalate hem -hydrate salt;
Is the D-nal ate hydrate salt; or

or O-nmaiate hydrate wherein the salt

wherein the salt is the L-nalate hydrate salt. 5. A mal ate salt pol ynorph

according to claim1l1, having a solid-state 13C NVR spectrum characteri zed
3%f: D-malate anhydrate wherein

I n accordance with the pattern of any one
the salt is the D-mal ate anhydrate salt; or L-nalate anhydrate 1
_-malate anhydrate
TR T e TR T TR T, & % & g
Chemical Shift (ppm)
wherein the salt is the L-malate anhydrate salt.
6. A malate salt polymorph according to claim 1, having an infrared

spectrum pattern characterized in accordance with the pattern of any one of’

D.L Malate hemihydrate

Absorbance

4000 3500 3000 2500 2000 1500 1300 1200 1100 100D 900 8§00 700 600 500
Wavenumber (cm)

wherein the salt is the D,L-malate hemi-hydrate salt; or




wherein the salt is the L-mal ate anhydrate salt. 6. A nalate salt pol ynorph
according to claim1, having an infrared spectrum pattern characterized in

accordance with the pattern of any one of: 0,L Ml ate hem hydrate
wherein the salt is the D L-malate hem -hydrate salt; or .3 3
400035003000250020001500 1300 1200 1100 1B00 990 800 700 600 500 Wavenunber

(cm1l) wherein the salt is the Dnalate hydrate salt; or

e W

2500 2000 1500 1300 1200 1100 1000 900 800 700 600 SO0
Wavenumber (cm)

Absorbance

wherein the salt is the D-malate hydrate salt; or

.,

3500 1500 * 1300 1200 1100 1000 900 800 700 600 500
Wavenumber (cm™)

Absorbance

wherein the salt is L-malate hydrate salt.

7. A malate salt polymorph according to claim 1, having an infrared

spectrum pattern characterized in accordance with the pattern of any one of:




400035003000250020001500 1300 1200 1100 1000 900 800 700 600 500
Wavenunber (cm 1) wherein the salt is L-nmalate hydrate salt. 7. A nal ate
salt polynorph according to claim1l, having an infrared spectrum pattern
characterized in accordance with the pattgrn of any one of: D Mlate
anhydrat e 400035003000250020001500 130641200 1100 1000 900 800 700 600
500 Wavenunber (car') wherein the salt is the D-nmal ate anhydrate salt; or

L- Mal at e anhydr gt 5003000250020001500 1300 1200 1100 1000 900 800
700 600 500 aéﬁa'atea'#gg% Wavenunber (cm 1) wherein the salt

is the L-mal ate anhydrate salt. 8. The D, L-mal ate hem -hydrate
salt according to claim1 or 2, havin cteristic X-ray diffraction

peaks at abou® 10.7, about 11.98 and
9. The Dl age hydr gt e gakt accor di

teristic X-

Absor

4000 3500 3000 2500 2000 1500 1300 1200 1100 1000 900 800 700 600 500
Wavenumber (cm™?)

wherein the salt is the D-malate anhydrate salt; or

L-Malate anhydrate

Absorbance

4000 3500 3000 2500 2000 1500 1300 1200 1100 1000 SO0 800 700 600 500

Wavenumber (cm?)

wherein the salt is the L-malate anhydrate salt.

8. The D,L-malate hemi-hydrate salt according to claim | or 2, having

characteristic X-ray diffraction peaks at about 10.7, about 11.98 and about 125 degrees 2 theta.

9, The D-malate hydrate salt according to claim 1, having characteristic X-

ray diffraction peaks at about 9.3, about 12.1 and about 22.6 degrees 2 theta.




ray diffraction peaks at about 9.3, about 12.1 and about 22.6 degrees 2
theta. 35 10.The L-nalate hydrate salt according to claim1, having
characteristic X- ray diffraction peaks at about 9.5, about 11.7 and about
12. 3 degrees 2 theta. 11. A pharnmaceuti cal ..§orrposi tion conprising:

a. a safe and effective amount of a malat® salt pol ynorph according to any
preceding claim and b. a pharmaceutically acceptable carrier.
12. A nal ate salt pol yndr phTiedcoalaie hgdrite sagcoading t0fclaith &jhaGing ¢haraditristiok-use in
the treatnment or prevention of an infectious disorder in a human or other
ani mal i n needy diffragiiopipeaks atabone A15, about 11.7 and about 12.3 degrees 2 theta.

11. A pharmaceutical composition comprising:

a. a safe and effective amount of a malate salt polymorph according to any
preceding claim; and

b. a pharmaceutically acceptable carrier.

12, A malate salt polymorph according to any one of claims 1 to 10 for use in

the treatment or prevention of an infectious disorder in a human or other animal in need of such

treatment.




