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the grom h or or

exanpl e, such antibacterial agents are descrl bed in Antibioti cs

Chenot her apeutics, and 20 Anti ha ter| al D| sease Control (M
Greyson, editor, 1982) eCrogs eng t° = , asis of Antibiotic
Action 2d edition (1981), Recent Resear ch DeveI oprrent S in Antimcrobial
Agents & Chenotherapy (S. G Pandal ai, Editor, 2001), Quinolone-

Anti m crobi al AgeThis applidatios is\aldogitimugtiontaspiadt @Aﬁnﬂp&ﬁon Sdiialdlemban89), and
F. O G ady, e . .G Fi , 25 D. Greenwood, Martin Dedicoat,
"Antibiotic mﬁgamﬁéﬁﬁmbﬁfﬁ?ﬂﬁf (1997). The mechani snms of action of
t hese anti bacterial agents vary. However, they are generally believed to
function in one or nore ways: by inhibiting cell wall synthesis or repair;
by altering cell wall perneability; by inhibiting protein 30 synthesis; or
by inhibiting the synthesis of nucll_- gﬁhoﬁor exanpl e, beta- |actam
antibacterial agents act through mﬁMg—essentl al penicillin binding
protei ns1t§PBPs) in bacteria, which are responsible for cell wall synthesis.
As 1 WD 2006/101603 PCT/ US2006/ 003657 anot her exanp qui nol ones act, at
least in part by IifhiSyPiachdmSiPRdSIaes 0 HRXE! aﬂﬁ*msCf?P'@\/EWPﬁ@“%éh%ll from

;ﬁgl ![ﬁg.ltl Ng. cJRBoARGRIBSOHRH Gfls, characteristics of antim crobial agents,

Background
15

The chemicail and medical literature describes compounds that are said
to be antimicrobial, i.e., capable of destroying or suppressing the growih or
reproduction of microorganisms, such as bacteria. For example, such
antibacterial agents are described in Aniibiotics, Chemotherapeutics, and

20  Antibacterial Agents for Disease Control (M. Greyson, editor, 1982), E. Gale et
al., The Molecular Basis of Antibiotic Action 2d edition {1981), Recent
Research Developments in Antimicrobial Agents & Chemotherapy (8. G.
Pandalai, Editor, 2001), Quinolone Antimicrobial Agents (John S Wolfson.,
David C Hooper, Editors, 1989), and F. O'Grady, H. P. Lambert, R. G. Finch,

25 D. Greenwood, Martin Dedicoat, “Antibiotic and Chemotherapy, 7th edn.”
(1997).

The mechanisms of action of these antibacterial agents vary. However,
they are generally believed to function in one or more ways: by inhibiting celi
wall synthesis or repair; by aitering cell wall permeability; by inhibiting protein

30 synthesis; or by inhibiting the synthesis of nucleic acids. For example, beta-
lactam antibacterial agents act through inhibiting essential penicilin binding
proteins (PBPs) in bacieria, which are responsible for cell wall synthesis. As



suitability for any given clinical use, vary. For exanple, the classes of 5
antim crobial agents (and nenbers within a class) may vary in 1) their
relative efficacy against different types of mcroorganisns, 2) their
susceptibility to developnent of nicrobial resistance and 3) their

phar macol ogi cal characteristics such as their bioa legst%dwb s,;md

bi odi stW¢ /il‘b‘ﬁ(??’ Accordingly, selection of an appré% e an I'm crobi al
agent in a given clini caI situation 10 requires analysis of nmany factors,

I ncl udi f | e ;
i i st RIS ABHoS Eb Bl RRKEH ooty BRSO ONA. ot ner
consi dertaukprmfenhl@g\/ﬂwcelimmny'epmﬂhngtterrpts to produce |rrproved

tim bi al |.d deed, f ' bi al
agents are pritsBamaRnIcar chareteRpieecst Bt EE AugtSopBl St or vy o
their Spﬁmfabmgv @be %ﬂﬂ '§?v6h09nrﬁéaia@§é WarY, FRi Sraresle0ftha élh@;%s'ﬂofreSl st ance,

and phar macol here is a continuing need for broad- spectrum
ant i ni craminipr raggnta/wan@lnnan@eéer w&bm.a/elass)gmamsnary s stheiitrelative obes. Some

1,4-dih ri.dj |et|esare
known i %%ﬁ%wa?ggﬁgFﬁg&ZB&wb %”PE"'%OF RN %jyg)ztrtldé 'g%gé%&{:brul t he
fol | owm n@e\rm;ﬁn@mcesr Micribl] e clesistineg. ﬁnaﬂg S?eS’e@ﬂrchpthhaco?dglceﬂ 9

(1977); J. Wlfson et at., "The Fl ug!m ui na St ruct yres, I\/E('chanl sns of
Acti on a‘Pf&ﬁ"ﬁ@@f'%tiC&n%‘@h andtheficbipryatiabll ‘?‘9 'ISH"CW'PF‘O caprdingMer ob. Agent s

and Chegé@@(fcm’ oygwgﬁéroﬂaté%%aﬁﬁgﬁihi 2 nﬁlaw%weﬁt cmxealA@wa%ﬁr ob. Agents

25 and enot her Wentland et a)., Ann. Rep.
Med. 1€heraquire®kanalysis ¢f. maizt%fﬁ(ﬂ%ﬁ)ﬂcluﬁmggthed@paexftorganlalrn invelred, ep Med.

Vol 1 22, Sesirernefipgieh pdibiyah 1 oganbB &F R ploeBi e Mol vl At G i oo of
Ant i bact gthegbosideratitkés. 7, 8- Di substit ut ed

!
|
1-al kyl -1, 4-dj hydr o- 4- oxqu| nol ine-3 30 car box%/I bc Acjds” Med. Chem Vol . |
23, pp. 1358-Hawever; owey-sugh allempts iprodiceimy OVEdﬁ"t%amb@Aéﬁﬁﬂ%l 31, p. |

991 ( 198?%:& chl%? &Sﬁﬁtg?:]_ﬁldeeﬁ, foW B timidIS 5l é{%ﬂtﬁ é%e RPodJc'éaethé 5es); B.

Ledoussa al ., 7l uoro Substituted e Antibacterials: %
St r us ur bulgndinieatly \dcegptable invilermsChe their 8p&ulrid0 0%/ Ao RITASRN06/ 003657 ;
Vol 35, afl)did%ngcfse_zo 0 QC]'rcg) 21 re'lsJistaSncePate phg?’r%gg%ogyp‘ Mulén'%errgog g al.. "The
continuing need for broad-spectrum antimicrobial agents, which are effective
against resistant microbes.
Some 1,4-dihydroguinolone, naphthyridine or related heterocyclic
20 ‘moieties are known in the art to have antimicrobial activity and are described in
the following references: R. Albrecht Prog. Drug Research, Vol. 21, p. 9
(1977); J. Wolfson et al., “The Fluoroquinolones: Structures, Mechanisms of
Action and Resistance, and Spectra of Activity In Vitro”, Antimicrob. Agents
and Chemother., Vol. 28, p. 581 (1985); G. Klopman et al. Antimicrob. Agents
25 and Chemother., Vol. 31, p. 1831 (1987); M. P. Wentland et al., Ann. Rep.
Med. Chem., Vol. 20, p. 145 (1986); J. B. Comett et al., Ann. Rep. Med.
Chem., Vol. 21, p. 139 (1986); P. B. Fernandes et al. Ann. Rep. Med. Chem.,
Vol. 22, p. 117 (1987); A. Koga, et al. “Structure-Activity Relationships of
Antibacterial 6,7- and 7,8-Disubstituted 1-alkyl-1,4-dihydro-4-oxoquinoline-3-
30 carboxylic Acids” J. Med. Chem. Vol 23, pp. 1358-1363 (1980); J. M.
' Domagala et al., J. Med. Chem. Vol. 31, p. 991 (1988); T. Rosen et al., J.
Med. Chem. Vol. 31, p. 1598 (1988); B. Ledoussal et al, “Non 6-Fluoro
Substituted Quinolone Antibacterials: Structure and Activity”, J. Med. Chem.
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gui nol ones: Decades of devel opnent and use", J. Antimcrob. Chenother., Vol
51, pp 13-20 (2003); J. Ruiz, "Mechanisns of resistance to quinol ones:
target alterations, decreased accunul.ati on and DNA gyrase protection" J.
Antim crob. 5 Chenother. Vol. 51, pp 1109-1117 (2003); Y. Kuranoto et at.,
"A Novel AMOQMA#{UA3a 8- Chl or oqui nol one with a Di stort E&TEARWIBFon of
the N1-(5- Am no-2, 4-difluorophenyl) G oup" J. Med. Chem Vol. 46, pp

0 WA BN BB,

| nt er nat i onalquitellends: BbdadBh iof abi@BpMBRPAAR Lde”, Y. Antimidreb! CRabireat ven
2002/ 0049192; International Patent Publication W02085886; European Patent

Publ i cati on 57R22H913-2Dn28PANt V. ondiE, Mechenismpri Esistanceipordedoses: target pat ent

5677456; E : ' ' ; P . 5688797 -, S.

ot et asoaasieronRaletieartP skt Blior B6d Thia Hysss WbfedlioR P MeithjgHhs

U S. Paterift Bh@ﬁ@ﬁﬁﬁﬁ;vu. $1t,@gppg5?ﬁ%m0%gzomml ; extt al_Ru‘tA i[\tra/tep :ont
304087; | nt t n 2ubl | cat | .on | .. Internatipona en
Publ i cat i 02 e‘%&%’fﬁl %g’é;&bg’@%%“)ﬁ‘ét With pUdisiqried %’%‘ﬁi%‘l@ ;t?'?nhéf( ati onal
Patent  Publ imirioo@,&mmaéﬂ&wg@swat Jonaéd.Pehem, 7ep! 4@,an OTgM4 85728,

European Patent Publication 343524; Japanese Patent Publication 10130241; 20
Eur opean Pat el@00Bliblapanese Patargsamlicaiore 0263 Ewapean Haienti Rablication

Publ i cat i on VB FHCeSRtaldi hagtt PEluh MBI BalBacPRens 7 20k
Pat ent Pull) i cRablization 00432421 nte.SnFatentePuiffiehtion 2002100481 O2nintaARkg1 08;
| nternational _Patent Publ.ication WO0071541; |Int e\rﬁt [ 08%| 25 Patent

Publ i cation VB@i§3106sblicgtian UVED0RRREHE; SBERPPEN \WSIStsIMPHoaL r P %
anti bact er 1 &l a8 b ounds
of the fornul Batept \itublioeden 03&YSOPCTHISISPaet 0B8R 1, Rd.D Bakent Y48¢BI58; N Q X
Re TR European Patent Publication 677522, U.S. Patent 4822801; U.S. Patent
15 5256662; U.S. Patent 5017581; European Patent Publication 304087;
International Patent Publication WO0136408; International Patent Publication
WO002085886; Japanese Patent Publication 01090184, International Patent
Publication WQ9209579; International Patent Publication WO0185728;
European Patent Publication 343524; Japanese Patent Publication 10130241;
20 European Patent Publication 413455; International Paient Publication
WO0209758; International Patent Publication WOQ0350107; International
Patent Publication W09415833; International Patent Publication W(009222550;
Japanese Patent Publication 07300472; International Patent Publication
WO00314108; internationa!l Patent Publication WO0071541; International
25  Patent Publication WO0031062; and U.S. Patent 5869670.
WO03050107 describes a series of dihydroguinolone, naphthyridine and
related heterocyclic antibacterial agents. Of particular interest is the disclosure
of compounds of the formula,



wherein Re and Re, are hydrogen, alkyl, substituted al kyl, al kylam no, or
arylal kyl, R9 is hydrogen, alkyl, alkylam no, dialkylam no, aryl, arylalkyl,
or trihaloalkyl, and X is hydroxy, al koxy, acyloxy, am no or substituted

am no. 5 European Patent Publication 362759 discloses 1, 4-di hydroqui nol one
and naph%ﬂié %g)aﬁantlbacterlal agents of the formula, R3 O0 R4 OR1 VIN X
NR R6 H¥¥erein Wis Cl-3 alkylidene and R5 aﬁGTﬁ§ﬂ@@@mﬁ§Hrogen or

al kyl . 10 International Patent Publication WD 99/14214 and US Patent 6329391
di scl ose qui nol one anti bacterial agents with C7-piperdinyl, C7-azetidinyl,

or C7- pyrrolidinyl substituents of the formula, RS OO0 F OR3 X N R8 Rl X
R RT (\N R N RO NN RRO O partlc bar? i nQerest are those conmpounds
wherein R7 is anino, aninoalkyl, oF tuted am noal kyl and RO is

sel ected from hydrogen, Cl-C4 dskyl, ICgIé%ﬁsgiﬁenyl C2-C6 al kynyl, or a
C3-CB fused or spirocyclic ¢4 Nn o Fod conpounds with a substituted

pi peridine at the 7- p05|t|on % 4Q% ,2006/ 101603 PCT/ US2006/ 003657

gui nol onecar boxylic acid, a gRghe prfe erred substituents are 3-am no-4-

net hyl, 3-am no-4, 4- dinethyl 3- am no- 4- splrocyclopropyl 3- am no- 6-

cyci opropyl 3amnorreth| 4- ami nonet h and 3 no. For
yetop pyhereln Rg and ng are hydrogen, a!k% substitute al%yl Iky?amijlflo, or

arylalkyl, Rg is hydrogen, alky!, alkylamino, dialkylamino, aryl, arylalkyl, or
trihaloalkyl, and X is hydroxy, afkoxy, acyloxy, amino or substituted amino.

5
European Pafent Publication 362759 discloses 1,4-dihydroquinolone
and naphthyridine antibacterial agents of the formula,
Rs O o
R4
I j ' OR,
W NT X7 N :
. Re
Rg—N- “Rq
wherein W is C1-3 alkylidene and Rs and Rg are hydrogen or alkyl.
10 International Patent Publication WO 99/14214 and US Patent 6329391

disclose quinolone aniibacterial agents with Cr-piperdinyl, Cr-azetidinyl, or G-
pyrrolidinyl substituents of the formula,

B O o
F
| CRjy
XY
Ra R1
X= Rz R R
CON O PTSeN ™

Of particular interest are those compounds wherein Ry is amino, aminoalkyl, ot
15  substituted aminoalkyl and Ry is selected from hydrogen, C4-C4 alkyl, C»-Cs
alkenyl, Cs-C¢ alkynyl, or a Csz-Cs fused or spirocyclic alkyl ring. For
compounds with a substituted piperidine at the 7-position of the

4




conpounds with a substituted pyrrolidine at the 7-position of the 5

qui nol onecar boxylic acid nucl eus, preferred substituents include 3-(1-

am noet hyl ), 3-am nonethyl, 4-(1-am noethyl)-2,2-dinmethyl, and 2-

am nonet hyl . For conmpounds with an azetidi ne substituent - ition
of the quiﬁg?gwggﬂ? oxylic acid, the conpounds having tﬁgkgﬁgﬁ?ﬁ%ﬁgﬁts,
3-am no, 3-am nonethyl and 3-(1l-am no-Il-nethyl)ethyl, are included anong
the 10 pref ejuifloaibb8hc &0 O0BAMAGPHME RIofBHEY | SHstfbnid k0 Ehanticig! oses
conmpounds on{he fornuﬁ??co X oH g ~ Nﬂﬁi R (CH2fn1 N Y W/~ Ra wherein
Bis -CHz2-, -nelAr)2- 3-aming-ddpgigeihyra i g-amyidedgspirocgtioppm,ky| 3-amjiréxy, 15

or Cl1-C3 al ko .s hydr .1 C3 r f or

R5R6N- ( CH2) 8%105)\18\/&}1? ,Chg%nﬁéé{@e ]’1 %ﬁh‘l'{*%x%‘i'%ﬁf R%ngr ceglﬁ?g];yéé\@g‘%r d {g?erent
and each dr epreesEoureisa Wiyr @ﬁemﬁm{mdap@mﬁﬁ?al @al tgéohmpmiti@mf of ylited kylf
group, and mis 1 or 2. each s ol is as definped in. the specification o
the above drerffyipion g‘?’éyif’i c?r?.‘gFBPCI?H% pPistaTes neuigiituents y dpplude gﬁé‘
7-position of qui Xyl | i . hay{4g o.
substituents %@?ﬁﬁ?a J)’no- %oéﬁet hy%tﬁﬁh- nlgf(ﬁiafqglghoﬁw %{Hﬁ@?ﬁﬂg h)a/éé‘ird(;xy?Brret hyl
are included aminpimethylr dfosicoayposrdspith an arzatidine. substivysenat thet 2posithembf cat i on

gggg?ig?éogl %ﬁ%ﬁ%@%@%@%@é@é a%%o 0uc?cgrﬁpQy%r'\%sqr];av%nhgetﬁeoefurgékiﬁlen?s,\égamino,
3-aminomethyl and 3-(1-amino-1-methyl)ethy!, are included among the
10 preferred examples.
European Patent Publication 241206A2 discloses compounds of the
formula,

QO o
X
T~ OH
Y N
R, R
(CHQJE‘N/
Y= W/
Ry B

wherein B is —CHa-, -(CHz)e-, or —(CHa)s-, R4 is hydrogen, C4-Cs alkyl, hydroxy,

15 or C4-Cq alkoxy, W is hydroxy, C1-Cs alkoxy, or a group of the formula RsRgN-
(CHg)p- in which n is 0 or 1 and Rs and Rg are the same o different and each
represents a hydrogen atom, a C4-Cs alkyl group or an aryialkyl group, and m is
1 or 2. each symbol is as defined in the specification of the above mention
publication. For the piperidine substituent at the 7-position of the

20 quinolonecarboxylic acid, the compounds having substituents of 4-amino-3-
methyl, 4-methylamino-3-methyl, 4-hydroxy-3methyl are included in the
preferred examples therein.

European Patent Publication 0394553B1 discloses anti-viral compounds
25 ofthe formula,



R7 QN hi R21 (CH2)n R7 = N- R22 R23 wherein R21, R22 and R23 are each

i ndependently is a hydrogen atom a hal ogen atom am no, Cl-C6 alkyl, G -C8
al koxy, or amno Cl-C8 alkyl and two of them may be conbined with each
other to forma Spiro ring, and nis 1 or 2. 5 European Patent Publication
0572259A1 discl oses anti-viral conpounds of the for X1 1 OH
R6 ~()n VYRR (1 1v)'. M R7 mRe wherein R6 m&?f‘g&ygsg the same
or different and each represents a hydrogen atomor a |ower al kyl group, m
isOor 1, n islor 2, n"is 1l 2, 3or 4, 10 and R8 is a hydrogen atom a
| ower al kyl group, a hydroxy group ar a |lower al koxy group. International
Pat ent Publication W9324479 di scl o§es ¢onpounds of the fornula, 15 6 WO
2006/ 101603 PCT/ US2006/ 003657 dgyZ- CH2 RR3 Rl (R2)n

wherein Ry, Raz and Rog are each independently is a hydrogen atom, a
halogen atom, amino, C1-Cs alkyl, C1-Cs alkoxy, or amiho C1-C8 alkyl and two
of them may be combined with each other to form a spiro ring, and nis 1 or 2.

5 European Patent Publication 0572259A1 discloses anti-viral compounds
of the formula,

Y O 0
X
-
H: 6 nNT TQ I?J
R,N__“( /"_( nu H-;
7 HB

wherein R and R; may be the same or different and each represents a
hydrogen atom or a lower alkyl group, misQor 1, n'is 1 or2,n"is 1, 2, 3 or 4,
10 and R8 is a hydrogen atom, a lower alkyl group, a hydroxy group or a lower
alkoxy group. '
International Patent Publication W(09324479 discloses compounds of
the formula,

15




wherein Z is an amno radical, Rl is hydrogen, an (optionally hydroxyl ated
| ower al kyl) radical, .an acyl radical derived froma carboxylic acid, an
al kyl carbonic acid or an arylsulfonic acid or an arylam no carbonyl
radical, R2 is an 5 oxygen atom and nis O or 1. Exarrplmtg i al
i nfecti ons MEQRWPANGYY 0" anti biotic therapy have been rep 0 ﬁ&{ﬁfe past ;
they are now a significant threat to public health in the devel oped world.
The devel opment of mcrobial resistance (perhaps as a result of the intense
use of antibacterial agents over extended periaods of tine) 10 is of

i ncreasing concern in nmedical science. "Resi stapce® can be defined as

exi stence of organisns, wthin a popul at Fepaf~a~gis m cr obi al speci es,
that are |ess susceptible to the actign of gi yilen anti m crobial agent.
This resistance is of particular conceri i er¥ironments such as hospitals

and nursing hones, where rel ativel y ki rat esepf infection and intense use
of 15 anti bacterial agents ar% cofffon. See) 8. J., W Sanders, Jr. et al.,

"I nduci bl e Beta-I|actanases: i ni cal and é?)zl Hem ol ogic Inplications for the
Use of Newer Cephal osporins”, Review of Infectious D seases, p. 830 (1988).
Pat hogeni ¢ bagherdin 21 aknamind adiell i, st BEIrE§ET Can (bptiGregT ) drekyidted Ct
mechani sns i ncluding jnactivation of the antibiotic by bacterial enzynes
(e.g., 20 5-{oMer a’a"r%@)eéaqiﬁr gnyasyhgagiepl privad frany acepkarxyigpasidnan: alkdnoval
of the antibi ghhenliSidig o?%hﬁglsﬂl‘r'é% acliPs ré)r‘.l %?!ér%ooéarwﬁylttﬁ&&ﬁf, r2fis Ghe
antibiotic via nutation an enetic reconbination (e.g.,

peni ci |l insresxgemdom, antli@iisérorita gonorrhoeae); and acquisition of a

dily t ferab f ternal . to. t i st ant
Larget) (e o metnERTBE drbaferah Bl ARG roudtanl et BictloSRaGr ey b3k ¢ o e
certain Gram pasirdvin Pt fagemsy SECRoRS: sYAMEANY Girdat! ©SpSiRedRRt MrgOCCUS

faecium which are resistant_to virtually all, commercially available
anti bi otics. %#eviopederatheotherderelepmes! obIpirobiplerrestansspergaps as a

ant i bact e i al GRS RMENSd UL 8F aRARAILAN aldlnf SV AR Koorlds & ind

resi stance. was it woul e advantageous tO provide new antlibacteri al
agent s t ha0 cénobmcrsmsingagancesn in esédica racianicer otResistn@nraar be aefihed @st i on
Applicants hayg [ U0 PoaigeS St a Fopltindh! 3" SndNmicioia Soecies, that
are less susceptible to the action of a given antimicrobial agent.  This -
resistance is of patticular concern in environments such as hospitals and
nursing homes, where relatively high rates of infection and intense use of
15 antibacterial agents are common. Ses, e.g., W. Sanders, Jr. et al., “Inducible
Beta-lactamases: Clinical and Epidemiologic Implications for the Use of Newer

Cephalosporins”, Review of Infectious Diseases, p. 830 (1988).

Pathogenic bacteria are known to acquire resistance via several distinct

mechanisms including inactivation of the antibiotic by bacterial enzymes (e.g.,

20 B-lactamases hydrolyzing penicillin and cephalosporins); removal of the

antibiotic using efflux pumps; modification of the target of the antibiolic via

mutation and genetic recombination (e.g., penicillin-resistance in Neiserria

gonorrhoeae); and acquisition of a readily iransferable gene from an external

source to create a resistant target (e.g., methicillin-resistance in

25  Staphylococcus aureus). There are certain Gram-positive pathogens, such as

vancomycin-resistant Enferococcus faecium, which are resistant to virtually all
commercially available antibiotics.



conpounds that are effective against resistant m crobes, and provide
significant activity advantages over the art. In particular, the invention
relates 10 to compounds having a structure according to Formula (1) R4 O~
~0 B\ X "R ENAby R -/P)n RS (R6)z 15 Fornmula | wherein: n is an
integer from1l to 3; 20 mis an integer from1l to 3; z is an integer fromO

to 3; RYVOUWIRG from hydrogen, hydroxy, and al kox§CTVRIWWIRT4r ogen; 25
R3 and R4 are independently sel ected from hydrogen, hal ogen, am no,

hydr oxy, al koxyienab el Bl ATy Sl iy olsoagieeted from

|
hydr ogen, hal ogen, , al koxy, and al ky ; I's independently
sel ect ed ftherthiak\df, rdsifavmey, Tdlusoitywodtkhe tatventageoerylo, pravidg mew  ar yl |

al koxyi m no... and _.hal ogen; or i Ql - to 7- 8 WO
2006/ 1016@@1?@&@%&%@%@%&%%gfﬂ%k&@k@%ﬁl@@e ¢ wherein each carbon
atomof the ring can be optionally substituted with RL2, wherein R12 is
sel ected fromthe group consisting of halogen, am no, hydroxy, alkoxy,
al kyl t Bi o, al kyl, al kenyl, a@&ﬂlﬂ&@ﬂﬂﬁ%@yi m no and hydroxyimno; 5 E
is selected fromthe group consisting of: 1) R7 wherein, RS R9 - NY q |
Rio
Applicants have found a novel series of quinolones and related
compounds that are effective against resistant microbes, and provide
significant activity advantages over the art. In pariicular, the invention relates

10  to compounds having a structure according fo Formula (i)

R4. O O
RQ /‘
X R
a b al |
EYX{N A bY Ra
= /r/)n
Rs
(Hs)z
15 Formula |

wherein:
n is an integer from 1 to 3;
20 mis an integer from 1 to 3;

Z is an integer from 0 to 3;

R is selected from hydrogen, hydroxy, and alkoxy;
R. is hydrogen;

25 R; and Ry are independently selected from hydrogen, halogen, amino,
hydroxy, alkoxy, alkyltthio, alkyi, alkenyl and alkynyl;
Rs is selected from hydrogen, halogen, alkyl, aryl, alkoxy, and alkylthio;
Rs is independenily selected from alkyl, hydroxy, alkoxy, alkylthio, alkenyl,
alkynyl, aryl, alkoxyimino, and halogen; or Rs and Rg join to form a 4- to 7-



10 g is an integer from1l to 3; R7 and R8 are each independently sel ected
from hydrogen and alkyl, or R7 and Ra join to forma 3- to 6-nenbered
carbocyclic ring, or either of R7 or R8 can be joined independently to
ei t her of forma heterocyclic ri ng cont ai ni gen
atomto V\/nRg‘H8I?@0%6§16 o are bonded, wherein 15 R9 and Ri o&gl;ﬂgéL Oghﬁgﬁrss)
i ndependent|y selected from hydrogen al kyl, acyl, al koxycarbonyl, or
sul fonyl, or al tmembr#bam%%@m&@ WhiRiR etaehfdyrﬂb@at&ﬂtcﬁrtﬂ@yrﬁw ari bag
contai ning the nitrogen atom which they are bonded; 2) R wherein, R e
20 Ry,o0 q q is eiogally ﬁélﬁs%tﬂtﬁﬂew'tmnmdﬂ'h@’em Biede rrelemap draaihpyd@epect ed
from hydrogen a . R7 a
carbocyclic ri ngfqmgl ﬁx%ofsha@ egbt ed 8’ drg(y%e){n aalﬁ\kth}i& ngerm%m
al koxycar bonyl , aikyrwuIoﬁmnalkpxsaﬁumchD\ytﬂbk)ﬂﬂmq A is selected fromN and
CRi), V\:h rein 1 is select dfromh e al kyl, hal ogen, hydroxy,
al koxy, yIthllfl§;L f@@ Q@UB@Pé @%‘Pﬁ'om Cand N, where if Xis C a
isadoublebondaﬁlgbls 3OSW f bond, and if Xis N, ais a single
bond and b is a doubl FQ} nd |s selectedfromN(Rl) and C(R1), with
t he proviso that when X i1s Cand when Y is C(R), Xis N,
wherein R is selected r?:Nq 3 to C6 9 WD 2006/101603 PCT1U82006/ 003657
cycloalkyl, C4 to C6 heter {%Cl oal kyl, al kyl, al kene, a 6-nenbered aryl and
a 6-nenbered heteroaryl; ided that if Ais C(Rl1), Xis Cand Y is
N(R1), then R11 and Rl can join to forma 6- nmenbered heterocyclic ring, or
5if A |51@(R11)ql5)@"§1t@%fﬁﬂ)“?”§3N(Rl) then R2 and Rl can join to forma
nonocyclic or bi i i i dYis
NCRD) . then R2 aﬁ%%hﬂcﬂggﬁﬁgémn tlﬁh?ﬁ&;ﬂrgegﬂ%_sgfec{efd fromShydr&jen andali§, Gr HY

and Rj join to form a 3- {o 6-membered carbocyclic ring, or either of Ry or

R; can be joined independently to either of Rg or R1q to form a heterocyclic
fing containing the nitrogen atom to which Rg or Ry are bonded, wherein

15 Ry and R4 are each independently selected from hydrogen, alkyl, acyl,
alkoxycarbonyl, or sulfonyl, or alternatively Ry and Riy join to form a
heterocyclic ring containing the nitrogen atom to which they are bonded,;

2) R wherein,
Hs\é;_%_
20 Ro~y" @
q is as defined above;
R, and R; are each independently selected from hydrogen and alkyl, or Ry
and Rg join to form a 3- to 6-membered carbocyclic ring, and Ry is selected
from hydrogen, alkyl, acyl, alkoxycarbonyl, or sulfonyl;
25 and
3) alkenyi;
A is selected from N and C(R11), wherein Ry is selected from hydrogen,
alkyl, halogen, hydroxy, alkoxy, alkylthio, and cyano;
X is selected from C and N, where if X is C, a is a double bond and b is a
30 single bond, and if X is N, ais a single bond and b is a double bond; and

Y is selected from N{(R+) and C(R1), with the proviso that when Y is N(Ry), X
is C and when Y is C(R4), X is N, wherein R; is selected from C3 to C6



menbered heterocyclic ring; or an optical isoner, diastereonmer or enantioner
thereof; a pharmaceutically 10 acceptable salt, hydrate, or prodrug
thereof. In addition, methods of using conpounds of the invention as
starting materials are also contenplated in this invention. It has been
found that the conpounds of this invention, and co g0 5%RRt ai ni ng

t hese coMPBWAALIS0re effective antim crobial agents agal nst a broad
range of pathogenic mcroorgani sms with advantages of activity agai nst

resi stant m . OACROtEl rasentn AN entsl ' hfected to a
met hod of mtc?@gfglﬁig a sa%jég%? rﬁgg\r/citlér}gk a %gﬁaihltkibg%’ %rgu@ggb%{/@dofa%gn?ri buted to
by bact eri ala 6-meheloared higtarhaoh toviged 4 administering to said manmal a

t her apeuti cal f{ectd Nt Of, L he, C n : _ The

present i nvafrlé‘i){%g%ak‘?’f%(j? ?ﬁﬁ%%ﬁ@dﬁt%e%%t%ﬂnggﬁbgaﬁ%@%ﬁ* hga;S subj ect

from suf f er infismpé e tetg@Bblic Ny, caused by or contributed to by bacteri al

i nfection, which conprises admnistering to the suﬁj ect a, prophylactically
i

ef fectfve ddisA isfChe, ghifr fraerditY SaNRonfes ReandoRt £a8dRILIMEPTBY aFor nul a” 1.
25 Detail ed Lt | lavention provides conpounds of Formul a
(1) 10 WO 5@@@%&6@%@5@?@%@%&‘%7%% 0 0 ANWR2 (R6)z Formula | 5
wherein: a, ifoA i8,C(Ry:)ZX B ClRAd R3s N@Ry), Ren Re,amd, REGanXjoamtb torar a s defi ned

in the Sum’raéé of the Invention section above. Relative to the above
descri pti on,MYBPLIEANEIBIOCHFHG HKE apply as fol lows. Unl ess ot herwi se not ed,

under StaBP'?h%ﬁi‘&&P&%h@rPH&sté?@&anbpﬁﬁﬂﬁﬁﬁmeﬁﬂwér&@ adbghagielacdllie term nal

portion of e designated side chain is described first, followed by the
adj acédt hosapialde shltt jydraigaptpdseugtiongofof attachnent.

In addition, methods of using compounds of the invention as stariing

materials are also contemplated in this invention.

It has been found that the compounds of this invention, and

compositions containing these compounds, are effective antimicrobial agents
15 against a broad range of pathogenic microorganisms with advantages of
activity against resistant microbes.

Accordingly, the present invention is also directed to a method of
treating a subject having a condition caused by or coniributed to by bacterial
infection, which comprises administering to said mammal a therapeutically

20 effective amount of the compound of Formula 1.

The present invention is further directed to a method of preventing a
subject from suffering from a condition caused by or contributed to by bacterial
infection, which comprises administering to the subject a prophylactically
effective dose of the pharmaceutical composition of a compound of Formula 1,

25

Detaited Description

The subject invention provides compounds of Formula (1)

10



S s G R A g g rd® AR e e -

Unl ess specified otherw se, the terns "al kyl", "alkenyl", and "al kynyl ,"

whet her used al one or as part of a substituent group, include straight and
branched chains having 1 to 8 carbon atons, or any nunber within this range.
15 The term" 5%5' %efers to strai ght'“or branched chai n hydrocarbons.

"Al kenyl" reters LYY st rai ght or branched chai n hydr ocarl$drUSaPU603457 | east
one carbon- carbon double bond. "Al kynyl" refers to a straight or branched
chain hydrocarbon with at |east one carbep-cearbon triple bound. For
exanpl e, al kyl radicals include ﬁEthﬁ%, thyl, h-propyl, isopropyl,
n-butyl, isobutyl, sec-butyl, t 20 butyNZ nXpeyfylB 3-(2-nethyl)butyl,
2-pentyl, 2-methyl butyl, neopentél, : exyl and 2-net hyl pentyl.
"Al koxy" radicals are oxygen eth nmed ft'om the previously descri-bed
straight or branched chain al kyl . "Cycloal kyl"™ groups contain 3 to 8
ring carbons and preferably 5 to ﬁ;zng carbons. The al kyl, al kenyl,

al kynyl , cycl oal kyl group and al koxy groups may be 25 independently
substituted with one or nore nenbers of the group including, but not
limted to, hydroxyimno, hal ogen, al kgbymahkkenyl, al kynyl, cycl oal kyl,

al koxy, oxo, al koxyimno aryl, heteroaryl, heterocyclo, CN, nitro, -0OCOR13,
- OR13, -SR13, -SOR13, -S02R13, -000813, -NR13R14, -CONR13R14, - OCONR13R14,
- NHCOR13, NHg@gE%ﬁq and - NHCONR13R14, wherein R13 and 11 WO 2006/ 101603
PCT/ US2006/ 00 'R14 are independently selected from hydrogen, alkyl,

al kenyl , al kynyl, a¥inoahka IR, Ry, Wi, RicRerRa B, XahdOagcho defined ml thgl ,

het eroaryl al ky] , and et erocycl oal kyl, or alternatively Rl4 and R15 may
jointo form §UHEF%W&§3@ r}yenfl(q)m@egi ah9¥eng the nitrogen atomto which they

are attached. 5 Theelfgto ﬂf@yéﬂo@déé%ﬂﬁtié}ﬁrc%}tﬁin ShTRhtRNs Wa@fdﬂ@ﬁspr as
part of a substituent group, neans an organic radical having 2 to 6 carbon

atoms (branched okbniassanthemwise aoked, didey stantiashnemenelgiie disaditarasghednoval

of the hygdro " A L [ . ne or

of Lhe, A9 284k 0B (LS G x4 B 0RESR fe WIS et P

"hal ogen" neafslloiheddyahe ebijacedt fubciivmaligtowaddhe poMdabattastimentt ri -, and

per-)hal o-al kyl is al kyl radical substituted, . lndependent, repl agenent

of the hydrogen at Uaﬁfgsﬁh%tggﬁ%ﬁ?nﬂ'éﬁoa&&emﬁr yzlﬁ'\{ylor @ ,yp’ #Rd ﬁgﬁg’n sed

al one or as paHetifr st BRIt H€RE PR, a isBb&ituent group, include straight and
branched chains having 1 io 8 carbon atoms, or any number within this range.

15  The term "alky!" refers to straight or branched chain hydrocarbons. "Alkenyl"
refers to a straight or branched chain hydrocarbon with at least one carbon-
carbon double bond. "Alkynyl" refers to a straight or branched chain
hydrocarbon with at least one carbon-carbon triple bound. For example, alkyl
radicals include methyl, sthyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, i-

20  butyl, n-pentyl, 3-(2-methyl)buty!, 2-pentyl, 2-methylbutyl, neopentyl, n-hexyl, 2-
hexyl and 2-methylpentyl. “Alkoxy” radicals are oxygen ethers formed from the
previously described straight or branched chain alkyl groups. “Cycloalkyl”
groups contain 3 to 8 ring carbons and preferably 5 to 7 ting catbons. The
alkyl, alkenyl, alkynyl, cycloalkyl group and alkoxy groups may be

25 independently substituted with one or more members of the group including,
but not limited to, hydroxyimino, halogen, alkyl, alkenyl, alkynyl, cycloalkyl,
alkoxy, exo, alkoxyimino aryl, heteroaryl, heterocyclo, CN, nitro, —OCORs3, —
ORy3, -SRy3, —SORj3, —-S0:Ri5 -~-COORys ~NRizRys, —~CONRRys, —
OCONR;aR14, -NHCOR3, -NHCOOR3, and ~NHCONR;3R44, wherein Riz and

11



carbocyclic aromatic radical including, but not limted to, phenyl, 1- or 2-
15 naphthyl and the |like. The carbocyclic aronmatic radical may be
substituted by independent replacenent of 1 to 3 of the hydrogen atons

thereon with aryl, heteroaryl, hal ogen, OH ON, ner capto nitro, am no,
Cl-C8-al k - al kenyl, Ci1-Cs-al koxyl, C,-C8-alk
Cl- C8- al YYW“%&ZH‘ di (Cl-CS-al kyl)amino, (mono-, ¥CT’P§%"°6/°0§??&

per -) hal o- al kyl , forrryl car boxy, aI koxycar bonyl , Cl C8 20 al kyl -CO O,

Cl- C8- al ky - I u Lye I | cal .pcl ude, for
exanpl e, g{%‘é%% Fﬁ%%’???ﬂ%f‘r’ﬁﬁ‘? %‘ ke, Wuﬁ&@%ﬁ%ﬁw@% f%ﬁ%‘b@ph@ﬁ%‘m benzyl .
benzoyl oxxcpd:ieaik ly @wlpoaetl@marﬂhemteroa,m ylmmlwyﬂ lestb roayrphkiply | and
phenoxyphﬁ ?/ dr oxy xyphe trifl uo onet hen

met hoxyet A§ eﬁ%l@lqa yéc @rﬂﬁﬂ‘féﬁ%m ang 15 mﬁyuw tod CHrEY ﬁweég phenyl
and 25 thg cbh&1nin§’ﬂwe Hifro gﬁatﬂﬁ'i@%%hﬁﬁg)(])ﬂe a‘%et &hegdenot es benzoyl . Wet her

used alone r as part a~substituent gr eroaryl" refers to a
cyclicy fully theademmataed” rasdussd hlssam,nglhtet’r@muaedeaboet@hasmﬁgt at &ms of

s i ona balfeR e MRy alatP vt BR%nbu, o oot Al AR, 1

remai ni ng (iaRehéd ortshiaighirchafd dedived Frem rmbﬁﬁnndramdbsyjr@mmd! potiehe rest of
the nmolecule via any of the ring atons. Exenp heteroary!rlagrou ps

i ncl ude, mﬁdroe&xlawﬁue Theytarei M aspiges argin, Wﬂw %L{fﬁﬁﬂlonw Ayl |
pyrrolyl, ’ I azol yl, oxazolyl, isoxazolyl,

t hi adi azoloﬁ4 Sﬁ?gﬁtnbn %&B?@%gﬁ% ﬁf/?ﬂ’hoxadi az-ol y), thi enyI , 12 WD 2006/ 101603
PCTI U$2006/ 003863 fefrumr &maid’, oqu‘ihamgenylmea'um)cﬁhmrml Chd;zfq, brodud \dr, iodo.

i sot hi azolyl . N-oxo-pyridyl, 1,1- d t hi enyl th
benzoxazolYPMoe o e B, RERAPTHISH s il dion” RfSemsaBSttine oy
benzopyr amdepeheaai .@ptdaemlt i theuﬁwm @tbﬁisytheréwfww hawigan!

benzof urazanyl , |n azql yl, indoliziny i benzof ur C|nnoI|nyI

qui noxal i nyl , SARraof%, W’;eg?q\\'wse fﬂl?"(‘ﬁ)?F ARIPHA ofy%gghstggent group, is a
furo[ 2, 3-¢l EBHSI id“é'm big %léméazo cfugéjb?w not %‘E‘ni{édr 0, 2pHafiPHL igh Byl ) .

i mi dazopyr| suc as rm
i m dazé[ 4 rﬁpb]l'wyandltmllb:e ﬁ'hpmanlwaydhmyrqmepm rwl!casi inmpt be ;subsmtytad by

e het or diipengdi B¥iske i QDT BE P byerprBe plsas il WERRER “of 1 To
3 of the htsroasn h@lo@bﬁ”&)!ﬁlh@‘ﬁomnwchbtoarmim hmﬁnﬁboawd:a-alk?l Og?m oH ON,
mer capt o, nltro al kyl , C1-C8 al koxyl , Cl-C8- al k hi o,
Gi - C8- al kyAlkesl, - C@al((gﬁylcgrog-alkylt 10, C1-Cg-alkyl-amino, di (01-Cg—aikyl)am|no
(mono-, di-, tri-, and per-)halo-alkyl, formyl, carboxy, alkoxycarbonyl, Ci-Cs-
20 alkyl-CO-O-, Cy-Ce-alkyl-CO-NH-, or carboxamide. llustrative aryl radicals
include, for example, phenyl, naphthyl, biphenyl, fluorophenyl, difluorophenyi,
benzyl, benzoyloxyphenyl, carboethoxyphenyl, acetylphenyl, ethoxyphenyi,
phenoxyphenyl,  hydroxyphenyl, carboxyphenyl, trifluoromethylphenyl,
methoxyethylphenyl, acetamidophenyl, tolyl, xylyl, dimethylcarbamylpheny! and
25 the like. “Ph" or “PH” denotes phenyl. "Bz’ denotes benzoyl.
Whether used alone or as pait of a substituent group, “heteroaryl” refers
to a cyclic, fully unsaturated radical having from five to ten ring atoms of which
one ring atom is selected from S, O, and N; 0-2 ring atoms are additional
heteroatoms independently selected from S, O, and N; and the remaining ring
30 atoms are carbon. The radical may be joined to the rest of the molecule via
any of the ring atoms. Exemplary heteroaryl groups include, for example,
pyridinyl, pyrazinyl, pyrimidinyl, pyridazinyl, pyrrolyl, pyrazoiyl, imidazolyi,
thiazolyl, oxazolyl, isoxazolyl, thiadiazolyl, triazolyl, triazinyl, oxadiazolyl, thienyl,
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al kyl')am no, (nono-, di-, tri-, and per-)halo-al kyl, fornyl, carboxy,
al koxycar bonyl, Cl-C8-al kyl-CO- O, Cl1-C8-alkyl-CO NH, or carboxam de.
Het eroaryl nay be substituted with a nono-oxo to give for exanple a 4- 15

oxo-1 Hquinoline. The terns "heterocycle," "heterocyclic,”
"het er ocycl O¥OPWORPI%0YL an  optional Iy substituted, full ycgcgifﬁgr}g({ﬁéﬂg?ﬁﬂ
partially saturated, or non-aromatic cyclic group which is, for exanple, a

4- to 7- menbefi@ghyTONQANSIrYE. idoouisblibl, TRIVARS doipioR)li ON-oRb-piidylt 01 1-

e
15-nmenbered trjicyclic ring SK'StenL i ch has at 20 | edst one heteroatomin
at | east one @igkeibierat. ohesenthiazalyhgbenzayazelyls hbenzaghisnyl, t giineisyeNopgdd,i c

group contai nj A ; I I d from
nitrogen at on%&%(%@%%h%%éﬁggp gﬁ%ygﬁq\éﬁﬁ"#"’gﬁ%z° ,I’ gaﬂggée)%zﬁm%r%glé%ﬁq&ﬁd

sul fur Ihlet e[) Ob@iﬁﬂfﬂiumanﬂg smdﬁp@lypna{doyzib?, obédidfalcylz, cTﬂnﬁaliEyitrqgmoﬁalgqns may
optionally_be quaterniz The, heterocyclic grou 5. may be_attache t any
het er oat on? orp@é&%}’f'cﬁ‘f‘ nfur?ﬁﬂ'cﬂ@xte(%@//@ﬁfb"@? ] pyrﬂﬂg\%b@@[ﬁ@é‘wﬁy&@&ﬂﬁby

i ndependent rgpl : Oj i | aryl ,
het er oar yl , hgilagge fﬂ@g_]P W(l:ld{lﬁyq?elrr@gg%%sylﬂﬁ}n? ?’g?@gﬂk}]sof‘&ﬁ"cé‘%fa %@ngpmyi or

Cl1- C8- al koxyl jmidazas.SatlRytidinyly, r@ephtsidingy| phihalazingi (o1H4re8- yridopyridyt.no,

(nono-, di-, I-_ @an er-J)hal g-al kyl.,, f . F DOX Yy 3 | koxycar bonyl ,
C1- 8- a1 kyi - o Bzo Rt BRI Bidhghliioy, ShaMenGRiadr v BeBrraByY SBHBCY A | <
heterocyclic ersgups dubetivdisd Py’ ihakpshdunt rephaebmeyt of 1Ys 3z et ity hydrogen

i m dazolinyl; imdazolidinyl; oxazolinyl; oxazolidinyl; isoxazolinyl;

t hi azol i dilﬁw atqrag tharaor Wity &y, heterprah nalegan, {1, BNosreraapip) nitie, BEYAG ny! ;
2- 13 WO 2006/~1 3.6 P LIS2. 03657~ _ iner &zl AV.L i Ra [ b dhnyl ;
2-oxopyrrolidfﬁg%ﬁagwaggH? %%@?9‘ S%&?%ﬁ@@@@%yrE%JP¥E?¥f?@E§§rQ@ﬁ?€%%
ranyl ; tetrahyptkhybamirapyr@mydo-suldi-ondri-, namgphglardialp-alkyl o mbomphybl | ogrboxy,

t hi onor phol i n sul f pxi de; i r I ayl. sul cay 1, 3-dj oxol ane;

di oxanyl : thi élKQHW}VBPWﬂi %hj*;@?@@ﬁie 1'h91a,ﬂ‘yif§g%NW1 OF CHBOKHBIE] ke, 5
Exenpl ary bicycli cHaedrBaQ¢ Wiy e sGhRMRS WHE Al fheorHbHe) gids f éxample a 4-

t et rahydr oi_ soqui nol i nyl ; ‘di hydroi soi ndol yl ; di hydroqui nazolinyl (such as

3, 4- dihydﬁo-@*@ﬂ6¥ﬁWPﬁ@¥blinyI); di hydrobenzof uryl; di hydrobenzot hi enyl ;

benz oyt oyt by STENGHEE SRR Aol RCR LALLM A 10 e
optionally substituted, fully saturated, partially saturated, or non-aromatic cyclic
group which is, for examp!e, ‘a 4- to 7-membered monocyclic, 7- to 11-
membered bicyclic, or 10- to 15-membered tricyclic ring system, which has at

20 least one heteroatom in at least one carbon atom containing ring. Each ring of
the heterocyclic group containing a heterocatom may have 1, 2, or 3
heteroatoms selected from nitrogen atoms, oxygen atoms, and suifur atoms,
where the nitrogen and sulfur heteroatoms may also optionally be oxidized.
The nitrogen atoms may optionally be quatemized. The heterocyclic group

25 may be attached at any heteroatom or carbon atom. The heterocyclic group
may be substituted by independent replacement of 1 {o 3 of the hydrogen
atoms thereon with aryl, heteroaryl, halogen, OH, CN, mercapto, nitro, amino,
C1-Cg-alkyl, Ci-Cg-alkoxyl, C4-Cg-alkylthio, Cy-Cg-alkyl-amino, di(C-Ge-
alkylyamino, (mono-, di-, tri-, and per-}halo-alkyl, formyl, carboxy,

30  alkoxycarbonyl, Cy-Cg-alkyl-CO-0-, C-Cg-alkyi-CO-NH-, or carboxamide.

Exemplary monocyclic heterocyclic groups include pyrrolidinyl; oxetany;
pyrazolinyl; imidazolinyl; imidazolidinyl; oxazolinyl; oxazolidinyl; isoxazolinyl;
thiazolidinyl; isothiazolidinyl; tetrahydrofuryl; piperidinyl; piperazinyl; 2-
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10 i sochromanyl; isoindolinyl; piperonyl; tetrahydroquinolinyl; and the
like. The term "carbocyclic" refers to a saturated or unsaturated, non-
aromati c, nonocyclic, hydrocarbon ring of 3 to 7 carbon atons. Substituted
aryl, substituted heteroaryl, and substituted heterocycle nay also be
substituted - with a second substituted aryl, a second substit ut 15

het er oarWP 206610405 econd substituted heterocycle to gi]\)fgl:m#z&%ﬁ%&%gﬂpl e, a 4-
pyrazol - 1-yl - phenyl or 4-pyridin-2-yl-phenyl. Designated nunbers of carbon

atons (e. r C1 Jerefer of gﬁ]_;l.lyt Lihe er of
carbon at gXW%PI nragraygl kyle'?rxoé@%hglgﬁyl rr%logtg@ or t0 theqal?lggfl portion of a
| ar ger substtahiydepyranyl;whitetralydegthicoypeat;s  dstrabgdrptredpwanyl0 sobdone;Unl ess

specified otherwise,. it is integnded that the definition of. any. substituent
or vari abMo" ohayﬁg?m?mw'% ?rinBFPhoﬁmé{' Sﬁ'_ﬁ%@ﬁi "BBOFH#&LB@%EH?G'OT its
def i ni ti 0Rs3 GbGWAS! GiokdhyiRletaM)LaRiIHaPY!; DlodagepMYR el tahdtths Wiks! i t uent s
and substitution patterns on the conmpounds of this invention can be sel ected
25 by Bne Exempiady nar picyiid | iheterveydift t @"PiSvi ddneed® oungeintaliging e

chemi cal | t abl.e _and t hat ; i1 | iLres known
in the ar¥et@yga%§qq%§gollﬁwﬂgsgﬁgﬁoﬁs&q{sﬁg& %ﬂ ﬁﬁ\ﬂgéie(lﬁ‘ﬁg‘ %‘é&fgérgr]nﬁﬁydr oxy
prot ect i ngirytirtsp-oxoefudiszdinyllr oupdiytarenzofirye art dilydrotsercotiiemygpse.
Commonl y used hydroxy protecti ng g_rou ) E\r  di s Ioseg‘, for 30 exanple, in
T H G cORBZalgPIER;: Hhyd@beneioputany( ey diobenraniony I RNResi s, 2nd
edi tion, ) . & (1 sagiWhi | [-nc d herein
by refere\rifgggoaolyr%@s{’trati e’ %ﬁggﬁr{%ro?ﬁww’ (?E)}Sg?ny%’ncleg@gé%ﬁ “are not
limtd@ tdsachranadopdrispinpdaling;:piberonyil tetnabvulsﬂqul%ogﬁﬂt apd the lilke.WD 2006/ 101603

(i phonyl met hyl oy IS0 bt PoETa eferf 2 etz BRE Kt oo, non
tri et hyl sigrdthatid, mhéntcythd, lhytrocarbon gapoiodid ichydan atormzut yl di met hyl si |yl ,
tri-t-butylsilyl Freth | dj phenyl si |yl , ethyl di hesnt?{l si |yl ’rotc_-
but yl di phenyl sél“'y"ﬁt,'m ary, ﬁHbﬁeﬁHgﬂd @@Wa ’%'&%EW %t@ﬁ'ﬂvﬁ}‘?, BEle MY 1 benzoyl
4- 5 met hoxyP @Rz Qybstitdrel! WithP8NZ800nd2 BtbstitfledC ¥y, WIREBoAd SRR S
according to this 1nvention have at |east one sStereogenic center, they my
accor dsnglhetermagt, as aesectricsebsliividieheterdrycle to give, for example, a 4-
pyrazol-1-yl-phenyl or 4-pyridin-2-yl-phenyi.
Designated numbers of carbon atoms (e.g., G-Cs or C4.g) shall refer
independently to the number of carbon atoms in an alkyl or cycloalkyl moiety or
to the alkyl portion of a larger substituent in which alkyl appears as its prefix
20 root.
Unless specified otherwise, it is intended that the definition of any
substituent or variable at a particular location in a molecule be independent of
its definitions elsewhere in that molecule. It is understood that substituents
and substitution patterns on the compounds of this invention can be selected
25 by cone of ordinary skill in the arnt to provide compounds that are chemically
stable and that can be readily synthesized by techniques known in the art as
well as those methods set forth herein.
The term "hydroxy protecting group” refers to groups known in the art for
such purpose. Commonly used hydroxy protecting groups are disclosed, for
30 example, in T. H. Greene and P. G. M. Wuts, Protective Groups in Organic
Synthesis, 2nd edition, John Wiley & Sons, New York (1981), which is
incorporated herein by reference. lllustrative hydroxyl protecting groups

include but are not limited to tetrahydropyranyl; benzyl; methylthiomethy,
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conpounds possess two or nore stereogenic centers, they may additionally
exi st as- diastereoners:Furthernore, sone of the crystalline forns for the
10 conpounds may exist as pol ynorphs and as such are intended to be included

in the pres 2@@/@9&:@ In addition, sonme of the cpmog&&gﬁ?@x‘m&ﬁ%msum

solvates wt ., hydrates) or common organic s
sol vates are al so |ntended to be enconpassed within the scope of this

| nvent i on. Lokl phaye mEﬁén;ﬂ&ulHﬁ?l PERFERYInEIAN t8bdifitol Ry L T ans

and cis isoners fion. "wher e focesses for the prepara
the conpoundduchccdadi rigﬂIGﬂ'\Wﬂfib’l,l n\ir@ihY‘@WLgl vdbytylsityl: o Wirizepropylstyl,  t-

st er eoi soners nme Y ni,ques
such as prep%lftgktdr}&%tﬁxlﬁmm%@tgﬁ%#@ﬁ ﬁ&b@#@gﬁ’%gﬁﬁh %&y I&E@%Msgfgpast a
single 20 st es@gidibamyisidyl; awlrm:emcwl fsatimeasageipli enzeylobivavibepesy il e
stereoi soners. _The non-racem c for be obtained by either synthesis or
resol utior® TRethoxyheRzayhg- WH?be"f':’eﬂyl @&%ﬁéd@y l.be resolved into their

conponeht enant i ongfhg By'ﬂé{e %ﬁi&ﬁ‘:’hﬁs%‘&'&%%% th%uﬁ’\k}e i W\%véoét%%’sioﬂnéf

di astereoneric pairs sal formation e corrpoun may al so be resol ved
by coval ent | étekengenicocent2t bk rrahy aorotdirgly exisblaisoamhtlmynerar o’ﬂﬂtemgrtb@hu c
separation and/or cr

(i/?stal I o%raphi Sena ration g egga %ﬁﬁa Clﬂl r al
auxiliary. A FAPRIN epgssets (90%8’!%853 err?ﬁ?e@}‘é qeg BFv yugaﬁf

chr omat ogr aphyxisiThe diMtagRmers PhBGMRSRIGE CabhY GicErRPEFBlflinsafdrmsdRRahgs one
or nore salts of the free base or free acid which possess the desired

phar macol 83i c8PMPNdEIRY aXE! @6 RAWMPIPEE ApEsRe YOt piedniRnidgdds b&dﬁ@'@gﬁﬁj ate
and whi ch arejn é t%?ése%%\%ﬂtfbﬁ' | ¥n “Q&diﬁéd"eé%é eofuﬂfée%i:ﬁ@%hﬁdl hiii GRlts

may be derived I norgani ¢ or organi c acl anlc aci ds
are hydrochl osmluatasl with water i{ice.adiydratbs)dooicoomian mgwhlc sadhfamts, caraat istich or

h hori ' 2006/ 101603 P 006/ 003657 i
Derdb ar e acerfialR o Fspinafded dpabe PYiTRassad: WThadt Goaaraot BFuvi c
acid, mal oni Cingghibn,succinic acid, malic acid, malefic acid, fumarl c acid,

tartaric acid, citric acid, ben20| c acid, cinnamc acid, mandel ic acid,
net hanesulfonic aePe &t t}hgmnwlmﬂ&ofaweopresemtomu@mmadm@faatfar@ﬁ and

benzenesul fonhg R6htbrsS> R Hﬁh’lﬁh' GWHEFE dn8NGobB&sds' K& kbt &iiciRlok tha" ©

furthernore those of 1norgan
compounds accordlng to the invention give rise to mixiure of stereoisomers,

these isomers may be sepafated by conventional techniques such as
preparative chromatography. The compounds may be prepared as a single
20 stereoisomer or in racemic form as a mixture of some possible sterecisomers.
The non-racemic forms may be obfained by either synthesis or resolution. The
compounds may, for example, be resolved into their component enantiomers
by standard techniques, such as the formation of diastereometic pairs by sait
formation. The compounds may also be resolved by covalent linkage to a
25 chiral auxiliary, followed by chromatographic separation and/or crystallographic
separation, and removal of the chiral auxiliary. Aflternatively, the compounds

may be resolved using chiral chromatography.
The phrase "a pharmaceutically acceptable salt" denotes one or more
salts of the free base or free acid which possess the desired pharmacological
30 activity of the free base or free acid as approptiate and which are neither
biologically nor otherwise undesirable. These salts may be derived from
inorganic or organic acids. Examples of inorganic acids are hydrochloric acid,
nitric acid, hydrobromic acid, sulfuric acid, or phosphoric acid. Examples of
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organi ¢ bases, such as KOH, NaOH, Ca(OH) 2, Al (OH) 3, piperidine, norpholine,
ethylam ne, triethylam ne and the like. Included within the scope of the

i nvention are the hydrated fornms of the conpounds that contain various
amounts of water, for instance, the hydrate, 10 hem hydrate, and

sesqui hydrate forms, The present invention also inclu L thin i.ts scope
prodrugswﬁzﬂf’ﬂﬁn@ﬁrrpounds of this invention. In genergﬁ?‘"’@%@%&ﬁ%drugs w | |

be functional derivatives of the conmpounds that are readily convertible in

vivo into d@&mb%ﬂé ﬁ@ 5eTROMM. prEPlohic heid! BRcERS heids letic defeasmns of the
present invéntion, the term" adm ni St'erlo{réﬁ" Shal | enconpass 1 the treatnent
of the vardcidignalosioraid ssubsinig peiddmalie reidh enalgiepaithdugasis; agiddrarigric di scl osed

or with a co d [ Ot lf4 VAT Yo i ch
convert's. TRty Fe Ry a8 shRARRE bl TRdertl i B tharihiod] 2
pati ent. Guienrithamiulfpniec edid, e p-tbhrentbelfadt eatidpnbemebrzsalieriat iaoni, of
suitable prodrug derivatiyes are described or exanple, .in "Design of

B odr ude" SN R BRIl RIS SORLATS I ateaipss of FEuBIaE O

i ncl udes, AW Ed f-atd [ ‘ ik Sl b ani mal .
As a partic %@?%ﬁ%%&%dn@n%&@ﬁg%ﬁ 'e%t%‘?g’amgéu%éﬁﬂp?ﬁg}hteér m bhére,

"dr ug- r esigthgating tristylapinesndthmiie. refers to the characteristics of a

2gent 25 such adR? yiiL st RERgorbe TASHEpRaY o bRl BsRBhE: fon 16
WO 2006/ 10hRsolrdE HaR 0oRlai0D38kcus Arduatslot pate] e iastaate] the hydratd,i st of

preferred conpounds of Forrmula I. Table_ 1 Structure R5 Substjtuent Conpound
Nunberl0 F hemioydyatpy @b spsquippdraie feress  TAegprepent: invepiipreaiseHpiclygles

within its scope prodrugs of the compounds of this invention. In general, such
prodrugs will be functional derivatives of the compounds that are readily
convertible in vivo into the required compound. Thus, in the methods of
treatment of the present invention, the term “administering” shall encompass
15 the treatment of the various disorders described with the compound specifically
disclosed or with a compound which may not be specifically disclosed, but
which converis to the specified compound in vivo after administration o the
patient. Conventional pracedures for the selection and preparatibn of suitable
prodrug derivatives are described, for example, in “Design of Prodrugs”, ed. H.
20 Bundgaard, Elsevier, 1985.
The term “subject” includes, without limitation, any animal or artificially
modified animal. As a patticular embodiment, the subject is a human.
The term “drug-resistant” or “drug-resistance” refers to the characteristics of a
microbe to survive in the presence of a currently available -antimicrobial agent
25  such as an antibiotic at its routine, effective concentration.
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NCH3 9 RSOO / OHNH2 NF 10 Owl z~ RS OO F OH

WO 2006/101603 PCT/US2006/003637

Table 1 contains a non-limiting list of preferred compounds of Formula 1.

Table 1
Structure . |R5 Substituent| Compound Number
F 1
o O
F‘
7 OH CHs 2
o8
NH, N7 TNTN
= A Ci 3
Rs
CH4CH. 69
o 0

N, 7 F 4

N
oas gl IR I
F5

F 6
e o]
E o] 7
CH
l

N
= -0 A CHs 70

s
CHaCH, 71

17



NH2 NINF 11 OB RS L OO FOH'NHZINNF 12 OMAH. OO

Me HNA

d 13 H2ZNOWwW~- R OO0 FOHNINC 14 Ow /-~
PCTI US2006/003657 O O F/ OHNHZ IN \ | INI
ININI d 72 wOw/~R6 [~ 00 F
WO 2006/101603
Q@ 9 F 8
R yoH
NHs N N
& O CHs 9
Rg
NHE @w F 10
OMe
¢} 0
a ] OH
NH N N ¢ B
2
k}y@ OMQA
Rs
O 0
NH Y N N F 12
o OMeA
Bs.
0o 0O
F- ] OH
N N Cl 13
HEN\} OMEA
Rs
Qo 0O
a l OH
Cl 14

RS L1 NH2 18 WO
c 15 Ow Rs L O

PCT/US2006/003657

18




OHA 73 NHHN\ NRF s FOO FOHMHNNNC 74 RFs FOO :DccrOH

EtHN CI 75 Owez~ RS00 OH NNC 76 HZN~-ARs 19 ............. WO
2006/ 101603 PCT/ US2006/ 003657 O O F Nzz, NOHCO 77 H2ZNRS OO F I OHF
78 NN HZN-W%G;\IOIG(B PCT/US2006/003657
o 0O
NH, N N Cl 15
/VO Sue
Rs
O O
MekIN N N c 72
\(O OMGA
Rs

E
OH
| cl 73
NH, N N
F on
MeHN N N cl 74
-

Rs
0o 0
F | OH
EtHN N N Cl 75
/ OMe A
Rs
o ©

Cl 76

19



R ~1 O FOHNNNF79 MHNAR3OOFS80 FOAN HZNNI Al ~l/J) R5
Cl 81 F303 OONLR2 F/ I 1 GHNNOGCG 261 RA OWw~ CHs 302 OONH2 F / |

OH C 257 R6 N\ LN 20 WO 2006/ 101603 PCT/ U82006/ 003657 0 O F 269 F OH N
I NHNCN- F RS Cl 268 HZN F

WO 2006/101603
PCT/U82006/003657
ci "
0o 0O
F OH
l £ 78
I\ N
e P OMe A
Bs
0 0
F. o OH
” i ! F 79
N7 NN
MeHN’\fQ A
Bs
o o = 80
F 7 Y OH
NN
M A
{ ol .
E 303
e} O
NHs F. OH
] Ci 261
R e N N
OMe A
CHa ‘ 302
0O O
NH, F
MOH cl 257
Ry = N j\;

20




OOFI I HNHZ NNQ 277 O RS 5 General Reaction Scheme for Conpound
Preparation In nmaking the conpounds of the invention, the order of synthetic
steps may be varied to increase the yield of desired product. In addition,
the skilled L ill also recognize the judicious chgl f reactions,
sol vent s, aﬁﬁgiﬁkﬁg@%%1atures are an inportant conponentlﬁhﬁgﬁ@%gg§$
synthesis. Wile the determ nation of optinmal conditions, etc. is routine,
it will be understood that a variety of conpodnds can be geherated in a
simlar fashion, using the gudahce |of the schemes Qg%OML The starting
material s usled i n prepakipg dunds of the invention @5 are known,
made by publl shed synt he mefhods dr avail abllje from commerfial vendors.
It is recognized that ¥1 ed artisan—+ntHe—art—of—organi c chemstry
can readily| camn stanﬂ d_mani gul ati ons gf the organi c| conpounds
without furfther digection; thit is, jit igiwelll wthizegthe spope and
practice of fhe skilled Ba san tqg carry out! such mani pul gati ons. These

i nclude, butjare not limted go, reductions off carbonyl conpounds to their
cor r espondi ng—al-cohoels—oex-dat+ons—acyati-ons,—aromratte—supst i t uti ons,
both el ectrophilic and nuclgophjlic, | 21 WO 2006/ 101603 PCT/ PS2006/ 003657

et herificatipns, est%gifica i oM and sfaponi ficatlion and the | [ ke. Exanpl es of
t hese mani pu| ati ons ar Hsc in |standard tlexts such as March, Advanced
Organic Chenj stry (| ey and |[SundiBérg, |Advan@®d Organi ¢ Chemistry
(Vol. 2), Fe]s f2 & Fei se , Eeagents flor Organic Synthesis (16 volunes), L. 5
Paguette, Entyc ra of ents for Organic |Synthesis (8 yolunes), Frost
& Fl em ng, Conpr ?ensive Organi ¢ Syntfhesis (9 vpolunes) and the |ike. The
skilled artipan wll readily appreciate that certain reactiops are best
carried out when other functionality i s nasked or protected in the nolecul e,
t hus avoi di ng any undesirabl e side reactions and/or increasing the yield of
t he

5 General Reaction Scheme for Compound Preparation

In making the compounds of the invention, the order of synthetic steps
may be varied to increase the vyield of desired product. In addition, the skilled
artisan will also recognize the judicious choice of reactions, solvents, and

10 temperatures are an important component in successful synthesis. While the
determination of optimal conditions, etc. is routine, it will be understood that a
variety of compounds can be generated in a similar fashion, using the guidance
of the schemes below.

The starting materials used in preparing the compounds of the invention

15 are known, made by published synthetic methods or available from commercial
vendors.

It is recognized that the skilled artisan in the art of organic chemistry can
readily carry out standard manipulations of the arganic compounds without
further direction; that is, it is well within the scope and practice of the skilled

20  artisan to carry out such manipulations. These include, but are not limited o,
reductions of carbonyt compounds to their corresponding alcohols, -oxidations,
acylations, aromatic substitutions, both selectrophilic and nucleophilic,
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10 reaction. Oten the skilled artisan utilizes protecting groups to
acconplish such increased yields or to avoid the undesired reactions.
Exanpl es of these nmanipul ations can be found for exanple in T. G eene,
Protecting Groups in Oganic Synthesis. General procedures for preparing
het erocyclic nuclei useful in making 15 the conpoun Lhavention are
descri be¥ORPPEF o) | owi ng references, all incorporgégg%%%&ﬁgkgyence her ei n
(including articles listed within the references): U S. Patent 6329391,

Eur opean BafefifbatidHR! | StdriRRtisd 24P sapriticdtivat baoahePaksnt EXafplesagh on
W9711068, European Patent Publication 195316, European Patent Publication
1031569, these rranipnlations 58 discpsseplin Grndardieds suph gei MakcheAd

Eur opean P@Eint ﬁi;EH &g ' 1 %&gn E S Q!% I [] ¢ é?élGS,
Eur opean ' E\h@%y&%ﬁ%@nd EH{]ope hA e ric Shohist 6749,
I nternati eugl 2PaFeisbr RulHcimal ReageMBdbl icl Bysthesisi titavolBatesht L.

Publ i cation 407873, U. E§>at lent gﬂ"bl ication
4216685 | kagratie Srgyclepedia : 3 (6 pRlugESa Bat ent
Publ i cati gn it ;
Publ i cati %nH%@%%o Ite,%ﬂé(‘r{ée gm_ : _ !
| nt er nati onal PheakilleButisaawvilbreadiypeppecode thait eartain rerctionpare hest

Publ i cati on W0334980, I.nternat.i | . ' ' ,

| nt er nat i GAYI® B't'tew eBu?}H?rc ‘AN IHR%ﬁE%QHB‘gu&#&Wg%& glgttg%)?a ggéﬁgtat i on DE
3142854, liniLandlingnaly iddeirablRuditie eaddtions aWBE3ASBEsinrtheyiwdd iobtied  Pat ent
Publ i cati on W0328665, European Patent Publjcation 47005, | gt ernati onal

Pat entlOPuBPaction; doftemtiwaidisg aninan utiizes Rialieciiag FURSUBIACCAMPESH B4 72. 22 WO
2006/ 10169§cr5§é&§fe%)§/&01%6§\7mid-r{?fe &R lga'ggf%é&(tiohﬂ.e E*er'r@?és of\tRedd On may be

prepared in sever ways. Versatile nethc ies for preparation of the
conpounds rodniptistionsneenthe foundefos raxamgle irsdh dntsenep Erplgcti Teups ik a

| eavi ng gr&t&gn% vrhtr?gsis.fl uoro or chloro: Schene | Usual quinolone or R4 0

General procedures for preparing heterocyclic nuclei useful in making
15 the compounds of the invention are described in the following references, all
incorporated by reference herein (including ariicles listed within the
references): U.S. Patent 6329391, European Patent Publication 342849,
International Patent Publication WO9711068, European Patent Publication
195316, European' Patent Publication 1031569, U.S. Patent 6025370,
20 European Patent Publication 153828, European Patent Publication 191451,
European Patent Publication 153163, European Patent Publication 230053,
European Patent Pubilication 976749, International Patent Publication
WO00118005, International Patent Publication WO09407873, U.S. Patent
4777253, European Patent Publication 421668, International Patent
25 Publication W00248138, European Patent Publication 230295, International
Patent Publication W09914214, U.S. Patent Publication 20020049223,
International Patent Publication W09921849, International Patent Publication
WQ9729102, International Patent Publication WO0334980, International
Patent Publication WQO0209758, Intemational Patent Publication W08619472,
30 German Patent Publication DE 3142854, International Patent Publication
W00334980, International Patent Publication W(00328665, European Patent
Publication 47005, International Patent Publication WO0311450, and
European Patent Publication 688772.
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P4 O naphthyridone R CO R R3%H synthesis s/ | | z'~z~LI|I LLNRZ Rl

| I'll Sidechain R4 0 0 - Coupling Rpll ~~ 3 x" IIYR maENAbYy R %
~\'"hE ~NRn 4-m1l'r RS RS nlIRs)z iRs)z 5111 IV In the case where E
is Rs~.R 7 < .. RO 10 and at |east one of R9 and R10 is dr.og

It may be ne?g?sisﬂgrilm{mos protect the termnal nitrogen to é’F}ngéfoog}?/g@tlve
conversion to the desired product (Schene 1I11). In such case, standard am ne
protecting groups KiHabrhgoudtess tﬁé(gbﬂale& ihfentidienay be p?ékﬁé‘rea% several

t - but oxycar bonyl (Boc) benzyl oxycar bonyl (Cbz), benzyl 15

9- f I uor enyl met'\Waysy VarsRd ﬂﬁ/me(fmﬁ%gg%iqrw@ar@wb@fﬁ@a qomn sozthe
trimethylsilyl

pht hal i 1 de, *riyeon 22 3ABkn 1h S8AGe LSl Where k REFing OrigTERH as

Fol | owi ng si de‘lminalonchlot[pl ing, the protecting group nay be rem)ved under
standard conditions known to those skil elg |nIt he art to obtain the desired
20 product VII. VI1 may be further el abBF2BEL for exanple by alkylation, to

ot her
Usual quinolone
or Rs O
s o naphthyridone Ra~ A CO.R
R ;
a3 ! S OH synthesis - | ]
1 A R
L rl,;: 2
;
1 1]
Sidechain
R4
Goupling Ra fL ,UILL
{Im Y[L
E\‘/(LNH /M
= 45n
RS /( (RG
{Rg)z
5 in v
In the case where E is ]
7
Ry
e
|
Ryo

10
and at least one of Rg and Ryq is hydrogen, it may be necessary to protect the
terminal nitrogen to effect selective conversion to the desired product (Scheme
l). In such case, standard amine protecting groups known to those skilled in
the art, such as t-butoxycarbonyl (Boc), benzyloxycarbonyl (Cbz), benzyl {(Bn},

15 9<fluorenylmsthoxycarbonyl (Fmoc}, allyloxycarbonyl (Alloc), 2-
trimethylsilylethoxycarbonyl (Teoc), N-formyl, N-acetyl, N-benzoyl, or
phthalimide, may be used to mask the terminal amine, as in compound V.
Following side chain coupling, the protecting group may be removed under
standard conditions known to those skilled in the art to obtain the desired

20 product VIl. VIl may be further elaborated, for example by alkylation, to other

compounds of the invention VIIL.
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conpounds of the invention VIII. 23 WO 2006/ 101603 PCT/ US2006/ 003657 Schene
|1 Usual quinolone or R4 O Ra O naphthyridone Rs/" \~*COZR R3 | OH
synthesis JTLANRZ LALRI Il R4 0 Co ain RoCOZR Coupling Rs R~ /( N

A N RZ Deprotection -Nn Rt RZ7 ( mP,; Rs R31 NHRs (R5/ )z R Ngq P in
oi | VRM ORI O0OR CR2R R3 CZR R RY i.onal
Alkylatl‘?ﬁz%% NANRBI Rs,Nq/,.n R 2 Ro~ %0@?@3&3{ 2 HRS5
Rio (R/s)z (Rs)z VII VIl P = protecting group 24 WD 20061101603
PCT/ US2006/ 003657
Scheme I
Usual guinolone )
or H4 o
Bs o naphthyridone Ra~ COR
Rz s OH synthesie ] |
P SN R,
L~ R TL ,51
. ]
Ry ©
Sidechain Raw_~ COR
Coupling R, Ry /( ;[‘\] \A] Ni By Deprotection .
HB"“N q / n Ry
Raw%” P,
Hg"-[}\l qu /"5[1 v
Pu 5 S)z
v
Ry O Ry ©
Ra ~ COR Ra P COR
! | Optional Alkylation R Ak ( n[l] N | |
M " Re e T
|:19"“N q /Mn Ry ° g Rg /1 n Ry
® Fo: v G
Vil vl

P - protecting group
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Met hodol ogi es for providing the conpounds of the invention where Xis N and

Yis C(R) are showmn in Schene IIl below. Schene Ill Ry Usual pyridone Ry O
synthesis R4 COZR) ~~' RBLL %' RR Rt |Ix x Sideohaln R4 O Coupling R3
N CO2R E NH ‘2M6%§5§m Mn 1"\ ~n Rt Rs Rs (Rs)z (R8)z xi Ill 5 As
before, where :- RN gi | R o and at |east one HfT/EEI0MAR3ET o0 i s

hydrogen, it nmay be necessary to protect the termnal nitrogen to effect
sel ective conversi ase,
standard am ne pr o@ggﬁaﬁg gr oupgrﬁﬂdlmﬁq’.?g%%ﬁ&jsgng ”H‘%'r!"%)‘%%'l' Wg?}r&ksgch as
t - but oxycar boMand Bin§(R1) ane ghowy daBtleme 1§ Geiow: benzyl (Bn),

9-fl uor enyl net hoxycar bonyl (Fnoc), allyl XN Gale yl (Alloc), 2-

trimethyl silyl ethoxycarbonyl (Teoc), MNor rg\% cetyl, N-benzoyl, or

pht hal i m de, may be used to mask the tegnjhal,.am ne, askj noconpound V. 15

Fol | owi ng side chain coupl 4 t he prot eghthdd@ gr oup Yz wed under
standard conditions known" hose skitted—-in—the art {tojobfain the desired
product Xill. X1l may bef r el aborated, for exahpke Yl kylation, to
ot her compounds of the mverﬁ Xl V. X Ry
Sidechain
Coupling Rs f COR
7
E NH
,—/ o
" (o). “‘*sh
m
5 As before, where Eis R R7%;
H 8 -
Rgm
|
Ryo

and at least one of Ry and Ry, is hydrogen, it may be necessary to protect the
terminal nitrogen to effect selective conversion io the desired product (Scheme

10 V). In such case, standard amine protecting groups known {o those skilled in
the art, such as #butoxycatbonyl (Boc), benzyloxycarbonyi (Cbz), benzyl (Bn),
9-fluorenyimethoxycarbonyl (Fmoc), allyloxycarbonyl (Alloc), 2-
irimethylsilylethoxycarbony! (Teoc), N-formyl, N-acetyl, N-benzoyl, ar
phthalimide, may be used to mask the terminal amine, as in compound V.

15 Following side chain coupling, the protecting group may be removed under
standard conditions known to those skilled in the art to obtain the desired
product XIll. Xl may be further elaborated, for example by alkylation, to other
compounds of the invention XIV,
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25 WO 2006/ 101603 PCT/ U820061003657 Scheme |1V Usual quinolone or R4 0 I RQ
napht hyridone Rjjj Ra N synthesis s)~" *NCOF3 L ~AR2 LALIII 1XX

Sl dechain jR4A O Coupling Ra CO2R Deprotection Rs R7 , NA\ R2 Ra R7~I/ NH
Rs-Ngd~-n R RO-Ng/ "Inp Rs /// uR5 (R6)z P (R5): xg v RQOO R4 0 2
R3 RCo'Ft Rg 002fl R~ N p NR Optional Alkylation Rs R~ ~ 1| /// NA\ R2
Ra~N " rwp'200@/10183 -N Rs / ~n R H Rs / R D (R5)2 (RSPEI/KPI0P6/A0B&FTI || P =
protecting group In the case where Eis RR7 RO Nqg |l Ro and both Rg and
Rio are hydrogen, selective al kylahd of the side chain amne of LX may
al so be acconplished by protection of the amne with a standard 10

protecting group, such as Boc, utilizing reagents and conditions apparent to
Usual quinolone ’

or B O
R4 naphthyridone . COsR
R synthesis ZN
l N S
A i Ro
WL R,

Sidechain
Coupling f\ COR Deprotectlon
R rm
HB\MNH HQMn
Ro~n' ‘G an pr Hs
N (Hs)z
P" @, i
v
By O
COMR (RafN I COLR
B m
A Ophonal Alkylation Rs 7 Pal \A B .
Ra—n' a1 Jin Ry
HQ"“N q /‘Jjn H] )} RS .
\ 1o “(Re),
"o XM X
P = protecting group
In the case where E is " R~
8 5
5 N
HQH‘N q
|
Rio

and both Ry and Ry are hydrogen, selective alkylation of the side chain amine
of LXI may also be accomplished by protection of the amine with a standard
10 protecting gréup, such as Boc, utilizing reagents and conditions apparent to
those skilled in the art to give LXII {(Scheme XXXVI1). The protected amine
(LX) is then treated with an excess (>2 equivalents) of a base, such as, but
not limited to, sodium hydride, in an appropriate inert solvent, such as
dimethyliormamide or tetrahydrofuran, followed by the appropriate alkylating
15 agent RgX to yield the boc-protected secondary amine as the corresponding
ester LXI. Typically, the reaction is run at temperatures ranging from -20°C
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those skilled in the art to give LXII (Schenme XXXVI). The protected am ne
(LXI'T) is then treated with an excess (>2 equival ents) of a base, such as,
but not Iimted to, sodiumhydride, in an appropriate inert solvent, such

as di et hyl ] or tetrahydrofuran, followed by the r rlate
al kyl ati ng 1&9%%@%0?%@X to yield the boo-protected secondgswg?%{%ﬂgm?ﬂ t he

corresponding ester LXIIl. Typically, the reaction is run at tenperatures
ranging from 18%“021%\’(@%09% 4818004 PdéﬂeH&#@Oéﬁ Qﬂe?»ﬁézctnﬁts? cﬁofﬁefélk léﬁrfy“ 1to
48 hours dependi ng on

e react|V|t of he al k atlng agent. pl cal
al kyl ati ng agégest.i ﬁmnu@.aﬁ@l@timgqrﬁw@wW@@&w 1@@Idﬁ% h aanmeﬂad lodidg)ky|

pasi ¢ condi t1 S PEHES eﬂsvl%ﬁpﬁé%%hJ‘*fé'géétepﬁié'x'@ﬁagyb;’%ﬁ@@%e# U,
hydrol ysi s mayhda @@ﬁ&ﬂ@ﬁ@dobdﬁmtﬂ@%ofréﬁpdmcﬁﬁg toaribdigdie sdid!iew.i rEdtbe art,
in partlcular by enpl oyi ng a base su as an al kali netal hydroxide, (for

exanpl e, SodiYSEYRIS Gavdes cand@membuemethﬁﬂ@ samiiar fthose Slﬁ*lleé igdhe a6 i

sol vent, such I 3

2t emper at ur 6 P o, B0 erfONA0R basklsiRR s P AUARHRA S I EAIL o e
the am ne 10 psonliwec thydopxide)up amdiali costd] carboratepipaa enitalble sohensksucheas i n
aroup 1 Boo, FEiE MENAI, SHARGNDE SHERUSITIH FPRYEdorbat cePoqutte
optionally w tﬂamgmghyérﬁrwccw POOLE HSHER- B8 werﬁourgr AerAbeaMdiahe Graigkd 10
di oxane, may be used for deprotection. 15 Schenme XXXVI R4 O R4 0 R 3 / |

CO2H Pr ot ekt i deroRsticg grpuny undercanditongapprrent tp onerskilled-ip tbe -ait adfords the | |

N R 20 RS RS Loofhdnafde EXV. L the RbsE fHerd B B3piot¥dig ot s Boc, for

example, reagents such as with trifluoroacetic acid, optionally with methylene

chloride as co-solvent, or hydrochloric acid in dioxane, may be used for

deprotection.
15
Scheme XXXVI
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Al kylation Re R~ N A NR Hydrolysis RBR7 I/ TNnl N1 R 25 Rs-N.~n R~ z
RBNQg p~nR 2 Per R6 (Rs)z 0,. R6(R6)z MII LXIV R4 0 R3, COZH De
rotection 11 30 p R6_ R7 ,(( NA 11 NRz Rs -NRe p'n Rl1 (Rs)z LXV P =
protecting group 27 WO 2006/ 101603 PCTI US2006/ 003657 Cccasional ly, side

chain amnes are insufficiently reactive to add efficientl toqthe
het er ocy¥PRUHANEPEI (11 or X) under the conditions iIW@?&ﬁ?ﬁéoﬁs Sh 5 Schemes
1-1V, particularly when Ais' C(R11l), wherein Rl11l is al koxy. The nucleus
can be activated towards nucl eophilic attack by the addition of a Lew s

acid such as, but not limted to, boron trifluoride, triacetoxyborate, and
lithium chloride. The preferred nethod of activation is described in U S

Patent 5,157, . The qui: ol n S_LS : Wi Il acet axybor at e,
prepared in 106%?%81'1?'%%* ;gé(ﬁg\ieér){[h%% u%ﬁlr]}g , at)%t'hr%@?&%ﬂmt Fe%ck"(’)é, atgcét(a?c acid or
pr opi oni Ceﬁi@ieﬂﬂ?mdtﬁé hettgadyetlc naelel gll or X4 Undat tite tenpitions tuetrbkidween 60C and
120C. The_dj acy §7Ui nol i nyl bor at e is isolated by filtrati %Elgafter

t

removal oPchgrpes Jriyemarticuiatie yhep A E(S}J’/)Qc(ﬁart)"eg\’hﬁﬁ?iﬂ Briefe iy netlR6d of
act vl SHH&&%&@ \9}! af@até%gb\ﬁaﬁ%%méap@mfé%ua%k@v RS Affidn e KeWR0A0Z  3) N
acid such as, but not limited to, boron frifluoride, triacetoxyborate, and lithium
chloride. The preferred method of activation is described in U.S. Patent
5,157,117. The quinolone nucleus is treated with friacetoxyborate, prepared in
10  situ, in solvent such as, but not limited to, acetic acid or propionic acid and is
heated for 1 to 24 h at a temperature between 60°C and 120°C. The diacyl
quinolinylborate (XV} is isolated by filtration after removat of the solvent.

Scheme V illustrates this preferred method of activation.

Scheme V
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Rl 4) H20 15 28 WO 2006/ 101603 PCT/ US2006/ 003657 Anot her preferred net hod
for activating the heterocyclic nucleus toward nucl eophilic attack is
illustrated in Scheme XXXVII1. In this nmethod, a quinolone carboxylic acid
or ester derivative (i.e., conmpound 11 wherein R is hydrogen or |ower alkyl
and L is a |l | up) is treated with boron trifluori her at e
preferably iﬁﬂ?dgﬁiutﬁg(%l e solvent, such as THF, for from 1%%35%2?08/0%57h0urs
at tenperatures ranging fromOC to 60C. After cooling, the product LXVI may

be precipitated fwmth@ feffdd BtHBdbH AEIAYING ftte REIddyenc Aliciaus tivalbl e
solvent, such as diet t{ﬂ ether, and the chelate isol ated by f||trat|on of
al
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t he synt hesi slowbr Blkgl andle zshéeawmmap) isltrestved eith bBron wiflRdrig8 ettedaty, g 25 1

Ri R7 h b t t ed
| tet(:) rasubg? tulPré’ rrggﬁ I{@/Ialeg’étﬁgge %&”g‘érﬁ%é aﬁrtﬂg%’rfeﬂﬁu S 9@5&%h°ur§ﬁtt ig or
Wadswor t h- Hor @@ pe i@y iR ﬂrdlﬁtd°9r’to‘§0°@”;ﬂ§%%891'iri 15 ProRELXVIERY ket one
(XVl) in asolvent 30 sun% but not limted $etra hydr of ur an,
di met hyl sul f ok¢ gegcipitatekirpi tbﬁéea@iﬂndnimefb@rtha at:ldmgn of aztuitablecsabeanit ur e
between - T8¢ S A0 GehR b PAEPERReleil ifbiRas by TfltioA%r hYtedlfind ddf! o t©

n-butyl lithi
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Scheme XXXVII
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R; and Rs are hydrogen, and q is 1. The trisubstituted or tetrasubstituted
alkylidenes XX can be prepared by a Peterson, Wittig or Wadsworth-Horner-
Emmons olefination of an appropriately substituted ketone (XVI) in a solvent
30 such as, but not limited to, tetrahydrofuran, dimethylsulfoxide, or methylene
chloride for 1 to 24 h at a temperature between -78°C to 120°C in the presence
of a base such as, but not limited {0 n-butyl lithium, sodium hydride or
potassium carbonate. The resuiting ester (XVH} can be reduced with a
reducing agent such as, but not limited to, diisobutylaluminum hydride, lithium
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pot assi um carbonate. The resulting ester (XVII) can be reduced with a

reduci ng agent such as, but not limted to, diisobutylalum num hydride,
lithium 29 WO 20061101603 PCTI US2006/ 003657 tri et hyl borohydride or sodi um
borohydride in a solvent such as, but not Iimted to, toluene, nethylene
chloride, or tetrahydrofuran for 1 to 24 h at a temh%g%%?ﬁ gf ween 0C and
120C t &030§®he correspondi ng al cohol XVII1, where Converting the
al cohol XVIII to |l eaving group Xl X, such as, but 5 not I|mted to, chloride,
brom de, ﬁ%lb@foﬁxﬂﬁdé Op Sbahh H %dﬁ&%ﬂfﬁrs% ve&?@gblli .QNELARG ifhigdy aci ng the

| eavi ng gro an appropri atel ne’rn a solvent such as,
but not [o mtd:laelneomeeihynenhybrhlonaimmdet,etradyaimfm'ghstdrf dxitole24 on at a

t et r ahydr of f bet ile t
L al LolnBRaRe Reswah 4r¢ Acho20 RIGRNS 1S sorEreronging SEehidWoup. b, -

d t AR d t f d
R e T R A el e e

Al t er Aat ingk| §miteld r gt chlepﬁacdmmmdeof mesylatal eoHobyix Iuncteainsiwdaﬂi:onpl i shed

I
at ford xepnapgh GREChEBAcbl ProehHh A AT e acar i R R Y, 1
sol vent sigihe ash mat keheht osush hagolbuaf her dimitde 1o Mdirsethiformarhigesi n R9 and I
R10 are hydrogen.. Alternative methods of 20 deprotection include treatnent }

Wi th rret aihvisifoxidaephigtiahydrotiapniosN thgdrthahroienmperatuse behwesst ot ecti ng
group, 5‘;% cp%bm\ﬁgelftégﬁ%t ohHI‘ﬁ?’III {[ﬁtaﬁmﬂgfr% KRNdHg hgﬁég% to those

skllled |n e art to provi reirn R7 are hydrogen
and R® arpdotBCtImg)gmUpeP wihtlar sﬂaadandtaw@ﬁmnsmnOM| folthobe gkiled imthisaanhed form a
pht hal i m ]Q’I ¥,\O 20%6/ 101603 PCT/ US2006/ 003657 Scheme VI R0 0 R$
JLOR R5 or samnel wnerein =8

Rg\ﬂ_ﬂ}r‘%

Ro~N
)
Rio

15 Ry and Rg are hydrogen, and q is 1. Alternatively, direct replacement of the [
alcohol XVHll can be accomplished via a Mitsuncbu reaction with phthalimide
and dialkyl azodicarboxylate to afford XXI. Deprotection of the phthalimide
(XXI) with hydrazine in a solvent such as methanol or sthanol affords the
amine (XX), wherein Ry and Ry are hydrogen. Alternative methods of

20 deprotection include treatment with methylamine in methanol or with 6N
hydrochloric acid. The protecting group, P, may be removed from XXI under
standard conditions known to those skilled in the art to provide the amine V,

wherein R; and Rg are hydrogen and Ry and P” together with the nitrogen to
which they are attached form a phthalimide group.
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a Reduction n (Rsh ) R Rs Base (R6 )y . )mNnN n N O P P1 0 XVl /
ORa XVII R5 Base Rs)q Activation (R6)z\ )M NHRORyc nN OHIP R 0. NRs R5-
\ XIX1 gR g (R)zN)M(R6)z m n 4. P nN WII XX DEAD or DI AD, PPh3 O N
O Deprotecti NH (R6)z( 0) M OnNP XXI+ L is LN pPls
Protecting Cﬁ@uz;@%(]t%%v??ll be apparent to one skilled in thgeg/%%tgﬂ(gt}%?he
conversion of ketone 5 XVI to olef in XVII may |lead to geonetrical isoners
(Schenme VI), specifically in the case Wxphem$WIis asymetric (i.e., the
value of mis not equal to n). In such a case, the geonetrical isoners may
be separated by a nunber of

r O T
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L. js Leaving Group
P is Protecting Group

It will be apparent to one skilled in the art that the conversion of ketone

5 XVl to olefin XVII may lead io geomstrical isomers (Scheme V1), specifically in

the case where XVI is asymmetric (i.e., the value of m is not equal to n). In

such a case, the geometrical isomers may be separated by a number of

methods known to those skilled in the ant, including selective recrystallization,

flash chromatography, high-performance liquid chromatography, and the like.

10 It should also be apparent that separation may be achieved at various stages

in the synthetic process, including at intermediates XVII, XVHI, XIX, or XXI, or
alternatively at the final product stage XX.
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met hods known to those skilled in the art, including selective
recrystallization, flash chronmatography, high-performance |iquid

chromat ography, and the like. 10 It should al so be apparent that separation
may be achieved at various stages in the synthetic process, including at

internmediates XVI1, XVIIIl, XIX, or XX, or alternatlve at the final
product Y0 3R8/194803 31 WD 2006/ 101603 PCT/ US2006/ 00365 7 CIELRIE0ERX V) | |
illustrates the synthesis of the side chain amne LXX wherein Eis R-~~R 7

5 RR"N g RIO Rs is cano R7 and Ra are hydrogen, and q is 1. The
tetrasubstituted Y alkylidenes LXVII can be prepared by a

Wadswor t h- Hor n@ehdman0ecVIllGlwtefién @iid oynthésigrof ahersige chaiel amebEXXt ut ed
ketone (XVl) in_a solvent such as, but not limted to, tetrahydrofuran,

di net hyl swhewi Bds or nethxqene chioride for from1 to 24 h-at a

t enper at ure between - ’0 Cin the presence of a base such as, but
not limted to n-butyl ﬁlt sodi um hydri de or potassium carbonate The
cyano-Substi tuted aIkéﬁg#TQroﬁldes can undergo bromi ne 15 magnesi um exchange
with i-PrMgBr in an inert solvent such as THF, at tenperatures ranging
from-78C to -20C. The re i@lng or ganomagnesi um species, as a solution in
a suitable solvent such as THF, may be treated with an electrophile such as

f ormal dehyde, optionally stabilized with nmet hyl al ugd n
bi s(2, 6- dﬁpﬁénwagﬂ%rﬁmad\é‘ Rsi #rea EQ‘J’PQ@%I émgo%v'éni Jﬁéhteé@sﬂésﬁ%ﬁﬁiyl ene

hi d h to 37C
'fo glri/eet'ﬁlkg)lr| LJ,E%I f%?n %lér? repI eﬁ%g:wa?é‘tﬁﬁe a co%]@]g}"ﬂ@ﬁl C)can be
accg_rrmd) [ E bl%ﬁrxml@n @f IMh]E ?moptla’te%mbsmmtm thietqriet ()]ENI) gm desa!ﬁd?tasml'ahk,{ lXI 9 )
azodi carboxyl ate to affo on ,of the phtha wi t
hi/dr azi ne p%ngt lapiterh it T%'U%WCE%?(@!FFE{%{*‘ &“ﬁf@’f'ﬂﬁnﬁr mﬂ'ﬁg @'ﬁ&gﬁ ' (LXX),
25 wher ei foRRd1 85194 RL& @f&nﬁw@mg%twéﬁﬁ eme@lqua@madﬁe<pfre§&i%qif%pt ion

include treatnent with nethylam ne in nmethanol or heating with
hydr ochl obhge & .as, Pak npt bms,tedutﬁgv ButyLfithivm, murnehycbmdp@tﬁéwwx under

standar d %g%cti)'nta{ ONSThe cyano-substituted alkenyl bromides can undergo bromine-
15 magnesium exchange with i-PrMgBr in an inert solvent, such as THF, at
temperatures ranging from —78°C to —20°C. The resulting organomagnesium
species, as a solution in a suitable solvent such as THF, may be treated with
an electrophile such as formaldehyde, optionally stabilized with
methylaluminum bis(2,6-diphenylphenoxide), in a suitable solvent, such as
20 methylene chlotide, for from 1 to 24 hours at iemperatures ranging from —20°C
to 37°C to give the alcohol LXVIIl. Direct replacement of the alcohol LXVII
can be accomplished via a Mitsunobu reaction with phthalimide and a diatkyl
azodicarboxylate to afford LXIX. Deprotection of the phthalimide (LXIX) with
hydrazine in a solvent such as methanol or ethanol affords the amine (LXX),
25 wherein Rg and Ry are hydrogen. Alternative methods of deprotection include
treatment with methylamine in methano! or heating with 6N hydrochloric acid.
The protecting group, P, may be removed from LXX under standard conditions
known to those skilled in the art to provide the amine V, wherein Rs is cyano,
Ry and Rg are hydrogen and Ry and P” together with the nitrogen to which they

30 are attached form a phthalimide group.
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known to those skilled in the art to provide the amne V, wherein R5 is
cyano, R7 and R8 are hydrogen and R9 and P" together with the nitrogen to
which they 30 are attached form a phthalim de group. 32 WD 2006/ 101603
PCT/ US2006/ 003657 . Scheme XXXVI11 0 CN 0-11 Sr (Re)z\) m_Br Base %RS) )m
1) i-PrvgBr VRRPBNO¥P HoHO 5 P P XVI LXVIT R-0. N. RO OH XSHERHG AD,
PPh3 N Deprotection (R) (RS zI NOO(R6)z, 10 NMNH)m()m P n / (nN
NN PP O LXVIIll LXIXLXX Pis Pr tectlggﬁﬂép The cyano group of
conpound LXI X nmay al so be convert ed~t 5 15 functionalities, such
as carboxy or al koxycarbonyl, to.afford am nes LXXI or LXXI| (Schene

XXXI X). For exanple, basic hyd s of nitglteONXIX wth an al kali netal
hydr oxi de, such agyg aSSI um ﬁ xi de, i n(F&)z tabl e sol ¥eH gsuch as
wat er, methanol, et or adue s E#Tohol Yur es, ature

ranging from20C to Cf“for from 1 to 48 hourﬁN foll owedZ)WJHQm d hydrolysis
20 of the Pphthal am do gfroup with, for exanple, BN hydrochloric acid at a

t enperature rangi ng frgm 60C to 100C for from lxw 48 hours affords the
correspondi ng am no acid derivative LXXI where_ RO and R o are hydrogen.

o R1O‘N’R9
DEAD or DIAD, PPhy Deprotectlon
NC
(Hs)z H (Relz Y
5
10 \ \L
N
P
XV LXIX LXX

P is Protecting Group

The cyano group of compound LXIX may ailso be converted to alternate
15 functionalities, such as carboxy or alkoxycarbonyl, to afford amines LXXI or
LXXIl (Scheme XXXIX). For example, basic hydrolysis of nitrile LXIX with an
alkali metal hydroxide, such as potassium hydroxide, in a suitable solvent, such
as water, methanol, ethanol, or aqueous alcohol mixtures, at a temperature
ranging from 20°C to 100°C for from 1 to 48 hours, followed by acid hydrolysis
20 of the phthalamido group, with, for example, 6N hydrochloric acid at a
temperature ranging from 60°C to 100°C for from 1 to 48 hours affords the
corresponding amino acid derivative LXXI where Ry and Ry are hydrogen.
Alternatively, acid hydrolysis of nitrite LXIX with a mineral acid in the presence
of an alcohol at a temperature ranging from 20°C to 200°C for from 30 minutes
25  to 48 hours, optionally under microwave irradiation, provides the corresponding
amino ester derivative LXXII where Ry and Ry are hydrogen. Suitable mineral
acids include, but are not limited to, sulfuric acid. Suitable alcohols include, but
are not limited to, ethanol. Although Scheme XXXIX illustrates the conversion
of nitrile LXIX to amino acid derivative LXXI and amino ester derivative LXXI
30 with the ring nitrogen attached to a protecting group, the ring nitrogen may also
be bound to the quinolone or naphthyridine nucleus as in compound VIl while

performing the above transformations.
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‘Alternatively, acid hydrolysis of nitrite LXIX with a mneral acid in the
presence of an alcohol at a tenperature ranging from20C to 200C for from
30 minutes 25 to 48 hours, optionally under mcrowave irradiation, provides
the corresponding am no ester derivative LXXIl where RO and R o are
hydrogen. Suitable m neral acids include, but are not limted to, sulfuric
aci d. Sumoeod@10408ohol s i ncl ude, but are not |imtedPEHUSHOHYREY. Al t hough
Schenme XXXI X illustrates the conversion of nitrile LXIX to am no acid
derivative LXXI and ami no ester deriyvative LXXIl 30 with the ring nitrogen
attached to a protecting groupcheme XXX ni trogen may also be bound to the

qui nol one or napht hyri di ne nucl eus as in conpound VIII while performng the
above transformations. 33 WO 2006/ 603 PCT/ U52006/ 003657 Schene XXXI X
Rlo.N.Ry 0 Rlo.NNRe N R a HO zC C Acid hydrolysis, ROH 1) Basic
hydrolysi (F zriN R C 1 6)z m (-~ (RS)z 2) Acid hydPolyBis NmnN P |
CP LXXII PLXXM 1LXIX10 Pis ki ng Group Schene | illustrates the
conver si on ’dcalcohghsydrfysit, abpul a XyI 1 | 't,paasig%g%gd@o) ormula 111,

wherein E i el kenyl (LVIT1) | ¥addition,—the Schent®=ait |.i nes t he
synthesis of qdipounds of fornfiPall|, webteidses R7 (RIRE™ 0 15 R7 and Rs
are hydrogen a \PR9 Is acyl, al k%& )afrbonyl, or sul fonyl X) .

P

LXX!
LXX1L LXIX

10 P Is Protecting Group

Scheme XXII illustrates the conversion of alcohols of formula XVI to .
compounds of formuia i, wherein E is alkenyl (LVHI). in addition, the Scheme

outlines the synthesis of compounds of formula lll, wherein E is Ry

R .
s
15
Ry and Ry are hydrogen and Rp is acyl, alkoxycarbonyl, or sulfonyl (LX)
Oxidation of alcohol XVIIl with any of a number of suitable oxidizing agents,
such as Dess-Mariin periodinane, the Corey-Kim reagent, or the Swern
reagent, affords the corresponding aldehyde (LVI). The aldehyde rhay be
20 subjected to a base promoted olefination reaction, such as, but not limited to,
the Wittig reaction to give LVII, wherein Rc is hydrogen or alkyl. Removal of
the protecting group, P, from LVII under standakd conditions known to those
skilled in the art affords amine lll, wherein E is alkenyl (LVIIl). Scheme XX also
lustrates the conversion of alcohols of formula XVIIl to compounds of formula
25 I, wherein Eis

R; and Rg are hydrogen, and Ry is acyl, alkoxycarbonyl, or sulfonyl (LX).
Reaction of alcohol XVHI with an acylating agent in the presence of an amine

30 base, such as pyridine, in an inert solvent such as dichloromethane,
tetrahydrofuran or toluene at temperatures ranging from —-20°C o 60°C for from
1-48 hours provides compounds of formula lll, wherein E is R,
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Oxi dation of alcohol XVIII with any of a nunber of suitable oxidizing
agents, such as Doss-Martin periodinane, the Corey-Ki mreagent, or the
Swern reagent, affords the correspondi ng al dehyde (LVI). The al dehyde nay
be 20 subj ecy ase pronoted ol efination reaction, not
limted to,qkﬁggka?ﬁ??g reaction to give LVII, wherein R'ﬁ§&ﬂ§@&%agﬁgor

al kyl . Renoval of the protecting group, P, fromLVII under standard
conditions known to those skilled in the art affords amne Ill, wherein E
is alkenyl (LVIII). Scheme XX also illustrates the conversion of alcohols

of formul a XvFriandRe@wpdyntegest and R acyRd-1K).| Acyieingi agants inokpmlergeid q R7

and R8 are hy n, J . I r f.

React i on of aﬁé@%ﬁﬁ’ aﬁ@] %%'Fﬁs’gaﬁwa%%}@atﬁﬁﬁéﬁéen ic‘r}c %?%ae&w? &@@éég&o@cgn
amine 30 bases sgidgtlonsxyiydrbodifgide] rEROI, | BOP-CEoBOMt PgBCIP,aand the like.
di chl or onet han tetrahydrofuran or toluene at tenperatures rangi n?af om

-20C to 60& fé¥caholief fonmsiia XYW mayhecenyesifshimascamPewidsuphfarmu

erein
Eis RT RS fdinGE s34 WO 2006/ 101603 PCT/ US2006/ 003657 R7 and R8 are
hydr ogen and is acyl (LIX). Acylating agents include acid halides, acid

anhydrides, and acids in the presence of an activating agent such as

di cycl ohexyl car hodi Rri.de, EDCI, BOP-CI, BOP, PyBOP, and the like. 5 Al cohols
of formula XviI1'8 Eeeconverted into conpounds of forrmula IIl, wherein E
is Ra R7 R9-0Botp R?™ and R8 are hydrogen and R9 is al koxycarbonyl (LIX) by
reaction with a carbonylating agent in the presence of an am ne base, such

as pyridir@, iR &and Rnere hydrogen asdidh igsalipsiwesrabikiely readtighywitiorur an
or toluene at caatgdﬁgﬁgiﬂp‘rgg%ﬁaferﬁ@% %\gg A 29 Snfie ﬁgg?,fﬁchfésoﬂwdiﬁé QA S-

Car bonyl at i ng ormates, tlUuo0 or mat €s; ’'azi dof or mat es,
and 15 pyrocarifarhasesentAlagholas odichiloromethand/l [ibtralmydroRirgonwver todwkbrient at
compounds  of tgr%g}éltl?relslrghgiﬂg%oer% n—2'fzj°é to %5"0 for from 1-48 hours. Carbonylating
agents include chloroformates, fluoroformates, azidoformates, and
15 pyrocarbonates. Alcohols of formula XVIIl may be converted into compounds

of formula I, wherein E is Ry

R .
gt
R; and Rg are hydrogen and Ry is suifonyl (LIX) by reaction with a sulfonyl
20 chloride or sulfonic anhydride in the presence of an amine base, such as
pyridine, in an inert solvent such as dichloromethane, tetrahydrofuran or
toluene at temperatures ranging from —20°C to 60°C for from 1-48 hours.
Removal of the proteciing group, P, from LIX under standard conditions known
to those skilled in the art affords amine I, wherein E is

Ry
25 R .
g

Ry and R are hydrogen, and Ry is acyl, alkoxycarbonyl, or sulfonyl (LX)}.

30

35



Ra Rg-0 q R7 and R8 are hydrogen and R9 is sulfonyl (LIX) by reaction with
a sulfonyl 20 chloride or sulfonic anhydride in the presence of an am ne
base, such as pyridine, in an inert solvent such as dichl oronet hane,
tetrahydrofuran or toluene at tenperatures ranging from-20C to 60C for
from1-4 Renoval of the protecting group, P, from LI X under
standard%@%@?@lgoﬁs known 25 to those skilled in the PAM{VUSIP%HPHS7 amine 111,
wherein Eis R81l- R7 -~ - R9 0 g R7 and R8 are hydrogen, and R9 is acyl,
al koxycar bonyl, or sulfonyl (LX). BE»38X#\0D 2006/ 101603 PCT/ US2006/ 003657
Scheme XXU RO R O H\ Rs )g-i Oefination &6 ))qg-1 Deprotection Rs g-t
xidation (Rs)z ) m(Rs)z ) Rs):~) 5 nNgN~Nm off LVI ReLVII P LVIII
R5... g (R6)z )M nN P XVII 10 Acyl ati on, OR9 carbonyl¥&fion, or }
sul fonylation R6 )q Deprots |)cp1n Btinglich RS )Rz \ Re)%p;ogbﬁon Rg )q_1

Oxidation (RS)ZPQ )m — (RG)Z( X )m (RG)Z\\\ )
g

5 ™ - N
P P
OH H
Vi
) L Lvi LVII
Ry ( q
{Rg)z
(5 7)m
nN
P
Xvili
10 ‘
Acylation, ORQ ORQ
carbonylation, or ) ' )
sulfonylation Rs q Deprotection Rs q
(He)z\\\ ) —_— (Hﬁ)z\\\ )
(g7'm (& //m
N nN
\P H
15 P is Protecting Group LIx LX

Scheme VI illustrates a direct conversion of ketone XVI to olefin XX
using a base promoted olefination reaction such as, but not limited to, the
Wittig, Wadsworth-Horner-Emmons, or Peterson olefination procedures.
Alternatively, amine XX could be prepared by an olefin metathesis procedure

20 from terminal olefin XXUl using an appropriately substituted amine XXIIL
Removal of the protecting group, P, from XX under standard conditions known
{o those skilled in the art affords amine Hl, wherein E is

RV s

8 -

R\N&r
Rio

25

and Ry and Rg are hydrogen.
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mnNnN NN PH 15 Pis Protecting G oup LI X LX Scheme VIl illustrates a
direct conversion of ketone XVI to olefin XX wusing a base pronoted
ol efination reaction such as, but not limted to, the Wttig,
Wadswor t h- wEens, or Peterson olefination procedur tively,
am ne XX cou @E@g prepared by an ol efin nmetathesis proce uré:Uszz'géﬁio(ra%ﬁ?n‘?1
termnal olefin XXIl using an appropriately substituted amne XXl I1.
Renoval of the protecting group, P, from XX under standard conditions known
to those skilled in the art affords am Sehéige, Viherein Eis RR7 81" " --
Rg-.Ng 251 Rc and R7 and Rs are hydrogen. 36 WO 2006/101603
PCT/ US2006/ 003657 Schene VIl R R R 4 /_TANROo~-NR9 (R6)GR5 Ro Rs y~
Base (R6)Yy\l 4 )m P R P R p_ Oefp !%ﬁktathesis x% R110 Base R6)y
XN,R9 ion mg P R5 XX II = I N\Hw ey

‘ 5

(Rs)y\O\H Base Rs \ )q
vy - (Rey
%}}I:, ~2

)
(%ﬂ\i m

Rep_ Olefin P

xvl R metathesls XX
\( Rio
Base Rely N~H
(\\n ) m /(gq o
Rs

"
L XXl

P is Protecting Group

XXt

Scheme VIli illustrates the hydroxylation of XXIV with selenium dioxide
5 to afford the allylic alcohol XXV. The transformation is performed in a solvent
such as, but not limited to, methylene chloride, toluene or teirahydrofuran at a
temperature between 25°C and 150°C, optionally in the presence of a co-
oxidant such as tert-butyl hydroperoxide. Removal of the protecting group, P,
from XXV under standard conditions known to those skilled in the art affords

10 amine Hi, wherein E is

Raw 7 3
Rio

15 and one of Rg is hydroxy.
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Pis Protecting Goup XXIl Schenme VIII illustrates the hydroxyl ati on of
XXIV with seleniumdioxide 5 to afford the allylic alcohol XXV. The
transformation is performed in a solvent such as, but not limted to,

met hyl ene chl oride, toluene or tetrahydrofuran at a tenperature between 25C

and 150C, optionally in the presence of a co- oxidant h fert-butyl
hydrope%?“ﬁ@.’mﬂ@mval of the protecting group, P, FF%WW&%& st andar d

conditions known to those skilled in the art affords 10 amne |Ill, wherein
Eis RBR7T RO-Ng i NO 15 and oggh&heRPIqfs hydroxy. 37 WO 2006/ 101603

PCT/ US2006/ 003657 Schenme VIIIF RO RO 11 8 RB RRONR/ R;6~q9g Se® Rs Q
OH (Re)v m~" (Rs)v QIJH/ m P P xxiV xxv P s Protecting Goup Schene |X
illustrates the preparati nﬂé)f a, 13- unsat ur at ed \8aﬁabonyl conmpound XXVI,
where R7 is as defi ”equL viously, using a Pet enegn Wttig or 5

Wadswor t h- Hor ner - Enmons ol ¥fBnat i on procedur e of 7appropriately
substituted ketone (XVIRgifh9% sol vesD,such as,R qngt—| limted to,

t et rahydrof uran, di r’rgzgsp;d\s% f oxi-de;T—or—rret K oride for from1l to 24 h
at a tenperature bet ween{ \ to 120C in the pr( r)lé‘b of a base such as,
but v v :

P P

XXIV | XXV

P is Protecting Group

Scheme IX illustrates the preparation of o,B-unsaturated carbonyl

compound XXVI, where Ry is as defined previously, using a Peterson, Wittig or

5 Wadsworth-Horner-Ernmons  olefination procedure of an appropriately
substituted ketone (XVI) in a solvent such as, but not limited to,
tetrahydrofuran, dimethylsulfoxide, or methylene chloride for from 1 to 24 hata
temperature between -78°C to 120°C in the presence of a base such as, but

not limited to, n-butyt lithium, sodium hydride or potassium carbonate. The

10 resulting carbonyl compound (XXVI} can be reduced with a reducing agent
such as, but not limited to, diisobutylaluminum hydride, Ilithium
triethylborohydride or sodium borohydride in a solvent such as, but not limited

to, toluene, methylene chioride, or teirahydrofuran for from 1 to 24 h at a
temperature between 0°C and 120°C to afford the corresponding aicohol

15 XXVH. Alternatively, the carbonyl compound may undergo nucleophilic
addition with an appropriately substituted organometallic agent (RgM, wherein

M is a metal), such as an organolithium species or a Grignard reagent, to
afford the corresponding alcohol XXVII, where Rg is alkyl. Suitable solvents for

the latter transformation include, diethyl ether, tetrahydrofuran, or toluene, at

20 temperatures ranging from ~78°C to 20°C for from 30 minutes to 48 hours.
Where one of R; or Rg are hydrogen, converting the alcohol functionality in
XXV to a leaving group, such as, but not limited to, bromide, mesylate or
tosylate as in XXVIHI under standard conditions and displacing the leaving
group with an appropriately substituted amine in a solvent such as, but not

25 limited to, dimethylformamide, dimethylsulfoxide, or tetrahydrofuran for from 1
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B S I e s e it -

not limted to, n-butyl lithium sodium hydride or potassium carbonate. The

10 resulting carbonyl conpound (XXVI) can be reduced with a reduci ng agent
such as, but not limted to, diisobutylalum num hydride, |ithium

triethyl bor o‘t%dri de or sodi um borohydride in a solvent such as, but not
limited to, M ol'lEWe% et hyl ene chloride, or tetrahydrof uPERUSH6MBETH 1 to
24 h at a tenperature between 0C and 120C to afford the correspondi ng

al cohol 15 Y00 ba i £IARDLMEIY betiSar ¢8RN 126 TBBHIHITE BB KX vil to

nucl eophilic ‘addition w an appropriately substituted organonetallic
agent (RBM whaeranhime XXKXs Remetalof thespokedisgayoar,dafodmtXX X mndpestaadamr a
Gignard reagent, to afford the rrespondi ng al cohol |, . where R8 is
al kyl . Sui t ablCeNLEPU KSR & thasrKllg i he 21 Adp WWSAWEW&WE% et hyl

et her, tetrahydrofLﬁan, or toluene, at 20 tenperatures ranging from-78Cto
20C for from SOjo\ngf, s to 48 hours. Were one of R7 or R8 are hydrogen,
converting5t he ]q%g ol functionality in XXVII to a |eaving group, such as,
but not limted to} brom de, nesylate or tosylate as in XXVIII under
standard conditi on8i@and di spl acing the | eaving group with an appropriately
substituted am ne in a solvent such as, but not 25 limted to,

di met hyl f or mam de, di nethyl sul foxi de, or tetrahydrofuran for from1 38 WO

2006/ 101603 PEHUY®6/fbo8ss s ischydiogemt Adterratiyalvawiase yeenwek Rz ot Bnis 120C
ts th i i
o oup, B f oSSR, H¥L robodbi B e HEColRRYMXarcbe c8GoRbRIFRLVAR |\
ar:j gg for dlﬁ) Srmmmbuir?mmr?mh thm&hm:ld%ind A—di;ﬂkﬂR{gazoNidarb@m?] f?;lhm\/ernlrtsj of R7
IS rogen. Alternatlvyely,, e one ., or, or | oge
G rect 1 opl acanprneston fLPRRRRRIM & wRh hySRtase i shlyertansh a5 Helagl or
M t sunobu r eacdthQwol b teffchdbdhé NDHOE ¢ﬁ§ w@b&#&g}o@;wim@ lB@WMéb@d F}r@léds owed

by deprotection of the phthalimde w ydrazine in a solvent suc

met hanol or  eXXiXninderstandasd ¢onditines Jnown Thihgsesikdled indghe adup previdere be

removed from. AFhE VORLeH AL 98T JafegRH!dH RS KB B ob@h ith S kg B £ e
15 which they are attached form a phthalimide group.
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amne V, wherein R8 is hydrogen and RO and P" together with the nitrogen to
15 which they are attached forma phthalimde group. 39 WO 2006/ 101603

PCT/ US2006/ 003657 Schene 1 X 0. 1) Co>-PPh3Br, Base 2) HCl, THF, OO O
ROR5 R7 OR PR7 Reduction or (Rs): RR(R6): - ) maddition of RBM ( ~.
n. 5 Base nNNNP O P XVI /Ii R7T XXVI R5 Base L R R%gs%g?/RZ %tlvation
(RS) X ) WOBMRORIE03 nN OH P Rta' NRs R5 RB XXVI 11 Ra RFT 003¥R5) N ) m
(Rs)z YFM P nN "P XXVII XXX DEAD or D AD, PPPhh2 O N O Deprotection O R5

R7 CNH(Rs):~)m On N, Scheme IX
]
1)l:C) " PPhgBr, Base
2) HGCH THF, H0
Or 0
R i Rs Ry
0 RTP\HLR-, \ Reduction or
(Rs)z\ R B . (He)z(\\ )y,  addition of RgM
{43}‘7 Jm e A
N o ‘P
P 2
O
~
Xvi p Ry XXvi
Ry Base

R
Rg
Ry fﬁy
Activation 6 ZH‘\N Jm NHRgR
n
/ o \ Rig \NJRQ ‘
XXvil B
Rs A
(Hs)z \ 7
[\\ ) (Hﬁ)z(\\é: )

nN

P P
Xxvi Q XXX
DEAD or DIAD PPhg Deprotection
(Hs)z \<\

nN

XXIX
L is Leaving Group
P is Protecting Group

Scheme X depicts the preparation of XXXVI, wherein Rs is halogen.

5 Alkylidenes XXXI, wherein Rs is hydrogen, can be halogenated with an
appropriate halogenating agent such as, but not limited to, 1-bromo-2,5-
pyrrolidinedione, 1,1,1-tris(acetyloxy)-1,1-dihydro-2-benziodoxol-3(1H)-one and

a tetraalkylammonium bromide, or thionyl chloride to provide XXXIL. Alkylidene
XXXl can be reduced with a reducing agent such as, but not limited to,

10 diisobutylaluminum hydride, lithium tristhylborohydride or sodium borohydride
in a solvent such as, but not limited to, toluene, methylene chioride, or
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P XXIX L Is Leaving Goup Pis Protecting Goup Schene X depicts the
preparation of XXXVI, wherein R5 is halogen. 5 Alkylidenes XXXI, wherein R5
i s hydrogen, can be hal ogenated with an appropriate hal ogenati ng agent such
as, but not 1- brono-2, 5- pyrrolidinedi one,

1,1,1- trls(ace?h%oxy§91 1- di hydr o- 2- benzi odoxol - 3(1 FD ore- 41006403657
tetraalkylannnnlun1bron1de or thionyl chloride to provide XXXII. Al kylidene

XXXI'l can be fe%w%fwahgoaframdm pg @&%‘%erﬁ%%r?tﬁé be@w&eﬁl@t?olah@fz@dotte 10

di i sobut yl al um num h hiumtrieth de or sodium
bor ohydr i de phforg tb@lcmér@sp@m@ng &lcohpLXXXBI. Ntmrta@delvdhetqﬁrb@mé componpfiene

T'to 24 h at T edue, UEERANNST Rootitn" IR 2 B EPRNERL el ng
al cohol  XXXI | brgafbtristaitid ag@htysuctthas @ardlgmydhtmon‘pspmbs ory Griyperd) ragent,

nucl eophilic addition wt ropri atel stituted  organonetalli
agent, such ato & %@rgrtbﬁﬁrmﬁmﬂfﬁggﬁ@@h@sxwma“%31'%ﬁ‘aﬂ%awlag%lﬂfab?%s?’&ﬂe@ﬁford

the correspong, gge%ﬁé}%n%édﬁglﬁgliﬁg?hﬁ@tﬂgf cfletYieiraR HF‘%Q , PhIGaHs T or

the latter transtormation | ther, tetr uran, or
tol uene, at tbtgreperhiures rargying hgm‘-r-mﬁc- #BLNIW fa(ELrh B0 mlm.meQﬂa ABroiies to 48

h . W f R7 R8 | s. d t h
Funct i onal i 1y WHFTe508 1F To o8 Hoisy MHYORFbLASTNEIGHS 480 Aol SinstoRaltYdn: o
brom de, mesy ki 9 al%a‘vﬁ\?/gﬁ}@ 3Bk st %oﬁﬁﬁ%d%a%@&hfﬁec% dt@rb% and

di splacing the leavin an appropriately substituted amne in a
sol vent sud@h msylﬂbeltamm XX tnaﬂlbrt standandecmdlﬁmamndddsﬁplacmgt tmel a@lingxi de,

or tetrahydrofuran pr froml erat ur,e en 0C and 120C
conver o o0t 0 wifian rBProekelaly Shedslla s TRRE B St Ro R B Tom
XXXVl under  stigiitgarne, d%éi%ﬁirﬁmhﬁﬂ@e KdigiethyisulfoRielse o kéttdg@rdfOranhier #oim af f or ds
amne 11, wherein Eis

1o 24 h at a temperature between 0°C and 120°C converts XXXIV to an amine

XXXVL Removal of the protecting group, P, from XXXVI under standard

15  conditions known to those skilled in the art affords amine Ill, wherein E is

Ry

RBH’%

Rg-s-ll\]
Ryo

20 and one of R; and Rg is hydrogen. Alternatively, where one of R; or Rs is
hydrogen, direct replacement of the alcohol XXXIlI can be accomblished via a
Mitsunobu reaction with phthalimide and a dialkyl azodicarboxylate followed by
deprotection of the phthalimide with hydrazine in a solvent such as methanol or
ethanol 1o afford the amine XXXVI. The protecting group, P, may be removed

25 from XXXV under standard conditions known to those skilled in the art to
provide the amine V, wherein Rg is hydrogen and Ry and P” together with the
nitrogen to which they are attached form a phthalimide group.
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20 and one of R7 and R8 |Is hydrogen. Alternatively, where one of R7 or R8 is
hydr ogen, direct replacenent of the alcohol XXXl Il can be acconplished via a
M t sunobu reaction with phthalimde and a dial kyl azodi carboxyl ate fol |l owed
by deprotection of the phthalimde with hydrazine in a solvent such as

met hanol _or ethanol to afford the am ne XXXVI. The prot ectin roup, P, may
be renov&@ P8I XXXV under standard conditions knoRfT{5240 p{ﬂgs TSkilled in
the art to provide the amine V, wherein R8 is hydrogen and RO and P"
together with the nitrogen to whigdiehdey are attached form a phthalimde
group. 41 WO 2006/ 101603 PCT/ U82006/ 003657 Schene X 0 1) CO-PPh, Br, Base
2) HA, THF, . H20 Or OO RRP~-RoH ( Ry (Re)2 O Base (R6)y~ ) Hal ogenation
\NmnNmnNO 'p PO Xv? NeBase.sOH 0 Reduction or Hal ogen Rs

Hal ogen R7 organonetal |ic adgidd,e#arsk 6 nN "p P XXXIII DEAD or DI AD, PPhs
XXXI'l 0 on or

. 0
g ¢
qu"\)l\ﬁ H \ H7
- ‘
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Xvi PR XXX
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Scheme Xl illustrates the synthesis of the side chain amine Ilf wherein E
Ry
Re— 1%
Sl
l
R1o

R; and Rs are hydrogen and Rs is substituted or branched-chain alkyl.

L

10 In Scheme Xl, halogenated carbonyl compound XXXVII, wherein R, is
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Activati i NH L O Halogen Ra Rm~ (Rs)z\ ) L is Leaving Goup ( nNO N O
Pis Protecting Goup p XXXIV Hal ogen R7 (Rs)z~ )m Deprotecti( ni (nN
NHRyRto P Rto'N,Rs XXXV Halogen RRs 4\)rn nN P XXXVI Schene Xl

illustrates sis of the side chain amine |1l wh ' s R7 R
RO°'N g RI10 @ggﬂﬁé%are hydrogen and R5 is substitut ede%&[@‘?zg?\%ﬁ%éa?chai n .
alkyl. 10 In Schene Xl, hal ogenated carbonyl conmpound XXXVII, wherein Re is

42 WD 2006/ 108fi8g&CTdrURG) 6/ma) 366 prepa@ioge %rmilﬁrkidshidi‘ﬁ)hsbﬁalblfgémwd in a
sim lar fashion,as hal ogenated arbonyl conpound XXX||. Carbonyl conpound
XXXVI |, wher eFHPRAYI §omMpoyng oXX XYy a@ﬁ%lof‘ylrrﬁwwuf‘@dﬁl‘&’ Mai WRe®IN dojicdeng

Tty bor oS TR o Secl SN ¥ D B s T
limted to, tlhiethde, miistytgatkiminum hydride, lithium triethylborohydride or sodium
5 borohydride in a solvent such as, but not limited to, toluene, methylene
chloride, or tetrahydrofuran for from 1 to 24 h at a temperature between 0°C
and 120°C to afford the corresponding alcohol XXXVII where R, is hydrogen
or alkyl, one of Ry, is hydrogen, and the other Ry is hydroxyl. Altematively, the
carbonyl compound XXXVII, wherein R. is alkyl, may undergo nucleophilic
10 addition with an appropriately substituted organometallic agent, such as an
organolithium species or a Grignard reagent, to afford the corresponding
alcohol XXXVHl where R, is alkyl, one of R, is alkyl, and the other Ry is
hydroxyl. Finally, carbonyt compound XXXVII, wherein R, is hydrogen or alkyl,
or alcdhol XXXV, wherein R, is hydrogen or alkyl, one of Ry, is hydrogen, and
15 the other Ry is hydroxyl, may be fluorinated using a nucleophilic fluorinating
reagent, such as but not limited to, (N-ethylethanaminato)triftuorosulfur (DAST)
or bis(2-methoxyethyl)aminosulfur trifluoride (Deoxofluor), in a suitable solvent,
such as methylene chloride, forfromito24 hata temperature between 0°C
and 60°C to afford XXXVIH, where in the case of the carbonyl compound
20  XXXVIH as substrate, Ra is hydrogen or alkyl and Ry is fluorine, and where in
the case of the alcohol XXXVIII as substrate, Ra is hydrogen or alkyl, one of Ry,
is hydrogen, and the other Ry is fluorine. Halogenated alkylidene XXXVIlIl may
be carbonylated in the presence of a transition metal catalyst, such as but not
limited to palladium acetate, dicarbonylbis(triphenylphosphine)nickel, or tetrakis
25 (triphenylphosphine)palladium, under an atmosphere of carbon monoxide in
the presence of a second additive such as methanol, optionally as solvent, or
in a solvent such as, but not limited {o, dimethylsulfoxide or fetrahydrofuran, for
110 24 h at a temperature between 0°C and 120°C to afford ester XXXIX.
XXXIX may be reduced with a reducing agent such as, but not limited to,
30 diisobutylaium‘inum hydride, iithium triethylborohydride or sodium borohydride
in a solvent such as, but not limited to, toluene, methylene chloride, or
tetrahydrofuran for 1 10 24 h at a temperature between 0°C and 120°C to afford
the corresponding alcohol XL, where g = 1. Converting the alcohol XL to
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chloride, or tetrahydrofuran for from1 to 24 h at a tenperature between 0C
and 120C to afford the correspondi ng al cohol XXXVII1 where R is hydrogen
or alkyl, one of Rb is hydrogen, and the other Rb is hydroxyl.
Alternatively, the carbonyl compound XXXVII, wherein is alkyl, may
under go nucl EOPhI lic 10 addition with an appr opri at el é’ substl t ut ed

or ganome PO 1UHENt , such as an organol it hi um speci E&TES2W@IFhar d
reagent, to afford the corresponding alcohol XXXVIII where R is alkyl, one

of Rbis e i d g@ogéyl iqaal orrpound
XV | mﬂ%%%#%g@% Zh"ﬁy%%% ésri%c}?t “Zﬁfk"“?‘ ot O '50 m”l'%’%é‘/? ‘#qeévl\ﬂ%%éu NR is
hydrogen aindak kgtandane obndionss drr}djrdlgplapmgnthS lechvingt broupRowitls &y dr oxyl
may be fl uori nat i

| eophilic fl t t.. such as but
ol ¥ ¢ ooy Somua G 4 e R RS B T 1 °
bi s(2- met fmm%ﬁrr&s%amw%émglshﬁbﬁwerlté@awa?@pe@éﬁ HMom HNo243vht abl e

sol vent, such as net hyl ene orid fromlto h at a tenperature
bet weers OOenmecatatK:betweﬂrf 6@ aoweo‘i’q Qﬂﬁé@@ |thet&i@0hnis)él- do amenyae bony|

conpound a i s h epe y n fluorine,
and mheregg G%E¥QF6$ ﬁﬁ pgﬁ@@%@ IIP ﬁgggdﬁéh ngepﬁgngﬁﬂydrogen
or al kyl, éﬁ?@t@hslﬂﬁom&ohbm@g@lmd iAlHe BAe e anitie Il5 wHevsininR.  Hal ogenat ed
alkylldene XXXVI'1l may be carbonylated in the presence of a transition
nmet al cat al yst, uch as but not |imted to palladium acetate,
di car bonyl bigs trlb enyl phosphi ne) ni ckel , or tetrakis 25
(trlphenylpggé ) pal | adi um under an at nosphere of carbon nonoxide in
the prasence'®ofNa %econd additive such as methanol, optionally as sol vent,

in a solven§ such as, but not limted to, dlnethylsulfoxide or
tetrahydrofura for 1 to 24 h at a tenperature between O0C and 120C to

afford estml afeffare RSO BN IFS & & WAﬁasrmti\@wJ@n@et Agfdersetith as, but
not |i mted;to 3?0 dii sob%%‘y | al ﬁ num (F;% FI e, lithi'umtriethyl borohydr| de

or sodi um Gotthsyaleohd Xlnmays bev @seorsplishess viehr Migaunobsi reastion, Withl uene,

bet een ochngbBcafd dgiRl Fotteib e Baithrtiga  dirofckBing gog < 4
Conver {5 ngpfﬁth@hrﬁidQOHD.II vith t By drdZnd\Gh 29 Gt 63 hPad / SRR 6! Q}@&ﬁﬁanoll eaVI ng
group XLI, such as, but not limted to, brom de, nesylate or tosylate,

“under st andf#0rgs doe @ming Ad-lndhe Eﬁl’f%@i“ﬂgﬂmh% Peﬁ\ﬁ)/ﬂ@e seoapediiom Akl
appropr i at ghye lkittarl WhRitaH: Reowd 18k \CRMba S b 4% to BHvidWihe! ddiinked to.

V, wherein Ry and Rg are hydrogen, Ry and P” together with the nitrogen to
which they are attached form a phthalimide grou'p, and Rz is CRaRRe.
20

44




di et hyl f or mam de, di net hyl sul foxi de, or tetrahydrofuran for from1l to 24 h
at a 5 tenperature between 0C and 120C converts the alcohol XL to an am ne

XLIT1. Renoval of the protecting group, P, fromXLIII under standard
condi tions %mﬁﬁﬁ@yose skilled in the art affords am ne || Ib wherein E is
RR7 10 RO R7 and R5 are hydrogen and R5 i s CRARAIBI06/003657

Alternatively, direct replacenent of the alcohol XL may be acconplished via
a Mtsunobu reaction with phthalim dghen Xii al kyl azodi carboxylate to
afford XLII. Deprotection of the 15 phthalimde XLII with hydrazine in a
sol vent such as nethanol or ethanol affords the amne XLIII. The protecting
group, P, may be rempved from XLIl under standard condl héoip vpwn to those
skilled in the art t& provi (f@d‘tch‘é"’ i V, wher ek BeME " hy dr ogen,
RO and P" t ogé&tlbgen. yd ﬁathe ‘{aﬁ " whi ledpoe a'?be ahirashes), MDA NEt,
pht hal i m de grgH . and R5 | 4 V\@gag égl6Q3__ECILLlSZQQ_6LQ.03657
Schene XI 0 Re uc’f Jar Rb Ra CO, Pd, MeOH o n Ra organonetallic
addi ti on Hal ogen Rb’“' é(XXVl ogenat i on (Ph3P)2N| (CC))iI PMEOH, NEt3 (Re)y4- )m

(Re)y ) mnNnN PP xxxvill 0 Rob HO Rb - Raza R~ b MOa
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Scheme Xl illustrates the synthesis of the side chain amine Il wherein
Eis R-
5 Ra~c1y
|
R1o
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XXX O Activation NH L Ro Rb 0 ( 91 Ra (Re)z ) L is Leaving Group mP
Is Protecting Goup n Nl p ONORo R XLI 4 Ra (R6)z\ ) Deprotection m
NHROR1o n N, P R10 XLIl NRb Ryi ( 4 Ry 1 Ra (R5)z )mnNP XLIII Schene
XI'l illustrates the synthesis of the side chain amne IIl wherein Eis R7 S
Ra Rg-N g | R o 45 WO 2006/ 101603 PCT1U52006/ 003657 one of R7 or R8 is
hydr ogen wodoes1€1608 her i s al kyI , R5 is substituted or PEFHPWREH3IETIai n al kyl ,
and q is 1. Conpound XXXVIII, ; prepared as described above, nay be

G AT T R T o WL £
or tetraki $rddchBReAH RIS RRUNEIPR! IEFhHEind ' RAKVIR o RPERPAS (R s&ibehr bon

above, may be carbonylated in the presence of a transition metal catalyst, such
as but not limited to palladium acetate, dicarbonylbis(triphenyiphosphine)nickel,

5 or tetrakis (triphenylphosphine)palladium, under an atmosphere of carbon
monoxide in the presence of an organometallic reagent R/M, wherein Ry is
defined previously and includes reagents such as tributyltinhydride or alkyl
indium agents (Organic Letters 2003, 5(7), 1103-1108), in a solvent such as,
but not limited to, methanol, dimethylsulfoxide, or tetrahydrofuran for 1 to 24 h

10 at a temperature between 0°C and 120°C to afford XLIV, where R; is as
previously defined. Carbonyl compound XLIV may be reduced with a reducing
agent such as, but not limited to, diisobutylaluminum hydride, lithium
triethylborohydride or sodium borohydride ina solvent such as, but not limited
to, toluene, methylene chloride, or tetrahydrofuran for from 1 to 24 h at a

15 temperature between 0°C and 120°C to afford the corresponding alcohol XLV.
Alternatively, the carbonyl compound may undergo nucleophilic addition with
an appropriately substituted organometaliic reagent, such as an organolithium
species ot a Grignhard reagent, to afford the corresponding alcohol XLV, where
Rs is alkyl. Suitable solvents for the latter transformation include, diethyl ether,

20 tetrahydrofuran, or toluene, at temperatures ranging from —78°C to 20°C for
from 30 minutes to 48 hours. Where one of Ry or Rg are hydrogen, converting
the alcohol functionality in XLV to a leaving group, such as, but not limited to,
bromide, mesyiate or tosylate as in XLVI under standard conditions and
displacing the leaving group with an appropriately .substituted amine in a

25 solvent such as, but not limited to, dimethylformamide, dimethylsulfoxide, or
tetrahydrofuran for from 1 to 24 h at a temperaiure beiween 0°C and 120°C
converts the aicohol XLV to an amine XLVIll.  Removal of the protecting
group, P, from XLVHI under standard conditions known to those skilled in the
art affords amine WM, wherein E is

30

RB\;S_%.
R9""N g

]
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nonoxi de in the presence of an organonetallic reagent R7TM wherein R7 is
defined previously and includes reagents such as tributyltinhydride or alkyl
i ndium agents (Organic Letters 2003, 5(7), 1103-1106), in a solvent such as,
but not lim%%ﬁé?ml t hanol , di net hyl'sul f oxi de, or tetrahédr furan for 1 to
24 h 10 at a tenperature between 0C and 120C to afford xLF T"U BYWRT? i s as
previ ously defined. Carbonyl conpound XLIV nmay be reduced with a reducing
agent such asonBuéf PQtadd Mgt %dhw}ogéh'aﬁ%#)ﬂ{é’loﬁ%é#”?sném}dbw lsd SubstitttBH Usp
triethyl bor Ohiéd“ de or sodi um borohydride in a solvent such as, but not
linited to, PEANGERE:Chain AKYENaNEH & i de Altemativelyalwharef orex®! fibr Of REmisL t o

2l cohol xLv. TG A By FrRia o dfic teiol At oo Ab BETRERESET
addi tion wi t h Misstinabo reqdtiont witly phthbimideldretia iRyl eiretiRaliboxyltafrdioweddych as

an organolithium species or a (xignard reagent, to afford the correspondi ng
al cohol XLV, Wegrtection ¢ithg pkihali W§B|h¥d§&¥!ﬂﬁelﬁt%8$lés?mt%h|%t*%‘@ﬁ%anol &

tenper at ur es Faoh 'R0l &b XM TTeptotdrking BYAE Ay b8l Blotfem 21
Where one of HL\EH WRelearstardeatd ageditions hmewni togthosaeskilleddhdhe farntat powvidei ty in
XLV to a | eavipn r.ou uch as, b not limted to, rom de, .nme e or
tosylate as i ﬁhaﬁ%ﬂn%&déﬁ%eﬁ?@nﬂ% Byébﬁ‘apt |Q_)'ﬁsh3gﬁﬁgerhr€‘§ Itﬁ%ioﬂbért'ﬁ@ﬁ&zjéq ng
group with an @BW’Q@P&@I@?MNHQ%HQ@MQ whiBH el ard akachad 1Rl a pHERlIRTIe but
not limted to, dinethylformam de, "di net hyl sul foxide, or tetrahydrofuran

for from 10t o graum Rt is subsliigiedearniranthsedwiain elgyhaodpied. converts the

al cohol XLV to an am ne XLVIII. Renoval of the protecting group, P, from
XLVII'l under standard conditions known to those skilled in the art affords
amine IIl, wherein Eis 30 R RB R9.-Ngi HIO0O 46 WO 2006/101603

PCT/ US2006/ 003657 one of R7 and R8 is hydrogen and the other is alkyl, R5
is substituted or branched-chain alkyl, and q is 1. Alternatively, where
one of R7 or R8 is
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~ hydrogen, direct replacenment of the al cohol XLV can be acconplished via a
M t sunobu reaction with phthalimde and a dial kyl azodi carboxyl ate fol | owed
by 5 deprotection of the phthalimde with hydrazine in a solvent such as
met hanol or ethanol to afford amne XLVIII. The protecting group, P, nay be
removed from XLVIII under standard conditions known to those skilled in the
art to pwowomaoclsbhe amine V, wherein one of R7 and RBPCEUFMYWESA and t he
other is alkyl, RO and P' together with the nitrogen to which they are
attached forma phthalimde 10 grog ‘ RSHIZ substituted or branched-chain
alkyl, and q is 1. 47 WD 2006/ 10160 E"Bt'i" 19 2006/ 003657 Scheme XI1 Rb Fla O
Rob Rb Reduction or Hal ogen Ro CO, Pd, (R7)31n R7 Ra organonetallic addition

R(Rs) (e v(~9imm ]QN nN ,PPXXXVIIIO)é'LI R7C.Rt0)rRa Rs (Rs)z\ b m
nN P XLV DEAD or DI *PPh3 O Activationl~" L ?ﬁlﬁ@mdﬁam@n

Halogen Ry co, Pd, (87)31[1 R a _“
)

(Raly~./ (Raly~¢
( ?rTN\ m ( gﬁN\
P P
XXV XLy

DEAD or DIAD, PPhg
O

@;&m

L is Leaving Group
P Is Protecting Group

Deprotection
NH H9H1 0 / n N‘P

Rig XLvil

. 4 H
R b
. Rg/ N 7 Rb
RB \ Ra
R
( s)z(\a: Y

n N

A

P
XLvii

Scheme Xl illustrates the conversion of ketone XVla to olefin LII using

a base promoted Stork-Jung vinylsilane Robinson annulation protocol

5 (Tetrahedron Letters, 2001, 42, 9123). Condensation of ketone XVla with ally!
iodide XLIX , wherein R is an alkyl group and P’ is a hydroxy protecting group,
(Tetrahedron Letters, 2001, 42, 9123) affords alkylated ketone L.. Epoxidation

of ketone L with epoxidizing agents such as, but not limited to, dimethyl

dioxirane or m-chloroperbenzoic acid, affords oxirane LI. Protodesilylation of
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Rs Fla Lis Leaving Goup (R6)z n N)mO P ls Protecting Goup P NR7 Rb Rp
XLVI Rs Ra Deprotection:(Rs)z )m NHRORjc\ n NLP R o XLtV\U ,N R7 RD Ra Rb
R8 1 Ra (Rs)z )MnN P XLVIII Schenme XIlI illustrates the conversion of

ket one XVl a Lefin LINIl using a base pronoted Stork-J ne
Robi nson anrﬁ:@é@?’g%Gé}r otocol 5 (Tetrahedron Letters, 3“'}&%@%@%?
Condensation of ketone XVla wth allyl iodide XLIX, V\/nerel n Rc is an al kyl
group and P ild vétthpgenizysushoas dtrmgt dintiteg, to, tatea-ndnsromeniumefiuorideoon, 42,

agent s such. aE0rBHI B RGP 1udr oBfidbBoy? oty il ghoiln R = 19

m chl or oper benipgi eperid affaidsHeton® XIIl aRidgAnridiaiondsisLll Yhat bemcebmplishedD
2006/ 101603 PCT/ US20061003657 LI with agents such as, but not limted to,

t et r a- n- but yl Aiaatment ot wib a)basqagaﬂchuaﬁ.hmhnpulmﬁwm,egewm Medhoxidg toand
Rimg annal 81 Ghtory Py SREURERbRBS KERRe, () Mol BE LA RS SR LA RARN! o
such as but nauchi nag,edbtio, meoddilimitetet hoxi d%dhmtyﬁalahfmmd Lh¥dride, lithium
but not 11 m ¢ SUSYBOGHTVAEER 0y FRUHR RATATMGGRE b TGNt Sueh e BROPUBRIAR dr  de
or sodi um bor qgy ¢hliiEs, | Meth evﬁﬁibrléélcﬁr ?@tratﬁ/dl?of[]%n 'fcbr”?rbﬁm tto°24tPP|a¥%ﬂe
nmet hyl ene chl oride, -or tet ydrof ur an froml to
temperature between 0°C and 120°C to afford, fo[lowmg removal of the
10 hydroxy protecting group, the corresponding alcohol LIV, wherein one of Rz is
hydrogen and the other Rz is hydroxy. Alternatively, Ll may undergo
nucleophilic addition with an appropriately substituted organometallic reagent,
such as an organolithium species or a Grighard reagent, to afford, following
‘removal of the hydroxy protecting group, the corresponding alcohol LIV, where
15 one of Rz is alkyl and the other Ry is hydroxy. Suitable solvents for the latter
transformation include, diethyl ether, tetrahydrofuran, or toluene, at
temperaiures ranging from —78°C to 20°C for from 30 minutes to 48 hours.
Finally, carbonyl compound LIll, may be flucrinated using a nucleophilic
fluorinating  reagent, such as but not limited  to, (N-
20 ethylethanaminato)triflucrosulfur {(DAST) or bis(2-methoxyethyl)aminosulfur
trifluoride (Deoxofluor), in a suitable solvent, such as methylene chloride, for
from 1 fo 24 h at a temperature between 0°C and 60°C to afford, following

removal of the hydroxy protecting group, alcohol LIV, where R is fluorine.
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tenperature between OC and 120C to afford, foll ow ng renoval of the 10
hydr oxy protecting group, the correspondi ng al cohol LIV, wherein one of R12
is hydrogen and the other R12 is hydroxy. Alternatively, LIIIl may undergo
nucl eophilic addition with an appropriately substituted organonetallic
reagent, such as an organolithium species or a Gignard reagent, to afford,
fol I owi ngVO PWHBIEE3 of the hydroxy protecting group, tHFETEERPEHRIATI ng
al cohol LIV, where 15 one of R12 is alkyl and the other R12 is hydroxy.
Suitable solvents for the latter transformation include, diethyl ether,
tetrahydrofuran, or tolugne, at te %r%tw,&g][es ranging from-78C to 20C for
from30 nminutes to 48 houxs. FinalTy, carbonyl conpound LIII, may be
hilic fluorinating reagent, such a5 3but not

¢

sol vent, such t a tenPErature

bet ween 0C and toafford, " fQalMmow ng renoval of t ydr oxy protecting
group, al cohol /n-ivher@PR12 | Ntlmori ne. F99°088'900 1803

PCT/ US2006/ 003657 Schene Xl Q 1 SIRL3 SIRC3 OSIRC3 000 PO O P. PN
)n-1 XLI X PN )n* laEpoxi dation PN )n_1 Xvia L Lt OF O~ Pr ot odesi | yl ati on
VN Base Mm P"P)nl1 LIl LIII ) Red%g.i on or OH R12 RIONNR9 12

Protodesilylation Base
Li
1) Reduction or OH Riz HW\N'R% y
i iti 12
gragljgéw::;%’f:‘hc addtion or 1} Activation Riz
i m
2) Deprotection ( /! )n 1 2) ReftyoNH ( Nm )
; .
P / -1
or Mitsunobu rxn. P
LIV LV

P is Protecting Group

Alcohol LIV may be converied to leaving group, suo'h as, but not limited

5 1o, bromide, mesylate or {osylate under standard conditions. Displacement of
the leaving group with an appropriately substituted amine in a solvent such as,

but not limited to, dimethylformamide, dimethylsulfoxide, or tetrahydrofuran for
from 1 10 24 h at a temperature between 0°C and 120°C converts LIV to amine

LV. Removal of the protecting group, P, from LV under standard conditions

10 known to those skilled in the art affords the corresponding secondary amine Hll,

R HT%
'Rgf})@
R1o

wherein E is
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B s R et

R LR hal ogenation ic addition or I 1) Activation R12 haloge 2) Deprotection

m 2) RORIONH m PN )n-1 )n-y or Mtsunobu rxn. P LIVLV P is Protecting
G oup Al cohol LIV nay be converted to | eaving group, such as, but not
limted 5 tgv Bjré)rri ple, nmesyl ate or tosylate under standard conditions.

Di spl acement "¢ HABeaving group with an appropriately EGBABM0608657ani ne
in a solvent such as, but not limted to, dinethylfornmam de,

bet neon 0C ancrI5E 8k HIAOEH G ahde (I8 Gk 3 Phoinired CHRTRREIE L ©

group, P, froringyaosdds 1st andard conditions 10 known to those skilled in the

art affords the,correspondi ng secondar 1 ne 111 wherein E is,,R7 RS RO-

N g | ALO 50 mo‘\gﬂ%‘@ﬁ!%%‘gé“g@iﬁﬂ@ﬂ%‘yﬁggﬁg‘ﬁr%ﬂ ariPrel 2lpRol Y 588:P° and

RS and R6 | 0i ruckOmpRSHBA ia TRMARISAHSR! RRGYHEH | RithT bRthalididk Cand & dialky!

Al ternatively, direct replacenent of the hydroxgl roup of al cohol LIV can
@

be acconpbi stfEadigagraxyicte.Jalwred by deprasectisn of t alimide wihchygraging iyl 5
azodi car boxyl I L.an, O Iy : I"%Uazi ne
in a sol vent 2‘%%?1'\{%@ é#%ﬁﬁa%nrﬁﬁthgﬁme@{]%ﬁéb@, Pogfg%@gpg%ﬁﬁgéﬂ’(r}gq%brh\ﬁner ein RO
and Rio are IBgmnegapdroyenExperi mental Section Precursor Preparation -

Het erocyclic Nuclei 15 Al heterocyclic nuclei such as

1-cycl opropyl -1, 4-di hydro-6, 7-di f| uor o- 8-

10
Experimental Section
Precursor Preparation — Heterocyclic Nuclei
15 All heterocyclic nuclei such as 1-cyclopropyi-1,4-dihydro-6,7-difluoro-8-

methoxy-4-oxo-quinoline-3-carboxylic acid, 7-chloro-1-cyclopropyl-6-fluoro-4-
oxo-1,4-dihydro-naphthpyridine-3-carboxylic acid, 9,10-difluoro-2,3-dihydro-3-
methyl-7-oxo-7H-pyrido[1,2,3-de}-1,4-benzoxazine-6-carboxylic acid, 1-
cyclopropyl-1,4-dihydro-8,7-diftuoro-4-oxo-quincline-3-carboxylic acid, 7-chloro-
20 1 ~(2,4-difluorophenyl)-6-flucro-4-oxo-1,4-dihydro-naphthyridine-3-carboxylic
acid, 1-cyclopropyi-1,4-dihydro-8,7-difluoro-5-methyi-4-oxo-quinoline carboxytic
acid,  1-[(1R,28)-2-fluorocyclopropy]l-1,4-dihydro-8,7-difluoro-5-methyi-4-oxo-
quinoline carboxylic acid, 1-{6-amino-3,5-difluorg-2-pyridinyl)-8-chioro-6,7-

difluoro-1,4-dihvdro-4-oxo-guinoline-3-carboxylic acid and 1-cyclopropyi-1,4-

25  dihydro-7-fluoro-B-methoxy-4-oxo-quinoline-3-carboxylic acid were prepared
according to literature methods (see above discussion about general
procedures for preparing heterocyclic nuclei) or were purchased from
commercial sources.

30  Precursor Preparation A - Preparation of Diacyl Quinolinyl Borates
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met hoxy- 4- oxo- qui nol i ne- 3- car boxyl i ¢ aci d,

7-chl oro-1I-cycl opropyl -6-fl uoro- 4-

0x0-1, 4- di hydr o- napht hpyri di ne- 3- car boxyl i c acid,

9, 10-di f | uor o- 2, 3-di hydr o- 3-

met hyl - 7- oxo- 7H-pyri do[ 1, 2, 3-de] - 1, 4- benzoxazi ne- 6- carboxylic acid, 1-

cycl opr opXft 2096/)1 hydro-6,7-dif|uoro-4-oxo-quinoIine-fggﬁﬁﬂ%§@ﬁ¥€7acid,
7-chloro 20

1- (2, 4-di fl uor ophenyl ) - 6-f | uor o- 4- qxo- 1, 4- di hydr o- napht hyri di ne- 3- car boxyli c
acid, 1-cyclopropyl -1, 4-di hydro-8, di £l udt®- 5- met hyl - 4- oxo- qui nol i ne
carboxylic acid, 1-[(1
R, 2S) - 2-fl uorocycl opr ppy] I -1, 4
qui nol i ne carboxylic acid, _
1- (6- ami no- 3, 5-di f | uor o- 2- gyri diqqyzg- 8- chl or o- 6, 7-

di fl uoro-1, 4-di hvdr o- 4- oxo- qui nol i fre- 3-carboxylic acid and 1-cycl opropyl-1,4
25 di hydro-7-fl uor o- 8- net hoxy- 4- oxat®guj nol i ne- 3- car boxylic acid were
prepared according to literature nethods (see above di scussi on about

gener al pro'S’pBﬁwﬂfﬁ HS .‘k'ngggeAqg,ng% Lehda1Q Afr?leHChaSEd
from conmer€rs otirces: 0PI € 0 < O A~ EparatTon of

D acyl Qui noRymyH, HBokldes 51 WO 2006/ 101603 PCTI US20061003657 O O OAc F

016, OAc FN1-0 z 19 Co nd 19 (Fornul a XV: =F A=C Rl =
Syol opr opyl . AT HiecAAUNGITOPORISS WhEs BISREJPA Bl i8I RTACP I EP B her o

pr epar by r t ©chi | ; ; , m xture
of borieyg aci W294B§l%ﬁggﬁ75?m )}?%ell)ggge:g&anﬁk%cﬁi@dg% %g.'%élr?r@m%ggﬁcml) and
zi nc chl ori deniisRiden(13@ 88, 6l hmahsandavainaetlaride1(B@anyo0.38. mrmol) wasated with

acetic acid (5 a : I 0, St r _an. ifi |, hqur 110C. The
resulting m &'P&Pg&) s?g%ﬁz%gét %‘,"ﬁ%&tteq ?”%béce*ﬂ‘f%g{ié%aﬂ‘w &ha ‘%S

1- cycl opr opyhidwekt db hstieran Gdditidhil Henoal@10°C. The resuliing mixture was

8- met hoxy- 4- oxo- qui nol i ne- 3-carboxylic a and

. c acid (1@%&7.3_9, 25.9 nmol )
acetic acid 8Bawed o capldor@ (s tieatedswith i reyslaRs rtrEtYep-6dcdiflderos n,
10 8-methoxy-4-oxo-quinoline-3-carboxylic acid (18} (7.3 g, 25.9 mmol) and

/B\
O
0-6,7- glAﬁ uor o- 5- net hyl - 4- oxo-

-

acetic acid (26 mL). The resulting solution was warmed to 60°C for 5 h,
cooled to room temperature, and was concenirated in vacuo. The residue
was treated with water (50 mL) and the solid was collected by filtration. The
resulting solid was washed with water (3 x 50 mL), and dried to afford the

15 title compound as a white solid, which was used as such in the next
reaction.

The same procedure as above was used to convert each of the
respective heterocyclic carboxylic acids listed in Table 2 to ihe
corresponding diacylborate derivative (17, 21, 23, and 83).

20

25

30
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cooled to roomtenperature, and was concentrated in vacuo. The residue was
treated with water (50 m-) and the solid was collected by filtration. The
resulting solid was washed with water (3 x 50 nL), and dried to afford the
15 title conmpound as a white solid, which was used as such jn th xt
reaction. THR2U4{68} ocedure as above was used to converqcxgggﬂ gﬁm%ﬁ
respective heterocyclic carboxylic acids listed in Table 2 to the
correspondi ng di acyl borate derivative (17, 21, 23, and 83). 20 25 30 52
WD 2006/ 101603 PCT/ US2006/ 003657 5 10 Table 2 Com and Qui nol one Conpound
Di ao Qui non Borate 00 &000Fa: c 01/ 1 16 01 17 b 0 0 o c4c
2011 OR21 1 I erNmOOW 221 / CH23 1 / I digd /01" Oa 00 Qo F
OH F 016.0Ac 82 FNS83 F-' N _

10
Table 2
Compound Quinclone Compound Diacyl Quinonyl Borate
9 9 0 9 o
E F g\
] o l o o
16 i7
g g A
8 o o 0 o
. CH U/ B@c
20 l 21 |
o 4 0 e
e
“ rl;:[ijJLm 23 ‘
A9 A -0 )_\
] o 0 O o oA
o F y o Brono
82 F N 83 F N
A0 A F_O A
F F
15
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FY FO A F F 15 53 WD 2006/ 101603 PCT/ US2006/ 0, 03657 Precursor Preparatlon
C - Preparation of Difluoro Quinolinyl Borates 0O F CO2BF2 F | N 223

1- Cycl opropyl - 1, 4- dlhydro 6

7-di f | uor o- 8- met hoxy- 4- oxo- qui nol i ne- 3-carboxylic acid difluoroborate ester
(223). 5

1- Cycl opr Bigy20061102608i hydr o- 6, 7- di f | uor o- 8- net hoxy- 4- oxoPﬁEﬂﬁHWWWgﬁg car boxyl i
c acid (18) (10.08 g; 34.14 mmol) and boron trlfluorlde et herate (30 ni;
236 mmol) | h . tenperature

under a ni 6% 5 ot c : 5 T, ether (250 nml-)
was added. The resultlng white SO|Id was coIIected by f||trat|on washed
with ether and 10 dried to give F
1-cycl opropyl -1, 4-di hydro-6, 7-di f | - 84|net.hoxy- 4- oxo- qui nol i ne-
3-carboxylic acid difluoroboratereste FN'ZS) as a white solid (7.29 g, 63%
yield). M 344 (M+ H. 0  F CO2BF N A- 224 15

1- Cycl opropyl -1, 4-di hydr o- 6, 7-di f | uor 0/5¢ met-hyl - 4- oxo- qui nol i ne car boxylic
acid difluoroborate ester (224). This was prepared in a manner anal ogous to
1- cycl opropyl - 1, 4- di hydr o- 6, 7- 223

di 11 uor o- 8- Het 9o AYICKe:- RSS! M18iTiR0 RAS R S4 R5L M Ahdlinéos BRRIRYR: €St er
(223) but startrng with

1- cycl opr opcididiffdatobyriteegte? (283! uor o- 5- met hyl - 4- oxo- qui nol i ne 20

car boxyl d..as b anic bl Chem stry
1995, 51639? Sk il ? OG- {33“%&3 8 08‘3@}5,]"[‘1&}{7%&%5%}%'# . 54
acid (18) (10.08 g; 34 14 mmol) and boron triflucride etherate (30 mL; 236
mmol) in anhydrous THF (150 mL) were heated at reflux temperature under a

nitrogen atmosphere for 36 hours. After cooling, sther (250 mL) was added.
The resulting white solid was collected by filtration, washed with ether and

10 dried to give 1-cyclopropyl-1,4-dihydro-6,7-difluoro-8-methoxy-4-oxo-quinoline-
3-carboxylic acid difluoroborate ester (223) as a white solid (7.29 g; 63% yield).
MS 344 (M + H).

15  1-Cyclopropyl-1,4-dihydro-6,7-difluoro-5-methyi-4-oxo-quinoline carboxylic acid
difluoroborate ester (224).
This was prepared in a manner analogous to 1-cyclopropyl-1 ,4-dihydro-8,7-

difluoro-8-methoxy-4-oxo-quinoline-3-carboxylic acid difluoroborate ester (223)

but starting with 1-cyclopropyl-1,4-dihydro-6,7-difluoro-5-methyl-4-oxo-quinoline
20 carboxylic acid (prepared as described in Bioorganic and Medicinal Chemistry

1995, 3, 1699) to afford (224) as a white powder (58%). MS 328 (M + H).
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WD 20061101603 PCT/ 1JS2006/ 003657 O F CO2BF2 F I N/OF 225 14(1

R, 2S) - 2- Fl uor ocycl opropyl | - 1, 4-di hydr o- 6, 7-di f| uor o- 8- net hoxy- 4- oxo-

gui nol i ne- 3- car boxylic acid difluoroborate ester (225). This was prepared in
a nmanner an ﬁous to 1 -cyclopropyl -1, 4-di hydro-6,7 5

di f | uor o- 8- ¥ oxo- qui nol i ne- 3-car boxylic acid di f PO SHBYYREE est er
(223) but startlng with 1-[(1

R, 2S) - 2-fl uorocycl opropy] I -1, 4-di hydr o- 607 di fl uoro-5-

met hyl - 4- oxo- qui nol i ne carboxylic B¢id cpFitaBf2 as described in WO
01/072738) to afford (225) as a gre @ |dl (49% . M 362 (M+ H). 10
Precursor Preparation B - Side Chdtn NScheme XIVO~0 Pp OOH 0O OO
DIBAI N Boo NaH THF N Boo Boc 24 250 \ fNH S=0 O O N N O DEAD, PPh3 TFA N
H Boc p 26 27 Boc=%0 15 Conpound 27 cheme XIV: 55 WD 2006/ 101603
PCT/ US2006/ 003657 095 F

1-[{1R,28)-2-Fluorocyclopropyl]-1.4-dihydro-6,7-difluoro-8-methoxy-4-oxo-
quinoline-3-carboxylic acid difluoroborate ester (225).

This was prepared in a manner analogous to 1-cyclopropyi-1,4-dihydro-8,7-
5 difluoro-8-methoxy-4-oxo-quinoline-3-carboxylic acid difiuoroborate ester (223)
“but starting with 1-{(1R,25)-2-fluorocyciopropy]l-1,4-dihydro-6,7-diflucro-5-
methyl-4-oxo-quinoline carboxylic acid (prepared as described in WO
01/072738) to afford (225) as a grey solid (49%). MS 362 (M + H).

10  Precursor Preparation B — Side Chain lll

Scheme XIV
o n O OH
é /~ | DIBAI I
N
Boe NaH, THF N N
Boc Boc
o) 24 25
I NH
i ;:O 5 ;-_—O
O 0= 0™ ~N
DEAD, PPhg [ TFA |
I|\! N
Bac H
O 26 27
Boc = ‘LLLJLO

15 Compound 27 of Scheme XIV:
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t-Butyl 4-(2-Ethoxy-2-oxoethylidene)piperidinyl-I -carboxvlate (24) was
prepared according the procedure described in Sato et al. Heterocycles,
2001, 54, 747. 5 t-Butyl 4-(2-Hydroxvethvlidene)piperidinyl-I-carboxvlate
(25) was prepared according the procedure described in Sato et. al

Het erocycl es, 2001, 54, 747. t-Butyl 4-f2-(1

3-Di hydr&qz‘@ﬁ’lﬂléﬁ?o 2H- i soi ndol - 2-yi ) et hyl i denel - pi peF AL hoxvl at e
(26) was prepared by a procedure adapted from Synthesis 1995, 10 756. A

sol ution ot- BZJfVI(2504W1Etﬂ|o>1\ﬂ2m5t@éﬂwl|dléﬁeh§:bemlxd$| (BQﬂJg}miatel 4@4ymokds  and
tri phenyl phosphi ne 1.40 mmol) in ') wa}s treated wth
di et hyl az@!ﬁ%ﬁ@@@@@d@% m@cmureﬂe&gﬂmmm §at§>d%te%l bﬁeéﬁ Q0GIPRy 2007, t he

dar k under§g‘[ Lypgen. After 5 h, the reaction mxture was treated with water
(10 L), dituted with ethyl acetate (50 nL), washed with 10% aqueous sodi um
15 bicarbonate (2 x 25 nL), and dried (MgSH). Purification by flash

chr onmat ograh){ (0O- 30% he title cona)ound
(389 ng?d 7&uAUS 45 was prepare

4-12-(1, 3- %‘c@é‘@?ﬁb(%%rgbé’dﬁﬂe%sbﬁ%c?ﬂ%até %%W@f&k@g@@b iOO‘lp'!ﬂeWﬁ' ne 20

trifluoroacetate A solution o nol ) 'was di ssol ved in
CH2CI 2 (50 m-) and was treated with trlfluoroacetlc acid (1 m-) at room

t emper at ur e. . cuo to
af ford the?' S5 S-2 ric Y?_ 25
1-(tert- BUtc‘é rate@ zds wésmr@,%redluw@eprmwr@@@tapfémbm Spsthesis 19%
respective  phosSphonoacetates |isted in Table and t he products subJ ected

to anallfgoS6. ph sebdionad 255250 mael .30 mamebi @hﬂaﬁllmvde ©288gnepaA8 mmol),

W0 2006/ 10-7B0sRERA ek i, o AN P60, PHERIRR Wik veed 2L 0

I\ F ~0 Guith GichhyD adodivaZsox@itie 30.256 AL IMO mmol) added via syringe in the
dark under nitrogen. After 5 h, the reaction mixture was treated with water (10
mL), diluted with ethyl acetate (50 mL), washed with 10% aqueous sodium
15  Dbicarbonate (2 x 25 mlL), and dried (MgSQ,). Purification by flash
chromatography (0-30% ethyl acetate/hexanes) afforded the title compound

{389 mg, 78%) as a white foam. MS 357 (M+H).

4-[2-(1,3-dihydro-1,3-dioxo-2H-isoindol-2-yl)ethylidene]-1-piperidine
20  trifluoroacetate (27). A solution of 26 (380 mg, 1.03 mmol) was dissolved in

CH.Cl; (50 mL) and was treated with trifluoroacetic acid (1 mL) at room
temperature. = After 1h, the reaction mixture was concentraied in vacuo to
afford the title compound 27 (363 mg, 100%) as an oil. MS 257 (M+H).

25  1-(tert-Butoxycarbonyl)-4-piperidinone was reacted with each of the respective
phosphonoacetates listed in Table 3, and the products subjected to analogous
procedures as in the synthesis of 27, to prepare the corresponding alcohols
(28-30, 84) and the derived amines (31-33, 85).
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H OH M OpON02924232|\/E271'NI IX. 0~0' \ N H o4/ \ C 00O
NO ~p 30262 33C 2912 o NO~O0O1~-N H OH, Et o E OEtd N o OE% 84 256
85 Et 285 Et N H 5 10 57 WD 2006/101603 PCTf US2006/ 003657 Schene XL Et O%

0O OHOH OEtO ~COREt R&BOC CEt R5 R5 5 R DI BAL/ THF
WO 2006/101603 PCT/US2006/003657

Table 3

| _Phosphoncacetates | Compound| - Alcohidls {MsH) Compound . Amines (M)
o 9 i O™ 0
CE\';L\’/LCH 28 246 31 F 275
o I

N
H

o]
ol 30 - 262 33 cl 20t
e Lk '
0" 0
N
H

10
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5} ONB N aH THF N oc Boc N, Boo 226:R5=F E-228: R5=F 227: R5 = O E-229:
RS =Cd Z-229: R =C1L 10 O (l-),- NHNHOO DI ADAD PPh3 15 ON O TFA
/| CH2CI2 NOONO RR5 5 NHNBoc NBoc E-232: R5 = F E-230: RS = F Z-231:
R =d 20 E233 RS = d E231: R =0 TFA CH2C2 25 ONO O0ll Boo =
rkC5 NH 7-233: RS = Cd 30 Conpounds E-232, E-233, - Schene
XL: 58 \3&9’2"88&1&‘81603 PCT/ US2006/ 003657 (E/ Z)-t - But;}’?%L}%S%"“%’%8"3“9'I

3- (1-fl uor o- 2- et hoxv- 2- oxoet hyl i dene) - pi peri di nvl - 1-carboxvl ate (226; R5 =
F). This was prepared by the sane procedure as in the synthesis of 24 except
that 1-(tert-butoxycarbonyi)-3-pSpeeméeXhone was used in place of 1-(tert- 5
but oxycar bonyl ) - 4- pi peri di none and triethyl 2-fluorophosphonoacetate was
used in place of triethyl 2-chiorophosphonoacetate. M5 310 (MtNa).
(E/Z2)-t-Butyl 3-(1-chjoro-2-ethoxv-2-oxoethvli dene)Ole peri d| nyI -

-car boxvl at'e E10, 0

0N _coE P
i b [ OBt piBAL/THF
e N |
Neg  NeH/THF N

Boc
226: Ry =F £-228: Rs =
227: R =0l E-229:; R5 Cl 2-22%: Ry =Ci
QO
i0 0
NH @f;NH
© O
DIAD, PPhg DIAD, PFh,
]
OO trascHc O N O 0= \N"=0
Rs Rs Rg
NH N‘Eoc N‘Boc
E-232: Rz =F E-230: R =F 2-231: R =Cl
20 E283:Rs=Cl E-231: Rz = Ol
TFA
CH,Cla
25 j i
0 0 N O
Boc = ﬁl:l'LO/k Rz
NH
2-233: Rg = Cl

30
Compounds E-232, E-233, and Z-233 of Scheme XL:
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(227; R5 = CO. 10 This was prepared by the sanme procedure as in the
synthesis of 24 except that 1-(tert-butoxycarbonyl)-3-piperidi none was used
in place of 1-(tert- butoxycarbonyl)-4-piperidinone. M5 326. (MtNa). (E2)-t
Butyl 3-(1-chloro-2-hydroxvethylidene)-piperidinvl-l -carboxylate (E-229 15
and Z-229; = 1.0 Msolution of DIBAL-H in tol ue . 23
nmol ) was a?eg%%fmfc’;%l @ solution of 227 (1.0 g, 3.29 mml)r}%ﬁglfsé%’lﬁ% 73rgofuran
(10 mL) at -78 C under nitrogen and the m xture was stirred at the sane
tenperature fEyzphphNen sYREBH-b -bRIBR{Rice ldﬂ\ﬁi"ffc%%&i(f%é“ ght.
0.5 M Rochel | €75 §a sofution 0 m-) was added to
the reaction @2608;=THe resulting mxture vvas stirred at rt for 3h. After

h t h trated . Th

Ceparatod by 15t RAPERE Suheia Bbrss fi i e vaEMR T ARG SPE Rt  or d
E- 229 [200 ny1- (@Pvfgutok@aﬂ%y()%b@bhdiﬁ@n@ y@héovuéed and glad?9 di259-(mm- 29%
M5 284 ( MtNa) white solid

as
3- (I -f1 uord- 2%w?wwb@%mwwpmﬁié)nomep@nﬁéﬂmﬂwh ZHvegrephpephonorcetats w8s = F) .
This was prep ed above 30
except that Zg%&dmsm useéf hS’ %@Weﬁﬁ%h&ﬁﬁa%@% M%%ﬁe{% I}@ugh Z-228 was
present in the crude reactlon m xture, it was not isolated in pure form by
flash chromat A . Er-t BU‘EX 3-11
-fluoro-2-(1,¢ HglinydaT-carb e

; 7)ol ¢ b m y
piperidinyl-lgzqr_fhg_yd;&te(E—230 R5:F|. This was prepared by a simlar
procedure as Th Synthesis of 26 except that E-228 was used in place of
25. M5 3910 ( MFhis)wasspiepprad iButhel sa;neg prooghiute as in the, Snithesicood 24 except that

R 2y vt LD e e PhBe il adh | BRE nt MEE of 26
except that Eut&%@oamsnyl)amhpéndmoa@e 8 328 (MMNA13 (MFNa) .

(E/Z)-+Butyl 3-(1-chloro-2-hydroxyethylidene)-piperidinyl-1-carboxylate (E-229
15  and Z-229; Rs = CI).

A 1.0 M solution of DIBAL-H in toluene (8.2 mL, 8.23 mmol) was added to a

solution of 227 (1.0 g, 3.29 mmol) in tetrahydrofuran (10 mL) at -78 °C under

nitrogen and the mixture was stirred at the same temperature for 5h, then

warmed to room temperature and stirred overnight. 0.5 M Rochelle’s salt
20  solution {40 mL) and EtOAc (80 mL) was added to the reaction at 0°C. The

resulting mixture was stirred at rt for 3h. After phase separation the organic

layer was concenirated. The E/Z isomers were separated by flash

chromatography (0-40% ethyl acetate/hexanes) o afford £-229 [200 mg, 23%,

MS 284 (M+Na)] as a yellow oil and 2-229 [250 mg, 29%, MS 284 (M+Na}] as
25  a white solid.

(E)-EButvi 3-(1-fluoro-2-hydroxyethylidene)-piperidinyl-1-carboxylate (E-228: Rs

.___._EL

This was prepared in a similar manner to the procedure described above
30  except that 226 was used in place of 227. MS 268 ( M+Na). Although Z2-228

was present in the crude reaction mixture, it was not isolated in pure form by

flash chromatography.
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10 (2)-t-Butyl 341

-chl oro-2-(1, 3-di oxo-1, 3-di hvdro-2Hi soi ndol - 2-yl ) - et hyl i denel -

pi peridinyl -1-carboxylate (Z-231; R5 = CO This was prepared by a simlar
procedure as in the synthesis of 26 except that Z-229 was used in place of
25. MS 413 (M+Na). 15

(E) - 3- (| WQ 298¢/81813( 1, 3- di oxo- 1, 3- di hvdr o- 2H- i soi ndol - 2 FSAVRI¥enel - pi peri
dine trifluoroacetate (E-232; R5 This was prepared by the sane procedure as

.(we Synkﬁm\ﬁ’f 1391 A86093- (1 8dxdF1 3 WS- 218 Rbiddb1RLAfeYfidehd). M 275

(E)-3-(1- CMFQH -0 Ioabbaliviate { E-230dRph wdf)o- 2H i soi ndol - 2- vf - et hvl i denel - pi peri
dine triflyoroacetate 233; RS = Thi s, was ar b
procedure 488 Wag lﬁ’ée%"’kfﬁé’ Eé(sﬁ gimjler Eﬁ%?egl!ﬁeeﬁ? in 'il"r?a%y"@qeigﬁ ﬁg@ ‘%(g%ﬂe[hﬂ?pl ace of

133. M5 29 438 tihs 1éed in laceof25 397 (
(2)-3-(1-chloro- 23(1 3- dPoxo 1. %vdro 2H-| soi ndol - 2-yl ) - et hvl i denel - pi per

idine ©orifluoroacetate (Z 233; R5 = CO 'This was prepared by the sane

OO OEO -1|:d%%@l b33t R EAE)+ N Boo NaH THF N, Boo NI Boo Z-234
E. 234 DI BA %‘m‘—”——)‘

This was prepared by a similar procedure as in the synthesis of 26 except that
E-229 was used in place of 25. MS 413 {M+Na).

10
(Z)-+Butyl _ 3-[1-chloro-2-(1,3-dioxo-1,3-dihydro-2H-isoindol-2-yl)-ethylidene]-
piperidinyl-1-carboxylate (Z231; Bs = Cl). ‘
This was prepared by a similar procedure as in the synthesis of 26 except that
Z-229 was used in place of 25. MS 413 {(M+Na).

15
(E)-3-[1-fluoro-2-(1,3-dioxo-1,3-dihydro-2H-iscindol-2-yi}- e’thvhdene] piperidine
trifluoroacetate (E-232; Rs = F).
This was prepared by the same procedure as in the synthesis of 135 except
that E-230 was used in place of 133. MS 275 (M-+H).

20 |
(E)-3-[1-chloro-2-(1,3-dioxo-1,3-dihyd ro-2H-isoindoI-2-vl)-ethv@enel-pipgridine
trifluoroaceiate (E-233; Rs = Ch.
This was prepared by the same procedure as in the synthesis of 135 except
that E-231 was used in place of 133. MS 291 (M+H).

25
(Z2)-3-[1-chloro-2-(1,3-dioxg-1,3-dihydro-2H-isoindol-2-yl)-ethylidene]-piperidine
tiifluoroacetaie (Z-233; Rs = Cl).
This was prepared by the same procedure as in the synthesis of 135 except
that 2-231 was used in place of 133. MS 291 (M+H).

30
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CH3 1 | N Boo NBoo Z-235 E-235 MsCl MsCl 15 TEA TEA O d H3C CH3
I BM CN Boo Z-236 E-236 20 NKDW DV |1 +tKNol OOOOH3 H3CN/
/ N O zo~ 25 N'Boo Z-237 E-237 TFAl TFA CH2Cl2 y CH2Cl12 O o 30 H3C
N/ \ NI CH3 OO NH NH 2238 E-238" 61 WD 2006/ 101603 PCT/ US2006/ 003657
Conpounds P93¥0AROE. 238 of Scheme XLI: (Z)-t-Butyl 341PCHUF896L03657

- 0X0- 2- propyl i dene) - pi peridinyl -1 -carboxvlate (Z-234) and (E)-t-Butyl
3-(1l-ethoxv-l -oxo-2-propyiidene)-piperidinyl-1-carboxvliate (E- 5 234). To
sodi um hydride (1.10 g, mmol) (60%in oil) SchémeXbydrofuran (50 nL) at 0C
was added tri et hyl -2- phosphonopropi onate (7.00 nL, 32.0 mmol s) and the

10 H3
| I N
\ /N
| N/
(

Etofl; o | N
0 EtO YCOgEi HsC OEt HaC | OEt
é |
5 - +
N.g,  NaH/THF Nog.o N
2-234 E-234
DIBAL DIBAL
THF THF
OH OH
10 HiC CHg
1 |
N‘Boc N“Boc
Z-235 E-235
MsCl l MsCl
TEA
5 TEA
Cl cl
HSC CH3
l |
N‘Boc
E-236
20 O
.-*,. p—
DMFl K Nf;@
0 5
N CHs
l
o)
25 N"Boc
E-237
TFA TEA
O O
HaC N N CHs
30 | / |
S 0
NH NH
2238 E-238
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resulting mxture was stirred for 20 m n whereupon
1-(tert-butoxycarbonyl)-3- piperdi none carboxylate (5.00 g, nmol) was added
and stirred a further 5 hours 10 at roomtenperature. The m xture was
concentrated, diluted with half saturated ag. NaHCO3 (200 ml-) and
extracted W|th ethyl acetate (6 X 40 nL). The organig extracts were dried
over Na2¥8PY0H%ntrated and chromat ographed on'si | PEHVGEIUSFTg 109% et hyl
acet at e/ hexanes as eluent. The geonetric isoners were isolated as clear
oils. The, neaction proyide 6 of the higher Rt E-isomer and
3.71 g (5659TERU 2 Livs = §°f%%hg"{6‘2-%arh MS 284 (MrH). (2)-t-Butyl
3-(1-hydroxy-2-propylidene)-piperidinyl-1 -carboxylate (Z-235). To Z-234

fromthe above reaction (0. 4982 g, 1.758 mmpl s)_ in tetrah drofuran 20 (6
nm) at -78Q-tEstyhd3retetho ot 1-p0-8-prepyiid IL' Sl Py s S was
stirred fqr ,5.A0uk 186 ang_dhen J Y e e fter
concent r aiHg .";i" *. s 'f' "'. ipetityld-carbos 51% énd et hyl

acetateg (284 -) were added and the mxture stlrred for 3 hours The m xture
was extracted with et acetate

concent r atl@ds@HuANYd] ﬁoﬁuﬂ%@r &‘ﬁﬁgg Q%S\nl ?'ba'ngt@“awgrﬁﬁﬂ'ﬁg’jégﬂﬂ- at

o 745 yi O o s A e ukp - RERORAIEDIoHAR BRGHISET indlspaia e (0. 3167

3- (1- chl oresiitipy apyilired auas) stiprquefar Bhyiin Iwhesielexy [ dfer-batoxgerbomy)-2= 235 from

the ab 1 6658 1), i Cl..2 dded
i et hyl aIEA0BRS8aHo Bie (B ds ol R 2O R RA T G R BARSIY de- (0. 08
m., 1.1 m@ljoonphd aﬁawﬁ-ﬁul tTrng kel Qragt bam@edmfa@éd 2 dinggdswitthhglf ni xture
was treated with sat. , extracted with CH2C 2( X7 nm), dried

over Nazs@mur@tﬁdcmwthl%lﬂé@g (a%nd-ﬁraé}%%@%ﬁﬂwah@thsdﬂcﬁtaéedﬁlx #0mMdoss 62 WO

give 0. 1118% VN of Gaar e | thefleyih® NHEgOsT Apthffiop™safa uent) to
341-( 1; 3- dihoomnatbgBaphicav dn osiltia: igebiupidg! m%vbuwIZapeiaamg/hém aseluent.

i i di - boxv! at Z- 237 6 f the ab ' 0. 0859
6, 0. 551" TS SOTTRE I DR WorenaRlRd, F550RRE 1 the deRG 2L CRAr SRt hal | i de

EYE) Ozﬁ% bfgl g?ea/@m b highsr Fj KlistirReMBsd St7 1 § 890499 of ?thélmraﬂf Ziomdater (10
Both: MS 284 (M+H).

(Z)-+Butyl 3-(1-hvdroxy-2-propylidene)-piperidinyl-1-carboxylate (Z-235).

' To Z-234 from the above reaction (0.4982 g, 1.758 mmols) in tetrahydrofuran

20 (6 mL) at —=78°C was added DIBAL (4.0 mL, 1.0 M in toluene). The mixture
was stirred for 5 hours at ~78°C and then 30 min at room temperature. After .

concentrating and cooling to 0°C, 0.5M aqg. Rochelle’s Salt (50 mL) and ethyl

acetate (20 mL) were added and the mixture stirred for 3 hours, The mixture

was extracted with ethyl acetate (5 X 20 mL), dried over Na;SQOy, concentrated

25 and chromatographed on silica gel with 30% ethyl acetate/hexanes as eluent.

The product was obtained as a clear oil {(0.3163 g, 74% yield). MS 242 (M+H).

(Z)-1-Buiyl 3-(1-chloro-2-propylidenes)-piperidinyi-1-carboxylate (Z-236).
To Z-235 from the above reaction (0.1607 g, 0.6658 mmol) in CHCl> (3 mL)
30 was added triethylamine (0.28 mL, 2.0 mmols) and then methanesulfonyl

chloride (0.08 mL, 1.0 mmol), and the resulting mixture stirred for 2 hours. This
mixture was treated with sat. agq. NH4CI, extracted with CH.Clz (4 X 7 mL),
dried over Na;SO4, concentrated, and chromatographed on silica gel (0-100%
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(10 nL) were added and the m xture was extracted with CH2CI2 (4 X 8 nL), 10
dried over Na2SO4, concentrated, and chromat ographed on silica gel (0-40%
et hyl acetate/ hexanes gradient as eluent) to give Z237 as a white solid
(0.0459 g, 1 (MH. {2)-34 7~

1- (1, 3-di oxgﬁli%g%%% v%ro 2H-i soi ndol - 2-yl ) - 2- propy! i denel PEBEAPCMOBF - 1- 15
carboxylate (Z-238). This was prepared by t he sane procedure as in the

synt hesi s of - i M+H) .
Q341 -(1, 3- d&tﬁgl f%?%@meﬁéﬂé%)g |so gﬂ) pg\]’e@ pr opgl %Q;Z’ﬁ OI]c Ig&%%??‘fﬂr nyl -1
- 20 carboxyl RiSe2gEME8).. This georretrl cal I somer was prepared from E-234
t hrough an anal ogous series of reactions as for the conversion of Z-234 to
Z- 238. NISZ?l(IVHrH) Schene XXIII O 25 OP(CEt)S OOCOF 1) NaHO 111 O
- O6Br P 2) Q . 7 3. B0k0-93- MR AR0AA-IHAR FOARLADEE57
(2- Oxo-t et rahydr

¥ ,
XXIT1)  was pgggadregl ‘&cardnrody!a@ @@Q ocedure described in I\/Urphy et aI
' 199 6,, 737-

Chem cal o]

4- (2- Oxo- di hg:gbjof O fBRe) PPO& | Eﬁar?g’op RrURRR 1 B LT ¢ APl

ester (87; S@rh%tﬁyl?@@n'ah')d 8 MI§PRaShdReda l@@é{hﬁﬂ?ﬁ‘ﬂwﬁnﬂéé (%7 4@at

described in Sato et al Iéil—ﬁteroz cl es, 200?O = g@? SEF
mmols). The mixture was stirred for 3 days at 50°C. Water (10 mL) and brme
(10 mL) were added and the mixture was extracted with CHxCl, (4 X 8 mL),

10  dried over NagzS0,, concentraied, and chromatographed on silica gel (0-40%

ethyl acetate/hexanes gradient as eluent) to give Z-237 as a white solid
(0.0459 g, 38%). MS 371 (M+H).

(2)-3-{1-(1,3-dioxo-1,3-dihydro-2H-isoindol-2-yl)-2-propylidene]-piperidinyl-1-

15 carboxylaie (Z-238).
This was prepared by the same procedure as in the synthesis of 135 except
that Z-237 was used in place of 133. MS 271 (M+H).

(E)-3-[1-(1,3-dioxo-1,3-dihydro-2H-isoindol-2-yl}-2-propylidene]-piperidinyl-1-

20 carboxylate (E-238).
This geometrical isomer was prepared from E£-234 through an analogous sefies
of reactions as for the conversion of 7234 {o Z-238. MS 271 (M+H).

Scheme XXIII
25 o Q o
0 P(OEY)
3 (55‘9 c[)”_ 1) NaH |
.0 P -
‘ Br \0 2 o
Q N
Boc
30 86 N 87

|
Boc
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Scheme XXN 10 O 0 O EtO- F F Gt NaH, Mel PQ(CEt)2 N THE N N 15 Boc BOG

NaH, THE BOG 88 89 3, 3-Di net hyl - 4- oxo- pi peri dine-I-carboxylic acid

tert-butyl ester (88; Schene XXIV) was prepared according the procedure

described in Vice et al. J. Og, Chem 2001, 66, 2487-2492. 20

4-(2-Eth -] - 0- 2- oxoet hyl i dene) - 3, 3-di net hy( pi peridi ne-|-carboxylic

acid te%gﬁﬁf{}*ﬂ%@;ter (89; Scheme XXI'V) was prepared Hy/US2p0H83650r e

anal ogous to that described in Sato et at. Heterocycles, 2001, 54, 747.

PCT/ US20064898fEpared according the procedure described in Murphy et al. Chemical

4-(1-Et hox&car bonyi - but - 3- enyl i_dene) pi peri di ne-1-carboxylic acid test-butyl
ommunications 1996, 6, 737-8.

5  4-(2-Oxo-dihydrofuran-3-ylidene)piperidine-1-carboxylic _acid _ferf-buiyl ester

(87: Scheme XXI) was prepared by an analogous procedure to that described
in Sato et al. Heterocycles, 2001, 54, 747; MS = 267 (M + H).

Scheme XXIV
F F
9] O EtO | OEt
fij NaH. Ml ’Hj PO(OE), |
L N ) |
15 Boc Boc NaH, THF Boc
88 | 89

3.3-Dimethvi-4-oxo-piperidine-1-carboxylic acid tert-butyl ester (88; Scheme

XXIV) was prepared according the procedure described in Vice et al. J. Org.
Chem. 2001, 66, 2487-2492.

20
4-(2-Ethoxy-1-fluoro-2-oxoethylidene)-3,3-dimethylpiperidine-1-carboxylic acid
tert-butyl ester (89, Scheme XXIV) was prepared by a procedure analogous {o
that described in Sato et al. Heterocycles, 2001, 54, 747.
Scheme XXV
25
1) NaH, THF
2) Aliy! Br R 5
or
%[\/ [ oRt
0 Ci
EtO > N
PO(OEY), 3)NaH, THF
30 (OEY), 3) b
O
90: R=H
4)
]}j 91 R= CHS
Boc



ester (90; Schenme XXV). A slurry of sodiumhydride (1.50 g, 37.6 mmol) in
THE (100 m -) at OC under nitrogen was carefully treated with triethyl
phosphonoacetate (8.12 nL, 37.6 mmol) via a syringe. After 30 mn, the 5
reaction m“t?lg(ﬁ)ﬁm%ostreated W th aIIy) brom de (3.3 ni,

37.6 mmlg and the
resulting mxtare was allowed to warmto 25C over 12 h. T ¥BL40PI6Hy
m xture was recooled to OC, treated with SOdI um hydride (1.50 g, 37.6

mol ), and ¢ g1 RS EL N3

solution of I- DUt OXY 0
(50 m-) was @_r&mu&im@mhnm aluoy eof sm:lnmnrhmmlet (ﬁeSO @stﬂ?tﬁ mgne)a)lumtl on

|l owed t to 25C h Th t h th
addi ti on of 109k abi0 () Bbftim Hnder mifeker’ 88 Frreyu e PER, e
m xture was d H\d@p‘h@ﬂ%&éia@ te/hz raEetaateen{rﬂ@l vid-)a syasdeed Mémeaﬁ%ﬁqngous

sodi um bi car bonate (2 x and concentrated in vacuo. Purification by

chr omat ogr-aphfpactions agixtuse M@A&fﬁﬁéﬂdﬂﬂtﬁ"l&fb@ﬁm (3.8tmb, 868oumel) arddhey, 25%
[ 1 0

o (5 L hovyc oyt rabdliohes alibied 1o warm o 25°C over 42 . The resuting mixturs, .

ter Ij - but % I de];waerr%c(()cﬁﬂed &?‘&hﬁré@l@ﬂ r\fmfonwaygnHaChm@ 587.6 mtmdi)e apddhfflulr e

20 descri be or xce me C ri s _ use st ea

brom de. Schié&sylt eluwpm_laﬁ do%glrdog)% > Q%t E@P& F’%( 2 %)

NaH, THE N 4}, t@x?@arb&&lj\h Z@é"@l%@%@%%ﬁﬁg HS?ﬁﬁ?é@ﬂﬁfﬁﬁas addced via

(1-Benzyl - pi perid bronpacetTc acid ethyl ester
XXVI ). Al uaro,fanoulas@mrdm m;rdamdmwe(msstbmg soBtiod mauowed Ma(mo@%ﬁ@ at 0C

m57.6  mopjeia & The ol MeE albighel bLRY o fRG O GRS 2

treat eg vvnht h éodmmnbnardoha% (B mid7ar tholgsumting mbdurepwas difutstnagith @iyl 10
t
mn an © acetate (100 mL), washed with 15% aqueous sodium bicarbonate (2 x 100mL),

and concentrated in vacuo.  Purificalion by chromatography (0-50%
15 EiOAc/hexanes) afforded title compound (1.93g, 25%) as a yellow oil: MS
(M+H) = 310.

4-(1-Ethoxycarbonvi-3-methyl-but-3-envlidene)piperidine-1 -carboxylic acid teri-

butyi ester (91;_Scheme XXV} was prepared according to the procedure

20 described for 90 except methylallyl chloride was used instead of ally!l bromide.

Scheme XXV1

. 1) NaH, THF O
25 Br
0 2) Brp joooR

EO -

PO(OEY2  3) NaH, THF
4 0 ©)
oIt
30
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resulting mxture was allowed to stir for 3 h. The reaction m xture was
treated w th sodiumhydride (1.50 g, 37.6 mmol) and the resulting slurry
was allowed to stir for 30 mn at OC. A solution of 1-ben

zyl pi peridin-4-one (5.0 g, 25 mmol) in THE (50 nL) was added via a cannul a
over 10 mn.and the resulting solution 10 was allowed to warmto 25C over 12
h. The r XM WES quenched by the addition of 15% dfeBtre0e8iSdm

bi carbonate (50 nL) and the resulting m xture was diluted with ethyl

acetate ( 1 0 . b ( 100m_)
acerate ek IBaRFHLNEndBloRGHETI aso it or?gmc{ 9pD 8RRk e LRV

Et OAc/ hexarfeslurmfof sodiedn hipdridé (1.80 @DI&B@WQ'B irBEYHF (1 Q mhﬁ;@t e andeud or ange
oil: M (

similar f aé‘ﬁw@ﬁ“a‘@%&é&é}%@%{%% 6Jr \S'V{tﬂ‘l igﬁ%t?lﬁl bﬁos-li)q’)tgn%agetv\% ?8 RESRE %‘;é na

4- (2- hydr oxyabiwia derglingser ARengd- ﬂnwgathbovexaba@re rhZRire \Qé§€tﬁéaté(ﬂ16‘mth
correspondl ng et héll | dene car boxyl ate was used instead of t-hbuty

4- ( 2- et HoxProming OlYx dakn Y ibdaniaylhivifesi diopping furngl yey | 14 8"'@211')0' ¥ 30 66

WO 2006/ 10 0 Etrul nd ( M+H)
Corox 1 a¢ SR BR RRe 89585 ro Pl o el Aseiohgy el (0t
274 '\ ON MitK sddiur®hlyddte 9R5Q61 370 rhhidd and the resulting slurry was allowed to

stir for 30 min at 0°C. A solution of 1-benzylpiperidin-4-one (5.0 g, 25 mmol) in

THF {50 mL) was added via a cannula over 10 min and the resulting solution
10 was allowed to warm to 25°C over 12 h. The reaction was quenchéd by the

addition of 15% aqueous sodium bicarbonate (50 mL) and the resuliing mixture

was diluted with ethyl acetate (100 mL), washed with 15% aqueous sodium

bicarbonate (2 x 100mL), and concentrated in vacuo. Purification by

chromatography (0-50% EtOAc/hexanes) afforded the title compound (6.35g,
15 74%) as a red-orange oil: MS (M"=H) = 339.

The alcohols listed in Table 6 were prepared in a similar fashion as described

for t-butyl 4-(2-hydroxyethylidene)piperidinyl-1-carboxylate (25), excépt the

corresponding ethylidene carboxylate was used instead of t-butyl 4-(2-ethoxy-
20 2-oxoethylidene)piperidinyl-1-carboxylate (24).

25 ‘

30
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97 Q 'Q OH O OEt 100 282 N X' 99 OH Br LoEt er 102 297 N N ,9, 5 67
WO 2006/ 101603 PCT/ US2006/ 003657 Schenme XXVII OHOH R5 A5 TFA I TFA 5 N
CH2CI 2 N Boc H 25:R5=H 103: R5=H 28: R5=F 104: R5=F 29: R5 = CH3 105: R5 =
CH3 10 2-Pi yl i dene-et hanol trifluoroacetate (103; 11). A
sol ution ‘?85@% 1?5541} ng, 0.5 mol) was di ssol ved in mzc\g‘%”?%ﬁ]ﬁa?‘)sﬁxd was
treated vmthtrlfluoroacetlc acid (0.5 é roomtenperature. After 1h,
the reaction mxture vvas concentr at edTlablel cuo to afford the title corrpound

(64 ITg, 1000//L 1 UII |v/S 1r)n 1|\/|| II = '_yl | d N- |'O|
trifluoroacet at @’L € Sche MW rT ré‘gﬁﬁé cor|di ng @Eglgr ocefure
described f 9_wacs-.-u-seﬂ '\’R 142 (MeH)-——20

pi pegsdi n-4-yli

2- Fl uor o- 2- dengget hanol trjfluoroacetate |(104; Scheme XKVII)

was prepared accondijpg the procedur@ descri bed fQ%r 103 egxcept gﬁzwas used.
| QFEt ]

ook ~
o

93

OH
ngom ] 96 274

N0 = OH
Ao | 98 268
N

0}\0’1< N J<

97 O)\O
2 OH
[ OR E 100 282
N

o’l\oJ< N

OH
Q
BrgL.oa Bfg 102 297
N i
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M5 146 (MtH). Schenme XXVIII 25 HO N 8CC Py0O 2012 , oEO “Boc TPA, CHzClp
tONH 'TFA F FI | F 28 106 107 t-Butyl

4- (2- et hoxycar bonyl oxy- 1-fl uor oet hyl i dene) pi peri di ne-1 -carboxylate 30
(106; Scheme XXVI11). To al cohol 28 (0.5064 g, 2.064 nmmols) in CH2C 2 (10

m-) at RT was added pyridine (0.23 nL, 2.8 nmols) and et hyl
chl or of oMRARWYB i 2.2 mols), After stirring ové’%?'{ﬁ}o %?7. ag. NH4C
(10 nlL) was added and the m xture extracted with CH2C12 (5 X 10 nl.), dried
over 68 WO 2006/ 101603 PCEthORKVAP3657 Na2SO4, concentrated and
chr omat ogr aphed on 5| lica (20% Et CAc/ hexane as eluent) to provide the title
conpound 106 (0H454 g 69% as a clear pil QM5 318 (M+ H). 5
4- ( 2- Et hoxycar boni xy-1-fl uor.o-et hyl i deR i peridine (107; Schenme XXVIII).
To conpound 106 (& 1787 g, 0.5881 nmol) i nil cH2Ql 2 (3 nL) was added TFA
(0.56 nL, 7.3 and—t-he—m-xt-ue stinred fef, 3hrs whereupon all volatile
materlals were r ed in vagH Quto pI’OVI he crude title conpound, which
was used without fiurther pur i ?atlon 18 (M + H). 10 Schene XXTX N Boo
Boc Boo Dess-Mar€%n, CH2@ 2 H N I\/bP(Ph), r, NaHVDS, NHO/ THF' C C dC
30 108 109 1528FR=KH2C12 NFI ' TFA Cl 103l&0=H - Butyl
4-(1-chl oro- 2- exagttw! i dene) - pi peri di ne1ds: gaepoxvl ate (108; Schene

29: HESCHa 105: R5=CH3

10 2-Piperidin-4-vlidene-ethanol trifluoroacetate (103; Scheme XXVII). A solution

of 25 (191 mg, 0.5 mmol) was dissolved in CHCl (10 mL) and was treated
with triflucroacetic acid (0.5 mL) at room temperature. After 1h, the reaction
mixture was concentrated in vacuo to afford the title compound (64 mg, 100%)
as an oil. MS 129 (M+H).

15
2-Piperidin-4-ylidene-propan-1-ol triflucroacetate (105; Scheme XXVII) was

prepared accordihg the procedure described for 103 except 29 was used. MS
142 (M+H).

20  2-Fluoro-2-piperidin-4-ylidene-ethanol trifluorcacetate (104; Scheme XXVII)
was prepared according the procedure described for 103 except 28 was used.
MS 146 (M+H).

Scheme XXVIIX
25 ' '
N,Boc Pyr, CICOEL, OEt N’Eoc TFA, CHyClo 0Lt NH “TFA
HO™ ™~ CHCla o%o o 02\0 &
3 F F
28 106 107
t-Butyl 4-(2-ethoxycarbonyloxy-1-flucroethylidene)pipetiding-1-carboxylate

30 (106; Scheme XXVIII). To alcohol 28 (0.5064 g, 2.064 mmols) in CHClz (10
mL) at RT was added pyridine (0.23 mL, 2.8 mmols) and then ethyl
chloroformate (0.22 mL, 2.2 mmols). After stirring overnight, sat. ag. NH,Cl (10
mL) was added and the mixture extracted with CHxClo (5 X 10 mL), dried over
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20 XXI X To al cohol 30 (6.01 g, 23.0 mmols) in CH2Cl 2 at RT and open to the
air was added the Dess-Martin reagent (21.178, 49.9 mmols) and the reaction
m xture stirred overni ght whereupon the m xture was washed with sat. aq.
Na2S203 (60 m -) and sat. agq. NaHCO3 (3 X 30 nL). The or i S
dried over NEQ¥BA19%Hhcentrated and chromat ographed on siqﬁ:ljé zb@é&;ﬁi@a

Et CAc/ Hexane as eluent) to provide the title conpound 108 (5.22 g, 88% as a
white crystally (o] ! < s o

(1 onl b o 2- PSSR spoaEyal Sob¥horkbroolafiki ey siiea (30% EQAangas

Met hyl t ri phenyalydnis frh provice Breotiledeortpotrid 406 16.4546m|69%) as BHEfeddGil. BB n -)
at 0C was treaééfédwgit%sodi umbis(trinethylsilyl)amde (15.4 nL, 1.0 Min
THF) and stirr F”'é m n wher eupon conpound 108 (2.05 g, 7.89 mmols) in
THF (15 nlL) was added via cannula and the m xture stirred for 3hrs, warm ng
to RT. The mixture was quenched by adding sat. ag. NH4Cl (20 m-) and the
69 WO 2006/51016(EHoRycE2o08I08Y 3 6Emro-athy Haperiding 6105 SchemedOVH IR Et OAC

Concent rat ed o cSRPRHAS S0P LEHERT 8 OFERY S8 dp LlBle B P e B 00
MeOH CH2Cl 2) (Obaamby 7@emiris)tarid the ¢oikies! Bikrddfor Ahts YheBoupR4ll vistatile Whi t e
crystalline solid. 258 (M + H. 5 4-(1-Chl oro-2-propenylidene)piperidine

. M5 , ) (
TFA salt (1110Maisgiglserederioved in vaskoaiiovige the clugedtite camporst, wvah) i n
CH2Cl2 (5 m-) sl 7 d the mxture stirred
for 3hrs wher e“ﬂ%%ﬁsi‘?ﬁﬂ%ﬁﬁﬂrééppﬁ@'?% gﬂjsm%q;g;t“?én@'ed in vacuo. The crude
title conpfund so obtained was 10 used vinth?)g& further purification. M5 158
(M+ H)y. The protected amnes listed i AEPRE 7 were prepared in a simlar
fashion as described for t-butyl
4-12- (1, 3-di hvdro-1, 3-di gxo- 2H-i soi ndol - 2-yl ) ef,hyl i denel - Boc
pi peridinyl - 1- car boxyl at e (Z&patrdlbept {hel cor r eHORBINEY %R] coho s used 15

i nstead of t-but -¢2Z- hydr oxyet hyl i d&n peri di nybe-| - car e (25).
Table 7 Al cohol Protected Am ne Conpound¢(MtH) 94 HO 111 401G N
30 108 109
15
TFA, CHaCl /YONH TEA
e o
Cl
110

+Butyl 4-(1-chloro-2-oxoethylidene)-piperidine-1-carboxylate (108; Scheme
20 XXIX) To alcohol 30 (6.01 g, 23.0 mmols} in CH»Cls at RT and open to the air
was added the Dess-Matitin reagent (21.17¢g, 49.9 mmols) and the reaction

mixture stirred overnight whereupon the mixture was washed with sat. ag.
Na»S203 (60 mbL) and sat. aq. NaHCO; (3 X 30 mL). The organic layer was
dried over NasSOs concentrated and chromatographed on silica (25%

25 EtQAc/Hexane as sluent) to provide the title compound 108 (5.22 g, 88%) as a
white crystalline solid. MS 260 (M + H).

+Butyl 4-(1-Chioro-2-propenylidene)piperidine-1-carboxylate (109; Scheme
XXIX) Methyltriphenylphosphonium bromide (5.51 g, 15.4 mmols) in THF (40
30 mL) at 0°C was treated with sodium bis(trimethylsilyl)amide (15.4 mL, 1.0 M in
THF) and stirred for 20 min whereupon compound 108 (2.05 g, 7.89 mmols) in

THF (15 mL) was added via cannula and the mixture stirred for 3hrs, warming
to RT. The mixture was quenched by adding sat. aq. NHsCl (20 mL) and the
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O i I 96 112 403 ON O-O' \ 70 WD 2006/101603 PCT/ US2006/ 003657 98 0 113
397 NO 1 0J,0" /1 100 O 114 411 Ni O ook 102 O I 115 426 Br O N The
amnes listed in Table 8 were prepared in a simlar fashion as described

for 4-f2-(1, 3-di hvdro-1, 3-di oxo- 2H-i soi ndol - 2-vl ) et hyl i denel - 1- pi peri di ne

trifluoroacetate (27), except the corresponding prote ] s used 5
i nst ead WO womwé 4-f2-(1, 3-di hvdro-1, 3-di oxo- 2H-i so?ﬁﬁgﬁﬁ%’{ﬁ%g t hyl i denel -

pi peridinyl -l -carboxylate (26). 10 71 WD 2006/ 101603 PCT/ US2006/ 003657

Tabl e 8 ProtechRdabol Rs ARmseHARPERIAL WX 20 H1Y. Hhd E8mdited dlganic
layers were dried over NazSO,, concentrated and chromatographed on silica
(gradient elution with 0-10% MeOH/ CH:Cl,) to provide the title compound 109
(1.94 g, 96%) as a white crystalline solid. MS 258 (M + H).

4-(1-Chloro-2-propenylidene)piperidine TFA sait (110; Scheme XXIX) To

compound 109 (0.1415 g, 0.5489 mmol) in CH:Cl, (5 mL) was added TFA

(0.55 mL, 7.1 mmols) and the mixture stirred for 3hrs whereupon all volatile

materials were removed in vacuo. The crude title compound so obtained was
10 used without further purification. MS 158 (M + H).

The protected amines listed in Table 7 were prepared in a similar fashion as
described for i-buty! 4-J2-(1,3-dihydro-1,3-dioxo-2H-isoindol-2-yl)ethylidene]-
piperidinyl-1-carboxylate (26), except the corresponding alcohol was used

15 instead of t-butyl| 4-(2-hydroxyethylidene)piperidinyi-1-carboxylate (25).

Table 7
Alcohol Protected Amine Compound (M+H)
94 Ho. O i 111 401
N 0
|
N
041\0
96 0 112 403
F "o
g
N
8] OJ<

70



O NH112 0117 303 OF5 N H 113 118 297 NO NH 114 119 311 O N H
5 10 72 WD 2006/ 101603 PCT11JS2006/ 003657 Schenme XXX ! \ n\\ 5 p Np Oo Br
1) AGE-C] NBr HC N 2) MeOH, heat ~ ~ 10 102 120

2- (2- Brono- 2-pj i di.n-4-ylidenyl et hyl)isoindol e-1, 3-di one hydrochl ori de
(120: Scheﬁ%ﬂ?@go.laﬁ m xture of 102 (0.50 g, 1.17 nmol) Pﬁﬁﬂ%l"-oélpﬂf’ésﬁoet hyl

98 O é 113 397
N
0

100 O=¢ i 114 411
N
o

J

102 115 426

o
N
Br ©
I
@J

The amines listed in Table 8 were prepared in a similar fashion as described

for 4-[2-(1,3-dihydro~1,3-dioxo-2H-isoindol-2-yl)ethylidene]-1 -piperidine

trifluoroacetate (27). except the corresponding protected amine was used
5 instead of t-butyl 4-[2-(1,3-dihydro-1,3-dioxo-2H-isoindol-2-yl)ethylidene]-
piperidinyl-1-carboxylate (26).

10
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15 chloroformate (0.7 m., 6.2 mml) in dichloroethane (10 nL) was warned to
reflux tenperature for 2h. The resulting solution was allowed to cool to
room tenperature and concentrated in vacuo. The residue was dissolved in
met hanol (50 nL) and warned to reflux tenperature for 2h. The reaction

m xture was allowed to cool to roomtenperature and concentrated in vacuo to
20 af f or d O MPAUY,) i d. The residue was washed with diP&Tﬁ%m%foﬂ@rﬂ(ZX) and
dried to afford title conpound (432 ng, 100% as an orange oil. M5 336 (M +
H). Conpounds Z-37 and E-37 of SChe“galﬁiX:B (E/ Z) - Et hyl

chl oro( 1- benzyl - 3-pyrrolidinylidene)acetadate (34). Prepared by the 25 sane

procedur e asPidiedtBd ARYIRENEST S AMird except ECoaipolngenzyl - pyr(vRIH)dIn- 3 one
was used inplace of 1-(tert-hutoxycarbgnyl)-4-piperidinone and trjethyl 2-
chi orophosphonoacet ate was used i ace of triethyl phosphonoacetate, N5
280 (M + Hy. 30 (ELZ)-2-(1-Benzyl - yriol i.di nyl i dene) 1 2- chl or get hano] (35).
Prepared by the ddne procedore™as i n the synt%@si s of | 25 exé’@ﬂt t hat| 34 was
used in place of 24. M ?83 (wm N 73 WD 2006/ 101603 PCT/ US2006/ 0083657
Schenme X V|0 O ~ oft / OH4 NaH[THE 34 NNN35 Oi OQON ON N DEAD

PPh3 YN +|(~CI ACE-Cl C | C ° &&36 ({236 Z-37 ACE-Cl ~\ N C

112 117 303

-
&5 = o =
z
o

o:(%
113 N ‘ 118 297

N
H
114 0{? 119 311
N Q
|
N
H

10
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N H E-37 (E/2)-2-f2-(1-Benzyl-3-pvrrolidinvlidene)-2-chloroethyll-1

H i soi ndol e-1, 3(2H) di'‘one (E-36 and Z-36). Prepared by the sanme procedure as
in the synthesis of 5 26 except that 35 (1.58g) was used in place of 25.
The E/Z isoners were separated by MPLC (0-45% et hyl ) to

af ford z- 36V AW IHES Vs 367 (M + H)) as a reddi sh oil 3’@%%@%%

367 (M+ H)) as a reddish oil.

(E)-2-12-Chl oro-2-(3-pvrroli dlgé(l i dgnget hyl 1 -1 Hi soi ndol e-1, 3(2H) - di one
hydrochl oride (E-37). A m xtur (0 430 g, 1.45 mol) and

ate (0.7 nmL, 6.2 mmol) in dichloroethane (10 nl-)
erature for 2h. Thg sulting solution was all owed
to cool to room tenpera , and concentrat¥g n vacuo. The residue was

di ssol ved5i n 15 net hapek, (5@ nL) and war ned reflux tenperature for 2h.
The reactifon mixture wag allowed to cool P& WO0M tenperature and

1-chl oroet hyl chl or of or.hg
was warnmed to reflux t

concentrated in vacud p 74 WACRO06/ 10166 / US2006/ 003657 afford a
white solid. The resi was—washed-wi th diethyl ether (2x) and dried to
afford E-37 (200 ny, §0% as a brown oil. 777¢M + H) .

(Z) - 2- (2- Chl or o- 2- (3- py¥r ol i dPH§PTd8te) et hyd |41 H-i soi ndol e- 1. 3(2H) - di one 5
hydr ochl ori de (Z-3] Prepared by the sane pjocedure as in the synthesis of
E- 37 excgpt that ¥=36 was used in place of E-36. M5 277 (M + H). Schene XV
10 OO O ON Se®, tBuOOH O N 1) Dess- I\/artlr112OX|dat|on ON~O i 15 HO Il 2)

McONH2 N N N N BOC BO¥?BOG 26 38 40

2-(2-Bromo-2-piperidin-4-ylidenylethylisoindole-1.3-dione hydrochloride (120:
Scheme XXX). A mixture of 102 (0.50 g, 1.17 mmol) and 1-chloroethyl
15  chloroformate (0.7 mL, 6.2 mmol) in dichloroethane (10 mL) was warmed to

reflux temperature for 2h. The resulting solution was allowed to cool to room
temperature and concentrated in vacuo. The residue was dissolved in
methanol (50 mL) and warmed to reflux temperature for 2h. The reaction
mixture was allowed to cool to room temperature and concentrated in vacuo to

20  afford a white solid. The residue was washed with diethyl ether (2x) and dried
to afford title compound (432 mg, 100%) as an orange oil. MS 336 (M + H).

Compounds Z-37 and E£-37 of Scheme XV:
(E/Z)-Ethyl chloro(1-benzyl-3-pyrrolidinylidene)acetate (34). Prepared by the

25 same procedure as in the synthesis of 24 except that 1-benzyl-pyrrolidin-3-one
was used in place of 1-(teri-butoxycarbonyl)-4-piperidinone and triethyl 2-
chiorophosphonoacetate was used in place of triethyl phosphonoacetate. MS
280 (M + H).

30 (E/2)-2-(1-Benzyl-3-pyrrolidinyiidene)-2-chloroethanol (35). Prepared by the
same procedure as in the synthesis of 25 except that 34 was used in place of
24. MG 283 (M + H).
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201 TFATFA 25 ONO ONO ~10HON NN 30 HH 39 41 35 Compounds 39
and 41 of Schenme XVI: t-Butyl (E)-4-(2-(1 3-dioxo-1

3-di hydr o- 2Hi soi ndol - 2-yl ) et hyl i denel - 3- hydr oxy- pi peri di nyl - 1- car boxyl at e
(38). Aslurry of Se02 (0.5g, 6.06 nmol) in CH2ClI2 (5 m-) at 0OC was
treated with tent-butyl hydroperoxide (2.5 nL, 9.09 nmol, 5-6 I\ﬂ 10%in
undecane)VQi96H080} i nge. After 20 min, the reaction niSHUPEPORALIFH 11 eat ed
with a solution of ethylidene 26 (1.44g, 4.04 mol) in CH2ClI2 (15 mM-) and
the resulting mxture was all owed t 8chemeX¥for 12h at roomtenperature. The
reaction was carefully queneh by the addition of 15% aqueous spdi um 75 WO
2006/ 101603 PCT/ 1JS2006/ 003657 o thi osu‘F‘ e (15 nl), and the®medction

m xture was dil ut Wi t h/CPR2¢l 2 (25 %he Ia'%”\‘s are se ated, and the
organi c | ayer was shed W tTh I5% aq us sodium thiosul fatey(15 nL), dried
(MyS04), filter nd conagmtdrat ed _inJvacuo. Purificatio flash

chr omat ogr aphy @/Iai ca gel, 0-75% e@% 5 acet at e/ hexanes fforded the
title conpound (0.51 g, 33% as a“white solid. M 373 (M +3H).
(E)-4-f2-(1, 3-di oxo-1, 3-di hvdr o- 2H-i soi ndol - 2-yl ) et hyl i denel - 3- hydr oxypi peri
dine (39). Prepared by the sane_procedure_ _as in the synthesis.of 27 except

that 38 10 was in place 6. M (M+ H. Qt- But
4-12- (1, 3-di oxo <dl hvdr o- 2H oiondol - St hyl i denel -
met hoxyi m no- pi peri @ nyl -1 - carml at e (SFON A sol uti on of 3 =51 g, 1.37
mmol ) in CH2Cl 2ofadSrigl -) at 2% s treated\uyth DESS2Martin periodi nane 15
(0.254 g, 0.60—+wel)—AFter the reactidn m xture was dilutgd®with
CH2d 2 (25 nlL), washed with %aqueous CO8 (3 x 25 nL), drbed (MySO4),
filtered and concentrated i acuo. The i due was used in thé& next step
E35 @52-36 Z:a7
ﬁh 9{
0 N ©
Cl
7

N
H

E-37

(E/Z)-2-[2-(1-Benzyl-3-pyrrolidinylidene)-2-chloroethyl]-1H-iscindole-1,3(2H)-
dione (£-36 and Z-36). Prepared by the same procedure as in the synthesis of

5 26 except that 35 (1.58g) was used in place of 25. The E/Z isomers were
separated by MPLC (0-45% ethyl acetate/hexanes) to afford Z-36 (430 mg, MS
367 (M + H)) as a reddish oil and E-36 (420 mg, MS 367 (M + H)) as a reddish
oil.

10 (E)-2-[2-Chloro-2-(3-pyrrolidinylidene)ethyl]- 1 H-isoindole-1,3(2H)-dicne
hydrochloride {(E-37). A mixture of E-36 (0.430 g, 1.45 mmol) and 1-chloroethyl
chloroformate (0.7 mL, 6.2 mmol) in dichioroethane (10 mL) was warmed to

reflux temperature for 2h. The resulting solution was allowed to cool to room
temperature, and concentrated in vacuo. The residue was dissolved in
15 methanol (50 mL) and warmed to reflux temperature for 2h. The reaction

mixture was allowed to cool to room temperature and concentrated in vacuo to
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wi thout further purification. A solution of the residue in pyridine (6 n-)
in nmethanol (36 m-) at 25C was treated w th net hoxyam ne hydrochl ori de
(0.835 20 g, 6.0 nmml ). After 2 mn, the reaction m xture was warnmed to
reflux for 5h, diluted with ethyl acetate (25 nL), washed with 10% aqueous
NaHOO3 (3 XV98006{P603 i od (MyS04), filtered and concentf G EFHRPALuo to
afford 40 (230 ng, 42% as an orange residue. The residue was used in the

next step wt | ficati LML :
(E)-4-f2- (1, 34?%?%30&@{%&@{%%% ,i@?ﬁ%ﬁ%@&'%'ﬁwg girer (29 and, fodi i no-
pi peri di ne (4¢)gffoRt B @00bygt508ssase hpowe eduvi® 2% (M+tHe synt hesis of 27
except that 40 was used in place of 26. M5 300 (M+ H). 30 76 WD 2006/ 101603
PCT/ US2006/ 003657 Scheme XVII OO Se®, tBuOCHO N 7FA N \ J ~j J N5 OH
11 04 Al J7 (o BploHibe-BE phiroliihvideds) etidriidtthdile- a3 (BepaiBheXVI | - 10
(Z-t-Butt' 4-%‘5‘(%— . 3-dI 0X0- 1

3- di hydr o-52H-hysiedidiideXZ87)l Prenaigd by te saroagiro@dure as in the synthesis of E-

hydr oxv- pi perd-dinyl : |- xvlate, (42). A 1 2,1.3 g, 11.4 mol)
o Opot 2 i et et gty s B il e o1 B Me 87T thoper oxi de (4,
22 mmol, 5-6 M 10%in undecane) via a syringe. After 20 mn, the reaction
m xture was treated with a solution of ethylidene 29 (3.4 g, 9.1 mol) in
CH2Cl 2 15 (15 m-) and the resulting m xt dchemaXVAl | owed to stir for 12h at
room tenpgrature. The reaction was carefully quenched by the addition of

15% aqueous: sodi thiosul fate (15 nL) nd the reaction m xtur S
diluted with
O © O © ) ©

N Se0;, 1BuOOH N 1) Dess-Martin oxidation N
~
15 | o, ]
2) MeONH 3
y y y
BOC 8OC BGC
26 a8 40
20
JTFA J TFA

25 OS §=0

N
30 H
. 39 41

35 Compounds 39 and 41 of Scheme XVI:
tButyl (E)-4-f2-(1,3-dioxo-1,3-dihydro-2H-isoindol-2-yl}ethylidene]-3-hydroxy-
piperidinyi-1-carboxylaie (38). A slurry of SeOs {0.5g, 6.06 mmol) in CHxClas (5
mL) at 0°C was freated with tert-butyl hydroperoxide (2.5 mL, 9.09 mmol, 5-6
M, 10% in undecane) via a syringe. After 20 min, the reaction mixture was
40 treated with a solution of ethylidene 26 (1.44g, 4.04 mmol) in CHxCl: (15 mL)
and the resulting mixture was allowed to stir for 12h at room temperature. The

reaction was carefully quenched by the addition of 15% aqueous sodium
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CH2Cl 2 (25 mL). The layers were separated, and the organic |ayer was washed
wth 15% aqueous sodiumthiosulfate (15 m.), dried (MgSH), filtered and 20
concentrated in vacuo. Purification by flash chromat ography (silica gel,
0-75% ethyl acetate/ hexanes) afforded the title conpound 42 (1.2 g, 34% as
a white solid. M5 387 (M+ H).

(2)-4-(2- WP@O%]IO&?S 1, 3-di hydr o- 2Hi soi ndol - 2-yl ) 1- net ﬁEFméf'q‘?f/PqS&@nel 3- hydr

oxy_ 25 piperidine (43). Prepared by the sanme procedure as in the synthesis
of 27 exceplioduliale A3 miay amkeithe reapli@cmixiiire2@as MBURE AWEMCH:B); ( 250’nL)35 77 WO

2006/ 101603_PCT/ US2006/ 003657 Sch XVI 11 .0l ~p~ HH
F Z-O F 0, Dr@ARyersy pre pepagaiqd, 2 gmﬁé 8rganie ﬁﬁrNWﬂsB@@S%%&HW‘YO 1zf3£1/f’o 45 46
NH OO WDIEﬁ?qué%EE%q@ L@H-Eﬁrésmfaté' ‘r*s'?nl_"_) Hﬁe&'( )98@2? fl|1é?e&l§nm%5m¢ai‘é§80f

Scheme fluoro-4-oxopiperid |'-'car boxvl at e
pr epar ed acmowdcmrg t Gurification by flash chromatography (silica gel, 0-75% sthyt

5 acetate/hexanes) afforded the title compound 38 (0.51g, 33%) as a white solid.
MS 373 (M + H).

(E)-4-[2-(1,3-dioxo-1,3-dihydro-2H-isoindol-2-yhethylidene]-3-hydroxypiperidine
(39). Prepared by the same procedure as in the synthesis of 27 except that 38
10 was used in place of 26. MS 273 (M + H).

(E)-tButyl 4-[2-(1,3-dioxo-1,3-dihydro-2H-isoindol-2-yl)ethylidene]-3-
methoxyimino-piperidinyl-1-carboxylate (40). A solution of 38 (0.51 g, 1.37

mmol) in CH:Clz (15 mL) at 25°C was treated with Dess-Martin petiodinane

15 (0.254 g, 0.60 mmol). After 1 h, the reaction mixture was diluted With‘CHQCIQ
(25 mL), washed with 10% aqueous NaHCO; (3 x 25 mL), dried (MgSO.),
filtered and concenirated in vacuo. The residue was used in the next step
without further purification. A solution of the residue in pyridine (6 mL) in
methanol (36 mL) at 25°C was treated with methoxyamine hydrochloride (0.835

20 g, 6.0 mmol). After 2 min, the reaction mixture was warmed to reflux for 5h,
diluted with ethyl acetate (25 mL}), washed with 10% aqueous NaHCO; (3 x 25
mL), dried (MgSOs.), filtered and concentrated in vacuo to afford 40 (230 mg,
42%) as an orange residue. The residue was used in the next step without
further purification. MS 400 (M + H).

25
1.3-dioxo-1,3-dihydro-2H-iscindol-2-yliethylidene]-3-methoxyimino-
piperidine (41). Prepared by the same procedure as in the synthesis of 27
except that 40 was used in place of 26. MS 300 (M + H).
30
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20 U. S. Patent 5837715. (E/2)-t-Butyl
4- (2- et hoxy- 2- oxoet hyl'i dene) - 3-f | uor opi peridinvl -1 -carboxvlate (45)
Prepared by the sane procedure as in the synthesis of 24 except that 44 vvas

used in pl ert-but oxycar bonyl) - 4- pi peri di none. .
(E/ -t-But W%Zf% @ roxyet hyl i dene) - 3-f | uor opi peri di nvl P%éﬁﬁﬁ %ate (46)
Prepared by the same procedure as in the synthesis of 25 except that 45 was
used in place of 24. M5 246 (M+ H). , 30 (E/2-t-Butyl

_4-(2-(1, 3-di hydro-1, 3-di oxo- 2Hi soi ndoSclemd XBHhy| i denel - 3-f | uor o-

pi peri di nyl - 1-car boxvl ate (47) Prepared by the sane procedure as in the

synthesis of 26 e pt that 46 was use pl ace of 25. M5 37 + H. 35
78 WD 2006/ 101603 / US2006/ 003657

(E/2Z2)-4-12-(1, 3-dilh -1, BBdé 0-2H | ﬁ%)ethylldenel 3xEh uor opi per
idine trifl uoro Cetate feﬁ’B}" repare the sa procedure “as™in the
synt hesi s g)f xcept 47 Was used in Ipl ace of 26. M5 275 ( H) . Schene
XIX 5 000 O Oc,~tll~~ 0" | PR/ Super hydride N CHl * J1 JlI
NeH, THE 10 49 5 E)-51 (Z)51 (ON0) \ NH) NHi OO0 D) PPha DEAD,
PPh3 00 O/ \ ~ {\, N ACE-Cl 6Ji N OO0 QN )

29 42 43

Compound 43 of Scheme XVII:

10 (A-+-Buiyt _4-[2-(1,3-dioxo-1,3-dihydro-2H-isoindol-2-yl)-1-methylethylidene}-3-
hydroxy-piperidinyl-1-carboxylate (42). A slurry of SeOs (1.3 g, 11.4 mmol) in
CHoCl, (15 ml) at 0°C was treated with tert-butyl hydroperoxide (4 mL, 22
mmol, 5-6 M, 10% in undecane) via a syringe. After 20 min, the reaction
mixture was treated with a solution of ethylidene 29 (3.4 g, 9.1 mmol) in CHzCl

15 . (15 mlL) and the resulting mixture was allowed to stir for 12h at room

temperature. The reaction was carefully quenched by the addition of 15%
aqueous sodium thiosulfate (15 mL), and the reaction mixture was diluied with
CH.Cl; (25 mL). The layers were separated, and the organic layer was washed
with 15% aqueous sodium thiosulfaie (15 mL}), dried (MgSQ.,), filtered and

20 concentrated in vacuo. Purification by flash chromatography (silica gel, 0-75%
ethyl acetate/hexanes) afforded the title compound 42 (1.2 g, 34%) as a white
solid. MS 387 (M + H).

(£)-4-{2-(1,3-dioxo-1,3-dihydro-2H-isoindol-2-yl) 1 -methyl-ethylidene]-3-hydroxy-
25 piperidine (43). Prepared by the same procedure as in the synthesis of 27
except that 42 was used in place of 26. M3 287 (M + H).

30

35
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l~r FACE-Cl F 20 HNNH (BE>53 (E-52 (2)53 (2)-52 , Conpounds Z-53 and

E-53 of Schene Xl X Ethyl

1-f 3-met hyl -1 - (phenyi nmet hyl ) - 4- pi peridi nylidenvl|-I-fluoroacetate (50). 25

Prepared by the sane procedure as in the synthesis of 24 except that 49 was

used in place of 1-(tert-butoxycarbonyl)-4-piperidin Lethyl 2-

f | uor oph¥e3PeHBKEEt at e was used in place of triethyl %@éﬁ%ﬁtﬁ{]@g%gt ate. M5

292 (M+ H. 30

2-f 3-net hyl -1 - (phenyl net hyl ) - 4- pi peri di nyli denyl | -2-fl uoroethanol (E-51 and

Z- 51). A solution of 50 (2,68 g, 9.&fcwEXVIn n tetrahydrofuran (50 nL) at

OC was treated with a solution of Super-HydrideTM (23 nL, 23 nmmol, 1.0 Min

t et rahydrofuran, Aldrich ugder nitrogen. After 1 h, the reaction mxture

was careful ly treatedgwkt hjmet hanol (X0 m.), diluted with ethyl gacetate (50
PeT1es20

n), 7 W 2906/ 101603 4 2006/ éwashed yith 10% aqu NaHCO3 (3
x 50 n), { (I\/gSO!I)ﬁ and concerfrated in vacuo. Purification by MPLC
(silica gel, 50% et hyl acet at e/ hexanes) aff orded the Z-isqgner] 51 (0. 84
g, 37% (M5 2 (M -4 Hjy@as a colorhess oil and the E-isomer~f1 (0.97 g,
42% (M 250 + H) as a 5 colorless oil. Boo

(4-24214 3- net h&Z/I - 1- (phenyl net hyl) - 4- pijpeeri di nyl i denyf-2-fluorqgthvlil-1 H
i soi ndol e-1,3€' H) -diorde (Z-52). Prepared by the sane procedure as in the
synthesis of 26 e t Ndhat Z-51 sed in place of 25. 379 (M+ H). 10
(E)-242-(3-net hyl - T-( cpenyl met hyl )-4¢ pi peri di nvlidenvl)-2yuoroethyl -1 H

i soi ndol e-1, 3(2H) -di one (E-52). B bpared by t sane pr as in the
synthesi s of 26 _eRE¥hf™ hat E-51 wa§ used in place of 25, 379 (M + H). 15
(4-2-f2-fluoro-2-(3-nethyl -4-pi pé' i nvlidenvl)-et hyI]-Fl

H i soi ndol e- 1, 3(2H) - di one hydr ride (Z-53). A mxt

] eyof Z-52 (0.550 g,
di chl ofdet hane (15 m-) was N

1.45 mopl ), and 1- chloroethyl chlofoformate (0.63 nL, 5~f-mmol) in
Boc H
47 48

Compound 48 of Scheme XVIIl.
-Butyl-3-fluoro-4-oxopiperidinyl-1-carboxylate (44) was prepared according to
20 U.S. Patent 5837715.

(E/2)-+-Butyl 4-(2-ethoxy-2-oxoethylidene)-3-fluoropiperidinyl-1-carboxylate (45)
Prepared by the same procedure as in the synthesis of 24 except that 44 was

used in place of 1-(tert-butoxycarbonyl)-4-piperidinone. MS 288 (M + H).:

25 |
(E2)-tButyl __4-(2-hydroxysthvlidene)-3-fluoropiperidinyi-1-carboxylate  (46)
Prepared by the same procedure as in the synthesis of 25 except that 45 was
used in place of 24. MS 246 M+ H). |

30 (E/&)-tButyl  4-[2-(1,3-dihydro-1,3-dioxo-2H-isoindol-2-yl)ethylidene]-3-fluoro-
piperidinyl-1-carboxylate (47) Prepared by the same procedure as in the
synthesis of 26 except that 46 was used in place of 25. MS 375 (M + H).

35
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warnmed to reflux tenperature for 2h. The resulting solution was allowed to
cool to roomtenperature, and concentrated in vacuo. The residue was 20

di ssolved in nethanol (50 m-) and warned to reflux tenperature for 2h. The
reaction mx&a H@ﬁfllowed to cool to roomtenperature and concentrated in
vacuo to af ford a e solid. The residue was washed wi t¥CUVRPHAO3ET her
(2x) and dried to aff ord Z-53 (260 ng, 55% as a white solid. M 289 (M +
H. 25 (E)-2- i
H i soi ndol e- 1. Irone hydr ochlori %/ e sale
procedure as mﬂupmcehat@ﬂﬁ&)q. Prepardsyy @ﬁ e pretedars 2sindhe spatheaisgiface of

Z-52. M5 289 / 06/ 003657 Scheme XX 0
0~0a 000 ﬂef‘c‘é}l}t ‘?’9‘5 }'ge%gg%‘)é%q‘g%gp %awfj‘f "N BugNCl N | Boo Boc
54 55 OH O N O NaBH4 CI DEAD, PPh3 G TFA O N 10 Boc NH BOG \ 56 O 57 N
Cl CN 15 H 56 Scheme XIX

3
o o]
Q ¥OT’H o™ i o~
ELY 7 © F [ Supsrhydrlda
N
: NaH, THF N
° o

49

15

N ACE-C
F- — E
8%/ 5/ \135 AoEDH \H\g
N W
N
» T :

@53 @152

.Compounds Z-53 and E-53 of Scheme XIX:
Ethyl 1-[3-methyl-1-(phenyimethyl)-4-piperidinylidenyll-1-flucroacetate (50).

25 Prepared by the same procedure as in the synthesis of 24 except that 49 was
used in place of 1-{tert-butoxycarbonyl)-4-piperidinone and triethyl 2-
fluorophasphonoacetate was used in place of triethyl phosphonoacetate. MS
292 (M + H).

30 _2-[3-methyi-1-(phenylmethyl)-4-piperidinylidenyll-2-fluorcethanol (E-51 and Z-
51). A solution of 50 (2.68 g, 9.19 mmol) in tetrahydrofuran (50 mL) at 0°C was
treated with a solution of Super-Hydride™ (23 mL, 23 mmol, 1.0 M in

tetrahydrofuran, Aldrich) under nitrogen. After 1 h, the reaction mixture was
carefully treated with methanol (10 mL), diluted with ethyl acetate (50 mL),
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4- (2- Oxo- propyl i dene) pi peri di ne-1-carboxylic acid tert-butyl ester (54).
Prepared by the sane procedure as described in International Patent 20
Publ i cati on W0285901. 4-(1 - Chl oro-2-oxo-propylidene)piperidine-1
-carboxylic acid tert-butyl ester (55). A slurry of tetrabutyl anmoni um
chloride (11.1 g, 40.1 mml) in CHCI 2 (50 nL) at Cwas treated with
1,1, 1-t r "Q WY xy) - 1, 1- di hydr o- 1, 2- benzi odoxol 25 f@fﬁim?flﬁ@o%ﬁf’? 0g, 40.1
mml) and the resulting light yellow solution was allowed to stir for 10
m n. The reashednwilih x10%e agasots ¥aldB80si {(h »a bl mt}odried EMgSOm) @HRICI 2 (50

m - dth |
yel I)O\F;lvnsolt 85?{%6? K%ééd c'gr Z{gﬁlﬁ ;O?%Bﬁ?ﬁlwq\"?gﬁ(ﬁ@% geISO |‘E)n9t8'Vi gsodl um
bi car bonat gcéth@OnsieanesthifsicRd the hisorzér 51 (P84 gl-379%) QMSEEE M 30H)) as

precipitation, filtered, and the precipi tate was di scarded. The resulti ng
clear 81 woclotsisioleod eTEUsewws/Hodbs7 9, A%} (WS 288 (Nhshdd @F @h a 10%
aqueous_.sol u Q0 ofI sodi um bi carbonate (1 x 100 niL), brine (1 x100 nm),
dried ( s@ﬁﬁ"fe%ﬁna' ‘concentrated in vacuo. Purification by MPLC (0-40% et hyl
acetate / hexanes) afforded 55 (1.24g, 34% as a colorless oil. M5 274 (M +
H. 5 4-(1-Chl oro 2- hydroxvpropyl ] dlene Di engl nei I-ca?box lic acid

tert-butyl 481 ! SBYI -4~ DR NINYA (25 nl)
t t 1 h,
R T o

acet at e (4Qynthpsisofiréfaxcbyt that Zdledaswséd Boplace ebBS. MBAT AL erHl)c aci d (1 x
25 nL), the layers separated, and dried (MySO4). The resulting solution was
concentlPat ed in vacuo to af f or d 56 (902.1 ng, 729 as a col orl ess residue
that was u
1- Chl or o- 2- I OXO- ro-1sSoin i denel pi peridine-1 -

carboxylici mmdble-é;&(ﬂﬂi;d;gngﬁ@ﬁg) (Bi@par@d é:p(atl'@d sbgnet pm@&lmme @sotethege as in

Nay. 20 2. FYPERR ST a8 aphy BT veh Bael il Apht abal) Bisrgry i+ 1.7 (M

H i soi ndol e- 1, 3(2H) - di one (58) Prepared by the sanme procedure as in the

synt hesi s of 27 except that
15 (2-2-2-fluorg-2-(3- methvl 4 piperidinylidenyl}-ethyl]-1H-isoindole-1,3(2H)-

dione _hydrochloride (Z-53). A mixture of Z-52-(0.550 g, 1.45 mmol), and 1-
chloroethyl chloroformate (0.63 mL, 5.8 mmol) in dichloroethane (15 mL) was

warmed to reflux temperature for 2h. The reSuIting solution was allowed to
cool to room temperature, and concentrated in vacuo. The residue was

20 dissolved in methanol (50 mL) and warmed to reflux temperature for 2h. The
reaction mixiure was allowed to cool to room temperaiure and concentrated in
vacuo to afford a white solid. The residue was washed with diethyl ether (2x)
and dried to afford Z-53 (260 mg, 55%) as a white solid. MS 289 (M + H).

25  (E)-2-[2-fluoro-2-(3-methyl-4-piperidinylidenyl)-ethyll-1H-isoindole-1.3(2H)-
dione hydrochloride (E-63). Prepared by the same procedure as in the
synthesis of Z-52 except that E-52 was used in place of Z-52. MS 289 (M + H).
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was used in place of 26. M5 305 (M+ H). 25 30 82 WD 2006/ 101603
PCT/ US2006/ 003657 Schene XXXI 0 -0.~- " Rs RBOH N ~ORS p DIBAl 51 / | [/

NaH, THE 121 122: R5=F.124: R5=F 123: R5 = C 125 R =CI O\ 4 NHn- _ /
Op OONAMN 1. ACE- Cl 10 DIAD, PPh3 R5~ R5~ N 2. MeOH, heat N H

128: R5=F 126: R5=F 127: R5=Cl 15 1- Benzh)%rr Ln- 3-one
(XX) was %09(?? 1zﬁitffa’cordl ng to the procedure described in Yd |bo3rq§172, et al

WO 01/ 01988. Et hyl 1-fl-di phenvl met hyl azeti di n-3-ylidenel-1-fluoroacetate
(122; R5= F). Triethyl 2-fluoro-2-phosphonoacetate (0.63 ni, 3.10 mml) was

added to NaH (60%in oil, 115 ng, 2.87 L X% anhydrous THE (6 m -) at
0C. After stirring 20 for 15 mnutes, a solution of ketone 121 (562 ny, 2.37
mol ) i-n anhydrous THE (6 m -) s added. The reacti was warnmed to room
tenperature and stirred Mgrf,,h . The.reagtion Lluted with ethyl
acetate (100 nL), washed Wlt a urated NaHCO3 ( 5 ML) g drjed (MySHA),
filtered and conc rated,/© | AcO bAc
3 gm NaH, THF N BugNG! N
Boc Boc
54 R 55
cl I§ OO
NaBH, | DEAD, PPhy cl 1 TFA
0

z

| N
NH
10 = @:«Q ko
: R 56 o 57
o o

N
Cl

i

IZ=

15

58

4-(2-Oxo-propvilidene)piperidine-1-carboxvlic  acid  tert-butyl ester (54).

Prepared by the same procedure as described in International Patent
20 Publication WO0285901.

4-(1-Chloro-2-oxo-propylideneipiperidine-1-carboxylic acid tert-butyl ester (55).

A slurry of tetrabutylammonium chloride {11.1 g, 40.1 mmol) in CH2Cl, (50 mL)
at 25°C was treated with 1,1,1-tris(acetyloxy)-1,1-dihydro-1,2-benziodoxol-
25 l3(1H)-one (17.0g, 40.1 mmol) and the resulting light yeilow solution was
allowed 1o stir for 10 min. The reaction mixture was {reated with a solution of 54
in CH2Clz (50 mL) and the resulting solution was allowed to stir for 3 h. The
light yellow solution was carefully poured into a 10% aqueous solution of
sodium bicarbonate (100 mL), diluted with CH.Cl: (50 mL}, to induce
30 precipitation, filtered, and the precipitate was discarded. The resulting clear
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in vacuo. The crude material was chromat ographed (100% CH2Cl 2) to afford 25
ester 122 (R5 = F) as a yellowoil (392 ng, 66%. M5 326 (M+ H). Ethyl 1-f
1- di phenvl met hyl azeti di n-3-ylidenel -1-chl oroacetate (123; R5 = C). This
was prepared in a simlar manner to the procedure descri bed above except

that triethyl 2- or 0- 2- phosphonoacetate was utilized tri et hyl
30 2-fl uo&%géﬂoéﬁ@%ﬁﬂonoacet ate in the reaction. Ester 1‘12%"?4%@’%?“‘@3
isolated as a white solid (77%. M 342, 344 (M+ H). 83 WD 2006/ 101603
PCT/ US2006/ GoR&iBA was was!meg métha h@%mqteep@smltﬁm-@ﬂ SQﬁHJTB)bIQﬂrbDU@hedétmanol

Sol uti on of 100 B2 panpre! 2180 AL THAeq nbs, o CRRanyfiR 3F B2, 7.

- 78C over segifightict Py MFLC tﬂ"xm%reiaﬂtac@tat@/a\ﬁemmg)@qifomrdSsl(mgu S4wl) then
guenched by the slow addition of a 5 solution of nethanol in to uene. The

reacti on wafsd FloBess/pit. M%?ﬁ?l(mabb’ﬁ ate (100 mL), washed with NaOH (1 N, 2
x 50.m) . water (50 nL), dried (MgSO4) and concentrated in vacuo to afford
al cohol f24 (R5 = F, 289 ng, 65%9 as a pale yellowsolid after trituration

wi t h et her/ lHefaBhimro-WEhRiBdpokdpylithne)dideridine-1-carboxylic _acid tert-butyl ester
2- (1- D phenvlpet hyl azeti di n-3-yl i dene) - 2- chl or oet hanol (125; R5= CO. This
was prepar ed: a simlar manner to the procedure descri bed above except

t hat t = hol
12;1 (eSRSer g%o\l\ﬁg{gnl gﬁF yeﬂ?%qrrgﬂtﬁggr apﬁﬁ’I ?éF ?/%Sel}ﬁél @get{%{!t%?hexlggeg) as
a white solaodlLQﬁMOhmd@OOIOQStm @72 minol) 18t 25°C. After 1 h, the reaction

2-1" 2- h | met h idi th dol e- 1, 3-di
Cino, oD ARAD TR B8t Tyt S0 G0t LURA S LETRLT Bl 3 ot
124 (RS = FlreatedWitt, 5%. éﬁﬁﬁeoﬁmﬂi Hrodhidrighediyt I(1 25 Brli) D enel géﬂs Sepdtafedl, ol )
and phthali mde (0 648 @3 4.527 mnol) in anhydrous THE (30 m -) at 0C. The

20 reacti on aRg r-’alﬁﬁeiséﬁ*EGﬁé’i'-ﬁPB waricenganiiatpd &Vwoﬁélﬂf@r The

ethyl acet 2?%6?@%&’2@ "8k o colRar fele Tt (WEF TRE el el 007
whi t e sol i d.puBicdtich. NE2981)(M -£Bla).

242- (1- Di_phenvl nmet hyl azeti di n-3-vli dene) - 2-chl oroet hvl | i soi ndol e-1, 3-di one
(127; R5“= C). This was prepared in a simlar manner to the procedure

4-[1-Chloro-2-(1,3-dioxo-1,3-dihydro-isoindol-2-yD)-propylideneipiperidine-1-

carboxylic acid tert-butyl ester (57). Prepared by the same procedure as in the
synthesis of 26 except that 56 was used in place of 25. MS 427 (M + Na).

20 2-[(2-Chloro-1-methyl-2-(4-piperidinylidene)ethyi}- 1H-isoindole-1,3(2H)-dione
(568) Prepared by the same procedure as in the synthesis of 27 except that 56
was used in place of 26. MS 305 (M + H).

25

30
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descri bed above except that al cohol 125 (R5 = ) was used in place of

al cohol 124 (R5 = F) in the Mtsunobu reaction. Phthalimde 127 (RS = d)
was i solated by chromatography (15% ethyl acetate/ hexanes) as a white solid
(68%. M5 30 429, 431 (M+ H).

2- (2- Azet | diwB2dosbigdene- 2- f 1 uor oet hyl )| soi ndol e- 1, 3- di ongctiushoedabazt | de
(128; R5 Eli. Phthalimde 126 (R5 = F) (350 ng, 0 8491 mmol ) and ACE-C
(0.50 nmL, 84 WD 2006/101603 PCT/ U8Re@&X3D3657 4.65 mml) in

1, 2-di chl oroet hane (20 nL) were heated at reflux tenperature under a
mtrogen at nosphere for 24 hours After co@ling, the volatiles were

evapor at ed and nethanol (\7_5) vvas add ~the resul ting Pestdue. This
was heated at reflux terrper /\or rs afteg whi ch the t hanol was 5
evaporated to affgpd 128 R5 435 F) as a b ge powder (230_ny, “@6% . M5 247

(M+ H. 2-(2-Azethdi- 3-vlidene-2-chl | )i soi ndol e- Al ee

Hydr ochl or3 de |@ 5 = @BHTHFThi s ed in a siml]gr ner to the

procedure descri e|g1 10 above except that §$ht hal i mde 127 (R5 = C) was used
5

in place of phthalimnmide 126 (R5 = in action. The cébahd was
i solated as a white powder (86%. IVB 2 565 (M + H). Scheesx®XI | 15 OH

Cl RO-NH Ry.NRo RS | 51 110 Et3N / CH2CI2 Et3N| ACMN N N Boo
hoc Boc 28: R5 = F R0 = F 13 44- 147, 240, 242 = F 20 30: RS

C 131: RS = C 133, - 143, 239, l.oa RS = C RO'N B TFA CH2C 2 O
N 25 H hoc= i~~ oX\ 134 156-159, “2244, 246: R5 = F 07N

R 1
10 DIAC, PPhg SI + AGEG HSI
2. MaOH, heat N
H
O 0 128: Rs=F
'

128 Rg = Ci
126:Rg=F
127:RAs=C

15 1-Benzhydrvlazetidin-3-one (XX) was prepared according to the procedure
described in Claiborne, et al WO 01/01988.
Ethyl 1-[1-diphenylmethylazetidin-3-vlidene]-1-fluoroacetate (122; Rs = F).
Triethyl 2-fluoro-2-phosphonoacetate (0.63 mL, 3.10 mmol) was added to NaH
(60% in oil, 115 mg, 2.87 mmol) in anhydrous THF (6 mL) at 0°C. Atfter stirring
20 .for 15 minutes, a solution of ketone 121 (562 mg, 2.37 mmol) in anhydrous

THF (6 mL) was added. The reaction was warmed to room temperature and

stirred overnight. The reaction was diluted with ethyl acetate (100 mL), washed

with saturated NaHCO3; (2 x 100 mL), dried (MgSQO,), filiered and concentrated

in vacuo. The crude material was chromatographed (100% CH.Cl,) to afford
25 ester 122 (Rs = F) as a yellow oil (392 mg, 66%). MS 326 (M + H).

Ethyl 1-[1-diphenylmethylazetidin-3-vlidene]-1-chloroacetate (123; Rs = Cl).

This was prepared in a similar manner to the procedure described above

except that triethyl 2-chioro-2-phosphonoacetate was utilized in place of tristhyl
30 2-fluoro-2-phosphonoacetate in the reaction. Ester 123 (Rs = Cl) was isolated
as a white solid (77%). MS 342, 344 (M + H).
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135; 148-155, 243, 245: RS = Cl t-Butyl

4- (1, 2-di chl oroet hyl i dene) pi peri di nyl - 1-carboxylate (131; R5 = M A solution
of 30 (R =d) (4.24 g, 16.20 mmol)) and triethylamne (6.8 nL., 30 48.60
mml) in CH2Cl 2 (120 nlL) was treated with nethanesul fonyl chloride (1.9 ni,
24. 30 at 0C_then warned to rt and stirred over esul ting
m xture \/\/X{‘)s0 ﬂ‘é‘?‘?&ﬁﬂéd by addition of saturated aqg. MHC%QH%B(B)I@%‘SSJ and the
product was extracted into CH2Cl 2. Purification by flash 85 WD 2006/ 101603

PCT! US2006/ 60385150} BRI na bl 2661 abe! Rex e pipal for ded the

title conpo
4- (2- chl or of 1M firt toduarey, Hy2 inde v pinpody was agided tocasbtumwalf esigtda2 (Re=— 5

Thi d d d bed b
except that RO, BB (Rl TIOTERE (b phiop Gesoip e RORUSG. 128 °Ve

-Butyl 4-f2y éd&leﬁ%%'snwea%hzlhemsrmdt%eﬁglb@h@ﬁmbyrtrﬁf@a@knpacwérd bny! -1-
car boxyl ate (133: enz solution of 131

(R5 = O) (6olotiomof methrnehis fo)uensd Thei r@antyorawaﬁéill(lé Bvith ethyhacetatermol ) in

ol ) et 11 ORI FRRGR (N2 SRSV 0 A oied RadeQi 7 o

in vacuo, agafldcBbAcdrrrited modolamoediamm mzhcﬂs =aF£28Y g B6%Ids a washed

wi th water (2x1 539{} and dried l\% |f|m|on&yflash 15

chr onat ogr apAle Yalow '@@ﬁ?f”ﬁ@@ﬂ‘ﬁﬂé‘l e@i%‘ﬂ'é‘lﬂxa&\eﬁo g3t + H)i e conpound

(690 ny, 88% as a white solid. M5 365 (M+H). t-Butyl

4-f 2- (N-benzvl - N-net hyl am no) - 1- f | uor oet hyl i denel pi peri di nyl - 1- carboxyl ate

(132; R30= E:(1fS8iphemyitniathylazaidin=3-yhdend)-p- cl‘ﬂ@'o@thamalv@_ﬁgﬁb_%is a simlar

manner to the procedHre des ri bed aa \fﬁe exc t that X ride 130,[ (R5 = F)

was used i n“FPALBPYFCIMPAT %”’ﬂ%ﬁ”?*% Ef‘)c f\?sd (e °"9 excep

N-Benzvl - N"ff?ét*é‘éier(1§3q%g@b¥vdéh&%6'|ﬁb[&cé aﬂesti@rmeggﬂ By ARoh3RfEs RS = O

RO 25 = nmethyl: Ro = benzvl). A solution of 133 cl) (690 ny, 1.89

mol ) was di (BssIGibwas isolatedby omcanam;amwdmwthyweé@tequanesam 49 @or oacetic

acid (1.5 tgasttohaﬁsﬁtﬁrs %BO é@f(l\n +q_a|ft ion mxture was concentrated in
eVt

vacuo to af e cormpoun

2-[2-(1 —Diphenvlmethvlazetidin-a-vlidene)-2-ﬂuoroefhvl]isoindole—‘l S-dione
(126; Bs = F). DIAD (0.89 mL, 4.489 mmol} was added to a solution of alcohol
124 (Rs = F) (1.00 g, 3.533 mmol), triphenyl phosphine (1.14 g, 4.34 mmol) and
phthalimide (0.648 g, 4.527 mmol) in anhydrous THF (30 mL) at 0°C. The

20  reaction was warmed to room temperature and stirred for 36 hours. The

volatiles were evaporated and the residue chromatographed on silica gel (5%
ethyl acetate/hexanes}) to afford phthalimide 126 (Rs = F) (952 mg, 65%) as a
white solid. MS 413 (M + H).

25  242-(1-Diphenylmethylazetidin-3-ylidene)-2-chloroethvilisoindole-1,3-dione

{(127; BRs = Cl). This was prepared in a similar manner to the procedure

described above except that alcohol 125 (Bs = Cl) was used in place of alcohol

124 (Rs = F) in the Mitsunobu reaction. Phthalimide 127 (Rs = Cl) was isolated

by chromatography (15% ethy! acetate/hexanes) as a white solid (68%). MS
30 429,431 (M + H).

2-(2-Azetidin-3-ylidene-2-fluoroethyl)isoindole-1,3-dione Hydrochloride (128; Rs
=F). Phthalimide 126 (Rs = F) (350 mg, 0.8491 mmol) and ACE-Ci (0.50 mL,
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.

(quant.) as an oil, which was used in the next step w thout further
purification. 30 M5 265 (MtH).

N- Benzvl - N-net hyl - (2-fl uor o- 2- pi peridi n-4-ylidene)ethylamne (134; R5 = F:
RO = nmethyl: Rio = benzvl). 86 WD 20061101603 PCT1US20061003657 Thi s was
pr epar ed | TWQ2M6A0168T manner to the procedure descri bed HEGUR0ER¥EDt t hat
amne 132 (RS = F) was used in place of amne 133 (R5 = ). M5 249 (MtH).
5 Table 9 |i 4t85 mineolBiniCt, aeruil'fbmrbetHlaaai(EQmL()mema)echaﬂeﬂhmtempémtm‘eam nes

(148- 159) prepared.b ous res above. The

2- (2- am noetfiF a{nt@/q Pl%erf g@g%ﬁs scgg?ngﬂﬁﬁéfolﬁ?ge&awqﬁ on of 241
was synt hes 'e%ﬁﬁo@)’ediaﬁd métﬁ’dndl’l(%? X;)'(M%s@ﬁ:ldbﬂﬂb tmﬁé‘dunh@okeem@ewedr on:
Asymetry 2000, 11, 1907. 10 Table NHROR19 Cnpd. Boc- (M-H) Cnpd. Am ne

(MrH)  Nunberwasripased ebirafiuntiempaiaiure focp hpugs aftes vevich thesmgthanpiwas N~ of cI

215 H -~ 8o HIHBGDBL e er Do brsadhlmer (a0 1y 028 e Riso

(M + H).

2-(2-Azetidin-3-ylidene-2-chloroethyl)isoindole-1,3-dione Hydrochloride (129;
Rs = Cl). This was prepared in a similar manner to the procedure desctibed

10 above except that phthalimide 127 (Rs = Cl) was used in place of phthalimide
126 (Rs = F) in the reaction. The compound was isolated as a white powder
(86%). MS 263, 265 (M + H).

Scheme XXOWM
c Ry, ,-Fis
15 OH Ro~ N
Rs Rs ! R
| MsCi | Rio 5 |
EtgN / CH,Clo EtyN / ACN
\ - ; N
Boc Boc Boc
28:Rs =F 130: R =F 132; 144-147, 240, 242: Rz = F
20 30: R =Ci 131: R = Cl 133; 136-143, 239, 241: R = Cl
HQ\NfR‘IO
Rs
TFA ]
————
CH,Cla 0
N Boc = o I k
25 H X0

134; 156-159, 244, 246: R5 = F
135; 148-155, 243, 245: Ry = Cl

1-Butyl 4-(1,2-dichloroethylidene)piperidinyl-1-carboxylate (131; Rs = CI}.
A solution of 30 (Rs = Cl) (4.24 g, 16.20 mmol)) and triethylamine (6.8 mL,

30  48.60 mmol) in CH2Clz (120 mL) was treated with methanesulfonyl chloride
(1.9 mL, 24.30 mmol) at 0°C, then warmed to rt and stirred over night. The
resulting mixture was quenched by addition of saturated aq. NaHCOz (100 mL)

and the product was extracted into CHeCl,. Purification by flash
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00 0141 331 153 ¢ 231 CNJ ol G HH H, 142 a 303 154 ci 203 H
rN~ N\ N 143 HNJ 332 155 HNI 232 a c,l NH2 N ON ~ H 144 363 156 F
~o N HN~-N | H 145 FI 373 157 F 273 N H 88 WD 2006/ 101603

S2006/ 003657 """~ 146 F1 301 158 F I 201 ~I ( ~I

WO 2006/101663 PCT/US2006/003657

chromatography (0-20% ethyl acetate/hexanes) afforded the title compound
(3.1 g, 68%) as a white solid.

+Butyl 4-(2-chloro-1-fluoroethylidene)piperidinyl-1-carboxylate (130; Bs = F).

5 This was prepared in a similar manner to the procedure described above
except that alcohol 28 (Rs = F) was used in place of alcohot 30 (Rs = Cl).

tButyl 4-[2-(N-benzyl-N-methviamino)-1-chloroethylidene]piperidinyt-1-
carboxylate (133; Rs = Cl; Rg = methyl; Big= benz\)l).

10 A solution of 131 (Rs = Cl) (600 mg, 2.14 mmol)) and triethylamine (1.5 mL,
10.71 mmol) in acetonitrile (18 mL) was treated with N-benzyimethylamine

(0.45 mL, 3.43 mmol) at it and stitred overnight. The resulting mixture was
concentrated in vacuo, and the residue was diluted with ethyl acetate (20 mL),
washed with water (2 x 10 mL), and dried (MgS0Q.). Purification by flash

15 chromatography (0-15% ethyl acetate/hexanes) afforded the title compound
(690 my, 88%) as a white solid. MS 365 (M-+H).

+Butyl 4-[2-(N-benzyl-N-methylamino)-1-flucrosthylidene]piperidinyl-1-
carboxylate (132; Bs = F; Ry = methy!; By = benzyl).

20 This was prepared in a similar manner to the procedure described above
except that chloride 130 (Rs = F) was used in place of chloride 131 (Rs = Cl).
MS 349 (M+H).

N-Benzyl-N-methyl-(2-chloro-2-piperidin-4-ylidene)ethylamine (135; BRs = Ci; Ry
25 =methyl; Rig = benzyl). |

A solution of 133 (Rs = Cl) (620 mg, 1.89 mmol) was dissolved in CHxCl> (15

mL) and was treated with trifluoroacetic acid (1.5 mL) af rt. After 5h, the

reaction mixture was concentrated in vacuo to afford the title compound

(quant.) as an oil, which was used in the next step without further purification.
30 MS 265 (M+H).

N-Benzyl-N-methyl-(2-fluoro-2-piperidin-4-ylidene)ethylamine {134; Rs = F; Ry =
methvi: Rip = benzyl).
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147 404 159 CN~ 304 N J~ N N' o yo ay 10 464 243 0 0 364 |
aNlL C- o0io" HOO0 O 240 oyO 448 244 0Y0O 348 Ir~CNDN ~ACFN) FO
O"X I\ HONNO o 241 HNf 434 245 Nf 0 334 NI CHO H OO \' N 89 W

2006/ 10160 06/ 003657 H, 242 F HNI~ 287 246 HN)- = 7 H Schene
XLITT Br c%"ﬁg’wﬁ%%g’ O 1) NaH, Br2 N pcrrusiionoddst

This was prepared in a similar manner o the procedure described above
except that amine 132 (R; = F) was used in place of amine 133 (Hs = Cl). MS
249 (M+H).

239 CJ CN) N

5 ‘Table 9 lists the Boc-protected amines (136-147) and the derived amines (148-

159) prepared by analogous procedures to those detailed above. The 2-(2-
aminoethyl)-1H-isoindole-1,3(2H)-dione used in the preparation of 241 was
synthesized by a similar procedure as that described in Tetrahedron:
Asymmetry 2000, 11, 1907.

10
Table XX
NHRgRio | Cmpd. Boc- {(M+H) | Cmpd. Amine (M-+H)
Number | protected Number
Amine
/\ o
—~ ot O S
YO | 138 379 | 148 279
)
/[\\o’&o N
\N/ \N/
\N/ el ol
i 137 289 149 189
N
Ao N
Cl
YN 1 138 317 | 150 | ° 217
N
Aot :
8 - ()
N 139 ol 315 151 cl 215
i
H N
Ao !
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Di-PrgBr ~OPYCN O O N 2) HCHO N BOC Boc 2) NaH 278 279 N Boc 10 OO
O NHNCI NNCN TFA Co OO Ph3P, DIAD N CH2CI2 N | 15 Boo H TFA 280 281
4- (br onp- cyano- net hyl i dene) - pi peri di ne-1-carboxylic acid tert-butyl ester
(278). A slurry of sodiumhydride (0.76 g, 19.0 nmol) in THE (75 nL) at 0 C

under nitrogen was carefully treated with diethyl cya phonat e
(3.4 g, 2WOIBOHKM31) via a syringe. After gas evolutiggggégéé@ga%he

reaction mixture was treated with bromine (3 04 g 19 0 mupl) via a
droppi ng funnel over 10 miin., anckthp resulfting m xture al{l owed fo stir
for 2 h. ﬂheﬁf%zgt on m xtjure wa reated W th sodifum hydr) de {(0. 76 g, 19.0

nmml ) and fhe repu ti{Fhslurry wa all gpgd|toqsRir [for 3G m n.| 20 C. A
sol ution of eft-butoxycarb 1)-4 25 pi|peridi ngne®<52 g,| 12. 7 pmol)
in THE (10} nL) | was| added dfy opw ovef 10 mn. and|the resultiing sol ption
was al l owefl tdHsti| at roomtenperatufe oveérnight. |The[rédacti gn was
quenched by the adfition o mg%gﬁ (501 -) gnd thejres i ng nji xture|was
diluted wifh ethyl|acetate| (1 , washed |wi th sat|. 90™WO 2006/ 1016p3

PCT/ US2006] 003657 | NHACl (100 m), brine (100 m), dnd concentriated ih
vacuo. Pur|ficatioh by chfomatography (EtOAc/hexands = 1:4) yiglded fhe
title conppund (2.8 g,

© 141 331 153 N 231
)
H

QD

|

A
Y A N

=

E 142 u| 303 154 c 203
/k N
0 M
™ .
~NT 143 N 332 155 HNJ/ 232
019; o
NHa "
oK Y
~ ~ /\N
o 144 " (\Q 363 156 2 /\© 263
4K 5
N v 7
! 145 N 373 | 157 F 273

N
r
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74% as a white solid. M5 301 (MtH)
4-(1-cvano-2-hydroxyrethylidene)-piperidine-l-carboxylic acid tent butyl

5

ester 279. To a solution of 2,6-di phenyl phenol (10.5 g, 42 mmol) in 60 niL
CH2Cl 2 at roomtenperature was added AlMe3 (2.0 Min hexane 12 3 21
mol ). GasWev#s(Pisth was observed and the m xture was Gy PRgoelp (’|5'60m
tenperature for 30 mn. The solution was cooled to O C and 1, 3, 5-tri oxane
(630 ng, 7 1¢ nmmol) ijn 6 nL 2Cl 2 was qdded dr opw se fand the solutTon pas
stirred for 1 h. 1In;a separate f4a SN
4- (br omo- cyapo< et hylli E pi periei ne- |- 1bo 1$§EMH(} t rt-buty# fs er
(2.1 g, 7 1) thas JISSO j in mL THE —at 40 this softi pn
was added is propyInEgneS|un1bro ' (IMin THF, 8.4 , 4 ol )
dropwi se. Th nixturﬁ was stirr -40 Cto }30 C fof {1.5/ h. 15| The apove
freshly prepared Gignard reag s added drppw se t R f or mpl dehygle
solution and}the m xtjure wasstirred at |0 C for 1 h. tefl was chrefully
added and th nixfnTc wars cAl.ablcd wt-ethytacetate—Pur-H-eat-6A—by
chr omat ogr aphy (E QAd/ hexane$ = 1: %Ided the title conmpound (BOO ny
45% as a whilte c. M5 258 (M 441 G
-cyano-2-(1, -dIOXO , 3147 hv(r o- i §ai ndol|- 20di ) | ett§8 i denel -ii peri Hi se4 1| -
carboxylic a | gert-butyl ester, .JThis conmpound mas eparefd in a
simlar nmanperwas in the symthegis of 26 excePt t hat 27 S useF in p|ace
of 25. M5 382 @NHFD 25
3-(1, 3-di oxo41, 3- dlhydro-isoindb}gz-yl)-z-piperidin-4-y|i ne-propionitfile
(281). This{caonmpou was prepared in ajsinmlar manner] as’'in the pynthegis
of 27 excepffi that 280 was used in place of 26l M5 282 (M+H). 30 P1 WO
2006/ 101603 PCT/ Uz2006/ 003657 Fin?ijr;duct Preparatipn O ;(SFZH Il NfN 5
HZNT A o 239 oy 4 464 | 243 364
® ®
Yy ENJ
! !
Ak
o {(j 240 448 244 ‘ 4
T OTO OTO 3 8
. L )
FI F
!
N
Ao ;
Pat o s
N N.
Ao 241 A 434 245 b 334
<l ol
]
NHQ 5 x
Lk :
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F 7 7-f4-(2-Am no-| -fluoro-ethylidene)piperidin-|

-yl l-1-cvcl opropvl - 6-fl uor o- 4- oxo-

1, 4-di hydro-[ 1, 81napht hyri di ne- 3-carboxylic acid (1) A solution of am ne 31
10 (612 ng, 1.57 mmol) and triethylamne (0.7 m.., 5.0 nml) in acetonitrile
(4 M-) was treated with 7-chloro-I-cycl opropyl -6-fl uoro-4-oxo-1, 4-di hydr o-
napht hpyr V&i2A¥18160%  hoxyl i ¢ acid (222 ng, 0.787 mmol) PRHEP20ABEFen and t he
reaction mxture was allowed to stir for 12 h. The resulting mxture was

concentr aj ; ﬂ——t—l're—resrdﬁnr ). 15
The residlie was all owed tp dry fior 1% mn. ild was ¢ol |l erted,
resuspendged i n nethanol (; m -y d the redcti on mixxturywas tyeatedjw th
hydr azi nef (14, Af 242 5| ni A Jthe ré¢a@Bfon niddbur e war med| t &3¢ e{l ux and

the resul{ing mxture was{all awed to|stir flor 1 h. {Thelreactiop nixt ir e was
concentrafted in vacuo, dijuted|wth yater and the dol [ds] were ¢ol |l ecfed by
20 filtrajion. The off V\hite%rofe%mt was shed wit|h er (3 x 20 mp),
allowed t¢ dry overnight |too d tthe title compaundHl (40.4}nmg, 13% . M5
391 (MPMH) L. 0 F H 25 HZNN A F 74f4-(2-/Ami no-|
-fl uor o- et hyl'i dene) pi peri di n-1-yl | -1-cvcl opropvl - 6-f | uor o- 4- oxo-
1, 4- di hydr oaui nol i ne-3-carboxylic acid trifluoroacetic acid salt (5) A
solution of 30 am ne 31 (311 and triethylamne (0.55 nL, 4.0
mmol) in acetonitrile (4 niL) \Agghmml% di acetyl quinolinyl borate 17
(300 ng, 0.60 mmol) under nitrogen. After 5 mn, the reaction mxture was
warnmed to reflux and the reaction m xture was al |l owed stir for 12 h. The
resultipg m xture was 92 WD 2006/ 101 / US2006/ 00 Howed to cool
to roonTtenperatuke, concenNeatmg in vaduo, angdpehigser esi dde  was washed with
water (3 x 10{%/.{;‘ Theyresidue was dis ed in _tetrahyfdroffiuran (3 nL) and
treated with 710 %q\faous hydrgchloric acid (5 at ro enper at ure.
g);%%Ho

After 30 mn, the rﬁaction m ¥t ure was clpncen ed in )
2) Boc Boo
, NaH 278 279
N
{0 Boc
o ‘
NC [ ?
NH N NC N
O TFA
o~ O - O
PhsP, DIAD N CHaCla N
15 Boc H TEA
280 281

4-{bromo-cvano-methylidene)-piperidine-1-carboxylic acid tert-butyl ester (278).
A slurry of sodium hydride (0.76 g, 19.0 mmol) in THF (75 mL) at 0 °C under
nitrogen was carefully treated with diethyl cyanomethylphosphonate (3.4 g,

20 19.0 mmol} via a syringe. After gas evolution ceased, the reaction mixture was
treated with bromine (3.04 g, 19.0 mmol) via a dropping funnel over 10 min.,
and the resulting mixture was allowed to stir for 2 h. The reaction mixtufe was
treated with sodium hydride (0.76 g, 19.0 mmol) and the resulting slurry was
allowed to stir for 30 min. at 0 °C. A solution of 1-(tert-butoxycarbonyl)-4-

25  piperidinone {2.52 g, 12.7 mmol) in THF (10 mL) was added dropwise over 10
min. and the resulting solution was allowed {o stir at room temperature
overnight. The reaction was quenched by the addition of water (50 mL) and
the resulting mixture was diluted with ethyl acetate (100 mL), washed with sat.
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5 vacuo, diluted with water (10 min) and the solid collected by filtration.
The solid residue was washed with water (3 x 5 nL) and allowed to dry for
15 min. The solid was collected and resuspended in net hanol (5 m_) and t he

reaction ' treated with hydrazine (1 nm.). After
reaction m%#hrg&%ﬁg warmed to ref qu t enper at ure and tq?gfl}sé@d@?:ﬁ‘sﬁ"
m xture was allowed to stir 10 for h. The reaction m xture was

colncent rat ed NH4ChEO8 rakk brine (T%M@nwcﬁﬂgﬁte&m MPELED( Péﬂ@&:i'é’”rm’asg C 18
0- 55%,
Stord the tr Cprsdtrbbhy Pt dhenfiBRIR ) fBidhadie Hie bhpaRagh sf At T 10,

solid. M5 39074%hb a Whitdsolid: MSGDZI—QM%HBN_ )INIT NNF A 80 20
743- (2- Ami no-1 -fluoro-ethylidene)azetidin-1-yll-1
-cycl opropyl -'6-fl uoro-4-oxo- 1,4-dihydro-f 1, 81naphthyridi ne-3-carboxylic

acid (80).57- -piperidine-1-carboxylic acid tert-but | ester
"6-fl uor o- 4- 0X0- - di ronap I Neé-3-car boxXyli c_acl 0

mol ), ami ne m_( R @sﬁwtlgﬁbf Py dthEBﬁphmnil() Oér@j 42 inmaly inaki mL @blaGlgm_) in
25 acetonitril 10 re heat er at ur ght fter
cooling, the? 651(0 é W& ‘%@%6@3%@@@’@%@&@ g Y lfe @hg;@ngégdn\n?\ ter
(25 ni). TheGra@seuotmm W oBsded Geld tﬁétrﬁisttmu vidd $tirtdd BNrcvRsl témhp&aturkt hanol
(5 nL) was added to the solid followed by hydrazine (0.01 nm, 0.3138_mmol).

The reactionfafi3® e wHe sellien was ceslpdyiot ngeﬁlﬁﬁ (r&5dxaneH§3P mot &r

whi ch theg0 | (o) e

Fosi due add t HENG} Lot CHECENAR AR brolisg ar e BoluiA W e fr 1 1€

addi ti onal walrerm sephbrdid @dsk d-(badrhotogaBd-n{etBylitiemg) pfﬁ:@%ﬂm@ﬂ -aaurbokjlho/vhc;de

powaer- M5 363 LBl Eter (218 7 Atnol) wae Hissoned i 20 mio ThEat —4b Band o ™ ' N
this solution was added isopropyimagnesium bromide (1M in THF, 8.4 mL, 8.4

mmol) dropwise. The mixture was stirred at —40 °C to —-30 °C for 1.5 h.
15 The above freshly prepared Grighard reagent was added dropwise to the

formaldehyde solution and the mixture was stirred at 0 °C for 1 h. Water was
.carefully added and the mixture was extracted with ethyl acetate. Purification
‘by chromatography (EtOAc/hexanes = 1:1) yielded the title compound (800 mg,
45%) as a white solid. MS 253 (M+H).

20 .
4-[1-cyano-2-(1,3-dioxo-1,3-dihydro-isoindol-2-yl)-ethylidene]-piperidine-1-

carboxylic acid tert-butyl ester (280). This compound was prepared in a similar

manner as in the synthesis of 26 except that 279 was used in place of 25. MS
382 (M+H),

25
3-(1,3-dioxo-1,3-dihydro-isoindol-2-yl)-2-piperidin-4-ylidene-propionitrile (281).
This compound was prepared in a similar manner as in the synthesis of 27
except that 280 was used in place of 26. MS 282 (M+H).
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F F2HC 5 160 7-[3-(2-Am no-1-fluoro-ethyl idene)azetidin-1-VII

-1-cycl opropyl - 8- '

di f1 uor onet hoxy- 6-f | uor o- 4- oxo- 1, 4- di hydr oaui nol i ne- 3-carboxylic acid (160).
A solution of amne 128 (R5 = F) (83 ng, 0.2923 nrriol), diacetyl

qui nolinyl borate 10 83 (111 ng, 0.2413 mmol) and triethyl am ne 40.5 m.) in
acet oni t rYPEABE )  were heated at reflux tenperat ur BCHYRRMYRLST The

vol atil es were evaporated and then THE (5 nl-) and 10% aqueous HCl (4 nlL)
wer e added EipaltRreduetRrdparatioihi s mi xture was stirred for approximately 1
hour. The resulting solid was collected by filtration, washed with water
and dried. Ethanol (4 m-) and 15 hydrazine (0.01 m-) were added to the
solid and the reaction heated at reflux tenger tyre for 1.5 hours. The

et hanol was evaporated in vacuo and wate ag‘ added to the remaining
material. The solid was collected a gj afford 160 as a yellow solid
(209 . I\éB 428 (M+ H. 20 O F CO2H| NjN MZQEVEA Me CI 161 25

7-(4-f2-°(N-Benzyl - N- et hyl am ne)™- Zchtor oet hy\ i denel pi peridin-1-vlI-1-

cycl ooropvl - 6-f | uor o- 8- met hoxy- 4- axo- 1, 4- di hvdr o- cui nol i ne- 3-car boxylic acid
trifluoroacetic acid salt (161). A solution of amne 135 (1.89 mmol) and
triethylamne (1.2 nL, 8.59 mmol) in 30 acetonitrile (15 nL) was treated

W th di acetyfs gUhRhd-TludhOERAddte)biberidibl -yi-1/c/cldBTobyI-aiEste-41bks-00en.

After 5 mn,The rTeaction mxXture was warned to reifux tenperature and the
reaction miktdi 1.81n ridines$-carbioaylico abid The Aeselutiomef amieuBt was

| | owed, t |t t t, d trat.ed .
2006/ 101b0sBRE MU Semsh 8t akiantig {0re e o AioR Bcasdenite, (¥
tetrahydr of LRN Wz Mubatdd eafithd Richibrdd%ychspiepHB-ystoorbkes i dinghb-(5 m -)

at roomtenperature and stirred overnight. ]
naphthpyridine-3-carboxylic acid (222 mg, 0.787 mmol) under nitrogen and the

reaction mixture was allowed to stir for 12 h. The resuliing mixture was
concentrated in vacuo, and the residue was washed with water (3 x 10 mL).
15 The residue was allowed to dry" for 16 min. The solid was collected,
resuspended in methanol (5 mL) and the reaction mixture was treated with
hydrazine (1 mL). After 5 min, the reaction mixiure was warmed to reflux and
the resulting mixture was allowed to stir for 1 h. The reaction mixture was
concentrated in vacuo, diluted with water and the solids were collected by
20 filtration. The off white product was washed with water (3 x 20 mL), allowed to
dry overnight to afford the title compound 1 (40.4 mg, 13%). MS 391 (M+H).

O
oy~
|
N N
25 NN A

F

7-[4-(2-Amino-1-fluoro-ethylidene)piperidin-1-yl]-1-cyclopropyl-6-fiuoro-4-oxo-

1,4-dihydroquinoline-3-carboxylic acid trifluoroacetic acid salt (5) A solution of
30 amine 31 (311 mg, 0.80 mmol) and triethylamine (0.55 mL, 4.0 mmol) in
acetonitrile (4 mL) was treated with diacetyl quinolinyl borate 17 (300 mg, 0.60
mmol) under nitrogen. After 5 min, the reaction mixture was warmed to reflux

and the reaction mixture was ailowed to stir for 12 h. The resulting mixture was

o2




e s

The resulting mxture was concentrated in vacuo and the residue purified by
HPLC (reverse phase C 18 col um, 30-90% acetonitrile/water containing 0.1%5
trifluoroacetic acid) to afford the trifluoroacetic acid salt of 161 (632
ng, 56% as_a_vellow solid. I\/8540(I\/H—I) 0 F CO2H 10 N N N I\/ECI
162 7- (4- [ XQIPEEHNY - N- et hyl ani no) - 1- chl or oet hyl | dene|P;9|T£H§F‘?°8’“‘??6?7 -yl -
15 cycl opropyl - 6-fl uor o- 4- oxo- 1, 4-di hydr o- (1, 8l napht hvri di ne- 3-car boxylic

acid 162. A spbwbd a6 o%i t%”}db% %&ﬁpéﬁuﬂé HHM%’[@E&H 5] Vﬁélh:y |aam e fedidkd i,

2.0 nmmol) in acetonitrile (7 m-) was treated with 7-chloro-1
- cycl opropy! - 86| wasbed- with- water @ by dt®-mk)-8] dashtrasididi wes 3disaelbestyii c

mxtur e was it YOOy CIREL e vPRIGOR 10 ¢ flequsTufrafiIfd EBR LS 1

al | owed to stiat réem t@dperatbe. r aset Bonrgmmh@. Wa@tnmsmxairéuvmiccmmna’tedm room
tenperature, concentrated in vacuo and uted with water.

The produc? M@C%Iqiiétﬁ%‘ﬁl'ﬂbwaﬁrl(ﬂgﬁﬂ'ﬂbﬂ“d ﬁ\%‘ﬁ'ﬁéﬁﬁe%ﬁ%’d"\ﬁﬂ% wHiesolignd a

i e Solid. NEET \ARgrRatP LRI TR D R SRR R 1Rl OTo3” ©

PCT/ US2006/ 00368d was coliected and resuspended in methancl (5 mL) and the reaction
744- - (2- Hydr oxviet hvl i den vcl.o ro vI fl uoro-4-9x0-1. 4-
i hydr o116 MRS aRees el Bultamnt (ombf | ) SR JRa R MR 103
(256 g, 1. 06 wasoharnssfid Féﬂ@k*ﬁé’rh@é@a'ﬁ@re(&}dﬁh@{es@tn@nﬂmké waB aﬂ§ﬁé@'f<b biile (4
m-) was treated with_7-chloro-I-cycl opropyl -6-fl uoro-4-oxo-1, 4-di hydro 5

napht hyr i dOnef8r dalbokiye ireactiond mistow wgs CONEentraisid) inuvaewo eindr hgerpsive t he
purified by HPLC (reverse phase C-18 column, 0-55% acetonitrile/water

containing 0.1% trifluorocacetic acid) to afford the trifluoroacetic acid salt of 5
{(61.3 mg, 20%) as a light yellow solid. MS 390 (M+H).

15 O

20
7-[3-(2-Amino-1-fluoro-sthylidene)azetidin-1-yil-1-cyclopropyl-6-fluoro-4-oxo-

1,4-dihydro-[1 SBinaphthyridine-3-carboxylic acid (80). 7-Chloro-1-cyclopropyl-
'6-fluoro-4-oxo-1,4-dihydronaphthyridine-3-carboxylic  acid (57 mg, 0.2016
mmol), amine 128 (Rs = F} (67 mg, 0.23892 mmol) and triethylamine (0.5 mL}) in

25  acetonitrile (10 mL) were heated at reflux temperature overnight. After cooling,

the volatiles were evaporated and the residue suspended in water (25 mL).
The resulting solid was collected by filiration and dried. Ethanol (6 mL) was
added to the solid followed by hydrazine (0.01 mi, 0.3188 mmol). The
reaction mixture was heated at reflux temperature for 1 hour after which the

30 volatiles were evaporated. Water (15 mL) was added to the residue and the
resulting solid collected by filtration, washed with additional water and dried to
afford 87 (49.1 mg, 69%) as an off-white powder. MS 363 (M + H).
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reaction mxture was allowed to stir for 16 h. The resulting m xture was
concentrated in vacuo, and the residue was washed with water (3 x 10 nL) and
allowed to dry overnight to afford the title conpound 163 (105 ny, 40%). M5
374 (MtH). 10 O CO2H /~IJN N HO' v v 15 164 ‘
7-f4-(Hydr xve} hv| i dene) pi peridin-1-yll-1-cvcl opropvl -6-fl uor o- 4- oxo- 1. 4-

di hydrogﬂﬁ&?oﬁﬁ‘gﬁ%’i carboxylic acid (164). A sol ution JfCTAHAYSNE37 (146 ny,
0.61 mml) and triethylamne (0.55 nL, 4.0 nmol) in acetonitrile (4 m-) was
20 treated with diacetyl quinolinyl borate &7 (125 ng, 0.60 mmol) under
nitrogen. After 5 mn, the reaction gn xture wasowarnmed to refl ux
tenperature and the reaction m xture al | pwed to stir for 12 h. The
resulting mxture was allowed to tenperature, concentrated in
vacuo, and the residue was Helds fth watgr (3 x 10 nL). The residue was
di ssolved in tetrahydrofuran 25 ¢3 %H@ d eated with 10% aqueous
hydrochgoric acid (5 nL) at room tenperature. After 30 mn, the reaction

m xture”was concentrated in vacuo, diHhsbed with water (10 min) and the
solid collected by filtration. The solid residue was washed with water (3 Xx
5 m) and allowed to dpy for, 15 m Tg.e sol.id was collected to afford 157
(5.1 ng, o 743a(2-Aminort- I CHPra

s(2-Amigori-Hugrocethylidene . 96 WD 2006/ 101603
PCT/ US2006 43 fdethBxi-6Fidetb-4lddol IV

4-difydrbhuinbliad dRhrboxyit€ agid?380). A
solution of amine 128 {Rs = F) (83 mg, 0.2923 mmol), diacetyl quinolinyl borate
10 83 (111 mg, 0.2413 mmol) and triethylamine (0.5 mL) in acetonitrile (10 mL})
were heaied at reflux temperature overnight. The volatiles were evaporated
and then THF (5 mL) and 10% agueous HCI (4 mL) were added to the residue.
This mixture was stirred for approximately 1 hour. The resulting solid was

collected by filiration, washed with water and dried. Ethanol (4 mL) and

15 hydrazine (0.01 mL) were added to the solid and the reaction heated at reflux
temperature for 1.5 hours. The ethanol was evaporated in vacuo and water
(20 mL) added to the remaining material. The solid was collected and dried to
afford 160 as a yellow solid (20%). MS 428 (M + H).

0]
20 F CO,H
|
~ A8
Z OM
Me Ci
161
25

7-{4-[2-(N-Benzyl-N-methylamino)-1-chloroethylidene]piperidin-1-yi}-1-
cyclopropyi-6-fluoro-8-methoxy-4-oxo-1,4-dihydro-quinoline-3-carboxylic  acid

trifluoroacetic acid salt (161).

A solution of amine 135 (1.89 mmol) and triethylamine (1.2 mL, 8.59 rﬁm’oi) in
30  acetonitrile (15 mL) was treated with diacetyl quinolinyl borate 19 (727 mg, 1.72
mmol) under nitrogen. After 5 min, the reaction mixture was warmed to reflux
temperature and the reaction mixture was allowed to stir for 24h. The resulting
mixture was allowed to cool to room temperature, and then concentrated in
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1- Cycl opr opyl - 6-fl uoro-7-[4-(1-fluoro-2-isopropyl am no-ethvlidene)-piperidin
-1- yil-8-nethoxy-4-oxo-1, 4-di hvdr o- gui nol i ne- 3-carboxylic acid
trifluoroacetic acid salt (252). ‘Am ne 246 (0.12 nmol), d|f| uor oborate
ester 223 ( 0 mol), and 10-triethyl am ne (0.07 i n anhydrous
acetonitril g‘ﬁ?g&jﬁf?m re heated at reflex tenperature un%fg'?/ 0??{“??68%

at nosphere for 24 hours. After cooling, the volatiles were evaporated in
vacuo. Et hanoIVaG50 miThp rasiduenias digsalvechin tebraBydrfyran (6 mel)a reat®d with Hn@%

wer o ovapor at SHCARAS Thror Bl ae T s P fyhBpiabito Y e d BOaKRME o 13

col um, 36- SO%r@cmsgnmgrmh@Ar\éan conmrarawdm Yadlod ahdlthbuesm!aeqaurmeaq:byd) to

afford the trll_ighijoroacetlc acid salqt]uof 11.4 r’r%y 2099 as a, li (? L
yel | ow solid G érevefaephase CrigL “99 gostoRiie/waiér cozgamlng 1%

(BE)-7-[3-(2 A t o

-cycl opropé ?WJ%?%&E @ f? %ﬁﬁhﬂegﬁtlpiéﬁéﬁgp%t%?% th1 -car b%xyelb)c acid
trifl uoroacetias ageltbvsadlid. M5FH40 (M)l uti on of am ne E-232 (0.276 nmol) and
triethylamne (0.16 nL, 1.152 mol) in acetonitrile (5 mM-) was treated

wi th 7-chl oro-1-cycl opropyl -6-fluoro-4- 30

0x0-1, 4-di hydro-[ 1, 8] napht hpyri di ne- 3-carboxylic &id (65 ng, 0.230 mmol)
under nitrogen. After 5 mn, the reaction nk s ".‘ tHat ed to refl ux
tenperature and the reaction mxture was alla stir for 24h. The

resul ting (g xture was al l oned to cool perature and concentrated
in vacuo. ~ 97 WO 2006/ 101603 2+ 003657 The resi due was resuspended
in nmethanol (5 nmL) and the re i i Xt ure was eated with hydrazine (1

m.). The resulting m xture wa i roq t enper ature overni ght and
concentrated in vacua. The residue was puri fil by HPLC (reverse phase C 18
col um, 25-40% acetonitrile/water containing 0.1%5 trifluoroacetic acid) to
afford the trifluoroacetic acid salt of E-232 (95.6 ny,
7-{4-[2-(N-Benzyl-N-methylamino)- 1-chloroethylidenelpiperidin-1-yli-1-

15 cyclopropyi-6-fluoro-4-oxo-1.4-dihydro-[1,8]naphthyridine-3-carboxylic acid
(162).
A solution of amine 135 (0.48 mmol) and triethylamine (0.28 mL, 2.0 mmol) in
acetonitrile (7 mL) was treated with 7-chloro-1-cyclopropyl-6-fiucro-4-oxo-1,4-
dihydro-[1,8]naphthyridine-3-carboxylic acid (113 mg, 0.40 mmol) under
20 nitrogen. After5 min, the reaction mixture was warmed to reflux temperature
and the reaction mixture was allowed to stir for 24h. The resulting mixture was
allowed to cool to room temperature, concentrated in vacuo and the residue
was diluted with water. The product was collected by filtration, and then
washed with water and a small amount of methanol to afford the title
25 compound (178 mg, 87%) as a white solid. MS 511 (M+H).

0
HO ™~ A

30 163
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82% as a white solid. M5 391 (MtH). NH2 F CO2H 10 FN N 256 15
(E)-743-(2-Am no-|1 -fluoro-ethylidene)-piperidin-I .-VII-1

-cycl opropyl - 6-fl uoro-4- oxo-1, 4-di hydr o- gui nol i ne-3-carboxylic acid
trifluoroacetic acid salt (256). A solution of am ne E-232 (0.260 nmol) and
triethylamne (0.15 nL', 1.085 mol) in acetonitrile - treated
wth diagﬁ{ypaﬁﬂﬁﬁolinyl borate 17 (85 nmg, 0.217-nnn?&?ﬁﬁ%%%mﬁgfﬁogen.
After 5 min, the reaction m xture was heated 20 to ref |ux tenperature and

the reacti onmXhiiSo a5 liabh rbR- £y -dyelo ?ﬁybéfﬂlﬁarof@%kﬁ-t‘li,d?g m xture was
al lowed to ur€ and concentrated rn vacuo. The residue
was di ssol dibgdion[1t&iha ridihes3ater it )aci d Avisohiiipnoef amir 493

hydrochl ori . acid_ (2. m-), at rao rature, tirred overni ght. The
resul ting Lﬂ%ﬁﬁ%@% %A‘&&erﬁ?@@%ﬁﬂ%é@t&oﬁ‘ﬁ_ﬁﬁgﬁa@é“ \ﬁﬁgtopg@ﬁs ended 25
in nmethanopn (2 Whd arshtbdie wWiGACT-GHlond- bydiepropgl-8-flaated-oxot Haalitticeai ne (0. 5
m.). The resulting mxture was stirred at_room tenperature overnight and
concent $ at Baphthyrdioed-carhexyliesacid d29@R e 9.7 1 | remaby uniercnitregor rane &@ase C 18

colum, 25-50% ac itri.e L Ai 0. trl | cid) to
Stord t ot oEbadel ag a1 AL 260180, . THe' R BRGEH BlS) ) 1 G
M5 30 390cHmberirai@BinNacR0)and (b3 idoeWaiSRaseEd ARE Wate QANH20 GUDHNACI N | ~

L ! el i Anboranisi i Sford e Tile SamBEaE S8 165, BT Mg !
met hoxy- 4- @¥@fh. £ di hydro- qui nol i ne- 3-carboxylic acid trifluoroacetic acid
salt 261 . A-rg‘i ne E-233 (0.256 mmol ), difluoroborate ester 223 (73 ny, 0.213

mml ), 1&nd 10 triethylam ne (0.15 nlL) in anhydrous acetonitrile (5 nl-)
were heated at refl ux 0

15 164

7-[4-(Hydroxyethvilidene)piperidin-1-yli-1-cyclopropyl-6-fluoro-4-oxo-1,4-

dihydroquinoline-3-carboxylic acid (164). A solution of amine 103 (146 mg,
(.61 mmol) and triethylamine (0.55 mL, 4.0 mmol) in acetoniirile (4 mL) was
20 treated with diacetyl quinolinyl borate 17 (125 mg, 0.60 mmol) under nitrogen.
After 5 min, the reaction mixture was warmed 1o reflux temperature and the
reaction mixture was allowed to stir for 12 h. The resulting mixture was aliowed
to cool to room temperature, concentrated in vacuo, and the residue was
washed with water (3 x 10 mL). The residue was dissolved in tetrahydrofuran
25 (8 mL) and treated with 10% agueous hydrochloric acid (5 mL) at room
temperature. After 30 min, the reaction mixiure was concentrated in vacuo,
diluted with water (10 min) and the solid collected by filtration. The solid
residue was washed with water (3 x 5 mL) and allowed to dry for 15 min. The
solid was collected to afford 157 (5.1 mg, 2.2%) as a light yellow solid. MS 373
30 (M+H),
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tenperature under a nitrogen atnosphere for 24 hours. After cooling, the

vol atil es were evaporated in vacuo. Ethanol (5 nL) and triethylamne (0.5
m.) were added to the residue. Thi's was heated at reflux tenperature for 19
hours. The volatiles were evaporated, the residue was resuspended in 15

net hanol (2 WP JO06AHE%% he reaction nixture was treated wi tRCTRSIPEONISET (0. 5
m.). The resulting mxture was stirred at room.enperature overnight and
concentrated in vacuo. The residue was pﬁ;i fiedjby (’?'é%n\c (reverse phase C 18
colum, 35-50% acetonitrile/water containi : uoroacetic acid) to

afford the trifluoroacetic acid salt of .6ing, 23% as a yellow
solid. M5 20 436 (MtH). 0 F Q02H 25 ( NN " C 7-f-4-(2-Amno-I
-chl or oet hvl i dene) pi peri di n-1 =14 opr@Mv&G-fl uor o- 8- 30

met hoxy- 4- oxo- 1, 4- di hydr o- qui nol iHnef’%-car boxylic—acid (7). Amne 33 (34.95
mol ), difLuoroborate ester 223 (7.29 g; 2&535 mmol) and triethylamne (35
m.) in anhydrous acetonitrile (250 m-) were heated at reflux tenperature
under a nitrogabydd BorbT-{L0 - s D-is lb@f.flaﬂﬁﬁbieﬂgg(lidéh@)-gi@@ridﬁﬁh-
20061101603 PCTI US 0 ( volatiles were evaporat I n vacuo, Ethanol
(350 nl) and ¥HBsmalcKinexa:-td-dipydro-quinaling Giealboxylichacid dsiflaereacetis acip

heated at reflyx rature for 38 hours. The volatiles were evaporated
and wat er (25%’771% Was added to the residue. The resulting solid was

col | ected by Wnihe &460(0.12anmed), wifidorelsaaie esial 223WmB84 mgndl10rmewbl), Bhids

aaded. "D cHngamins CHOZFS0 iambydetsrsionine A Migateraiblen el BTy 2"

hours. The vokghpb@turdeiRiedVAMNSdSa ambditerd 18r 2adAblisON Ader WRbARG, [ Pet Ne
residue, the solid was coll ected,” washed wth water and dried to afford 7.

M5 436 (M + Hyolaligs@vere evaporated in vacuo. Ethanol (5 mL) and triethylamine (0.5 mL)
were added to the residue. This was heated at reflux temperaiure for 19

hours. The volatiles were evaporated and the residue was purified by HPLC

15 (reverse phase C-18 dolumn, 36-50% aceionitrile/water containing 0.1%
trifluorcacetic acid} to afiord the trifluoroacetic acid salt of 252 (11.4 mg, 20%)
as a light yellow solid. MS 462 (M+H).

: O
NH2 F C‘O2H
2 LY
F7Sy ™ SN
253

25  {E)-7-[3-(2-Amino-1-filuoro-ethvylidene)-piperidin-1-vyil-1-cvclopropyl-6-fluoro-4-

oxo-1.4-dihydro-[1,8]naphthyridine-3-carboxylic acid trifluoroacetic acid _sal
253).

A solution of amine E-232 (0.276 mmol) and triethylamine (0.16 mlL, 1.152
mmol) in acetonitrile (5 mL) was treated with 7-chioro-1-cyclopropyl-6-fiuoro-4-

30  oxo-1,4-dihydro-[1,8lnaphthpyridine-3-carboxylic acid (65 mg, 0.230 mmol)
under nitrogen. After 5 min, the reaction mixture was heated to reflux
temperature and the reaction mixture was allowed to stir for 24h. The resulting

mixture was allowed to cool to room temperature and concenirated in vacuo.
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F C2H N 15 HZNN™~ A Cl 263 7-(-4-(2-Am no-|

-chl oro-et hyl i dene)pi peridin-1 -yl).-1-cycl opropyl-6-fluoro-5-

met hyl - 4- oxo- 1, 4- di hydr o- gui nol i ne- 3-carboxylic acid (263). Amne 33 (1.15
mol ), difluoroborate ester 224 (145 ng; 0.4433 mmol) and 20 triethylam ne
(2.5 m - rous acetonitrile (10 m-) were hea

t enper at &6%3%8@ (ga nitrogen atnosphere for 48 hours. H’%ﬂ.@?s\%%q@h‘sges wer e
evaporated. 1, 2-dichloroethane (10 nL), ethanol (20 m - )l and triethyl am ne
(2 m-) @h@r@%waadesuﬁ@e@ memnﬁb@t Y} and g repetios myxiuse wes f or 36

rosi due. TR SR A TIER 31 Rl P PRl T Vel R R el

wat er and wmmiame @f/émlight ahheaopbemtmemuma@mtém eckidue ms(;ﬂﬁlﬁed@, 939 .

.ﬂr]\' frets ﬁglng {Z-ég(rwérye phé?%m%apewn’ﬁb r%o%b%fa&ﬁkg’?tﬁ%iwg@ CO?T%"‘USI 2%?22'032??
evapor ag edtrﬁnﬁr%@{eﬁé acgﬁﬁgnéq% dﬁ'.%dtnfn Fd&%eﬁé’%)ﬂ 5881 AUg.03Af Wgsrs $Ryeral

m nutes, a so or e 'S was | tered, washed with ter and dried.
263 was i s82%) ad aashite palide MBESnge(I\/b!dWMer (146 ng; 87% . MS 420 (M+ H. 100
WO 2006/ 101603 PCT/ US2006/ 003657 O F CO2H N 1;~-NH2N/ d I F N 5 d
H2N 268 F 7-1-3-(2-Am no- |

-chl oroet hvl i dene) azeti di n-1-yl }-1-(6-am no-3, 5-di fl uoropyridi -

yl)-8-chl oro-6-fl uoro-4-oxo- 1, 4- di hvdr o- quithol i ne- 3- car boxylic aC|d (268)

10 Hz F CO,H

1-(6- a%no 3, 5-di fl uoro-2- pvr|d| nvl or p- 6, 7-di f |l uor o- 1, 4-di hvdr o- 4- oxo
256

15 (E)-7-3-(2-Amino-1-fiuoro-ethylidene)-piperidin-1-yl]-1-cvyclopropyl-6-fluoro-4-

oxo-1.4-dihydro-quinoline-3-carboxylic acid triflucroacetic acid salt (gi@)_
A solution of amine E-232 (0.260 mmol) and triethylamine (0.15 mL, 1.085
mmol) in acetonitrile (5 mL) was treated with diacetyl quinolinyl borate 17 (85
mg, 0.217 mmol} under nitrogen. After 5 min, the reaction mixture was heated
20 to reflux temperature and the reaction mixture was allowed to stir for 24h. The
resulting mixture was allowed to cool to room temperature and concentrated in
vacuo. The residue was dissolved in tetrahydrofuran (2 mlL), treated with 10%
aqueous hydrochioric acid (2 mL) at room temperature, and stirred overnight.
The resulting mixture was concentrated in vacuo, the residue was resuspended
25 in methanol (2 mL) and the reaction mixture was treated with hydrazine (0.5
mL). The resuliing mixture was stirred at room temperature overnight and
concentrated in vacuo. The residue was purified by HPLC (reverse phase C-
18 column, 25-50% acetonitrile/water containing 0.1% trifluoroacetic acid) to
afford the trifluoroacetic acid salt of 256 (27 mg, 25%) as a yellow solid. MS
30 390 (M+H).
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gui nol i ne- 3-carboxy(ic acid (0.412 mol ) (prepared by the nethods descri bed
in WO09/11068 and US 4, 885, 386), am ne 129 (0.455 mmol), and triethylam ne
(0.3 m-) in anhydrous acetonitrile (10 m-) were heated at 55C under a

ni trogen atnosphere for 1 hour. After cooling, the volatiles were 15

evapor at ed WP P4¥W3%nd water was added to the residue. ?ﬁ@"ﬁ%@ﬁ(f’?‘?ﬁg sol i d
was col lected by filtration, washed with additional water and dried. This
solid was suspended in net hanol (10 m-) and treated with hydrazine (0.1
m., 2.233 mmol). The reaction was stk vt r ogen at mosphere for 6
hours. The volatiles were evaporatped. Aft hejladditi on of water to the
residue, the solid 20 was col | ect®d; ™= ‘ met hanol and dried to
afford the title conpound (37%. M5 &0 / . 0 CO2H "ON I N 25 H2N C
NF C H2NF 270 74-4-(2-Am no-|

-chl oroet hvl i dene) pi peridin-1-yl}-1-(6- ani no- 3, 5-difluoropyridi- 30
2-yi)-8-ch¥ oro-6-fluoro-4-oxo-1I, 4-di hvdrozaw nol i ne- 3-carboxylic acid (270).

|-6-fluoro-8-

Amne 33 (1.0
1- (6-am no- 3,
1, 4- di hvdr o- 4rr@thmqm-nﬁd>41cmdmvdw@ﬂmyl ness-aarhd)xgﬁb acmifmcf@oegaraﬂﬂ Reltt he
rret hods described in W09/ 11068 and US 4, 885, 386), and triethylamne (1.0
101 WO 2006/ 1 3 PCT/ US2006/ 003657 rmol) in anhydrous di nethyl sul f oxi de

1.5 m) were hen
Sthanol” (e it B8, (0966 RGN, dudlobdaleBeyst 798 RAShf, 13 mit apd ]

m nﬁt gs Mrﬁ]t etrgattlugdihmn@, (l‘r&lee)snllajghggrouscda_le_ﬂammie (thiLchQ‘d Heatdd bt r@lw(on
washed with additio et hanol _and drje [ so] i d was.suspe

ol (10 afsmisalie e R IoRneh 3P 2dghairsnt MRt SoaHtb e The
reaction was %bl'afub@%él‘@% Braféd rPgRINcAt FRaRGIEGSL] 8hd Yr‘ibth?tiﬁ%e % mL)

vol atil es were evapor at ed. After the addition of water
were added to the residue. This was heated at reflux temperature for 19

hours. The volatiles were evaporated, the residue was resuspended in
15 methanol (2 mL), and the reaction mixiure was treated with hydrazine (0.5 mL).

The resulting mixture was stirred at room temperature overnight and

concentrated in vacuo. The residue was purified by HPLC (reverse phase C-

18 column, 35-50% acetonitrile/water containing 0.1% trifluoroacetic acid) to

afford the trifluoroacetic acid salt of 261 (26.6 mg, 23%) as a yellow solid. MS
20 436 (M+H).

0
F CO,H
|
25 N N
HoN7 P A

7-1-4-(2-Amino-1-chloroethylidene)piperidin-1-yi}-1-cyclopropyl-6-fluoro-8-

30  methoxy-4-ox0-1.4-dihydro-gquinoling-3-carboxylic acid (7).
Amine 33 (34.95 mmol), difluoroborate ester 223 (7.29 g; 21.25 mmol) and
| iriethylamine (35 mL) in anhydrous acetonitrile (250 mL) were heated at reflux

temperature under a nitrogen atmosphere for 36 hours. After cooling, the
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title

“sol'ird was col | ected, washed with water and dried to afford the
conpound (57%. M5 529 (M+ H. 100 FCX®H N/ IN~'N 15 F 295
(S)-9-f4-(2-Di net hyl am no-|

-fluoro-ethylidene)-piperidin-1-vll-8-difluoro-2, 3-

di hvdr o- 3- net hyl - 7- oxo- 7H pyri dof 1, 2, 3-del -1, 4- benzoxazi ne- 6- car boxylic
gf:i(fj)_SQ%&NgﬁgmiaG@ol ution 157 (0.553 mmol ) in acetoni pcTAR2005003657) was added
di f1 uor o- 2, 3,4 -3 _ox0: 7Hpvr | . . i ne- 6-
car boxylic @lﬁ@%%@&%ﬁé&%%%%ﬁ% ;_'LQ%%{O?E%%@ ?‘?Iﬁegtﬁ%ﬁiﬁﬁwg { é ;ggm .

This m xt unk) were hefiddixethd rsiduedaliss aves hdetod s lrefhunt tenaserakmV¥ed3g n vacuo.
The resulting sqglid was dissolved in di math |'s ééé)xi e and Hurified by HPLC
(reverse pH¥dés.c-Tie vJpiilas ,-Wel'@-eé’ép}@@é%é 8RPtWaleE 8ik) ers gARed do dhao, 25
trifl uoroacgakiifa.act ; ' e i rovi de
0.0052 g g?g'gﬁﬁ'e|#‘%Qwressldpﬁgc%é'hg’%ﬁ%ferg%f\cf)'?%ﬁﬁﬁmggl ‘t’vl)a?éﬁﬁgwit?ﬁ |\'}m "0 F
C2H ~f5GN watdband Arietl. Z%s salRPwDsasB8Yce01i6 G3haol / US2 6149 /a00i385iTazine

7-[4-(1-Chl -2-di et h I no-,et hylj.d - Di idin-1-v11-.3- I | - 6-
{1 o o 2 o855 1o i tmeh A e SHEE PPl et idfeed 19 8P °BY o
salt 298 -niﬁ@giéﬂ%tm@s_ afBPR) hdulsACE @ Nolatildsewbre @vaporabsy, added the _
1-cycl opropyl -1, 4- 5 di hydro-6, 7-di fl ugro-4-o0xo- qui nol | ne- 3-car boxyl ic acid

(0.0699 g, @idigrmabwgter ihthe resliver thersfidavaseoliegters washed whthavalekpde was
refl uxed fgf,frges%lof{a\?%ﬁ“?;w Mé%@ (R/P-L\Lﬁ.nt was renoved in vacuo. The resulting

solid was
10
0
l
N N
HaN" A
Cl
15 263

7-[-4-{2-Amino-1-chloro-ethvlidene)piperidin-1-vi}-1-cyclopropyl-6-flucro-5-

methyl-4-oxo-1.4-dihydro-quinoline-3-carboxylic acid (263).
Amine 33 (1.15 mmol}, diflucroborate ester 224 (145 mg; 0.4433 mmol} and
20 triethylamine (2.5 mL) in anhydrous acetonitrile (10 mL) were heated at reflux

temperature under a nitrogen aimosphere for 48 hours. The volatiles were
evaporated. 1,2-dichloroethane (10 mL), ethanol (20 mL) and triethylamine (2
mL) were added and the suspension heated at reflux temperature for 36 hours.
The volatiles were evaporated. Water {30 mL) was added to the residue. The

25 resuiting solid was collected by filtration, washed with water and dried to afford
the phthalimide-protected amine (226 mg, 93%). This solid (220 mg; 0.40
mmol) and hydrazine (0.05 mL; 1.59 mmol) suspended in methanol (30 mL)
were heated at 60°C for 5.5 hours. The volatiles were evaporated and water
(25 mL) added to the gummy residue. After several minutes, a solid formed.

30 This was filtered, washed with waler and dried. 263 was isolated as a pale
beige powder (146 mg; 87%). MS 420 (M + H).
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di met hyl sul f oxi de and purified by HPLC (reverse phase C 18 col um, 10-90%
acetonitrile/water containing 0.1%trifluoroacetic acid). The collected
fractions 10 were |yophilized to provide 0.1024 g of a tan solid (71%yvyield
for TFAsalt). M5 434 (MrH). Table 4 lists the additional conpounds of the
instant inv ared by the experinental procedure i bove.
In the caseeg 9‘Ew{llai\éaﬁghthyrld|nes 2- 15 4, 59-63, 69, andﬁqggéﬁy%ﬁgﬁ?

anal ogous experimental procedure to that for conppund 1 was used in their
preparation. For the naphthyridines 171, 172, 5 a 5 71, an anal ogous
procedure to that for 163 was used. For the rlalnes 81, 183 and 184,
an anal ogous experinental procedure to that

was used. For the

napht hyri di nes 165-170, 177-182, 186, N sim | ar procedure to that
for 162 was used in their pr ep wth%lca e of naphthyridines 254
and 255, an anal ogous experi rre pr ocedure taNTh for compound 253 was
used in their preparation. Quinol one$€l262 and re prepared in an

anal ogous manner to the preparation of 7 abfds. For the quinol ones 6, 8-15,
64-66, 70, 71, 73, 78, 187, 188, 201-204, 206-20& 210, 25 272, and 274-277,
an anal ogous éxperinental procedure to that conpound 5 was used in
their preparation. In addition to the nethod descri bed above, quinolone 7
coul d al so be Df-8f42+fedinbyi- elniommﬂh\mggns)aaemdlmd -\tib14(Bw’ﬂlhlneé115-ﬂﬂh,loﬁ.)pvr1592- t he
qui nol ones 76, 77, Jhat for
160 was used iR¥ER ¥¢ 248 30 251

an anal ogoys p{.@

simlar procedure 1 e case
of the quinold po¥yoat ienacia 40 dd 8unmeliperepared dy th A itggt for
103 WD 2006/ 1016 1 ir

prepar ati on. O otte— 20— Was—preparec aagﬁné‘? @ q%l?chol one
268. Qui nol oneﬁle@@&nﬁﬁé (@@Jm\ﬂ@ rre anﬁ{/&@ﬁé %@etd’r‘ntﬁ!é ﬁmhag QiTe RRBRRT af 85°C

qui nol one 298. Quinol one 301 was Pare in an anal ogous nmanner to

qui nol one 256. ur(glﬁrn@lmiﬁ@@em@@maﬁph@es% Wedhoeirp Adlearaseling, e asktiegowsre

fashi on t o, gui 0ol AnG A%t vacl52hd Warsh WEtAHRAT G SRREY R LRl solid

was collected by filtration, washed with additional water and dried. This solid
was suspended in methanol (10 mL) and treated with hydrazine (0.1 ml., 2.233
mmol}. The reaction was stirred under a nitrogen atmosphere for 6 hours. The
volatiles were evaporated. After the addition of water {o the residue, the solid

20 - was collected, washed with methanol and dried to afford the title compound
(37%). MS 501 (M + H).

)

F COLH
|
N N

25 HEN/\]/O CIN/ | F
Cl
HoN™
F‘
270

7-[-4-(2-Amino-1-chloroethylidene)piperidin-1-vi}-1-{6-amino-3,5-diflucropyridi-

30  2-yl}-8-chloro-g-fluoro-4-oxo-1,4-dihydro-guinoline-3-carboxylic acid (270).

Amine 33 (1.0 mmol), 1-(6-amino-3,5-difluoro-2-pyridinyl)-8-chloro-6,7-difluoro-

1 4-dihydro-4-oxo-quinoline-3-carboxylic acid (0.5 mmol) (prepared by the
" methods described in WO09/11068 and US 4,885,386), and triethylamine (1.0
101




27 59(M+H)=373 0 032 2 (M+ H) =387 F m33 3 MrH =407 39 60 M+ H = 389
'""re 41 61 MrH =416 43 62 M+ H = 403 48 63MrH=391 129 81 (M+H) = 379,

381 148 '165 M+ H = 525 154 166 M+ H = 449 134 167M+H=495 156 168 M +
H =509 158 169 M+H =447 159 170 (M+ H = 550 105 171 M+H =388 104 172
M+ H=392 85 69 M+ H= 401 118 1173 M+H =413 119 174 M+H =427 117 175
MrH =419WO/ W3\l =452 155 177 MkH =478 110 178MEHUAYASO%B6Y 179 M+H

=464 149 180 MrH =435 152 181 M+ H = 475 157 182 M+H =419 246 247 M + H

EHA'?‘;’S 58 Mfﬁkémﬁfl@f FrnilfylsdiihiR €08 kY Wiekd heaftd’al7® 3 inddMH) =463
nitrogen atmosphere for 1 hour. Then, ethanol (25 mL) was added to the
reaction and it was heated at 90°C for 10 minutes. After cooling, the resulting
solid was collected by filtration, washed with additional ethano! and dried. This

5 solid was suspended in ethanol (10 mL) and methylamine (33% in ethanol,
0.15 mL) was added. The reaction was stirred under a nitrogen atmosphere
for 70 hours. The volatiles were evaporated. After the addition of water to the
residue, the solid was collected, washed with water and dried to afford the tiile
compound (57%). MS 529 (M -+ H).

10

15 295

(5)-9-[4-(2-Dimethylamino-1-fluoro-ethylidene)-piperidin-1-yli-8-difluoro-2,3-

dihydro-3-methyl-7-oxo-7H-pyrido[1.2,3-de}-1.4-benzoxazine-6-carboxylic acid

295).

To a solution 157 (0.553 mmol} in acetonitrile (7 mL) was added S-(-)-9,10-
20 difiuoro-2,3-dihydro-3—methyl-?-oxo-?H-pyridoﬁ ,2,3-de]-1,4-benzoxazine-6-

carboxylic acid (0.0762 g, 0.271 mmol) and then triesthylamine (0.79 mL). This

mixture was refluxed for 5 days and then solvent was removed in vacuo. The

resulting solid was dissolved in dimethylsulfoxide and purified by HPLC
(reverse phase C-18 column, 10-90% acetonitrile/water containing 0.1%

25 ftrifluoroacetic acid). The collected fractions were lyophilized to provide 0.0052
g of a yellow solid (3.5% vield for TFA salt). MS 434 (M+H).

O

chozrs
l
N N
30 \'I\' p A

Cl
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rare F 104 F WD 2006/ 101603 PCT/ US2006/ 003657 129 184 (M + H) = 451, 453
103 185 (M + H) = 446 157 186 (M+ H) = 491 33 271 (M+ H = 479 0 0 32 64
(M+ H =38 F CHA'rel 33 65(M-H) =406 A 129 76 (M+ H) = 378, 380 135
187(MrH) =510 134 188 (|v|+ H =494 154 248 (M+ H) = 448 246 249 (M + H)

= 432 E- 2%80%?%7/ g%} 406 Z-233 258 (M + H = 406 pdpdsdebotdsh + H =
362 157 29 o/ = 418 152 300 (M + H) 474 Z- 238 301 (M+H) =386 105
WO 2006/ 101603 P /U82006/,003657 _Tabl e,4 contl nued Structure Am ne Conpound
Nunber 31 6(Kadyll-Lh RIRENG 21-gyclop 2

Amine N, 0 A &3 4ldyd- M4-diEDLdro-digﬁohne-Sncarboxyhc acid trlﬂuoroace’uc acid salt
298).
To 149 (0.506 mmol) in acetonitrile (7 mL) was added 1-cyclopropyl-1,4-
5 dihydro-6,7-difluoro-4-oxo-quinoline-3-carboxylic acid (0.0692 g, 0.264mmol)
and then triethylamine (0.76 mL). This mixture was refluxed for 5 days and
then solvent was removed in vacuo. The resulting solid was dissolved in
dimethylsulfoxide and purified by HPLC (reverse phase C-18 column, 10-80%
acetonitrile/water containing 0.1% triflucroacetic acid). The collected fractions
10 were lyophilized to provide 0.1024 g of a tan solid {71% vield for TFA salt). MS
434 (M+H).

‘Table 4 lists the additional compounds of the instant invention prepared by the
experimental procedures detailed above. In the case of the naphthyridines 2-
15 4, 59-83, 69, and 173-176 an analogous experimental procedure to that for
compound 1 was used in their preparation. For the naphthyridines 171, 172,
185 and 271, an analogous procedure to that for 163 was used. For the
naphthyridines 81, 183 and 184, an analogous experimental procedure to that
for 80 was used. For the naphthyridines 165-170, 177-182, 186, and 247 a
20  similar procedure to that for 162 was used in their preparation. In the case of
naphthyridines 254 and 255, an analogous experimental procedurs to that for
compound 253 was used in their preparation. Quinolones 262 and 273 were
prepared in an ahalogous manner to the preparation of 7 above. For the
quinolones 6, 8-15, 64-66, 70, 71, 73, 78, 187, 188, 201-204, 206-208, 210,
25 272, and 274-277, an analogous experimental procedure to that for compound
5 was used in their preparation. In addition to the method described above,
quinolone 7 could also be prepared by an analogous method to that used for 5.
For the quinolones 78, 77, 189, 205, and 209, an analogous procedure to that
for 160 was used in their preparation. For the quinolones 190-200 and 248-
30 251 an analogous procedure to that for 161 was used. For the quinolone 211
a similar procedure to that for 163 was used in its preparation. In the case of

the quinolones 257-260, an analogous experimental procedure to that for
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E-37 14 (M+ H = 422 58 15 (M+ H) = 450 129 189 (M + H) = 408, 410 148
190 (M+ H) = 554 149 '191 (MrH)=464 150 '192 (M + H) = 492 151 ' 193 (M
+ H) = 490 152 194(MrH)=504 153 195 (M + H = 506 154 196 (|v| + H = 478
134 '197 (M+ H) = 524 156 198 (M+ H = 538 157 '199 (M + H) = 448 158
200(M+H)_476 32 70 (M+ H) =402 85 71 (M+ 1§ 201 (M + H
446 WOSIHOIQOR + H) = 456 118 203( MrH) =442 117H)?‘§T ﬁfﬁgﬁ’?ﬁ% 448 106
PCT/ US2006/ 003657 WD 2006/ 101603 120 204( MrH) =481 27 212(MrH) =402 128 273
(M + H) = cBahoudd 256 Ba2 u(sMHnmpir:premﬁr:atianzgmiediﬁnelﬂsﬁ whs preffed 129 205 (M
+ H) 444, 446 F31 106 Am ne N 208

(M + H) — @i gnalogous man

er To l_c?uin:oic?ge6 26%. Zoduig\g/{oﬁels_'i) 269 Sa?nod 3

were

prepared in an analogous manner to quinolone 298. Quinclone 301 was

prepared in an analogous manner to quinolone 266. Quinolones 302 and 303

5 were prepared in an analogous fashion io quinolone 261.

Table 4
Structure Amine Compound Number
27 59 (M + H) = 373
o 0 32 2 (M + H) =387
A S 33 3 (M + H) =407
L] 39 60 (M + H) = 389
Anire 41 61 (M + H) =416
A 43 62 (M + H) = 403
48 63 M+H) =391
129 81 (M+H) = 379, 381
148 165 (M + H) = 525
154 166 (M + H) = 449
134 167 (M + H) = 495
156 168 (M + H) = 509
158 169 (M + H) = 447
159 170 (M + H) = 550
105 171 (M + H) = 388
104 172 (M + H) = 392
85 69 (M + H) = 401
118 173 (M + H) = 413
119 174 (M + H) = 427
117 175 (M + H) = 419
120 176 (M + H) = 452
155 177 (M + H) = 478
110 178 (M + H) = 404
107 179 (M + H) = 464
149 180 (M + H) = 435
152 181 (M + H) = 475
157 182 (M + H) = 419
246 247 (M + H) = 433
E-233 254 (M + H) = 407
2233 255 (M + H) = 407
g0 31 4 (M + H) = 463
A @
s 128 183 (M + H) =435
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F 33 73 (M+ H =472 F H 154 250( MiH) =514 246 251 (M + H) = 498 E- 232
259 (M + H = 456 E-233 260 (M+ H) = 472 0 O 31 10(MH) =402 off 129 209
(M+ H = 390, 392 Anine N /o A 128 274( MHH) =374 33 275 (M+ H = 418 31
S(M-H) =406 0 0 32 9 (M+ H) = 402 F <'OH 43 66 (M + ﬁég %ENOBQ
210 (M + HW6 284016897 WO 2006/ 101603 PCT/ U820061003657 PG 22?[‘685% H) 427 0
033277 (M+ H =422 OH Amine 128 276 (M+ H = 378 129 77 (M+ H =

394, 396 OO0 F (H Amine N 33 262 (N-+H=—454F0—F€epH—Anne N G F
128 269 (M + H 1 484 129 184 (M + H) = 451, 453

103 185 (M + H) = 446

157 186 (M + H) = 491

33 71 (M + H) = 479

o o 32 64 (M + H) = 386

. l H
i 33 65 (M + H) = 406

129 76 (M + H) = 378, 380
135 187 (M + H) = 510
134 188 (M + H) = 404
154 248 (M + H) = 448
246 249 (M + H) = 432
E-233 257 (M + H) = 406
Z-233 258 (M + H) = 406
128 272 (M + H) = 362
157 299 (M + H) = 418
152 300 (M + H) = 474

Z-238 301 (M + H) = 386
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Nl i H2N F Scheme XXXI1I 500 0CLOO F 1) ClxO- OHCICHCH2CO F I | OH

N N reflux, 3h

NN 10 N

/0 /0 NaHCO3 A Bn Cl

2) H20/ THF H 161

re 72 15

7-[4- (1- Chl oro- 2- met hyl am noet hyl i dene) pi peri di n-1-yl]-1-cycl opropyl -6-fl uor

0- 8-
acid salt
1, 2-di chl

wp S

(0.8 nL, 7.3 mmol ) under

solution of 161 (160 ny,

met hoxy- 4- oxo- 1, 4- di hydr oqui nol i ne- 3-carboxylic acid trifluoroacetic
0.24 mml ) was dissolved in

(4 m-) and was treated with 1-chlBYBERMY84 or of or mat e
108 WO 2006/ 101603 PCTJUS20061003657
After 5 min, the reaction n xtur&aiest eeniintgdt o refl ux tenperature

ni t rogen.
and the

reaction mxture was allowed to stir for 3h. The resulting m xture was

all owed to cool

The residue way
5 addition of N
The resulting
HPLC (reverse
trifluoroacetid
27% as a yell
(74, 75, 79, 21

to roogrliefier at ur e, | mfithe|herCompoamdcidasdeyr atjed i n vacuo.
dissolved 1n tetrahydr {uran (S &h), ad) uste o pH>7 by the
NaHCC3 and water at rop enper atud A= 4€0r r ed |over ni ght.

m xture was concentraféd 1§ vacuo and the residye purified by
phase C- 18 col um, 35-90% dcetonitrile/water corjtaining 0.1 %
acid) to afford the fr yor oaget ] c i d [t df 72 (37 nyg,
om1so%id. 645 ( MtH ?i%% Tablgsi T?ﬁf%4§£é filnal products

13- 220 r ¥ran éﬂ%?logouizq&ﬁfﬁﬂgfféio tfat above.
Amine N
0 Z-37 13 (M + H) =422
E-37 14 (M + H) =422
58 15 (M + H) = 450
129 189 (M + H) = 408, 410
148 190 (M + H) = 554
149 191 (M + H) = 464
150 192 (M + H) = 492
151 193 (M + H) = 490
152 184 (M + H) = 504
153 195 (M + H) = 506
154 196 (M + H) = 478
134 197 (M + H) = 524
156 198 (M + H) = 538
157 199 (M + H) = 448
158 200 (M + H) =476
32 70 (M + H) = 402
85 71 (M + H) =430
116 201 (M + H) =446
119 202 (M + H) =456
118 203 (M +H)=442
117 78 (M + H) = 448
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]

Tabl e 10, SLLUCLUELE-RS=RO=@orpoutid (VFH) “Runber O Et 75 464 O F. | | cO2H
513434 T N Rg RS Et 214 448 C Me 215 421 O F 1 co2H Et 216 435 N
NNRa,N/ L{1 F M 79 405 HR5 Et 217 419 C Me 218 420 O F CO2ZH NN F

Me 219 404 HR Cl M 74 486 O FIJ_(DZHN/ NF M 220 470 Ro.N/ O. _t
H RS FF 109 WO 2006/ 101603 PCT/ US2006/ 003657 Scheme XO$¢misnaoe3ssy
WO 2006/101603
120 204 (M + H) = 481
27 212 (M + H) = 402
128 273 (M + H) = 392
7238 302 (M+H)=416
E232| 308 (M+H) =420
129 | 205 (M +H) = 444, 446
135 106 (M + H) = 576
O o
. 134 207 (M + H) = 560
I OH
Arrine N 31 208 (M + H) = 456
F. O
=1 Z& 33 73 (M + H) =472
H
154 250 (M + H) = 514
246 251 (M + H) = 498
E232| 259 (M + H) = 456
E-233 260 (M + H) = 472
o o 31 10 (M + H) = 402
I ©" | 120 | 209 (M +H) =390, 392
Amine N
_0 A 128 274 (M + H) = 374
33 275 (M + H) = 418
31 8 (M + H) = 406
O 9 32 9 (M + H) = 402
F
j on 43 66 (M + H) = 418
Amine N
oA 39 210 (M + H) = 404
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5 FOHFNI/ NI 10%Pd/C1/ OGHNNN"Ob O MOH/HOXR2HEnN H 161 221

1- Cvcl opropyl - 6-fl uor o- 8- met hoxy- 7-[ 4- (2- met hyl am noet hyl i dene) pi peri di n-1
10 yll-4-o0xo0-1 4-di hydrogui nol i ne-3-carboxylic acid trifluoroacetic acid
salt (221). A solution of 161 (70 nmg, 0.11 mmol) in nethanol/formc acid
(v/v=20/ %‘ (014 m-) was treated with 10% Pd/ C (35 C 0 % under
nltrogeﬁ’v t0 fflwlg(f?d stirred for 3h. The resulting m xture was Xtered and
concentrated in vacuo. The residue was purified by HPLC (reverse phase C 18
col umm, 35-90%0 15 acetonitrile/watdr confarning 0.1 % trifluojoacetic acid)
to afford the| trifluoroacetic acid ggbt |of 231(%3)@4215% as a yell ow
solid. M5 416](MtH). Schenme XXI 0| Br NJO0 O F O /I~ Np F 6] OH F~
Pd2(dba)3, S-BINAP, F 7 F~O N Ca2d®3 H2N F H 2) conc. HCl 3] N2Hy 31 68
7-[4-(2-Ami noil -fluoroethylidene)-|pipe d|n - | opfopyl -8 20

di f I uor onet hoxy- 4- gxo- 1, 4lldi Qo) quuzg%n 2774 X'L?Syyl S eia| (68 A
solution of amne 3 ,OH 9 'rm;! qu:ns.snc u?"%? %?1 1.46 mol)
(prepared as|descri P1031569),,.  cesiu , 2.2 mmol),
(1S)-[1,1' - bi négm 2,2 -diyl Hi2§[cli ph?r??ﬁ%ﬁgg 37 my, 0.22
mmol) in toluéne (75 Ms treatied witth _Pd2(dba)3 fﬁﬁﬂn .072 mmol ) and

the reaction |110
129 77 (M + H) = 394, 396

E )
l OH
Aming N 33 262 (M» + H) = 454
COgH _
Amine l
128 269 (M + H)

/:j/ =484
Scheme XXX
5
o] 0 O Cl
F. 1) cito™
OH
| CIGH,CHCI
N N reflux, 3h
10 Sy—¢ P A /\(O
Bh HEO/THF
161

15 7-[4~(1-Chloro-2-methylaminosthylidene)piperidin-1-yl}-1-cyclopropyi-6-flucro-8-
methoxy-4-oxo-1,4-dihydroquinoline-3-carboxylic acid trifluoroacetic acid salt
(72).
A solution of 161 (160 mg, 0.24 mmol) was dissolvad in 1,2-dichloroethane (4
mL) and was treated with 1-chloroethyl chloroformate (0.8 mL, 7.3 mmol} under
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WO 2006/ 101603 PCT/ US2006/ 003657 m xture was warmed to reflux. After 12 h,
the resulting mxture was allowed to cool to roomtenperature, concentrated
in vacuo, and the residue was washed wth water (3 x 10 nL). Purification
by MPLC (0- 100% et h acet at e/ hexanes) ~afforded a yell ow residue. The

resi due was 4?29 Q/])é{QP in concentrated 5 hydrochloric aci PQEUSHUG0RAT war med
to reflux. After 3 h, the reaction mxture was concentrated in vacuo,

diluted with niogen( mterr‘sn'hmatme teheticrohmixiuieokhevheaded iy réfluxttemperaiureThe
solid residue wat er for 15

rn The:sol | AAAS et e Pttt tor elded el Tbr Sive T Rs PR FBAOTSNRE | e

reaction m xt HNGwdRf S8 % %bﬁi“térﬁpé%ﬂfr@zérﬁ‘@tkﬂeﬁ iflvhs cOhééttratedinvadude 10
reaction mxture was warned to ref lux and the resulting m xture was all owed

to stir for Tharesitiee nagctisseived intetrahvideefutam®Gant), adiuptechia/plded by de

Pont ai ni ng? 0. 90itppiof KEREQLART Beld Miycdth tep AR AR ekt *HR,
salt of the trédmi@mr@dmsﬁ@or(céﬁtra@d lﬁMu@andtHle @ﬁidu@drﬁl@dw HELCMS 438

(MrH). 15 Schenme XXXV 0 O OH Ac2Z0ONIT NN1 Od 20 NNA
Pyridine p N (BYRsA pl‘@gej)zia column 35 90% acetonltrlle/water containing 0.1%

4- (2- Acet I 4 4-
T (2 et v M50 o e lclodotl el GAELPE BRY I Oa ko ¢ 00
59 (25 ng, OaQ@Howrsoli)l. 48480 ¢hi-tl). anhydrl de (94 pL, 0.100 mmol) in pyridine

(1 ) waﬁ allowed to stir for 12 h at 25C. The resulting m xture was
concentrat®d in vacuo, and the residue was washed with water (3 x 10 nl)

d al | owed t hegt 15 ng, 549
ﬁ/g 4?5 (()Vl\\/ﬁH) crgg@m RME RS R procdid orad 76D o9t 213-2260pRBHRAR KPdn (15 U A .

analogous procedure to that above.

Table 10
Structure Rs Ry Compound {(M+H)
Number
; . Cl Et 75 464
= COht
| F Me 213 434
ey,
Ry o
o PA Et 214 448
H Rg
cl Me 215 421
o}
F COsH
Sy Et 216 435
N™ TN TN
H"".“’\\/O A F Me 79 405
H Ry
Et 217 419
Ci Me 218 420

W N F Me 219 404
RgsN/\r/’[\) A A ’
]

H Hs
al Mo 74 486
o]
F. COsH
|
N N
- ’\’/'O 1Y F Ve 220 770
I A
H o s FOF
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WD 2006/ 101603 PCT/ US2006/ 003657 Scheme XLH 0 0 0 0 F CO2H ~xxk F CO2H N |
NI OOONI N5 HN/p THEHN /O cl 7 Boo d 264 OO F | NaH Ml CO2Me
NaCH F | I CO2H N NN 10 DMV Me,N/p 1 MOH, THE Me.,N Boo O 265 Boc C
266 LI HCl, dioxane E1 | CO2H NN CH2Cl2 Me.Np ,[ 15 Boc O 72

7-14-(2 I no-1-chl or oet hyl i dene) pi perdi n- 1- vI
-cycloprg%gﬁkéx?gﬂgro- 8- net hoxy- 4- oxo- 1|, dlhydrOQU|ﬁ8I(#%mﬁmgﬁiboxVIl
acid hydrochloride salt (72). Step 1: 20 To 7-[4-(2-am no-

-chl oroet hyl i dene) pi perdi n-1-yl ]-1-cycl opropyl - 6-fl uor o- 8-

met hoxy- 4- oxo- 1, 4-di hydr oqui nol i ne-3-carboxylic acid (7) (1.96 g; 4.496
nmml) in anhydrous THE (100 mi-) ﬂkmggxxmas added di-t-butyl di carbonate
(1.09 g; 4/994 nmmol ). The ice ba? was removed and the reaction stirred at
room tenperature for 3 hours. The volatiles were evaporated to afford
7-[4-(2-N-t 25 ¢ 9

but oxycar bonyl ami no- 1-% I dene) pi per di n- 1 l,opropyl -6-fl uoro
- 8- et hoxy- 4- oxo- 1 qU| noats mes- 3- car box (264) as a yell ow
foam (2.33 g; 97% 36| (M +H)-—Step- H 6 /o|n oil, 191 ny;
4.98 mmol ) |na7n d (4 mmeém@iohoc y

161

1-Cyclopropyl-6-fluoro-8-methoxy-7-[4-(2-methylaminoethylidene)piperidin-1-

10 yil-4-oxo-1,4-dihydroquinoline-3-carboxylic acid trifluoroacetic acid salt (221).
A solution of 161 (70 mg, 0.11 mmol) in methanol/formic acid (v/iv=20/1) (14
mL) was treated with 10% Pd/C (35 mg, 7.3 mmol} under nitrogen at rt and

stirred for 3h. The resuliing mixture was filtered and concentrated in vacuo.
The residue was purified by HPLC (reverse phase C-18 column, 35-90%

15 acetoniirile/water containing 0.1% trifluoroacetic acid) to afford the
trifluoroacetic acid salt of 221 (8.3 mg, 15%) as a yeliow solid. MS 416 (M+H).

Scheme XXI

0 o
jSsena
R Br N 9 o
L A o s
F N N
g Pd,{dba)g, S-BINAP, ijQ o A

N CSECOa ; "2N

H 2} cone. HCI

3) NoHg
34 68

7-[4-(2-Amino-1-flugroethyiidene)-piperidin-1-yil-1-cyclopropyl-8-

20 difluoromethoxy-4-oxo-1.4-dihydro-quinoline-3-carboxvlic acid (68). A solution

of amine 31 (534 mg, 1.94 mmol) quinclone 67 (587 mg, 1.46 mmol) (prepared
as described in EP1031569), cesium carbonate (717 mg, 2.2 mmol), (18)-[1,1"-
binaphthalene]-2,2'-diylbis[diphenylphosphine] (137 mg, 0.22 mmol) in toluene
(75 mL) was treated with Pdy(dba)s (66 mg, 0.072 mmol) and the reaction

1o




30 added dropwi se 264 from Step 1 (920 ng: 1.719 mmol) in anhydrous DVF (5
m.), The reaction was stirred for 15 mnutes, then nethyl iodide (0.23 ni;
3.69 mmol) was added. The reaction was warmed to room tenperature and
stirred for 24 hours. The reaction was ‘careful |y added dropw se to water
(150 112 11 ¥AF8GHAF%801603 PCT/ US2006/ 003657 L) with SPCEAISMYsHMEE sol i d
was collected by filtration and dried to give nethyl

7-[ 4- (2- N-t - butigtxye NasRidnteainionefidx. cAfier t2hhiHe danktingi mixtuts wds slowetl to

cycl opropyl - 6-f | uor o- 8- net hoxy- 4- oxo-1, 4- dr oqui i ne- -car box Iate
(265) as a cP@QHOJBPB‘r’@HWPé‘é%é‘% CPQS%mFPg}eg é@‘m%"%@he(ﬁﬁ" Ugjpvasy ;

Ester 265 fromgfht 1-
met hanol : THF Ewlnﬁ \ﬁ%tet?gf% Hﬂ eﬁﬁggﬁm %A(%@QJ% mn 'E%%é%%ﬁ‘bﬁeé’

ni trogen at mosyfiloedast aAfyleﬁowcmﬁldUEg fThe pagidues wal (isssdvads ipHsehoghtratetl N

organi ¢ 1051 ayWHREAPEAREE Tl BREPE LY s, Mltor SR, Relih 3 Tbaul'e, e
a{lg e;/apor ?]g &fhs ddteeh®atddt ihnehcwe Xdilasdiwithakaidr YE® rin) And Bieedolit édlleRidd
et her o afford

7-[ 4- (2- N-t - biydilatianeohlye salidriasiduenyan sashed vithowaley (B aeh &)lpi gnsk alioyed
1-ylj-1 | f t -3-car boxyl
T et o oot S o dmmi e ST e ek (s Eb BRI (RO L e L
4: and the reaction mixiure was treated with hydrazine (1 mL). After 5 min, the
7-[4-(2-N-t-but ho th i no- 1- hyl i d d--I 1
T tyol opr Byt -TRSIERIRBEAY s BRymo st A hg GroataaPT e RS Al ¢
aci d (266) frsfﬁi‘fnf@t €. 3TheGéadtibn Mix3ulréOwaTRbhcattFatBY ¢ 9abLE Hnd mﬁifued(tfy\/l in

di oxane; Hé‘%l-l n nmethyl ene chloride were stirred at roomtenperature 20

over ni ght ¢ drayeysenplasedtetd aplymn -8 aralpiytrie/ivatar eamtaigingiq-1 Yat i on,

& yel | ow EO?ﬁﬁf'édﬁ%@éﬂce%@r p it dofo Kool Bl e ARGy *

68 (75 mg, 12%) as a light yellow solid. MS 438 (M+H).

15
Scheme XXXV
9 9
Q o F
N
F|\|0HA°20 |/|0H
N7 NN
20 N7 NN ’ A
Pyidne o [©
. A
/U\N
" HoN H
59 222

7-[4-(2-Acetylamino-ethylidene}-piperidin-1-yll- 1-cyclopropyl-6-flucro-4-oxo-1 .4-
25  dihydro-[1.8lnaphthyridine-3-carboxylic acid (222). A mixture of 59 (25 mg,
10.067 mimol) and acetic anhydride (94 uL, 0.100 mmol} in pyridine (1 mL} was
allowed to stir for 12 h at 25°C. The resulting mixture was concentrated in

vacuo, and the residue was washed with water (3 x 10 mL) and allowed to dry
overnight to afford the title compound 222 (15 mg, 54%). MS 415 (M+H).
30
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HAILIl H 267 7-r4-(2-N-nethylam no-1-chloroethylidene)piperidin-l -yl-I

-cycl opropyl - 6-fluoro- 30 8-hvdroxy-4-oxo-1, 4-di hydr o- qui nol i ne- 3-car boxylic

acid hydrochloride salt 267 . Methyl , '

7-[4-(2-N-t-butoxycarbonyl - N-net hyl am no-1 -chl oroet hyl i dene) pi perdi n-

1-yl]-1-cycl opropyl - 6-fl uor o- 8- net hoxy- 4- oxo- 1, 4- di hydr oqui nol i ne-3- 113 WO
BORoPEH S

2006/ 101 20061003657 carboxyl ate (264) (242PREUSPIFIGE ol ) in
concentrated HCl (2 nL) was heated at 100c for 1 hour. The reaction was
evaporated to dryness. Methanol (5 nL) was added to the residue foll owed by
t he dropwi se addition of ether lénﬂinlaea}h\;g sol ution becane cloudy. This was
stirred for 30 minutes and the 5°S6i" s collected, washed with ether and
dried to afford title conpound 266 as a pale yellow solig (125 ng; 62%. MS
436 (M + H). Schene XLI1| cb, 111 O o~ GO LN Mo 10 NG N F O
\ ~J +C NONCN | 2827 PB190Y “F *, COOH 1)3%NtNH2NNN2)
| N HCI 5i n ether 83 ! N N
HaN THF HN = /o A
cl . Boc Cl 264
o o}
NaH, Mel F | COMe  Naon F | CGOH
- N N T N N
10 DMF  Mew o~ 0 A MeOH, THF Me., -~ 7 0 A
éoc Cl 265 1Boc G 266
O
HCl, dioxane F i COMH
N N
CHyCly Me\N P /O A
15 éOC Ci 72 l

7-[4-(2-N-methylamino-1-chloroethylidene)piperdin-1-yl1-1-cyclopropyl-6-flucro-

8-methoxy-4-oxo-1,4-dihydroquinocline-3-carboxylic acid hydrochloride sali (72).
Step 1: |
20 To 7-[4-(2-amino-1-chloroethylidene)piperdin-1-yl]-1-cyclopropyl-6-fluoro-8-

methoxy-4-oxo-1,4-dihydroguinoline-3-carboxylic acid (7) (1.96 g; 4.496 mmol)
in anhydrous THF (100 mL) at 0°C, was added di-t-butyldicarbonate (1.09 g;
4/994 mmol). The ice bath was removed and the reaction stirred at room
temperature for 3 hours. The volatiles were evaporated to afford 7-[4-(2-N-t-
25  butoxycarbonylamino-1-chloroethylidene)piperdin-1-yl}-1-cyclopropyl-6-fluoro-
B-methoxy-4-oxo-1,4-dihydroquinoline-3-carboxylic acid (264) as a yellow foam
(2.33 g; 97%). MS 536 (M + H).
Step 2:
To NaH (60% in oil, 191 mg; 4.98 mmol) in anhydrous DMF (4 mL) at 0°C, was
30 added dropwise 264 from Step 1 (920 mg: 1.719 mmol} in anhydrous DMF (5
mL}). The reaction was stirred for 15 minutes, then methyl iodide (0.23 mL;
3.69 mmol) was added. The reaction was warmed to room temperature and
stirred for 24 hours. The reaction was carefully added dropwise to water (150
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744- ( 2- Am no- 1- cyano- et hvl i dene) - pi peri di n-1- |
-1-cycl opropyl - 6-fl uor o- 4- oxo- 20
1, 4-di hydro-[ 1. 81napht hyri di ne- 3-carboxylic acid (283). Step 1: A solution

of 3-(1,3-diogxo-1.3-di hydro-isoindol-2-yl)-2-piperidin- 44806003657
propionitri <Y {OﬂéﬁoﬁwaO ng, 0.64 mmol) and triethylam nepﬁs}}g mg‘ﬂ I n

acetonitrile (4 nml-) was treated with L , .

7- chl or o- | - cy&hlapyiipsirtieg.s Theselidwag olected by jilratiopzand dried to give methyl

napht hpyri di ne-r3-eay b LG ac . iﬁ@ﬁﬁe)'é‘l‘i’jﬁ{--'t-oge” and the
reaction m xt 3;[2' m@f%ﬂ&‘j@éﬂ@fﬁ'ﬂ‘rﬁ%aﬁgl?q%%gy' or pl‘g h. JI' g J{esul ting

m xture was cgcbpbpybdsiuards nhathpxyediqxot bé-diwaisoduindlimeditcamsilate \(265)

acetonitrile and dried to give,t , (3-upsa itrile (282) as a
yel | ow solid @fﬁcrﬁﬁm'@%edgpwajgge%mg éot@% géﬁgwﬁk@ a, 0- unsat ur at ed
nitrile 283 (@jep®; 0.11 nmol) was dissolved in 3 nL nethanol. To this
solution was added 6 nL 33% nethylam ne in ethanol and the m xture was

stirred at rodmaterfifeiromFiep 2dR5% Mg;.0.4522 wonalpand hMNaQh4 1 \BonRDw6):101603

w). To thi s d0R0erGRTGALS b iiele et LoT R ARl T e
resul ting predcitpogert &imiphen| Afesrteedling/ebb e whs BdiestertoaHi:4lwitled NtlRCRI ve
7-[4-(2-am no-I| - cyang- ethylidene)-pperi di n-

- cvcl opr opvl - 6118 Te8FERMMbstdrevas Qﬁfﬁﬁﬁ?%w'ﬁhﬂﬂlﬁéla\élﬁ#ﬁl‘ﬁl (B4 M&-ndhg osgatioxyl i c
20 & g B B oo RELa Sy et © 1 7 oo
evaporated. The resulting waxy semi-solid was triturated with cold ether to
afford 7-4~(2-N-t-butoxycarbonyl-N-methylamino-1-chloroethylidene)piperdin-
1-yl}-1-cyclopropyl-6-fluoro-8-methoxy-4-oxo-1,4-dihydroquinoline-3-carboxylic
acid (266) as a pale yellow solid (212 mg; 86%). MS 550 (M + H).

15 .'Step 4:
7-[4-(2-N-t-butoxycarbonyl-N-methylamino-1-chloroethylidene)piperdin-1-yi]-1-
cyclopropyl-6-fluoro-8-methoxy-4-oxo-1,4-dihydroquinoline-3-carboxylic  acid
{266) from Step 3 (207 mg; 0.3770 mmol) and hydrochlotic acid (4M in
dioxane; 1.5 mL) in methylene chioride were stired at room temperature

20 overnight. Ether (5 mL) was added and the solid was collected by filiration,
washed with additional ether, and dried to afford the title compound (72) as a
yellow solid (183 mg; 93%). MS 450 (M + H).

F. CO,H
25 |
N N
NN J

267
7-(4-(2-N—methvlamino-1 -chlorosthvlidene)piperidin-1-vi-1-cyclopropyl-6-fluoto-

30  8-hydroxy-4-oxo-1,4-dihydro-guinoline-3-carboxylic acid hydrochloride salt
267).
Methyl 7-[4-(2-N-t-butoxycarbonyl-N-methylamino-1-chloroethylidene)piperdin-

1-yl]-1-cyclopropyl-6-flucro-8-methoxy-4-oxo-1,4-dihydroquinoline-3-
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FCOOH 1) 33% McNH2 NIl 1 | N1S\ ~ 2)IN HCl in ether NcJ~" H2N HCI 285
744- (2- Am no-| -cyano-ethylidene)-piperidin-|

-yl l-1-cvcl opropvl - 6-fl uoro-4-oxo- 20 1, 4-di hvdro-gui noline-3-carboxylic
acid (285). Step 1. The (x,5-unsaturated nitrile (284) was prepared in a
simlar manner as for the synthesis of 282. M 527 ( 25 The
title c%?ﬁ?ﬂd‘“@%& conpound was prepared in a sim Iﬂg%n%%qﬁgﬁggi for the
synt hesis of 283. M5 397 (MtH). Schene XLV 0 F~COCH 30 | FcoOH N N N i)

KL 5ol ooy 04 o 8 Tl oy ST 11

7-14- (2 Aﬁb@l@dlaﬁardmﬁaﬂwoethylhciLdena)hqoirpmﬁm mvds evaporated to dryness.
-yl 1- | | -4- . . o
4 Cyc Jorns & "3—1) %ﬁq’@ithﬁ rasidug frliowed byt fdrepwise additan ofe 283 (26

oxo-1. 4- d
my, 0.054 m“é'i’ghnﬂﬁg n{&?ﬁt%@%é&%ﬂ@’&b% d?hl@Wasr@)rréﬁﬁfo?SG'rﬁﬁlgiéé%d ﬂheet hanol (1

m.) 5 and wat he m xture was heated at deg.
sol uti ®n smﬁtmedjodidctddywvaa]mtl withcdher anddriedtie alff@!;(i tite Gﬂ@f@waﬂcﬂﬂﬁ ed with

IN HCI and extrac Y, e organic | ayer was
concent r af8& REe Y %SV\f'Cﬁ h&ﬁe ’e‘ij;fg&/ @g% {@dﬂg The above solid was
di ssolved in 10 nL 6N HC and heated at reflux tenperature for 48 h. The

m xture was cool ed down 10 angchdthe™ME¥IIY HPLC (reverse phase C 18 col um,
10-50% acetonitrile/water containing 0.1%trifluoroaceti cQaci d) to afford

the trifluoroacetic @cid salt of jthe I\,ﬁj
NG N COOH
10 |
o]
N
5}

15 1) 83% MeNH, |
I
2) INHClInether O A

HgN HE 283

7-[4-(2-Amino-1-cyano-ethylidene}-piperidin-1-yi]-1-cyclopropyl-8-flugro-4-oxo-
20  1.4-dihydro-[1.8Inaphthyridine-3-carboxylic acid (283).

Step 1:

A solution of 3-(1,3-dioxo-1,3-dihydro-isoindol-2-yl)-2-piperidin-4~ylidene-

propionitrile (281; 180 mg, 0.64 mmol) and triethylamine (0.6 mL) in acetonitrile
(4 mL) was treated with 7-chloro-1-cyclopropyl-6-fluoro-4-oxo-1,4-dihydro-
25 naphthpyridine-3-carboxylic acid (150 mg, 0.53 mmol) under nitrogen and the
reaction mixture was allowed to stir at 60 deg. for 12 h. The resulting mixture
was cooled down and the precipitate was filtered, washed with acetonitrile and
dried to give the ¢,B-unsaturated nitrile (282) as a yellow solid (170 mg, 61%).
MS 528 (M+H). '
30 Step2:
The o,B-unsaturated nitrile 282 (60 mg, 0.11 mmol) was dissolved in 3 mL
methanol. To this solution was added 6 mL 33% methylamine in ethanol and
the mixture was stirred at room temperaturé for 12 h. The solvent was
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o e Tt e

title conpound (4.0 ng, 15% . Ms 417 (M+H). Schenme XLVI 15 00 F 1 , COOH F
COOH INNNEOHVH2SHM INI NfN N ~ EtOOQN ~J OJT '" L~ 283 H2N TFA
287 CAO0 20 744-(2-Anmino-| -ethoxycarbonVl-ethylidene)-piperidin-|
-yll-1-cycl gpr I

fl uor o- 4- oxo* ?ﬂgémlg@?dro F1, 81napht hyri di ne- 3- car boxyl i Cpggifugz%oglg%ﬁsv The
nitrite 283 (40 m;{ 0. 08 mml) was dissolved in 10 mM ethanol and to this
nmxture was &8BeRnt;ated anddoa cesidvawad digsofvediis Gdild: (5rrd.)r dacthisoielutien

Cool ed down ants et 48 H WGBS b HaahbaBeufiff st W
acetoni tril e/ wallested,comishan ngitD. dibet rarfd udieahctet igiveacy )-(2-anibd-diayahbe

trlfluoroacetlc Cld saJt_f the title CP pound (3.0 nuy,. 7% M5 445 (M+H) .
30 116 WO 200&09E0S)-RE 1yalegtonyi-edivoresdsaxor] Anilvdre- F ¢ 0 ) F

COON ~, 0004 Hrfah‘\d}ihﬂ%dh‘.é%%rb%x\/nd adld (28310 B3B8 mEHpemfrH)CON

NH2NH2

Scheme XLIV

10 N A N
H 284
281 o
FDfuj/COOH
1) 33% MeNH, " N I

2) INHGlinether O~ A

HoN HCl

15

285

7-[4-(2-Amino-1-cyano-sthylidene)-piperidin-1-vl]-1-cyclopropyl-6-flucro-4-oxo-
20 1.4-dihydro-quinoline-3-carboxylic acid (285).
The o.B-unsaturated nitrile (284) was prepared in a similar manner as for the
synihesis of 282, MS 527 (M+H).
Siep 2:
25 The title compound (285) compound was prepared in a similar manner as for
the synthesis of 283. MS 397 (M+H).

Scheme XLV
o)
e COOH Q
30 | ] N COOH

N NN 1} KOM, HaO/EtOH, 80 da: LA
Vo X HaOIEOH, 0 3o, N
Q HOOC_ A

2) 6N HCI, reflux 48 hr.

N 283 -
HaN TFA
0
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10 NN N C LIB HNr 289 H2N 15

7-(4-f2-(2-(1, 2- D hydro-1, 3-di oxo-2H-i soi ndol - 2-yl ) - et hyl am no) - 1- chl or o- 1-
et hyl i denel - pi peridin-1-yl}-1-cycl opropyl - 6-fl uoro- 4-oxo-1, 4-di hydr o-

[ 1, 81naphthyridine-3-carboxy|ic acid trifluoroacetic acid salt (288 . Step

1: Coupli mpe 245 with

7-chl or o- ‘Pgé&él {18189 py! - 6- f | uor o- 4- oxo- 1, 4- di hydr o- 20 PCT/US2006/003657

napht hyri di ne- 3-carboxylic acid was perforned in a simlar nmanner as for the
preparation of 162. M5 581 (I\/H—I) Step 2: Hydrazinolysis of phthalimnde 288

to provide ar nner as for

t he prepar&i=# i .
PCT/ US2006, ok a é:%l 5 Cl
N N rN 29‘5:13 N'ﬁ'l SR

0.05 mmol) and potassium hydroxide (1 mg) were dissolved in ethanol (1 mL)

5 and water (1 mL). The mixture was heated at 90 deg. for 1 h. The solution
was cooled down and concenirated. The residue was acidified with 1N HCI
and extracted with methylene chloride. The organic layer was concentrated to
give a light yellow solid (30 mg). The above solid was dissolved in 10-mL 6N
HCI and heated at reflux temperature for 48 h. The mixture was cooled down

10  and purified by HPLC (reverse phase C-18 column, 10-50% acetonitrile/water
containing 0.1% trifluoroacetic acid) to afford the trifluoroacetic acid salt of the
title compound (4.0 mg, 15%). MS 417 (M+H).

Scheme XLVI

9 o)
15 F COOH F

% =
N N EtOH/HQSO4 N N/ N '
N A 100Gz A J
N 283  HeN TFA 287
0

7-[4-(2-Amino-1-ethoxycarbonyl-ethylidene)-piperidin-1-yi]-1-cyclopropyl-6-
- fluoro-4-ox0-1.4-dihydro-{1,8Inaphthyridine-3-carboxylic acid (287). The nitrile

283 (40 mg, 0.08 mmol) was dissolved in 10 mL ethanol and to this mixture

20

was added 0.5 mL concentrated sulfuric acid. The reaction was heaied at

25 160°C for 1 h. under microwave irradiation. The mixture was cooled down and
purified by HPLC (reverse phase C-18 column, 10-90% acetonitrile/water
containing 0.1% trifluoroacetic acid) to afford the frifluoroacstic acid salt of the
title compound (3.0 mg, 7%). MS 445 (M+H).

30
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rN 291 OHC Nv 15

744-11- Chl oro-2-(4-fornyl)-pi perazin-1-yl -ethyliderlel-piperidin-1-vl1-1-
cycl opropyl - 6-f | uor o- 4- oxo- 1, 4-di hydro-f 1, 81lnapht hyri di ne-3-carboxylic acid
trifluoroac alt (291). Step 1: Coupling of amn W .t h

7-chl or o- 1- g{/”?lczg%?lopy? 6- fl uor o- 4- oxo- 1, 4-di hydro- 20 FCT/%SEOMM““

napht hyri di ne- 3-carboxylic acid was perforned in a simlar manner as for the

preparation of Vs 611 (M+H) 2: tected pi perazi ne
derivative 290 5 g, 0.070 mml§‘§F et%i‘rmdr ofuran (3 nlg, methanol
(6 nL), and dinethyiformanmide (4 nl-) was 25 treated with I WHof;or mat e
(0.16 g, 2.6 m"tal ) an 100{9 paII dl&ggHon carbon (0.0195 g, p|l ) added

in three portion r m xture was filteredythough celite and
el uted with metharol"™ TlﬂeC vvas_“""'conce at e up i

di net hyl sukf oxi nd purifi ed y HPLC (reve pbase C- 18 colFdmm, 10-90%
acetonitrile/watéef containing %trifluoroacg&ti/cHBO acid). The coll ected

fractions were Iy%phl lized to provide 0.0081 g 011\l “the tit|28 conmpound (291)
as a white solid2®19%yield). M5 504 (MH). 118 WO 2006/ 101603

PCT/ US2006/ 003657 Schene XLIX 0 O i COOH F )I ,, COOH FI N NN HCO2H N N N
Cl ACI APd/C Chz' N290 HcN 292 o

7-f4-(1-chl oro- 2-pi perazin-1| -vi - i
yl'1-1-cycl opr opyN+&#E | uor o-

4- ox0- 1, 4-@di hydr-e—f3t—81napht hyri
salt 10 (292). To a sol ufi conp
met hanol (9 nL) was

nejH pi peridin-1

-carboxylic acid trifluoroacetic acid
nd 290 (0.0475 g, 0.066 nmol) in

HN 289

~

HoN

15 - 7-{4-[2-(2-(1,2-Dihydro-1,3-dioxo-2H-isoindol-2-yl}-ethylamino)-1-chloro-1-
ethylidenel-piperidin-1-vyi}-1-cyclopropyl-6-fluoro-4-oxo-1,4-dihydro-

[1,8]naphthyridine-3-carboxylic acid trifluoroacetic acid sali (288).
Step 1:
Coupling of amine 245 with 7-chloro-1-cyclopropyl-6-fluoro-4-oxo-1,4-dihydro-

20  naphthyridine-3-carboxylic acid was performed in a similar manner as for the
preparation of 162. MS 581 (M+-H).
Step 2:
Hydrazinolysis of phthalimide 288 to provide the title compound 289 was
performed in a similar manner as for the preparation of 68. MS 450 (M+H).

25

30
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m., 13.2 mml) and 10% pal | adi um on car bon (0.0149

g, 0.014 mmol), and the m xture was stirred overnight. The m xture was
filtered through celite and eluted with nethanol. The m xture was
concentrated, taken 15 up in dinmethylsul foxide and purified by HPLC (reverse
phase C-18 colum, 10- 90% acetonitril e/ water containing 0.1%

trifluor W9RG101698i d). The collected fractions were PS}%HH?WWE‘EEFH o provide
0.0173 g of the title conmpound (292) as an orange solid (45%. M 476
(MtH) . Cbz 20 Mpschene L 0 F COOH NJ O FCOONNNN +C NNF/ |~ Ll
Nr N 25293 Hicbz' N 244 0 F SxhemeEKINDEIN | NN R /~J 30 Pd/C HN J
294 119 WD 2006/ 101603 PCT/ US2006/ 003657 E COOH
7-f4-(1-fluor - pi perazin-1oyl _ethylidene)-pi peri dy - V] I'-T-cvcl opropvl - 6-
fluoro- 4-oxQ-1 4-dihver \Blrapht hyri di ne- 3- box e’ aci d
‘trifluoroacetfc acid sallt 294 . Step 1. 5 Qouplifg of Kn’ne 244 with

7- chl or.0=1- cychopr opylcr6=fiT Wt o- 4- oxo- 1, 4- di hfdro-

napht hayri di e 3-car boxyl i c&ci d was perf

t he
H Cbz” N\)
243

Fa '\ ~COCH
10 . o
NH,HCO; NN N
——— Gl A
PaIC -~

N
201
OHC’N\)

in a simlar manner as, for
290

15 7-{4-]1-Chloro-2-(4-formyl)-piperazin-1-yl-ethylidene]-piperidin-1-yi}-1-

cyclopropyl-6-fluoro-4-oxo-1,4-dihydro-{1.8Inaphthyridine-3-carboxylic acid

trifluoroacetic acid salt (291).
Step 1:
Coupling of amine 243 with 7-chloro-1-cyclopropyl-6-flucro-4-oxo-1,4-dihydro-

20 naphthyridine-3-carboxylic acid was performed in a similar manner as for the
preparation of 162. MS 611 (M+H).
Step 2:
Cbz-protected piperazine derivative 290 (0.0505 g, 0.070 mmol) in
tetrahydrofuran {3 mL), methanol (6 mL), and dimethyiformamide (4 mL) was
25 treated with ammonium formate (0.16 g, 2.6 mmol) and 10% palladium on
carbon (0.0195 g, 0.018 mmol) added in three portions over 11 days. The
mixture was filtered through celite and eluted with methanol. The mixture was
concentrated, taken up in dimethylsulfoxide and purified by HPLC (reverse
phase C-18 column, 10-80% acetonitrile/water containing 0.1% trifluoroacetic
30 acid). The collected fractions were lyophilized to provide 0.0081 g of the title
compound (291) as a white solid (19% yield). MS 504 (M+H).
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preparation of 162. M5 594 (MtH). Step 2: Cbz-protected piperazine
derivative 293 (0.0733 g, 0.104 mmol) in 10 tetrahydrofuran (1 nL) and
nmet hanol (3 m-) was treated with ammonium formate (0.0377 g, 0.60 mmol)
and 10% pal | gdli arbon (0.005 g, 0.005 nmol) and stirred overnight.
The m xture ‘&gsﬁ@‘ﬁ&gged through celite and eluted wth Rel/Raby00sephe

m xture was concentrated, taken up in dinethylsulfoxide and purified by
HPLC (reverse phase C 18 col um, 10-90%cheghe X1 TN e/ water 15 contai ni ng
0.1%trifluoroacetic acid). The collected fractions were |yophilized to

provide 0.0321 g of the title corfpound (294) as a white solid¥54% . M5 460
(MtH). Schene LI 20 i O G8tOH pF | COON N +F NNOH
| Z-238 [~ 296 25 NH2 E ANNHZ 1 HIC N 297 30 P

(Z)-743-(1- Ami no- 2- propy[i dénéy- gl peridin-T#vll-1 NTONT N
-cvcl opropyl - 6-f 1 uor &t - 1, 4/4i hvdr 6-T I, 8Tnapkt idl ne- S-Aar boxylic
acid trifluoroacetic _agid salt (297). Stegcl: 120 2006/ 101603

PCT/ US2006/ 003657 [ Colipl i ng ofg@ni ne z-238 with{ 202
7-chl or o- | -cyclo@r’?ﬁmfr- 6-fl uor o- 4- oxo- 1, 4- HN

di hydr o- napht hpyri di ne- 3-carboxylic acid was performed in a simlar manner
as for the pripafiathlon-2bipktazin-VE/i-8iliddid)pipstidin-12yll-1-cyclopropyl-6-fluoro-

4-0x0-1,4-dihydro-[1 Blnaphthyridine-3-carboxylic acid _trifluoroacetic acid salt
10 (292).

To a solution of compound 290 (0.0475 g, 0.066 mmol)} in methano! (9 mL) was

added formic acid (0.5 mL, 13.2 mmol) and 10% palladium on carbon (0.0149

9, 0.014 mmol), and the mixture was stirred overnight. The mixture was filtered

through celite and eluted with methanol. The mixture was concentrated, taken
- 15 up in dimethylsulfoxide and purified by HPLC (reverse phase C-18 column, 10-
90% acetonitrile/water containing 0.1% trifluoroacetic acid). The collected
fractions were lyophilized to provide 0.0173 g of the title compound (292) as an

orange solid (45%). MS 476 (M+H).
2 | (T ]
| l
o N7 N "N A

20 Scheme L o

)

bz
+

,
<
E A 1/\N 293

25 - Cbz’N\/J

244
0
Fe COOH
NH4"™HCO, N | N N[
- Fa? A
30 Pd/C TQ
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5 Hydrazinolysis of phthalimde 296 to provide the title conpound (297) was
performed in a simlar manner as for the preparation of 68. M5 387 (MtH).

Bi ol ogi cal Activity The conpounds described in the present invention possess
anti bacterial 10 activity due to their novel structure, and are useful as
anti bactrg‘fdﬂ)l%ﬁﬁ?ots for the treatnent of bacterial infections in humans
and ani S\ | inhibitory concentration (M Q) h3§THERNOA P hdi cat or of
invitro antibacteri i

al activity widely used in the art. The in vitro
antim cr obizf -pinerazinfeyl i HOYE Geflug
broth net hpd

AR Ipaoiddar-y
. . ‘
dinical Labotat

-{1.8lnaghthiyrdine acid )
v 3 C NCCrS)™. Is G O] t he
NCCLS Docuf2esy. M7-A4, Vol .17, No.2, "Methods for Dilution Antinicrobial
Susceptibi]lity Test for Bacteria that.. G ow Aerobically--Fourth Edition",
which is i orated herein by reference. 20 In this nethod two-fold serial
di | uti aps i DGl i ' o b ; dto
wel |'s % m@é}:@({g}lﬁ?%ﬁ ?rgﬁ% ?gesvfﬁﬂlrz?hﬁgg?“@%%?gﬂswgtﬁ’o Af)rB;e(é[;A%{eg,[h@%:dj usting
t he turbi dhdphtiopyriliia-8eaybauyticvanig was parformadimea sémilathmabnhéreas forrthe

concentration of. test Qqr i r it is added to the wells is 4
appr oxi mat Biepagtion 1@2U/ﬁ§l’5§21(%j'ﬁol | owi ng i nocul ation of the microdilution

trays, thegidpays are incubated at 35 C for 16-20 hours and then read. The
MC is the | owest concentration of test conpound that conpletely inhibits
growt h of Chz-pretectedr geiperagineThderivaiivain98f (§H5EGh 9.n 9.HE84wanimel)cdnt ai ni ng

or out nitonCrBnoeryan o RRacend shabaht (B3R et 9als b g Waivm, for e
in Tabl e Sforeaie(0I08F7 of Oldtempidsand 10y pallddiimvéi eardods(0sBDERgA0 096 a _
vari ety of pat hogenl c bacteria resulting in a range of activities depending

on the or gimdhpadstiged overpidhy JbednixbHevassiterass eesivosBs andriwed s. mC
Val ues (9/ gy )m&ﬁa%mTﬁQrmﬂHgQ%vﬂ céﬂl‘énﬁéf‘eé‘? %kea'l Eiﬁtdir?n@thg&ulfoxide
oAl 1 2 , an l"uor

St aphyl ococcus aur eus strains B, are oqul nol one-
resi stant end pudtiéd bydiRlt@dJreversst peqe Coti aslupme uiR9dcaacetbritrile/oateri n

differ itk containing 0.1% trifluoroacetic acid). The collected fractions were iyophilized

to provide 0.0321 g of the title compound (294) as a white solid (54%). MS 460

(M+H).

Scheme LI ,

2 CH o} ; NS it
3 ’ F. GOOH

N + P —  HC N7 NN

N o NN
0 H A A
& Z-238 296

25 2
NHz Fu_ g, COOH
NHzNH; | ]
= HsC™ ™% NT "NT TN
207

30 (£)-7-I3-(1-Amino-2-propylidene)-piperidin-1-vil-1-cyclopropyl-6-fluoro-4-oxo-
1,4-dihydro-{1.8]naphthyridine-3-carboxylic acid _trifluoroacetic acid salt (297).
Step 1:
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5 constellations of am no acid substitutions in the QRDR region; E

St rept ococcus’ pneunoni ae ATCC 49619) MC (g/nL) Conpound/ OrganismA B C D
E100320510.12 20.060.25110.12 30.0610.2510.12 4 0.06
ND* 1 2 0.25 50.03 ND1NDO.0O6 6 0.03ND 0.5 NDO0O.06 7 0.015 0.06 0.12
0.12 0.06 &SVO2M/181683 3 0.5 9 0.5 4 >16 >16 1 10 0.03 NIETUH0W0365D 11
0.03 NDO0.510.12 12 0.12 2 4 4 0.5 189 <0.12 42 42 76 0.03 21 2 0.25
77 0.12 8 16 C6ufling30op. BMirks 52238 Owill 720%0r6- R&yoftodyls-HuodU-6x64 4 2 2
0.25 160 0.06.,2 2 1 0.12 183 0.12 NP2 é 0.25 182 0,06 ND 1 2 0.25 209
0.12 ND 8 16 Sihydesnaphihppsidiner3camagdlioasid wagperfermed g siiles mgandiey ag.
194 0.12 2 4 ﬂorQhépre’lp%?aﬁbrﬂgf 58 r%s%w%r%.ﬂ ND 4205 199 0.06 121

025
Step 2:
5 Hydrazinolysis of phthalimide 296 to provide the iitle compound (297) was

performed in a similar manner as for the preparation of 68. MS 387 (M+H).

Biclogical Activity

The compounds described in the present invention possess antibacterial
10 activity due to their novel structure, and are useful as antibacterial agents for
the treatment of bacterial infections in humans and animals,
| Minimal inhibitory concentration (MIiC) has been an indicator of in vitro
antibacterial activity widely used in the art. The in vitro antimicrobial activity of
the compounds was determined by the micredilution broth method foliowing the
15 test method from the National Committee for Clinical Laboratory Standards
(NCCLS). This method is described In the NCCLS Document M7-A4, Vol.17,
No.2, "Methods for Dilution Antimicrobial Susceptibility Test for Bacteria that
Grow Aerobically--Fourth Edition*, which is incorporated herein by reference.

20 In this method two-fold serial dilutions of drug in cation adjusted Mueller-
Hinton broth are added to wells in microdilution trays. The test organisms are
prepared by adjusting the turbidity of actively growing broth cultures so that the
final concentration of test organism after it is added to the wells is

‘approximately 5 x 104 CFU/well.

25 Following inoculation of the microdilution trays, the trays are incubated
at 35 °C for 16-20 hours and then read. The MIC is the lowest concentration of
test compound that completely inhibits growith of the test organism. The
amount of growth in the wells containing the test compound is compared with
the amount of growth in the growth-control wells (no test compound) used in

30 each tray. As set forth in Table 5, compounds of the present invention were
tested against a variety of pathogenic bacteria resuiting in a range of activities
depending on the organism tesied.
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566 1 ND 4 4 4 207 1
2

18824 720.030.250.50.250.12 750.121 11
0.25 213 0.12 ND 2 2 0. 2

2 2

21

122 WO 2006/ 101603 PCT/ US2006/ 003657 214 0.06 ND
11 0. 25 215 0.25 2 25 216 0.06 0.12 2 1 0.25 79 0.06 ND 2 1 0. 25
217 0.25 ND 2 2 0. 25 0.12 ND2 2 0.25 219 0.5 8 84 0.5 74 0.06 ND 1
0.25 0.12 220 0.12 2 4 0.5 0.5 221 0.12 2 4 4 0.5 201 0.12 ND 2 8 0.5

208 0. 06w0.28%/1B1d03 25 0.25 73 0.06 0.5 1 0.25 0.12 2BOVOSHOGEIT 8 2 173
0.5 816 81 70 0.03 ND 0.25 0.25 0.12 69 0.06 ND 1 2 0.25 71 0.03 ND
0.25 0.5 0.12 . 128281
163 0.12 4 4 ﬁgﬁ% 9‘13@00. lgeééﬂ%@%%ff%%g d&;’mgaénés%f%ﬁe Pﬁé?%}f 0.12 32 >32
ND 2 172 0.06 32 16 ND 1 Invention

(A: Staphylococcus aureus OC4172,; strains B, G, and D are fluoroguinolone-

E)
5
0.
8

resistant clinical isolates of Streptococcus pneumoniae that contain different

5 constellations of amino acid substitutions in the QRDR region; E:
Streptococcus pneumonjae ATCC 49619)
MIC (ng/md)
Compound/Organism A B C D E
1 0.03 2 0.5 1 0.12
2 0.06 0.25 1 B 0.12
3 0.06 1 0.25 1 0.12
4 0.06 ND* 1 2 0.25
5 0.03 ND 1 ND 0.06
6 0.03 ND 0.5 ND 0.06
7 0.015 0.08 012 0.12 0.06
8 0.25 2 8 8 0.5
g 0.5 4 >16 >16 1
10 0.03 ND 0.5 1 0,12
11 0.03 ND 0.5 1 0.12
12 0.12 2 4 4 0.5
189 <0.12 4 2 4 2
76 0.03 2 1 2 0.25
77 0.12 8 16 16 1
80 0.06 0.5 2 1 0.12
205 0.25 2 8 4 0.5
81 0.06 | 1 2 2 0.25
160 0.06 2 2 1 0.12
183 0.12 ND 2 2 0.25
182 0.06 ND 1 2 0.25
209 0.12 ND 8 16 2
166 0.5 ND 4 4 i
191 0.25 8 8 2 0.5
193 0.12 8 8 2 0.5
194 0.12 2 4 1 0.5
195 0.12 8 8 2 1
196 0.12 ND 4 2 0.5
199 0.06 . 1 2 i 0.25
206 1 ND 4 4 4
207 1 8 8 2 4
72 0.03 0.25 0.5 0.25 0.12
75 0.12 1 1 ] 0.25
213 0.12 ND 2 2 0.5
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211 0.03 4 4 ND 0.5 60 2 ND 16 ND 16 61 0.12 ND 16 ND 1 210 8 16 16 ND
>16 62 2 >16 >16 ND8 204 0.25 0.5 0.5 0.5 0.12 176 0.25 0.5 1 1 0.12

175 0.52210.25 7812 1 NDO0.25 173 0.06 1 2 2 0.25 203 0.06 0.06 1
0.5 0.12 21§Kp §§u9 22012 177 1 8 >16 >16 4 178 0.5 1 8 4 4 179 0.5
>16 >16 >16 YOHEBI%8 \D 8 2 0.5 181 1 ND >16 8 2 247 BCHUEHEN6H 5 248
0.5 ND16 4 2 249 1 ND 16 4 2 123 WD 2006/ 101603 PCT/ US2006/ 003657 252

0.06 4 >16 4 0.5

257 0.03 0.6

5 :_0.015 259

0.5 ND 8 4 1 250 0.2 ND 8 (0.cod). p NI61:0.3 NO 161>2 (1 0.253
254 0.06 ND 414 0.25,5 255 (. ;pa5 41624 (256 0.03 4 111 dks06
0.5 0.5 0.06 >1P08 12642 90.GI5 0. 09 0 [0q 45 0
0.03 0.5 1 0.%2°6 099 0.06 ND 2 1 0.25
217 0.25 ND 2 2 0.25
218 0.12 ND 2 2 0.25
219 0.5 8 8 4 0.5
74 0.06 ND 1 0.25 0.12
220 0.12 2 4 0.5 0.5
221 0.12 2 4 4 0.5
201 0.12 ND 2 8 0.5
208 0.06 0.25 2 0.25 0.25
73 0,06 0.5 1 0.25 0.12
202 0.5 16 i6 8 2
173 0.5 8 16 8 1
70 0.03 ND 0.25 0.25 0.12
69 0.06 ND 1 2 0.25
71 0.03 ND 0.25 0.5 0.12
65 0.03 ND 0.5 1 0.12
14 0.03 2 1 1 0.25
64 0.12 8 2 8 1
163 0.12 4 4 ND 1
185 0.12 16 16 ND 1
59 0.06 8 '8 ND 0.5
164 0.12 32 >32 ND 2
172 0.06 32 16 ND 1
211 0.03 4 4 ND 0.5
60 2 ND 16 ND 16
61 0.12 ND 16 ND 1
210 8 16 16 ND >16
62 2 >16 >16 ND 8
204 0.25 0.5 0.5 0.5 0.12
176 0.25 0.5 1 1 0.12
175 0.5 2 2 1 0.25
78 1 2 1 ND 0.25
173 0.06 1 2 2 0.25
203 0.06 0.08 1 0.5 0.12
212 0.08 1 2 2 0.12
177 1 8 >16 >16 4
178 0.5 1 8 4 4
179 0.5 >16 >16 >16 2
180 0.5 ND 8 2 0.5
181 1 ND >16 8 2
247 0.5 ND 8 2 0.5
248 0.5 ND 16 4 2
249 1 ND 16 4 2
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260 0.03 ND 0.5 0.06 0.06 262 50.015 ND110.25 263 0.03 0.5 1 0.5 0.12
267 0.12 2 2 2 0.5 268 :50.015 0.06 0.12 0.12 0.03 269 :50.015 0.25 0.06
ND 0.03 270 0.06 ND 4 2 as 271 50.015 111 0.12 272 50.015 4 0.5 ND 0.5
273 0.03 4 0.5 ND4 Il 274 0.06 41 ND1 275 0.031110.12 276 :0.015

0.52 4 :0.015 0.25 0.25 0.5 0.03 283 0.25 285 0.25 ND
8 >16 1 a’éﬁ%"%ﬁ’@%le >16 16 289 0.5 ND 1 2 0.25 29{'%5’[1%%’09%‘“%7 8 292 1
ND >16 16 294 2 >16 >16 >1 8 295 0.5 16 16 8 0.25 16 16 16 1
298 0.25 16 16 852 2099 098 16 M 7 18 30D 045 316 1>16 2 2 3010128838
0.25 302|:50.08501 50.5 10.25 0{ 1ND 303 :%0. p19.9. 35 0512 0.25 0.03 *ND = not
determ ned 124 ¥Wat is icl asned id 1 Ateonpowssd Having a structure according
to Fornul @ TT 253 0.06 4 >16 4 05

254 0.06 ND 4 4 0.25

255 0.5 2 4 16 4

256 0.03 1 1 1 0.08

257 0.03 0.5 0.5 0.5 0.06

258 =4 8 >16 >16 8

261 <0.015 0.06 0.06 0.06 =0.015

259 0.03 0.5 1 0.12 0.06

260 . 0.03 ND 0.5 0.06 0.06

262 =0.015 ND 1 1 0.25

263 0.03 0.5 1 0.5 0142

267 0.12 2 2 2 G5

268 =0.015 0.06 0.12 0.12 0.03

269 =0.015 0.25 0.06 ND 0.03

270 0.06 ND -4 2 0.5

271 =0.015 1 1 1 o.12

272 =0.015 4 0.5 ND 05

273 0.03 4 0.5 ND 4

274 0.08 4 1 ND 1

275 0.03 1 ] 1 0.12

276 =0.015 05 2 4 0.25

277 =0.015 0.25 0.25 0.5 0.03

283 0.25 2 4 8 0.5

285 0.25 ND 8 >16 1

286 4 ND >16 >16 16

289 0.5 ND 1 2 0.25

291 2 ND >16 8 8

292 1 ND >18 16 4

294 2 =16 >16 >16 8

295 0.5 16 16 8 2

297 0.25 16 16 16 1

298 0.25 16 16 8 1

299 0.5 18 >16 2 1

300 0.5 >16 >16 2 2

301 0.12 8 8 8 0.25

302 =0.03 1 =0.5 1 =0.12

303 =0.015 0.25 0.12 0.25 0.03

*ND = not determmed
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E R

(1) M 00 RRBEXI R EB\~-nMNAYR2 )~)n R5 wherein: nis an integer
fromlto 3, mis an integer froml to 3; =z is an integer fromO to 3; R
is selected. from hydrogen, hydroxy, and. al koxy; R2 is hydrogen; R3 and R4
are independently selected from hydrogen, hal ogen, am no, hydroxy, al koxy,
al kyl thi o, al kyl, al kenyl and al kynyl; RS is selected. from hydrogen,
hydr oxy, hal ogen, al kyl, aryl, al koxy, cyan, CO2R13, and alkylthio; 125 R6
i s independently selected fromal kyl, hydroxy, al koxy, alkylthio, alkenyl,
al kynyl,  @mgtis cdife&kiet mi no, and hal ogen; or R5 and R6 join to forma 4- to
7-menbered carbocyclic ring wherein each carbon atomof the ring can be
optionally substituted wth R12, wherein R12 is selected fromthe group
consi sting;of hal ogeR@RIviY  stiEdrOXkordthk@Bormalaky! thio, alkyl, alkenyl,
al kynyl, oxo, alkoxyimno and hydroxyimno; R13 is hydrogen, alkyl, aryl,
or a carboxylic acid protecting group; E is seleq}ed fromthe group
consisting of Re R7 RO g i Rlo wherein, qis aR integer froml to 3; R7
and R3 are each independently sel ected from hydrogen and al kyl, or R7 and R8
join to forma 3 to 6 nenbered carbocyclic ring, or either of R7 or R8 can

be j oi ned R, O O
(Re)z RSin;\X | R
m a
Ne. \A/%Y R,

E N
g
Rs

wherein:
n is an integer from 1 to 3;
m is an integer from 1 to 3;

Z is an integer from 0 to 3;

R is selected from hydrogen, hydroxy, and alkoxy;

R; is hydrogen;

R; and R4 are independently selected from hydrogén, hatogen, amino, hydroxy,
alkoxy, alkylthio, alkyl, alkenyl and alkynyl;

R; is selected from hydrogen, hydroxy, halogen, alkyl, aryl, alkoxy, cyano, CO;R13,

and alkylthio;
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i ndependently to either of RO or RRoto forma heterocyclic ring containing
the nitrogen atomto which RO or R o are bonded, wherein RO and Rio are
each independently sel ected from hydrogen, al kyl, arylal kyl, acyl,

al koxycarbonyl, or sulfonyl, or alternatively RO and Riojointo forma
heterocyclic ring containing the nitrogen atomto which they are bonded; 2)
R7 R$ Rg- g 126 wherein, q is as defined above; R7 and Rs are each

i ndependently sel ected from hydrogen and al kyl, or R7 and R8 join to forma
3- to 6-nenbered carbocyclic ring, and RO is selected from hydrogen, alkyl,
acyl, al koxycarbonyl, or sulfonyl; and 3) alkenyl; Ais C(Ru), wherein Rl1
is selected from hydrogen, al kyl, hal ogen, hydroxy, al koxy, alkylthio, and
cyano; Xis, ais a double bond and b is a single bond; and Y is N(R1),
wherein Rl is SR} sdtdegeddentdy heted GG did) lo@tdgy] slkdz4, tlkylthoo, alkenyl, alkynyl,

het erocycl oal I cyl, allcyl, alkene, a 6-nenbered aryl and a 6-nenbered

heteroaryl; or @®l, afdok¢ialind, SRHERIoge; ant RS QR j6ih BNk a0t Themdedkd or a
pharmaceutically acceptable salt, thereof. 2. The conpound of claiml,

wherein A is C&#)elicFiddGidn egﬂ carfofl aton® bf e g AN 8e %ﬁﬁﬂ?ﬁﬂ)ﬂ chtefituehiai m 1,
wherein Y is N(Rl) and R is selected from C3 to C6 cycloal kyl or

6- menbered hete i . ds R8
o e RN g REAGL! GnEuloR il S?Eﬁ%% PRROUR ol SR o HARREL hebend ®

is 1l mis 2 anHy&?oﬂy? Bkoxy¥" 2l lifo, af9f Qlléeﬁyl, ‘alkynyl, oxo, alkoxyimino and

hydroxyimino;
Ry; is hydrogen, alkyl, aryl, or a carboxylic acid protecting group;

E is selected from the group consisting of;

wherein,
q is an integer from 1 to 3;
Ry7 and Ry are each independently selected from hydrogen and alkyl, or Ry and Rg
join to form a 3 to 6 membered carbocyclic ring, or either of Ry or Rg can be joined
independently to either of Ry or Ry to form a heterocyclic ring containing the
nitrogen atom to which Rg or Ryg are bonded, wherein
Ry and Ryp are each independently selected from hydrogen, alkyl, arylalkyl,
acyl, alkoxycarbonyl, or sulfonyl, or altemmatively Ry and Ryg join to form a
heterocyclic ring containing the nitrogenlatom to which they aré bonded;

2)
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6. The conpound of claim1l, wherein z is O or R6is nethyl and z is 1. 7.
The conpound of claim3, wherein R7 and Rs are hydrogen. 8. The conpound of
claim6" wherein qis 1. 9. The conpound of claim7, wherein RO is hydrogen,
met hyl, or ethyl and R10 is hydrogen. 10. A conpound of claim1l sel ected
fromthe group consisting of: 0O FJ::~=YOH NAHN-~ CN O FCX®2H IN
NOw A~ LLL"> / Me C 128 11. A nethod of treating a subject having a
bacterial infection, . which conprises adnmnistering to said subject a
therapeutical |y eVhgeifi ve anount of the conpound according to Claimi1. 12.

The compound of claim1l having the formula: OO/ OH NH2 NN/ OwA d
129 q is as defined above;

R; and Ry are each independently selected from hydrogen and alkyl, or R; and Rs join
to form a 3- to 6-membered carbocyclic ring, and Ry is selected from hydrogen, alkyl,
acyl, alkoxycarbonyl, or sulfonyl; and
3) alkenyl;

A is C(Ryy), wherein Ry is selected from hydrogen, alkyl, halogen, hydroxy, alkoxy,
alkylthio, and cyano;
X is, a is a double bond and & is a single bond; and
Y 18 N(R;), wherein Ry is selected from C3 to C6 cycloalkyl, C4 to C6
heterocycloalkyl, alkyl, alkene, a 6-membered aryl and a 6-membered heteroaryl;

or an optical isomer, diastereomer or enantiomer thereof; or a pharmaceutically

acceptable salt, thereof.

2. The compound of claim 1, wherein A is C(OCHs), C(OCHF;), CH,

CCl, or N.

3. ~The compound of claim 1, wherein Y is N(R,) and R, is selected from

C3 to C6 cycloalkyl or 6-membered heterocyclic ring.

4, The compound of claim 1, wherein E is R7
Ryt

Rg‘-N q
]
Rio
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5. The compound of claim 1, whereinmis 1 andnis 1, mis 2 and n is 2,

ormis !l andnis 3.

6. The compound of claim 1, wherein z is 0 or Rg is methyl and z is 1.

7. » The compound of claim 3, wherein R; and Ry are hydrogen.

8. The compound of ¢laim 6, wherein g is 1.

9, The compound of claim 7, wherein Ry is hydrogen, methyl, or ethyl
and R;¢ is hydrogen.

10. A compound of claim 1 selected from the group consisting
of:

\ a O

8]

F
N N
o
f;l OMeA
Me Cl

COzH
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11. A method of treating a subject having a bacterial infection,
which comprises administering to said subject a therapeutically effective amount of the

compound according to Claim 1.

12, The compound of claim 1 having the formula:
O 0
‘ OH
NH, N N
Z OMe A
Cl



