WO 2009/136379PCT/IB2009/051896 5-HYDROXYMETHYL-OXAZOLIDIN-2-ONE DERIVATIVES
FOR TREATING BACTERIAL INTESTINAL DISEASES The present invention concerns the use of
certain 5-hydroxymethyl-oxazolidin-2-one derivatives for preventing or tr%%:]lr)ﬁﬁ%%g%%diseases
which are cali %’)‘/3 Bstridium 5 difficile, Clostridium perfringens or Staphylococcus aureus. Certain
strains of Clostridium difficile, Clostridium perfring'ehs or Staphylococcus aureus are producing toxins
which cause diarrhea. The occurrence of these toxin producing strains is often linked with the use of
antibiotics. Among these strains, Clostridium difficile, an anaerobic, spore forming, Gram-positive 10
bacterium that produgep i SNSRI GRA BOEARRSIIK WA I also more serious
intestinal conditions such as life-threatening pseudomembranous colitis. It is currently the most
common source of infecHOWR HREAEENE BIdpEEB kit ISHERHM Adr21aENEESN the industrialized
world. Over the last years, its incidence has progressively increased and is now a significant clinical
problem in North America and Europe. The risk 15 factors include prior treatment with antibiotics, age

and a compromised immune system resulting from e.g. cytotoxic chemotherapy or.organ
transplantatiolf, THEChrFeRTrER TS é%s‘fﬁ%iﬁ% %elﬁzllc?lleg Zz}' é%%)fgf%%&gari%?’%ggi@%ﬂﬁ Ss either
vancomycindativagtrenidapetecritingath ioases hovative! Highrselapselratesaredbseried aidithe

production of sexins and spofes siholRIeyeles, Fulhsugis, fhe treatment with 20 vancomycin or
metronidazol€ IS an agl itional factorto promote the emergence of vancomycin-resistant Enterococcus

spp. (E. faecalis and E. faecium) and Sta h;élzococcus aureus strains (VRE and VRSA respectively) in
the gut (seeCFINNARNAB S eloalidintitiols: AJewteierbRGIHEFD SBIEARY SREDFITHE on 28 April
2008). Entegpcpast e iAmnPesitNe £ec e thatarenassakiabitanis ebihepgaticaiptesiinal tract.

However, 25 they can aq]jso, ecome sjgnificant pathogens, causing endocarditis and urinary tract,
bloodstreant® AR E%%V\S:? F’i%té{’é?é ired, intestinal colonization by VRE can last for years ,

serving as a reservoir for potential infection of the colonized patient and for the spread of VRE to other
patients. VREwzg dbpsastesnso iitetibmindiditdntinfaaea tintFIorelifiene orprirerssinifionly cause

infection in geralnBiaRHSkANEDt SUshasioxis DRematBloQLARd ARGRIROMRRHENSuPaLieNts in

intensive care units, elderly patients in long-term care facilities and patients who received solid organ

transplants. TTFSreTERES HRGSTaa FrICH irer SusBrasr tfedinatsniar escEloBre AR ik dinfections

in particular Qy-identifiing Sorapamad syt Yrangarytiiagaiash Goslifficiedbabsionrificantly reduce
the toxin load, the production of spores and which %I\l/fez[come VRE Whil%havig%a minorﬁjmf)act on the
commensal GitHERMWRS F5iBE0eEs ANE 900750652 1A RGN T D (8588888 MEEEEE Siibacterial

compounds igeniairingdis asazoliging taaiety:@abpeoblem in North America and Europe. The risk

1-cyclopropyl-6-fluoro-4-oxo-1,4-dihydrogyinoline-3-carboxylicacidor 1 . . .
-cyclop%py%g‘gt-? 3&%18?2@8%@8?}58%?%‘?6@ ﬁ&%ﬁ{%%‘r’fduﬁ f-:SG}f?clzélrabg(){y‘ éogc]:lig(delglsI{l gg, i Séecr:rclnmpounds
of formula | aswdefipédhergaftdgr@ang themethtitsagterialzativityshlavetiseen previously described in PCT

application No. PCT/IB2007/054557. - 2a - Summary
The current treatment for Clostridium difficile associated diarrhea (CDAD) is either

vancomycin or metronidazole. In both cases however high relapse rates are observed and
the production of toxins and spores is not prevented. Furthermore the treatment with
20 vancomycin or metronidazole is an additional factor to promote the emergence of
vancomycin-resistant Enterococcus spp. (E. faecalis and E. faecium) and Staphvlococcus
aureus strains (VRE and VRSA respectively) in the gut (see W.IN. Al-Nasgsir et al,
Antimicrob. Agents Chemother., published ahead of print on 28 April 2008). Enterococci
are gram-positive cocci that are normal inhabitants of the gastrointestinal tract. However,
25 they can also become significant pathogens, causing endocarditis and urinary tract,
bloodstream, and wound infections. Once acquired, intestinal colonization by VRE can last
for years , serving as a reservoir for potential infection of the colonized patient and for the
spread of VRE to other patients. VRE can appear as co-infection in patients infected with

C. difficile, or more commonly cause infection in certain high risk patients such as



In a first aspect, there is provided a compound ofula | wherein Ais N or CH; and nisOor I; or a
phartnaceutically acceptable salt thereof, for preventing or treating intestinal diseases which are
caused by bacteria selected from Clostridium difficile, Clostridium perfringens or Staphylococcus
aureus. In another aspect, there is provided the use2of a compound of formula | as defined above, or
of a pharmaceutically acceptable salt of such a compound, for the manufacture of a medicament
intended to prevent or treat an intestinal disease which is caused by bacteria selected from Clostridium
difficile, CIG86RAP BErRIAgRrMO LY SalisHiToSGHENS dnrduisnsivi cavapblis SHBOYIREIRRDthe
invention g priesanisd hrnealiendd pasidingadieiigt RaN & imsninthe present invention
relates to the compounds of formula | wherein Ais N or CH; and nis 0 or 1; WO
2009/136379PCT/1B2009/051896.0or the phainiaceutically acceptable salts thereof, for preventing or
reating intSTPHIHERGS BATEH b cBeIaB By DCicih Loetbd NAR S0 dichmAFanE: o
Clostridiumpgediingans adtapindocoacpsuadsewstl hertallovdagviparagrapks proviggdefiniians of
various tettis used herein,and are intended 5to apply uniformly throughqut the specification and claims
unless an 8&%?\?9@5%%%?&3}%%?%?0%ﬁ%ﬂ%ﬁ é)%gﬂfé‘é’% BroRGETSoF Mt Giar Befirhtivh. FHe term
"preventingvhileremang omipespionongeccwdiheatalenedlitea disease means either that said disease
does not occur in the patient or animal, or that, although the animal or patient is affected by the

disease, DWB%%@&W%&B%ﬂSa%%@’%%w%g&?%&% (gsé) b Sa%?eti'ial compounds
containing an oxazolidine moiety and a l-cyclopropyl-6-fluoro-4-oxo-1,4-dihydro-
quinoline-3-carboxylic acid or t-cyclopropyl-6-fluoro-4-oxo-1,4-dihydro-
[1,8]naphthyridine-3-carboxylic acid. |

Besides, the compounds of formula I as defined hereafter and their antibacterial activity

have been previously described in PCT application No. PCT/IB2007/054557.



The term "treating”, "treat" or "treatment" used with reference to a disease means either that said
disease is cured in the patient or animal, or that, although the animal or patient remains affected by the
disease, part or all the symptoms of the disease are either reduced or eliminated. 15The term
"pharmaceutically acceptable salts" refers to non-to¥ic, inorganic or organic acid and/or base addition
salts. Reference can be made to "Salt selection for basic drugs”, Int. J. Phann. (1986), 33, 201-217.
The tent' "halogen" refers to fluorine, chlorine, bromine or iodine, and preferably to fluorine or chlorine.
20Unless @@Q&é@hrding temperatures, the tel in "about" placed before a numerical value "X" refers in
the current application to an interval extending from X minus 10% of X to X plus 10% of X, and
preferably 19 anigtesvadiertendingriraarXdatitpcaie of YotgnXiplus 5% of X. In the particular case of
temperatures, the ten,’ "about" placed before a temperature "Y" refers in the current application to an
interval extending fronPthe temperatur€ Y minus 2510C to Y plus 10C, and preferably to an interval
extending from Y mingis 5C to Y plus/5C; besides, room temperajure shall mean in the current patent

application 25C.dj ferably e cmpound of formula | as defingd in embodiment i), or a

pharmaceutically| accepiak St

diseases assocjiegyﬂh ente % rajins of Llostridium diffici
2009/136379FCT/1132009/051 lostridium pefringens Or hylocgécus aureus without
increasing trxpconcentration of vancomycin-regjgfan cocci ( l)-¥ore

enterotoxigenic strains of Clostridium difficile, Clostridium pedhingens or
reduction of the concentration of VRE in the gut. iv) Preferably, the ounds of formula 1 as
defined in one of embodiments i) to iii), or the pharmaceutically acceptakle salts thereof, will be such
that A is Cu. 10v) Preferably also, the compounds of founula 1 as defined in one of embodiments i) to
iv), or the phatinaceutically acceptable salts thereof Iwill be such that nis 1. vi) According to preferred
sub-embodiments of embodiments i) tohe compound of formula! or its phaimaccutically acceptable salt
will be selestedeirom:  1-cyclopropyl-6-fluoro-7-
{442-fluoroA4rg( )6§d})fd£%ymethyl-2-oxo-oxazo|idin-3-y1)- 15phenoxymethyl]-4-hydroxy-piperidin- 1
-yli -4-oxo-1,21- ihydro-guinoline-3-carboxylic ‘

nisQorl;

taphylococcus aureus and

or a pharmaceutically acceptable salt thereof, for preventing or treating intestinal diseases
which are caused by bacteria selected from Clostridium difficile, Clostridium perfringens

or Staphylococcus aureus.

In another aspect, there is provided the use of a compound of formula I as defined above,
or of a pharmaceutically acceptable salt of such a compound, for the manufacture of a
medicament intended to prevent or treat an intestinal disease which is caused by bacteria

selected from Clostridium difficile, Clostridium perfringens and Staphylococcus aureus.



acid; - 1-cyclopropyl-6-fluoro-7- 0-[2-fluoro-44(R)-5-hydroxymethyt-2-oxo-oxazolidin-3-y1)-
phenoxyrnethy11-4-hydroxy-piperidin-l-yll -4-oxo-1 ,4-dihydro-[1,8]naphthyridine3-carboxylic acid; 20-
1 -cycl opropyl-6-fluoro-7- 13-12-fluoro-44(R)-5-hydroxymethy1-2-oxo-oxazolidin-3-y1)- ph
enoxymethy1]-3 -hydroxy-pyrrolidin-l-y11-4-oxo-1,428ihydro-quinoline-3-carboxylic acid; and the
phainaceutically acceptable salts thereof. vii) According to more preferred sub-embodiments of
embodiments i) to iii), the 25 compound of foimula | or its pharmaceutically acceptable salt will be
1-cycloprop{AHiBLEBReimpms afubed g iRS Ay areseaissthyieafiono-oxazolidin-3-y1)-phenoxymethyl]-
4-hydroxy-piperidin-lI-y11-4-oxo-1,4-dihydro-quinoline-3-carboxylic acid Or a phannaceutically
acceptableipaltloRIBef 1O WORIONEBCHORGTHAB 20081081896, MillbASCHIdNG 1900 ASREROf
embodiments 1) to vii), the present Invention will relate to the compounds of formula | as defined in
one of emtfgscﬁ?ﬁ‘é‘mg 1) to vii), or the pharmaceutically acceptable salts thereof, for treating the
intestinal diseases whigh are caused by bacteria selected from Clostridium difficile, Clostridium
perfringens and 5 Staphylococcus aupeus. ix) According to one preferred aspect of embodiment viii),
the present inventionvill relate to-th¢ compounds of formula | asglefined in one of embodiments i) to

vii), or the pharntac u/ eptable salts thereof, for treating the intestinal diseses which are
caused by Clostr{dium ¢hfi (notabl [ dEinYy strain of Cfostridi Adifficile). x)
According to gpot ain aspe f embodi | i), gsent invgntia WiII relatg to the

compounds if formula 1 as defined in one of em
acceptable s(%ﬁ thereof, for preventing the intd¥inal
from Clostriditim difficile, Clostridium perfringens and 15 Staphylococcus a
preferred aspect of embodiment x), the present invention will relate to the gompounds of formula | as
defined in one of embodiments i) to vii), or the pharmaceutically accepta

producing strain of Clostridium 20difficile). xii) Preferably, the patients in"which the intestinal diseases
mentioned in embodiments i) to xi) are intended to ble prevented will be patients treated with other
antibiotics or with antiviral therapies, patients with an immunocomprornised system such as cytotoxic
chemotherw})])é Qr.organ transplant patients, elderly (65 years or older) patients, or patients 250f
intensive care units or of long-term care facilities. xiii) Yet another main embodiment of this invention
relates to a’'method ©Hpradenting or treating in a patient an intestinal disease which is caused by
bacteria seﬁeigtg% from Clostridium difficile, Clostridium perfringens and Staphylococcus aureus, said
method comprising the administration to said patient of an effective amount of a compound of WO
2009/136379PCT/1132009/051896 '



formula | as defined in one of embodiments i) to vii), or of a pharmaceutically acceptable salt of such a
compound, for a duration sufficient to prevent or treat the intestinal disease. xiv) Preferably, the
method of egabogimept-xiii) will allow effective prevention or treatment of gigifhaaJdisgases associated
with enterotoxigenic strains of Clostridiuni 5difficile, Clostridium peyfringens or Staphylococcus aureus
without increasing the concentration of vancomycin-resistant enterococci (VRE) in the gut. xv) More
preferably, the method of embcgiiment xii@ will allow effectjve prevention or treatment of diarrhea
diseases asBol5tEUAMACEHE Yo ARFERIR é?raﬁ?f of €16} ‘tri&ﬁrﬁrmﬁf&ﬁé% Clo&fditen @Fﬁﬂ%ens or
Staphylocodtis asretiziandreduetiobyobtherldcokcerntrition Ol MRE m thigfinike, xX¥)sAetording to one
aspect of embadiments )glr‘? 0 v?), the present invention will relate to a method of treating in a patient
an intestinal Gi¢EESE Whit ffsyc%%s(’éﬁybf batteria selected from Clostridium difficile, Clostridium
perfringens and Staphylococcus aureus, said method comprising the administration to said patient of

an effective nurena mesesmisolAYies fisimilans £ veipisdsrmsmesrsmsBotiertdiynedii), or of a
phaimageutigali, Rceapiahle saliohswcha grupeuURA, fad 3 dwatiansuffickntitadseapibaiintestinal

disease. xvii) Accarding to one preferred aspect of embodiment xvi), the present invention will relate
to a methodt FFIPEARHY TRLDEAIART A RS D HORAE AR s caused by 20Clostridium difficile
(notably by a toxin producing strain of Clostridium difficile). xviii) According to another aspect of
embodimerixiigto '%;v):yﬂuérm‘éébm\iw@mtc_)‘ Pt rEare tecd m&m&mgv@qdﬁgam apatent an
intestinal disease b caused v acterisaledad fam finairigm dUial. Clestidim

pecfringens and Staphylococcus aureus, said method comprising the administration to said patient of
an effectivedrneiigitos 2becednolindiseiornitie Pagidéhinsamnione of dhsbdiarmie s iyibii), or of a
phaimageutjgally.acraptabie salt of such a compound, for a duration sufficient to prevent the intestinal
disease. WO 2009/136379PCT/1132009/051896 xix) According to one preferred aspect of
embodiment xviii), the present.invention.will relate to a method of preventing in a patient an intestinal
disease Whijcgﬁals![gclz'f%{iustéj%1 %%Clo%?ﬁaiu% fﬁ?gﬁqgtt[nolfgﬁywﬁé 'a{e%i?ﬁcﬁrg%ﬁcﬁ%agﬁé’%agf &%%{ridium
difficile). xxjhPrefataliyathés patishis thibjectad w enmelhod tbhbnélofueinbedimenisoxiiijienkix) will 5 be
patients el D R0k BDVRIAIIGS,OL WI Arliviil gggﬂ@ﬁw%@af&xgmr(@raméwga%gmprom'Sed

system such as cytotoxic chemotherapy or organ tran t patients, elderly (65 years or older)
patients, or patigniBagfdntensive care units or of long-term care facilities. xxi) Yet a further aspect of
this invention relates to the use of a compound of formula | as 10 defined in one of embodiments i) to

vii), or g a phrosaseytisalaacepiablegaiblf sish afeanpacnes iy thersaaiuipetyigiobad

medicament int r:]ggd to prevent or treat an intestinal %ise e, Which is caused by bagteria selected
from Clostriﬁﬂ?irﬁr ﬁf’giflec%g&%%tgr% Ur%e%%refrrlfznegceaﬁ@ anc téopiﬁya[%)%&k%alg %L%E%%‘S.}cxé{(il %\C?:%?d?ng to one
aspect of enfbodin@ftsxi}3ti® pbidsent invention will relate to the 15 use of a compound of formula 1

as defined in one of embodiments i) to vii), or of a phaimaccutically acceptable salt of such a

compound, fefthe-manuiacthre-ata medicementinigndedimiieat-andaiastiond disgassiwhich is
caused by bacteria selected from Clostridium difficile, Clostridium perfringens and Staphylococcus
aureus. xHBCEBRESFENGTB%ne preferred aspect of embodiment xxii), the intestinal disease

20intended to be treated will be caused by Clostridium difficile (notably by a toxin producing strain of
Clostrighum thfficise)sed regarding temperatures, the term “about” placed before a numerical value “X”

refers in the current application to an interval extending from X minus 10% of X to X plus
10% of X, and preferably to an interval extending from X minus 5% of X to X plus 5% of
X. In the particular case of temperatures, the term “about” placed before a temperature Y™
refers in the current application to an interval extending from the temperature Y minus
25 10°C to Y plus 10°C, and preferably to an interval extending from Y minus 5°C to Y plus

5°C; besides, room temperature shall mean in the current patent application 25°C.

1) Preferably, the compound of formula I as defined in embodiment 1), or a
pharmaceutically acceptable salt thereof, will allow effective prevention or treatment of

diarrhea diseases associated with enterotoxigenic strains of Clostridium difficile,



xxiv) According to another aspect of embodiment xxi), the present invention will relate to the use of a
compound of formula | as defined in one of embodiments i) to vii), or of a pharmaceutically acceptable
salt of such a 086%9%1699 for the manufacture of a 25 medicament inten %‘Mﬁ:’%@)ﬁ% an intestinal
disease whith i causeddby bacteria selected from Clostridium difficile, Clostridium perfringens and
Staphylococcus aureus. xxv) According to one pr'e‘qférred aspect of embodiment xxiv), the intestinal

disease intended to be prevented will be caused by Clostridium difficile (notably by a toxin producing
strain of CldsleriidivaiffretareansobanirBeacs EMs 38 TEIs SIS LINRHERLY, the

patients forwgmn%%@g@@mmrmawf@qmm aeceneing to one of embodiments xxi) to xxv) will be
intended will be patients treated with other antibiotics or with antiviral therapies, patients with an

immunocomploMisec, SIS, SUED As Ualaxie iBmatherapy,or.19an UARSRIANLPArieRys, elderly (65
years or oldé pa & :15,, of pa‘t/ﬂents Bofiitensive care units or 0 iong-term care facilifies. xxvii)
Another aspéerohthisitalientiorptebdtes tolzreethet lof revefftniy o presanivrpintameame| ¢€.9. in a
dog, a Gat, 3.pig, & CaW.0L2 harse).an injesingldisease-rrUSELRY Racterasglsgiediram.Clostridium

difficile, Clostridium perfringens and Staphylococcus aureus, said method comprising the
administrati6ios sHitr AT arP e FEelvE erreHntEFEs IO O FRpEG 6f OfmaRE TR EHREd in one of
embodiment i {0, yii. o5:0f & pharmaceutically acceptable salt of such a compound, for a duration
sufficient to treat the intestinal disease. xxviii) According to one aspect of embodiment xxvii), the

present inventign will. relate to a method of treating in an. an malée. inado cat, a.-pig, a cow or a
horse) an inte s%ﬁea}%, i |sle¥aélee Whie O@I?(i:gaﬁ{s){eo ‘f/}%gg edrzil‘e(;%1 Islee‘iielcr:]tg efr%fn'el %%sltrr%a%srﬁ&}él fﬁ’e?%lostridium
15 perfringeths pincrStapiigkdgosmestabirsads shidoietib beombtiving th&€Hdministration to said patient
of an effective amount of a compound of formula | as defined in one of embodiments i) to vii), or of a
pharmageutigathsregaptabie salt ehsusiiadraapeunda{ofaddration sftieimitetrea) thevintestinal
disease. xxix) According to another aspect of embodiment xxvii), the present invention will relate 20 to

a method o%@@@ﬁﬁﬁ@aﬁ?‘gﬁ%rﬁ%ﬂe@?&qﬁaétstf(l}ﬁfegfcgﬂgabﬁiﬁfcé 860/73F &-horse) an intestinal disease
which is caused by bacteria selected from Clostridium difficile, Clostridium perfringens and
Staphylococdishaurelisg saigraiiethd ddomprisingetie efdemihistratiog 1o said) paternropemeféctive

amount of agompeyaca'ermYia L aaslelneiiennal arbagieeRtadyio vid, of of a

pharmaceutically acceptable salt of such a 25compound, for a duration sufficient to prevent the

intestinal disease.,Ihg hiesimaldiseasepinended tabs prevaniacion rexed acenmhing Jo-
embodiments i) to xxix) of this invention comprise notabIX di%ir& a, co,IitiZiang gsgud%membranous
colitis. Prefc?Be *EaeHmtEdrnairoiysniesdiin'py caiea vy IS SAUCdRfciSBAY ESpecially by a
toxin produciggistrain of Clostridium difficile). WO 2009/136379PCT/ 009/051896 The most suitable

administration route for the ¢ ound farmulg, | used according to.embadiments; i ix) of the
present inve'ntio{JﬁCW [PRERRE fggkf%r%) Oﬁé%&% ﬁ%‘r}i?é?%ﬁ n fﬁé%c‘e" }(?gﬂgt }fg .lﬁgf%on_g )%z?cf)%i#ﬁt% )ii'daily) or
may be lessifreguentdiyt]-4encoayepipatider tay! et-oned SrdibiskonéSthipiBmholioh the exact
administratigch%so%si?g& mpound of formula | as defined in one of embodiments i) to vii), or of a
pharmaceutlcaﬁy ac%e’ptab e salt thereof, will have to be determined by the treating physician or

veterindian it is-esgertery tfaflapreridinit faioreen(0% it dsexMpene crassuiaZSH# IR or
pharmaceU%ﬁ?é%éf&%{ﬂﬁ?lﬁ.ﬁ%gtaﬁrﬁﬁwﬁﬁm Qfnatigat bedynyeiglyurriiday domexample an amount

between 1 and 5 mg of compoun
acid;

and the pharmaceutically acceptable salts thereof.

vii) According to more preferred sub-embodiments of embodiments i) to iii), the
25  compound of formula 1 or its pharmaceutically acceptable salt will be 1-cyclopropyl-
6-fluoro-7-{4-[2-fluoro-4-((R)-5 -hydroxymethyl-2-oxo-oxazolidin-3-yl)-phenoxymethyl]-
4-hydroxy-piperidin-1-y1}-4-oxo-1,4-dihydro-quinoline-3-carboxylic acid or a

pharmaccutically acceptable salt thereof.



10 of formula | or pha, maceutically acceptable salt thereof per kg of patient body weight per day)
given once or twice daily for a duration of 3 to 15 days (for example for a duration of 7 to 14 days) will

be appropri%g. Zggglﬁg%uction of pharmaceutical compositions containing-¢qmpaids.ef formula | as
defined in one 6f embodiments i) to vii) or phaimaceutically acceptable salts thereof can be 15 effected

in a manner which will be familiar to any person skilled in the art (see for example Remington, The
Science and Practice of Pharmacy, 21st Edition (2005), Part 5, "Pharmaceutical Manufacturing”
[published B LipBREBRANAREHER Wk BYBRIinG fHL-dhsErien é%‘fﬁ’b%?}hmf%%ﬁ}?a | or its
phgrmace uticalhsreeepibls selisupplionalliefmepnbinatosiwithhotiskterapruticallyovathable
substances, into a galenjcal 20 gg inistration farm together with.suitable, non-toxic, inert
therapeuticAIl BBITHHGRIE 25687 %ﬂ?jt%éif‘?i‘@rc’%g%’ rl‘g?gténrﬁj\,,t\fﬁe B ESIC ,Fu%iﬁeaafsﬁﬁa‘?n%{g(l:ealﬁ?ical
adjuvants. thesedrbpobmdsaf feleouth Foan bEomedifactdigdiia atonddinoe wthy theepreseht invention
using the procedures described hereafter. WO 2009/136379PCT/11B2009/051896 - 10 -
PREPA A‘#&@%ﬁ%@lW&ﬁNDS OF FORMULA | Abbreviations: The following abbreviations are
used throughout the specification and the examples: AcOHagcetic acid 5 AD-mix ,
a1, 4-bis(dlinSAROEAAFIG BhiR& B K AFEFEN]) BT RIEEP Hi K 36 BT Ty A relate
%A-bIS(dlhadeﬁammﬂfﬁﬁ)ﬁathalmﬁLaKﬁﬁg(&aﬂ)@dK@C&a NCLIBOEAERK 20 W llotallgloxyearbonyl
. Boctert- - [ -
20.2queaus Boctert by o catbony R URK IR U S1E RHIRIe RPNz Rt opy
caused by Clostridium difficile (notably by a toxin producing strain of Clostridium

10 difficile).

x) According to another main aspect of embodiments i) to vii), the present invention will
relate to the compounds of. formula 1 as déﬁned in one of embodiments i) to vii), or the
pharmaceutically acceptable salts thereof, for preventing the intestinal diseases which are
caused by bacteria selected from Clostridium difficile, Clostridium perfringens and

15 Staphylococcus aureus.

xi) According to one preferred aspect of embodiment x), the present invention will relate to

the compounds of formula 1 as defined in one of embodiments i) to vii), or the

pharmaceutically acceptable salts thereof, for preventing the intestinal diseases which are

caused by Clostridium difficile (notably by a toxin producing strain of Clostridium
20 difficile).

xii) Preferably, the patients in which the intestinal diseases mentioned in embodiments i) to
xi) are intended to be prevented will be patients treated with other antibiotics or with
antiviral therapies, patients with an immuhdcomprmmsed system such as cytotoxic
chemotherapy or organ transplant patients, elderly (65 years or older) patients, or patients

25  of intensive carc units or of long-term care facilities.

xiii) Yet another main embodiment of this invention relates to a method of preventing or
treating in a patient an intestinal disease which is caused by bacteria selected from
Clostridium difficile, Clostridium perfringens and Staphylococcus aureus, said method

comprising the administration to said patient of an effective amount of a compound of



CDADClostridium difficile associated diarrhea 15 CPUcolony forming units CLSIClinical Laboratory
Standards Institute DBU1,8-diazabicyclo[5.4.0Jundec-7-ene DCMdichloromethane DIADdiisopropyl

azodicarboxylate 20 DIPEAAT,N-diisopropylethylamine DMFAc/V-dimet rﬂ?ﬁ '
DMSOdimext%ﬁs.zfifﬁ’(g))]%(?’i6 é?()EAethyI acetate EDCL1 -(dimethylaminopropyi)- -éft y ca&%gﬁﬁ?r%ide

hydrochloride 25ESIElectron Spray lonisation etheéPor Et20diethyl ether PCflash chromatography WO
20091136379PCT/IB2009/051896 11 hour Hexn-hexane IC50concentration that reduces the effect by
50% LZD-Riftigzefid-redrfiasd SveeNazaRadiimgn 1 to vil), or of a pharmaceutically acceptable

- salt of such a compound, for a duration sufficient to prevent or treat the mntestinal disease.

xiv) Preferably, the method of embodiment xiif) will aflow effective prevention or
treatment of diarthea diseases associated with enterotoxigenic strains of Clostridium
5 difficile, Closwridium perfringens or Staphviococcus aureus without increasing the

concentration of vancomycin-resistant enterococel (VRE) in the gut.

xv) More preferably, the method of embodiment xiii) will allow effective prevention or
treatment of diarrhea diseases associated with enterotoxigenic strains of Clostridium
difficile, Clostridium perfringens or Staphylococcus aureus and reduction of the

10 concentration of VRE in the gut.

xvi) According to one aspect of embodiments xiii} to xv), the present invenfion will relate
to a method of treating in a patient an intestinal disease which is caused by bacteria
selected from Clostridium difficile, Clostridium perfringens and Staphviococcus aureus,
said method comprising the administration to said patient of an effective amount of a
15  compound of formula I as defined in one of embodiments i} to vii), or of a
pharmaceutically acceptable salt of such a compound, for a duration sufficient to treat the

intestinal disease.

xvii) According to one preferred aspect of embodiment xvi), the present invention will
relate to a method of treating in a patient an intestinal disease which is caused by

20 Clostridium difficile (notably by a toxin producing strain of Clostridium difficile).

xviii} According to another aspect of embodiments xiii) to xv), the present invention will
relate to a method of preventing in a patient an intestinal disease which is caused by
bacteria selected from Clostridium difficile, Clostridium perfringens and Staphylococcus
aureus, said method comprising the administration to said patient of an effective amount of
25 a compound of formula I as defined in one of embodiments i) to vii), or of a
pharmaceutically acceptable salt of such a compound, for a duration sufficient to prevent

the intestinal disease,



1VICPBAmeta-chloroperbenzoic acid MICminimum inhibitory concentration to inhibit bacterial growth
MIC90minimal inhibitory concentration to inhibit the growth of >90% of strains 10MASAmethicillin

resistant St 5 I aureus MeOHmethanol MSMass Spectroscopy Wﬁ%' ggﬁmethylate
NMPN-metﬁcg péﬁ'gﬁgl%?ne 15 0D5950ptical densit¥ measured at 595 nlVI org.organglgc Pd/C or

Pd(OH)2/C palladium or dihydroxypalladium on chdrcoal PPh3triphenylphosphine rtroom temperature
20sat.saturated SiO2silica gel TBDMSC 1tert-butyldimethylsilyl chloride TEAtriethylamine
TEAtrifluorosEe e s T 19EteRFafERb rinz B SEAHmstyikik: dhfoRteent nvention will

relate to a method of preventing in a patient an intestinal disease which is caused by

Clostridium difficile (notably by a toxin producing strain of Clostridium difficile).

xx) Preferably, the patients subjected to a method of one of embodiments xiit) to xix) will
5 be patients treated with other antibiotics or with antiviral therapies, patients with an
immunocompromised system such as cytotoxic chemotherapy or organ fransplant patients,
elderly (65 years or older) patients, or patients of intensive care units or of long-term care

facilities.

xxi) Yet a further aspect of this invention relates to the use of a compound of formula I as
10 defined in one of embodiments 1) to vii), or of a pharmacecutically acceptable salt of such a
compound, for the manufacture of a medicament intended to prevent or treat an intestinal
discase which is caused by bacteria selected from Clostridium difficile, Clostridium

perfringens and Staphylococcus aureus.

xxii) According to one aspect of embodiment xxi), the present invention will relate to the
15 use of a compound of formula 1 as defined in one of embodiments i) to vii), or of a
pharmaceutically acceptable salt of such & compound, for the manufacture of a
medicament intended to treat an intestinal disease which is caused by bactena selected

from Clostridium difficile, Clostridium perfringens and Staphylococcus aureus.

xxii) According to one preferred aspect of embodiment xxii), the intestinal discase
20  intended to be treated will be caused by Clostridium difficile (notably by a toxin producing
strain of Clostridium difficile).

xxiv) According to another aspect of embodiment xxi), the present invention will relate to
the use of a compound of formula 1 as defined in one of embodiments 1) to vii), or of a
pharmaceutically acceptable salt of such a compound, for the manufacture of a
25  medicament intended to prevent an intestinal disease which is caused by bacteria selected

from Clostridium difficile, Clostridium perfringens and Staphylococcus aureus.

xxv) According to one preferred aspect of embodiment xxiv), the intestinal disease
intended to be prevented will be caused by Clostridium difficile (notably by a toxin
producing strain of Clostridium difficile).



WO 2009/136379PCT/1132009/051896 General preparation methods: The compounds of formula |
can be manufactured in accordance with the present invention by a) reacting the compound of formula

IT 5Swith R0 %gﬁf formula Il 1l wherein n and A are as defined i forxugla haqel17.1 is
(Cl-C3)aIk?/\§suﬁg%n))/# e.g. methylsulfonyl), ttifiuoromethylsulfonyl or arylsulfonyl (e.g. phenyl- or

p-tolylsulfonyl) preferably between about 10C and 100C (more preferably between about 40C and
80C), in the presence of an inorganic base such as K2CO3 or an grganic base 10such as TEA in an
organic solvent ErefersRiE) s @‘tﬁg@@ﬁ@@%%ﬁ@?}%@ﬁﬁbw&%ﬁd%ﬁq ity 8% 8mpound of
formula Il withtadempourt af fakmuliady idnddierdinte andcAcareasddefinechin datiiulécd, @s described
in section a). .Said cor%nlp unds of formu{la I\, can be obtained b}/ntregtme_nt of ¢ mpou gs of formula IlI
in the preseilh BT RREh SXAPISasBHTES THER B T AR S e S ot B e
chemotherapy or organ transplant patients, elderly (63 years or older) patients, or patients

5  of intensive care units or of long-term care facilities.

xxvii) Another aspect of this invention relates to a method of preventing or treating in an
animal (c.g. in a dog, a cat, a pig, a cow or a horse) an intestinal disease caused by bacteria
selected from Clostridium difficile, Clostridium perfringens and Staphylococcus aureus,
said method comprising the administration to said animal of an effective amount of a
10 compound of formula I as defined in one of embodiment i) to vii), or of a pharmaceutically

acceptable salt of such a compound, for a duration sufficient to treat the intestinal discase.

xxviii) According to one aspect of embodiment xxvil), the present invention will relate to a
method of treating in an animal (e.g. in a dog, a cat, a pig, a cow or a horse) an intestinal
disease which is caused by bacteria selected from Clostridium difficile, Clostridium
15 perfringens and Staphylococcus aureus, said method comprising the administration to said
patient of an effective amount of a compound of formula I 2s defined in one of
embodiments 1) to vii), or of a pharmaceutically acceptable salt of such a compound, for a

duration sufficient to treat the intestinal disease.

xxix) According to another aspect of embodiment xxvii), the present invention will relate
20 to a method of preventing in an animal (e.g. in a dog, a cat, a pig, a cow or a horse) an
intestinal disease which is caused by bacteria selected from Clostridium difficile,
Clostridium perfringens and Staphylococcus aureus, said method comprising the
administration to said patient of an effective amount of a compound of formula I as defined
in one of embodiments i) to vii), or of a pharmaceutically acceptable salt of such a

25 compound, for a duration sufficient to prevent the intestinal disease.

The intestinal discases intended to be prevented or treated according to embodiments 1) to
xxix) of this invention comprise notably diarrhea, colitis and pseudomembranous colitis.
Preferably, said intestinal diseases will be caused by Clostridium difficile (and especially

by a toxin producing strain of Clostridium difficile).



5alkali methylate such as NaOMe or an alkali hydride such as NaH) in an organic solvent (e.g. DMF);
or ¢) reacting a compound of fofmula V 0 HO iC1-12kr\ NH HO V wherein n is as defined in formula 1,

WO 2009/1%@;%%%@@53009/051896 - 14 - with a compound of formula l\@f&vzv@{{%%% is as defined

in formula I, ogen and R2 is hydrogen, BF2 or B(OC(=0)(CI-C4)a licyl (e.g.
methyl, ethyl, n-propyl, iso-propyl or tertbutyl), aIIy1,9airyI-(C1-05)aIkyI (e.g. benzyl, p-nitrobenzyl or
p-methoxybenzyl), tri -(Cl-05)alky ilyl (e.g. trimethylsi Iyl or ten-but Idimethyls%/)l) or

diary1-(CI-OB581BASH e 1s AR SEAARsHEHIASYI Shp rOraRMRD SANRBRUEH bUPFOES@HENDIC, more
preferably bahwegimaou #0&iANek 840G Etheipresence f ResganicobrsasMal@sitEARQr DIPEA, in

an organic solvent, e.g. NMP; or 10 d) conyerting a compound of formula VII
g %e daﬂy (e.%., one to four tm?es daily) or(‘%nay 86 1gss E‘equent (e. g., once every other day

or once or twice weekly).

5  Though the exact administration doses of a compound of formula I as defined in one of
embodiments 1} to vii), or of a pharmaceutically acceptable salt thereof, will have to be
determined by the treating physician or veterinarian, it is expected that an amount between
0.5 and 50 mg of compound of formula I or pharmaceutically acceptable salt thereof per kg
of patient body weight per day (for example an amount between 1 and 5 mg of compound

160 of formula | or pharmaceutically acceptable salt thereof per kg of patient body weight per
day) given once ot twice daily for a duration of 3 to 15 days (for example for a duration of

7 to 14 days) will be appropriate.

The production of pharmaceutical compositions containing compounds of formula I as
defined in one of embodiments 1) to vii) or pharmaceutically acceptable salts thereof can be
15 effected in a manner which will be familiar to any person skilled in the art (see for example
Remington, The Science and Practice of Pharmacy, 21st Edition (2005), Part 5,
“Pharmaceutical Manufacturing” [published by Lippincott Williams & Wilkins]) by
bringing the described compound of formula I or its pharmaceutically acceptable salts,
optionally in combination with other therapeutically valuable substances, into a galenical
20  administration form together with suitable, non-toxic, inert, therapeutically compatible

solid or liquid carrier materials and, if desired, usual pharmaceutical adjuvants.

The compounds of formula I can be manufactured in accordance with the present invention

using the procedures described hereafter.



VII WO 2009/136379PCT/182009/051896 - 15 - tri-(CrC5)allcylsilyl(e.g.trimethylsil
ylortert-butyldimethylsilyl)or diary1-(C1-05)allcylsilyl (e.g. tert-butyldiphenylsilyl) and n and A are as
defined in formula | into the corresponding compound of folinula | by hydﬁg @ (L)catlon or
hydrogenol)}‘g% %% g/ K& eviewed in Protecting groups, Kocienski, P.J., T emez'g?l g) Concerning
the above process, the following should be noted: regarding variant a), the compound of folmula Ill
could also be replaced by an ester thereof, i.e. a compound of formula IIIE wherein n, A and RI are as
defined in formula Ill and R4 represents alkyl, allyl or 10 arylalkyl, in which case an ester deprotection
step would follow the reaction of the compound of follnula IIIE Wlth the compound of folloula Il (general
methods to BRIOPA A ES@Noei (o id i )¢ phd RAIdWddANProtecting groups, Kocienski,
P.J, Thieme (1994)); 4, regarding variant a), the compound of formula Il could also be replaced by a

sher 15thereof, i.e. a compound of formula llpu 0 OH Il PG WO 20091136379PCT/1B2009/051896 -
16 - Abbreviafions:

The following abbreviations are used throughout the specification and the examples:

AcOH acetic acid
5 AD-mixa 1,4-bis(dihydroquinine)phthalazine, KzFe(CN)s, K2CO3 and
K,0s80,.2H,0
AD-mix [ 1,4-bis(dihydroquinidine)phthalazine, KiFe(CN)s, K,CO; and
K,08042H,0
Alloc allyloxycarbonyl
10 aq. agqueous
Boc tert-butoxycarbonyl
-BuOK potassium fert-butylate
Chbz benzyloxycarbony!
CDAD Clostridium difficile associated diarrhea
15 CFU colony forming units
CLSI Clinical Laboratory Standards Institute
DBU 1,8-diazabicyclo[5.4.0Jundec-7-ene
DCM dichloromethane
DIAD diisopropyl azodicarboxylate
20 DIPEA N, N-diisopropylethylamine
DMF N N-dimethylformamide
DMSO dimethylsulfoxide
EA ethyl acetate
EDC 1-(dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
25 ESI Electron Spray Ionisation
ether or Et,0 diethyl ether
FC flash chromatography



diary1l-(C1-05)alkylsilyl (e.g. tert-butyldiphenylsilyl), in which case a deprotection step would follow
the reaction of the compound of formula 11l or HIE with the compound of formula "PG (general methods
to perform s%hzrﬂe%ctsioqg have been reviewed in Protecting groups, Kocien%inB Féa‘s];m Thieme (1994));
5regarding Variant c}, e compound of formula V could also be replaced %(f/ 4 czomp(%??é of formula V.
VP wherein n is as defined in formula V and PG2 "réb‘resents a protecting group for an alcohol function
(e.g. an alkylsilyl or diarylalkylsilyl group such as trimethylsilyl, ten- butyldimethy Isilyl or
tert-butyldiphenylsily1), in which®#se the appropriate 10 deprotection step would follow the reaction
of the comp%gd of foimula Vp ]\4\1]&&%% compound of foimula VI (general methods to perform such
reactions have been reviewed in Protecting groups, Kocienski, P.J., Thieme (1994)); regarding variant
c), when R2j3spot H, an additiopalesteridephatesiian stepdsseayired{general methods to perform
such reactions have been reviewed in Protecting groups, 15 Kocienski, P.J., Thieme (1994)), except
for the casebWPrdrein R2 is BFIHZBIETSES0(C1-C4)alkyl)2 where the hydrolysis takes place already
during the aﬂg"ﬁq\/ork-up. The compounds of formula I thus obtained may, if desired, be converted into
their salts, and notably into their phaimaceutically acceptable salts. 20Besides, whenever the
compounds didPBAuUla | are obtainreeinotbedditnzofabitiires of enantiomers, the enantiomers can be
separated using methods known to one skilled in the art (e.g. by formation and separation of

diatereomen?&alts or by chrom&iBgPABhP BPEPY CARSILTAHIBH HHBHALRICNIEREVER the compounds of
formula | arg geigined in the forp of MiXIES Qf IASIELAMRES E@%‘iﬂﬁm&e%ﬁﬁw%ﬁgﬁw&

appropriate combination of silica gel 25chromatography, HPLC and crystallization techniques. WO
20091136379PC111B2009/051896% 17 - Preparation of the various synthesis intermediates:

Erepar%ion_ﬁé@fg compound éﬁg{@gfﬁ& k&%@&p@g&lﬂ@gc of formula Il can be obtained by
ydrogenation of the compound of formula VIIi
MeOH methanol
MS Mass Spectroscopy
NaOMe sodium methylate
NMP N-methyipyrrolidinone
15 OD3% optical density measured at 595 nM
org. organic
Pd/C or PA(OH)Y/C  palladium or dihydroxypalladium on charcoal
PPh; triphenylphosphine
Tt room temperature
20 sat saturated
Si0O: stlica gel
TBDMSCI tert-butyldimethylsilyl chloride
TEA tricthylamine
TFA trifluoroacetic acid
25 THF tetrahydrofuran
TMSCI trimethy!silyl chloride



VII 50ver a noble metal catalyst such as palladium or platinum on charcoal in a solvent such as THF,
MeOH or EA between 0C and 40C or by hydrolysis of in presence of a solution of HBr in water or
AcOH betwgen Qfs,#43d:90C in a solvent such as AcOH. Preparation of the-egmpeuadsefformula Il
The compounds of formula Ill can be prepared as §ummarlzed in Scheme 1 hereafter. VI1114:
RI-=11 Ills; R1 = S02R5 Scheme 1 10In Scheme 1, R2 is FI, alkyl, allyl or arylalkyl, and the other
symbols are as before. The compounds of formula Ill whereln Riis 502R5, R5 being alkyl,
trifluoromethyl or aryl like phenyl or p-tolyl can be obtained (Scheme 1) from the compounds of formula
111A wherdhaBedi Ry $EaEAEANAE the corresponding sulfonyL chlorides in presence of an organic
base such as TEA in a solvent such as DCM or THF between -10C and 50C. The 15 compounds of
formula MATtRtbefreraretibyndacian lof theudbnpedidsabidims s ith th¢@resent invention
2009/1363%%PCT/182009/051896 -18- :

a) reacting the compound of formula II

wa oH

HO ~a

5 with a compound of formula III

0 iCHzlm
N
R1”—‘O‘7<—/

I

wherein n and A are as defined in formuia I and R' is (C)-Caalkylsulfonyl {e.g.
methylsulfonyl), trifluoromethyisulfonyl or arvisulfonyl (e.g. phenyl- or p-tolyl-
sulfonyl) preferably between about 10°C and 100°C (more preferably between about
40°C and 80°C), in the presence of an inorganic base such as K»COx or an organic base

10 such as TEA in an organic solvent (e.g. DMF);

or



with the piperidines or pyrrolidines of formula IX in the presence of an organic base such as TEA or
DIPEA between 40C and 100C in a solvent such as THF, DMF or NMP. If R2 is benzyl, the carboxylic
acid of folinyla.J liberated according to standard procedures as gﬁgﬂﬂ ' tecting
groups, Koc%s ﬁi?gg.%'%??hierne (1994) (e.g. 5 hydragenation over Pd/C)? repa‘rggtgljﬁ%%%the
compounds offormula V The compounds of foiuiula'V'can be prepared as summarized in Scheme 2
hereafter. [IXI HO [CH217 \ ONH O Scheme 2 The compounds of formula V can be obtained by
deprotecting the compounds of fotmula X erein PG3 represents a.amino protecting group such as
alkoxycalrbéij |r€é?"gt?“§odﬁ%‘8f°€8§é€%’>®’é*g%boﬁ@ (%.%9%2‘%%?@%%}%%%{2@L General methods to
perfoun such protection/deprotection sequences of secondary amines have been reviewed in
Protecting groups, Kocienski, P.J., Thieme (1994). Yhe compounds of formula Xl can be obtained by
reacting a compound of formula Il wi X wherein Rl is 502R5, R5 being
alkyl, trifluoromethyl or aryl 15 li #g a congpound of formula 1l with the
corresponding epoxides derived from tRe comipoun . Sail epoxides can be obtained
from the compounds of formula X, wherein Rl is 502R5 uppn tregtmentwith either an organic base
such as TEA, pyridine or DBU or an inorganic base such agi 03 in a¥dlvent such as THF, ether or
DCM between -10C and 40C. The compounds of formula;/( wherein RI 20is H are either commercially

available (e.g. compounds X wherein PG3 = Boc, n = d WO 2009/136379PCT/1B2009/051896 -
19 - RI = H, or the epoxide derived from compounds of formula X wherein PG3= Boc, n = 0) or can be
made as explained later on. Alternatively, the compounds of formula XI can be obtained by reaction of
the compound of formula Il with the compounds of fol Ynula X wherein RI is H under Mitsunobu
conditions. wherein n and A are as defined in formula I, as described in section a). Said

compounds of formula IV can be obtained by treatment of compounds of formula I in

the presence of an organic base (e.g. TEA) or an inorganic base (c.g. KoCO3 or an

5 alkali methylate such as NaOMe or an alkali hydride such as NaH) in an organic

solvent (e.g. DMF),
or

¢) reacting a compound of formula V

o F o (CHal\
0/4 ‘—X——/NH
HO L/N ©
N

VT

wherein i 15 as defined in formula 1,



5 Preparation of the compounds offormula VI The compounds of formula VI wherein R2 is hydrogen,
Mc or Et are commercially available (e.g. compounds wherein A = CH, Y = Cl and R2 = H, Me or Et, or
Y =F and Rﬁ 5 Bb# gﬁompounds wherein A =N, Y = Cl and R2 = H orde}y sg hnarpounds of
foimula VI wherein R2 is B(OC(=0)(Ci-C4)alkyl)2 cgn be obtained from compounds of 10 formula VI
wherein R2 is H according to WO 88/07998. The other compounds of formula VI can be obtained
according to standard methods from compounds of foimula VI wherein R2 is H. Preparation of the
compounds offeftinuleoMboling edimpauadd of formula VII can be obtained by coupling compounds of
formula V or, 15 alternatively, compounds of formula Vp as previously defined with compounds of
foimula VI as previously defined except that R2 repfg ¥Ci-05)alkyl (e.g. methyl, ethyl, n-propyl,
iso-propy! or tert-butyl), aryl-(Ci-05)alleyl (e.q, benzyl, p-nitripbenzyl or p-methoxybenzyl), allyL,

[ [ [ [ , silytper-grary1-(C1-05)alkylsilyl (e.g.
tert- butyldiphenylsilyl) under the same dpnditio ose 20described for the reaction of the

e y a VI. If the compounds of formula Vp are used,

the deprotection step can be carried out after the Kling reaction. Preparation of the compound

of.formula VIl The compound of formula VIII carnfbe obtained according to WO 2004/096221. 25
Preparation of the compounds offornzula IX The c ounds of formula IX can be obtained by
deprotection of compounds of folmula X (RI = H), e.g. by treatment of the corresponding Boc protected
compounds with TFA or by hydrogenation of the corf8sponding Cbz protected compounds over Pd/C.
WO 2009/136379PCT/1132009/051896 - 20 - Preparation of the compounds offormula X The
compounds of feRexeia X é&r%é‘?ﬁf@‘ﬁaﬁédfﬂwiﬂwg rﬁeﬂ%yﬁﬂ‘@ﬁ%ﬂd@?ﬂlgwé"s BrdesigntnaPkn %s

summarized in ReNgme) ANRIORMGD| GHATIAHIA L - BieBM RES!, HPrbah NS Gpyl or rerr-
butyl), allyl, aryl<(C;-Csalkyt (c.g. benzy!, p-nitrobenzyl or p-methoxybenzyl),

5 tri«(C-Cs)alkylsilyl  (e.g.  trimethylsilyl — or  tert-butyldimethylsilyl)  or
diaryl<(C,-Csalkylsilyl (e.g. tert-butyldiphenylsilyl), preferably between about 10°C

and 100°C, more preferably between about 40°C and 80°C in the presence of an

organic base, such as TEA or DIPEA, in an organic solvent, e.g. NMP,

Pes

ﬁjw A

Vil

or

10 d) converting a compound of formula Vil

1{/!:,,“_

HO

wherein R’ is (C;-Cs)alkyl (e.g. methyl, ethyl, n-propyl, iso-propyl or rert-butyl),
aryl-(Ci-Cs)alkyl  (e.g. benzyl, p-nitrobenzyl or p-methoxybenzyl), aliyl,



XrXlIXa: R H Xb: Ri = S02R5 Scheme 3 The compounds of formula Xb, i.e. the compounds of formula
X wherein Rl is S02R5, are 5 prepared from the corresponding compounds of formula Xa wherein RI
is Husing t Same e ods used for the conversion of compounds of fgpmuia MM ingg.compounds of
formula Ills. Compounds of formula Xa either are ohtained from the known methylidene derivatives of
formula XII (e.g. those wherein n =0 and PG3 = b(la5n'zyl, Boc or benzyloxycarbonyl - see EP 241206

and EP 550025; or those wherein n = 1 and 10 PG3 = benzyl, Boc whic éalre oijmggcial) either by
osmium tetroxide(Catan2k i dihy réxylafloREPHFS asyfhmefiEVaR W’(éﬁ' ek diffydroxylation

using AD-mix aierf3)aadrseribrd it d. AmbGhRIPLELGiISR)] hlond I68rd he éainpdlinds of
formula Xc, i.e..the epoxide derived from.compounds of.formula Xb are obtained either

intramolecular @?ﬁl&”f?ogﬂ}‘é’ %8%??8%?@?&%%%%%% %frai ?nﬁ)&g' gfgqgglgésa eh é‘?% K2CO3 or
NaH or an organiaase=soishiag g AorBRisdribyfepexitatigroopth& meatislidénle, dGubrte bond of
compognds oféfgggll)ﬁla XII' with a peracid such as MCPBA. Alternatively, compounds of formula Xc can

also be obtain y’reaction of the corresponding oxo derivatives (commercial whenn =0 or 1 and

PG3 = Cbz or Boc) with trimethylsulfoxonium iodide or trimethylsulfonium iodide in presence of an
alkali 20 hyriaing e 485RYEHh hydolryens shewidPeaRIER: such as MeCN between 20 and

100C (as degcribed in "I Am. Chem. 80%19?33 7, }&5 -1364 and Tetrahedrgn Lett (1987), 28,
1877-1878).‘"%%6‘65/1%9"13’&1% YRG=A e 9B ar{icﬁ?éfr%der% Sodime rf scegfrbﬁea?n%‘qe?l@ﬁion are
described in thehdadtdniing: Exampled ofvfichudele to illustrate the invention in more detail without
limiting its scope in any way. EXAMPLES All temperatures are stated in 'C. All analytical and

preparative HPEC investigations on 5 non-chiral ph&ses are performed using RP-C18 based columns.
Analytical HPLC investigations are pe eckzn two gifferent instrggments with cycle-times of-2.5 mm

and -3.5 mm respectively. UnlessiGther iSe st ted, the values indigated for MS correspond to the
main peaks ((M+H)+ with a variation %H- 0.5 Ll}hl : pecta, cou o"’ constants J are given in
Hz. 10 Standard work-up pfoceg Aftar.dilution in th ropria 0 oIvent (see corresponding
Example text), the org. phase is separated and sequentially\washgd with water_and brine. In case of
reaction performed in a water soluble solvent (e.g. MeOH, THF or DMF), thE cShnbined ag. layers are
back-washed with the same solvent used to perform the w@rkup. The combined org. 15phases are
dried over MgS0O4 and filtered. The filtrate is evaporatequnder reduced pressure. Standard
chromatography procedure: The crude material is dissolVed in the minimum of eluent (see
corresponding Example text) and chromatographedzﬁver Si02. The relevant fractions were pooled and
evaporated 20 under reduced pressure. =

wherein n, A and R’ are as defined in formula III and R? represents alkyl, allyl or
10 arylalkyl, in which case an ester deprotection step would follow the reaction of the
compound of formula IlIz with the compound of formula II (general methods to
perform the ester deprotection step have been reviewed in Protecting groups,

Kocienski, P.J., Thieme (1994));

% regarding variant a), the compound of formula IT could also be replaced by a silyl ether

15 thereof, i.€. a compound of formula Hpg

@] F
PG? 0/(
O\\\\\\““'

Hpe

wherein PG” represents a silyl protecting group for an alcohol function such as a

tri-(Ci-Cs)alkylsilyl  (e.g.  trimethylsilyl  or  ferr-butyldimethylsilyl) or



Example 1:
1-cyclopropyl-6-fluoro-7-14-[2-fluoro-4-1(R)-5-hydroxymethy1-2-oxo-oxazolidin-3-A-phenoxymethyll-4
-bydroxy-pig@&(}j@-}l—s\é}.}§4-oxo-l,4-dihydro-quinoIine-3-carboxyIic acid:  pCT/IR2009/051896
(R)-3-(37fluoro- -I%ydroxy-pheny0-5-hydroxymeth |-oxazolidm-2-one: 25A solution of
(R)-3-(4-benzyloxy-3-fluoro-pheny1)-5-hydroxyme ﬁyl-oxazolidin-z-one (6.34 g, prepared according to

WO 2004/096221) in THE/MeOH (1:1; 200 ml) was hydrogenated aver Pd/C 10% (1 .9) overnight. The
catalyst was filf&Fer @f”?fﬁ@lﬂﬁrlé‘tlé[%é/é %@?@&?&B&%E%O@ 18862 93 E%talg}&rsatfgd under
reduced pressufg N ibe rasigueisiiroéthincEAping ofyfotats lwéFieocdllectét ty fitratipmdaffording 3.16

g (70% yield) of a colourless solid MR (DMSQd6; aPPm): 3.5 (m, Hg, 4 e]&/_% 3,74 (dd, J =
8.8, 6.4, 1H), .%}é‘lﬁ(t?,%'ll“z‘r’%.g%efﬁfﬁl4‘%ell\i{‘ﬁ% %‘h)‘?eé%t‘éﬁ(t;‘jcg ."é‘ﬁﬁ%‘)‘f 6'1.59" (g%‘?n\]%%.z .2?1H), 7.08
(ddd, 5J = 8.8, BBediRy Hd)ps. Ko ¢itdsid,P 13 Bhizng; Q994966 (s, 1H). MS (EST): 228.1. 1.ii.
4-12-fluoro-4-0R)-5-hydroxymethyl-2-oxo-oxazolidin-3 j-phenoxymethy11-

4-hydroXy-pipeitdriéing carbend/If0- atiel semporadisf FEBIIoN otntiktide 1PkCcoT §Y ahd
1-oxa—6-aza—s%g[g(,§]ﬁq;@ﬁ§.f§ﬁganboxylic acid 10 benzyl ester (1.60 g; prepared according to US
4244961) were dissolved in DMF (1% ml) and treated with Na2CO3 (1.16 g). The mixture was heated
at 100C overnight. The residue obtained after workup (DCM)Fwas stirreg %%A and the solid was
collected by filtration and sequentially Washed ith EA and KHex, affofe _2_\9 (94.5% vyield) of a
beige solid. IH NMR (DMSO0d6; 8 ppm): 1,574X, 4H),
(m,5H),4.03(t,J=9.1,1H),466 (m, 1 f ,
2 H), 7.32 (m, 5 H), 7.55 (d, JRSF2:Q H)., 1.111.
(R)-313-fluoro-4-(4-hydroxy-piperidin- ‘%\/hnethoxy)-phenle-5-hydroxymethyloxazoIidin-2-one: 20A
suspension of inteoediate 1.ii (2.5 g) in EA/MeOH (1:1; 100 ml) was hydrogenated over Pd/C for 48 h.
The suspension was heated at 40C and the catalyst waéfiltered off. The filtrate was evaporated under
reduced pressure affording 1.61 g (89% yield? of a yellow powder. NMR (DMSO0d6; 6 pprn):
1.4-1.63 (M, 4FYha@T tnis 2Hylcisal (m formula B3apb PSS repmempopuis it P43, 12.0,
1H), 3.71 (s, 2t h@0nMReidhile .08 (i 159 Or WhlryhAS (S sk Bro B8 ad B BO1 By 1L dei)» 7.20 (m,

2H), 7.57 (d, 1H). i i . . . .
butyldimethylsilyl or rers-butyldiphenylsilyl), in which case the appropriate

»J=5.6,1H), 7.18 (m,

10 deprotection step would follow the reaction of the compound of formula Ve with the
compound of formula VI (general methods to perform such reactions have been

reviewed in Protecting groups, Kocienski, P.J., Thieme (1994));

% regarding variant ¢), when R%is not H, an additional ester deprotection step is required
general methods to perform such reactions have been reviewed in Protecting groups,

15 Kocienski, P.J., Thieme (1994)), except for the cases wherein R* is BF, or
B(OC(=0)(C,-Ca)alkyl), where the hydrolysis takes place already during the acidic

work-up.

The compounds of formula I thus obtained may, if desired, be converted into their salts,

and notably into their pharmaceutically acceptable salts.

20  Besides, whenever the compounds of formula 1 are obtained in the form of mixtures of
enantiomers, the enantiomers can be scparated wsing methods known to one skilled in the
art (c.g. by formation and separation of diatereomeric salts or by chromatography over a
chiral stationary phase). Whenever the compounds of formula I are obtained i the form of
mixtures of diasteromers they may be separated by an appropriate combination of silica gel

25 chromatography, HPLC and crystallization techniques.



MS (ESI): 341.5. WO 2009/136379PCT/1B2009/051896 - 23 - I. iv.
1-cyclopropyl-611uoro-714-1-211uoro-4-((R)-5-hydroxymethyl-2-oxo-atazolidin3-y1)-phenoxymethyl]
-4-hydroxy-piperidin-1-y1}-4-oxo-1,4-dihydro-quinoline-3-carboxylic acid: lon of inteimediate 1.iii
(200 mg), 7-ch é{r%?r)fg:%%l/%lopropyl-&ﬂuoro-1,4-dihydro- 5 4-0xo-3-quino|§1€e§;:ar §>§(}3(/}ﬁ£ég%:id boron
diacetate complex (241 mg; prepared according o \Wo 88/07998) and DIPEA 000 ml) in NMP (2 ml)
was stirred at 85C for 5 h. The reaction mixture was evaporated under reduced pressure and the
residue wad tEREFUGHATZR MO I BB BIHE Hpd¥aTred. The resulting solid was collected by
filtration and washed with MeOH to afford 230 mg (67% yield) of a yellow solid. 10H NMR (DMS0d6] 8
Ppm): 1.66-2r3butarickbby, the tokphodrd 22182y, /1.95 (m, 2H), 3.33 (t broad, 3 = 11.0, 2H), 3.57 (m,
3H), 3.67 (dd, J=12.3, 3.3, 1H). 3.83 (m, 2H), 3.92 (s, 2H), 4.06 (t, J = 9.0, 1H), 4.69 (m, 1H), 7.24 (m,
2H), 7.60 (M2 Hhhrdddd of Fottnda Uiedd G (SodibdVby (Rldpolesh LPEXQBRIGGind of
1-cyclopropyl-6-fluoro-74442-fluoro-4-((R)-5-11ydroxymethyl-2-0xo-
oxazolidin- %%XﬂéxymethygA-hydroxy-piperidin-I-yl}-4-oxo-1,4-dihydro-|1,81naphthyridine-3-car
boxylic acid: A solution of 7-chloro-I-cyclopropyl-6-fluoro-1,4-dihydro-4-oxo-1,8-naphthyri dine-
3-carboxylic acid (166 mg; commercial) andihtermediate A.iii (200 mgF=NMP (5 ml) 20 was treated
with TEA (0.32 ml) and TMSC1 and hea@@g 85C jo xfure was evaporated under
ke '

: . W : i
reduced pressure and the residue was y &I in MeOH (§ and stirred for 30 min. The
solution was evaporated under reduced_pressure &

=
J

( residue was taken up in EA. The resulting
solid was collected by filtration SAchwished with EA&Efording 271 mg (78% vyield) of a yellow solid.
251H NMR (DMS0d6] 8 Ppm): 0.89-1.27 (m, 4H); 1.78 (d, J = 12.8, 21-1); 1.90-2.04 (m, 21-1)]
3.53-3.88 (m, 6H); 3.88 (s, 2H), 4.06 (t, J = 9.0, 1H)YAl42 (d broad, J = 13.2, 2H), 4.44 (m, 1H); 7.11
(m, 2H); 7.55 (d, 3 = 14.5, 1H); 8.05 (d, J = 13.5, 1H); 8.60 (s, 1H). MS (ESL): 586.8. WO
2009/136378RCT 1kBRORSIASLEAGt Adh Foxpalipdéuti or platinum on charcoal in a solvent such as
1-cyclopropyl:6-fluoro-7- @1 -342-flug -4-(@)- -hydroxymethyl-2-0x0-oxacolidin-3-y.1)-phenoxymet
oy G oy TR T S Ty, S oS eh By e See o Srutbh B

HBr in water or AcOH between 0°C and 80°C in a solvent such ag AcOH.

Preparation of the compounds of formula Il

The compounds of formula HI can be prepared as summarized i Scheme 1 hereafter.

X VI i, R'=H
Mg R'=SO0,R*

Scheme 1
16 In Scheme 1, R?is H, alkyl, ally! or arylalkyl, and the other symbols are as before.

The compounds of formula HI wherein R is SO,R’, R” being alkyl, trifluoromethyl or ary!
like phenyl or p-tolyl can be obtained (Scheme 1) from the compounds of formula 11,
wherein R! is H by reaction with the corresponding sulfonyl chlorides in presence of an
organic base such as TEA in a solvent such as DCM or THF between -10°C and 50°C. The

15 compounds of formula Il4 can be prepared by reaction of the compounds of formula VI



3.i. Diallyl-carbamic acid benzyl ester: 5Benzoyl chloride (15.5 ml) was added dropwise over 30 min to
a solution of diallylamine (12.3 ml) and TEA (21 ml) in DCM (100 ml) at OC. The reaction mixture was
stirred at ft f@rolgégn'gg}%residue obtained after work up (DCM) was purifiggby glasqxiategraphy
(Hex/EA 95:5) to give 20.71 g (88% vyield) of a coloyrless liquid. 11-1 NMR (DMSOss; 8 ppm):
3.83 (dt, J=1and J =6, 4H); 5.05-5.18 (m 6H); 105.70-5.86 (m, 2H); 7.27-7.48 (m, 5H). 3.ii.
2,5-dihydro-pyrrale-I-carboxylic acid benzyl ester: , )
Benzylidend Bl Qe HEXS ISR SLPIRMETELA TR {5 GV 80 Ah A SORTTE AF
intermediates3TiHA HEPIREMK REMAL461) ahét LOTdErinitrogemt Eheh resCHO, DNKEureNM4R. $fiRed at 40 C
for 2 h and concentrated in yamp. The residue was purified -C 15(Hex/EA.90:10) to give 14.08 g
(919 yieic) BTV o SRAF (oS SEELE AR oh 8 B, e St (s SRAE 61.5.07
(m, 2H); 7.2%etilnfem, BHY{RBPB-hy dioxyepyerodrictime- | Kaekoxkil iP dcid/Bémzy| @8t AelgAl solution
of borape in. T ) d to a solution of intermediate 3.ii 20 (1.81g) in THF (25ml)at0 C
under ngltrogl r%%%%%c\%%%%lxt ire was stirred at rt for 16 h and was cooled to 0 C. 20% NaOH (1.8
ml) was carefully added dropwise followed by 35% ag. hydrogen peroxide (1.2 m1). The mixture was
stirred at 0 IS VARG ATRIBES BB 4H an aq. 40% sodium bisulfite solution were added
and the reaction mixture stirred vigorously for 15 min. The residue obtained after work up (Et20) was
25purified byHECoihisuEs & Sto8l¥ Vtoagive t:@hngd 54 Seryividrod o Coloumed doitafid-1 NMR
(DMSOds; 8 ppm): 1.67-1.82 (m, 1H); 1.82-1.96 (m, 1H); 3.16-3.25 (m, 1H); 3.28-3.44 (m, 3H);

4.20-4.29 (broad, 1H)»4.92 (¢, J = 3, 1I—PI4 ;290 (s, 2H); 7.27-7£&£ﬂ, 5H)F W chok,
2009/136379PCT 00 896 - 25 - 3){v. gmﬂpmﬁdin < Lb@c_aci engytRster: A
solution of intﬁdsmgxﬂiare 3 16 g) ’e ml) was ceﬁlgg«%ﬁ C DIPEATZ5 ml) was added

dropwise, followed by a solution of sulfur trioxide pyridine complex .
II X

|
[
¥
O F
Ho [CH2l
o/( F\NH

H O\w«"k/.N ©

Scheme 2

The compounds of formula V can be obtained by deprotecting the compounds of
formula X1 wherein PG’ represents a amino protecting group such as alkoxycarbony! (e.g.
10 Boc), benzyloxycarbonyl (e.g. Cbz), Alloc or benzyl. General methods to perform such
protection/deprotection sequences of secondary amines have been reviewed in Protecting

groups, Kocienski, P.J., Thieme (1994).

The compounds of formula XI can be obtained by reacting a compound of formula II with
the compounds of formula X wherein R! is SO.R’, R® being alkyl, triffuoromethyl or aryl
15 like phenyl or p-tolyl, or by reacting a compound of formula II with the corresponding
epoxides derived from the compounds of formula X. Said epoxides can be obtained from
the compounds of formula X, wherein R is SO,R” upon treatment with either an organic
base such as TEA, pyridine or DBU or an inorganic base such as K»COs 1n a solvent such
as THF, ether or DCM between -10°C and 40°C. The compounds of formula X wherein R’

20  is H are either commercially available (e.g. compounds X wherem PG’ = Boc, n=1 and



(2.79 g) in HMSO (6.5 m1). The reaction mixture was stirred at 0 C for | h and was 5 quenched by the
addition of water (6 m1). The aqg. layer was extracted with Et20/Hex (1:1, 3 x 5 ml) and the combined

org. layers were concentrated in vacua. The residue obtained after Workﬂ{pr@%gg}d%gla:l) was
purified by E@&Q%gx}ﬁq :5) to give 1.05 g (96% vyield) of a yellowish oil. 1H NMR (DMSO0d6; 5
ppm). 2.48-2.61 (m, 2H); 3.61-3.80 (m, 4H): 5.09'(13,'2H); 107.27-7.41 (m, 5H). 3.v.
3-methylene-lpyrrolidine-l-ca_rboxyl_ic acid benzyl ester: t-BuOK (617 mg) was added in one portion to a

white suspéhsion: 6F tRE R FHISHER I 5SPh 6 ARABFSRa W8 ) ik eFeik { £ 7iR°st R ufber nitrogen.
The yellow suspensioniwas stiradeatisdooh hanehtheelsogleddapd s AfSoiiign Hf Lanintermediate

3.iv (1.05 g) in THF (2 ml) was added dropwise qver 10 . the reaction mixture was alloyed to warm
(0 1t over 3 P HE AT WS U nEHBERH) S St bF e e, RSN ANt with £
The residuesabtained @fteamier Mipuiiod) waslpiorified by chromatography (Hex/EA 90:10) to give 633
mg (64% vyield) of a yellowish liquid. 201H NMR (DMSO0d6; 6 ppm): 2.48-2.61 (m, 2H); 3.36-3.53 (m,

2H); 3.84-4.91 (m, 2H), A4,97:5,03 (1, 2%, 5,08 (5, 2H); 7.27-7.41 (m, 5H) 3. vi

1-oxa-5-aza-spiro[2.4Jheptane-5-carboXylic acid benzyt ester A solution of intermediate 3.v (7.21 g) in
DCM (400 ml) was treated with MCPBA (20.1 nd.NaHCO3 (22,3 rt. The reaction was stirred
at 1t 1or 2 h GRS BRSO ) ST ed 1T ERA o ot WaDS5 (G e Hker (400 ).
The mixturewvsdisigtined fani@umis anditie arg. (AeY was seddrated, Tvie cedidue Sbtafhed after work
up (DCM) was purified by FC (Hex/EA 6:4) 10 give 4. % yield llow oll R
(DMSOd6;\§%P%?’f}‘76(-}/E?§%u%§S, ‘1’53?6?2 -2% ?m, ﬁ«%&&z&%ﬁﬁ@%@’%ﬂ#ﬁ) 3.15 (,
J =11, 1H)f8:8918 Y7 wikrahlR 5:08(@CLH))T2¢TekyimeBHhe Yw@ined from compounds of
2009/3363790C /1820091051896 1 28 -3cdlling to WO 88/07998. The other compounds of

(RS)-3127fluara-4-a-5-hydroxymethyl-2-oxo-oxazolidin-3-y0-phenoxymethyli3-hy roxy-p%rolidine-l-ca
rboxylic acidoveniyVésesrbxotarsdzraomiiaiastaeiied nriadidsenseneripds oh &1 (300 mg)
and intermegliate;3 ¥¢ (338 mg) in DME (3 m1). The reaction mixture was stirred at 80C for 3 h and the
5 solvent was removed in vacua. The residue obtained after work up (DCM) was purified by FC

(DCM/Me0H,95:5) to give 531 mq (87% yield) of g beige foam. ITI NMR (DMSOds; 8 PPm): 1.80-1.92
(m, 111); 1.9 -Eaﬁ)%ﬁ{%ﬂﬁ?{fg?gﬁgg_é@%rg{@ml@ AP

The compounds of formula VII can be obtained by coupling compounds of formula V or,
15  alternatively, compounds of formula Vp as previously defined with compounds of
formula VI as previously defined except that R? represents (C-Cs)alkyl (e.g. methyl, ethyl,
n-propyl, iso-propyl or fert-butyl), aryi-(C,-Cslalkyl (e.g. benzyl, p-nitrobenzyl or
p-methoxybenzyl), allyl, tri-(C;-Cs)alkylsilyl (e.g. trimethylsilyl or zers-butyldimethylsilyl)
or diaryl<(C;-Cs)alkylsilyl (e.g. tert-butyldiphenylsilyl), under the same conditions as those
20  described for the reaction of the compounds of formula V with the compounds of
formula VI If the compounds of formula Vp are used, the deprotection step can be carried

out after the coupling reaction.

Preparation of the compound of formula VI

The compound of formula VIII can be obtained according to WO 2004/096221.
25 Preparation of the compounds of formula IX

The compounds of formula IX can be obtained by deprotection of compounds of
formula X (R' = H), e.g. by treatment of the corresponding Boc protected compounds with

TFA or by hydrogenation of the corresponding Cbz protected compounds over Pd/C.



3.66 (ddd, J=3,J=6and J = 13, 1H); 3.80 (dd, J =6 and J = 9, 1H); 3.97-4.09 (m, 3H); 4.64-4.72 (m,
1H); 5.07 (s, 2H); 5.19 (t, J = 6, 1H); 5.23 (s, 1H); 7.18-7.23 (m, 2H); 107.27-7.38 (m, 5H); 7.57 (dd, J
=2andJ =4, 2}59 Mf (ESI): 460.9. 3. i PCT/TB2009/051896
(R)-3-13-fluara- (ﬂS -g-hydroxy-pyrrolldln-3-ylm hoxy)-phenyU5-hydroxymethyl-axazolidin-2-ane: A
solution of intermediate 3.vii (259 mg) in THF/MeOH (1:1; 20 ml) was hydrogenated 15 over 10% Pd/C
(60 mg) for 20 h at rt. The reaction mixture was concentrated in vacua, taken in DCM/MeOH 90:10 (20
ml) and stirfé@P8 B S PREEs e Yittered off and the filtrate concentrated in vacua to
give 184 mg (100% yield) of an orange foam. MS (ESI): 327.3. 3. ix, '
1-cyclapropyie&dtupronds RSB wondardyrBray drovyietsthplidses dgivatives of formula
oxazolidin-%ﬁﬁl}ﬁ&gﬁﬁ}g&h}g%ﬁ%ﬂggr9é¥é@t)é;(olidin-PyO-4-oxo-1,4 dihydro-quino ne3-carboxylic

i il

acid: A solution of intelltediate 3.viii (226 mg) and 7-chloro-I-cyclopropy1-6-fluoro-
1,4-dihydro-4-oxo-3-quinolinecarboxylic acid boron diacetate complex (270 mgq; prepared according to
WO 88/07998) irf N?IP\(S ml)i was treated WiitREA (120 kl) and stirred”g ZgBIS‘Nf_oEggh. The
reaction mixt as cofcBhtrated-imvac nd therésidue was taken-| THCY In MeOH (2 ml).
The solution was stirred at ft for 1 h, concentr in vacua and the residue was purified by FC
(DCM/Me0QH/AcOH,95:4:1 to 90:9:1). The foamygesidue was taken in MeGk. (2 my, stirred for 1 h and
filtered. The crystals were collected and dried in vacua to afford 23 mg (6% Xi%m__)&%‘ﬁ beige solid.
30IT1 NMR (DMSO0g6; 8 ppm): 1.10-1.34 (m, 4H); 1.98-2.10 (m, 1H); 2.14-%.2 (m, TH); 3.48-3.70 (m,
3H); 3.71-3.89 (m, l%H); 4.05 (t, J =9, 1H); 4.09-4.18 (m, 2H); 4.66-4.74 (m, WQ 2009/136379PCT
2009/051896 - 27 - 1H): 5.19.(t. 1 =6_1H); 540 (s, 1H): 7.09 (d, J.=8,1H); 7.18-7.31 (m, 2H); 7.59
(dd, J=2and J = 14, 1H); 7.82 (d, J = 14, 1H); 8.59 (s, 1H); 15.52 (s, 1H). MS (EST): 572.3.
Example 4: antibacterial in vitro activity of the invegiigeg@mpounds against Sreference strains of
Clostridium difficile or Clostridium perfringens: 4.1. Experimental method:

The compounds of formula Xb, i.e. the compounds of formula X wherein R' is SO4R’, are
5  prepared from the corresponding compounds of formula Xa wherein R! is H using the
same methods used for the conversion of compounds of formula Il into compounds of
formuia Hlg. Compounds of formula Xg either are obtained from the known methylidene
derivatives of formula XII (e.g. those wherein n=0 and PG’ = benzyl, Boc or
benzyloxycarbonyl - sce EP 241206 and EP 550025, or those wherein n=1 and
.10 PG’ =Dbenzyl, Boc which are commercial) either by osmium tetroxide catalyzed
. cis-dihydroxylation or by its asymmetric version (Sharpless dihydroxylation using
AD-mix o or B) as described in .J. Am. Chem. Soc. (1988), 110, 1968. The compounds of
formula Xc, i.¢. the epoxide derived from compounds of formula Xb are obtained cither by
intramolecular ring closure of compounds of formula Xb with an inorganic base such as
15  KoCO; or NaH or an organic base such as TEA or DBU, or by epoxidation of the
methylidene doubie bond of compounds of formula XII with a peracid such as MCPBA.
Alternatively, compounds of formula Xc¢ can also be obtained by reaction of the
corresponding oxo derivatives (commercial when n = 0 or 1 and PG’ = Cbz or Boc) with
trimethylsulfoxonium iodide or trimethylsulfonium iodide in presence of an alkali
20  hydroxide such as potassium hydoxide in a potar soivent such as MeCN between 20 and
100°C (as described in J. 4m. Chem. Soc. (1965), 87, 1353-1364 and Tetrahedron Lett.
(1987), 28, 1877-1878).



Minimal inhibitory concentrations (MICs) were determined by a broth microdilution assay. Brucella
broth supplemented with a final concentration of 0.5 rrig/L of Vitamin 1(1 and 5 mg/L hemin was used
as the test rqgglﬂm gg'ﬁgy, stock solutions of the compounds 10 were pr?@?‘fﬁﬂdﬁbﬁ%(@ (5.12
mg/mi), and 5 nl of/a range of two-fold serial diIutig?s in 50% DMSO0/50% H20 were dispensed into
96-well microtiter plates containing 45 n1 suppleménted Brucella broth and shaken for 5 min . To
prepare the inocula 24 h old colonies of C. clifficile grown_on Brucella agar supplemented with 5%
laked sheer BIBEH25 PO RSN AR AR TG LI G Ry MRl et e FadtmiPsulp&mented
Brucella 15 gretrantadiustieditosatiensitionadehin gyt M ohadantssienddicatOndy 1 of a 50-fold
dilution of this suspension was used to inoculate the wells of the 96-well plate resulting in
approximately 104 colony forming units (CFU) per well. The final DMSO concentration was 2.5%. The
final concentration range was 0.03 - 16 jig /mL The plates were incubated under anaerobic conditions
for 48h at SMEﬁ.ﬁlation the plates were read in a plate 20 reader at 0D595 (Ultramark, Biorad
Laboratories). The M1Cs were initially read at the lowest concentration showing >90% of growth

inhibition coppasegdnceairgtwealls: RlatesAveramsraheckeevisunlly vt thevaid efiaxeasing mirror,
and MICs were confirmed by the absence of visual growth. 4.11, Results: 25The co s of
S e R e o v b o M e o
difficile or Clastidianopedringeiosmddenrasulisiibtainedrara:sumintiangdd-initable-2. hereaftér. WO

2009/136379PCT/IB2009/051896 -~ 28 - Compound t %%d IC regarding.C..difficile ATCC 43596
(painal) MIC 1ed A G & AT AR SRS ey e Thoraig Lo dor 9 Rebis
the main peaks ((M+H)" with a variation of +/- 0.5 unit). In NMR spectra, coupling

constants J are given in Hz.

10 Standard work-up procedure:

After dilution in the appropriate org. solvent (see corresponding Example text), the org.
phase is separated and sequentially washed with water and brine. In case of reaction
performed in a water soluble solvent (e.g. MeOH, THF or DMF), the combined aq. layers
are back-washed with the same solvent used to perform the workup. The combined org.
15 phases are dried over MgSO; and filtered. The filtrate 18 evaporated under reduced

pressure.

The crude material is dissolved in the minimum of eluent (see corresponding Example
text) and chromatographed over SiO,. The relevant fractions were pooled and evaporated

20  under reduced pressure.

Exampie 1: I-cyclopropyl-6-flnoro-7-{4-{2-fluoro-4-((R)-S-hydroxymethyl-2-oxo-
oxazolidin-3-yl)-phenoxymethyl}-4-hydroxy-piperidin-1-yi}-4-0x0-1,4-dihydro-

guinoline-3-carbexylic acid:

L.i. (R)-3-(3-fluoro-4-hydroxy-phenyl)-5-hydroxymethyl-oxazolidin-2-one:

25 A solution of (R)-3-(4-benzyloxy-3-fluoro-phenyl)-5-hydroxymethyl-oxazolidin-2-one
(6.34 g, prepared according to WO 2004/096221) m THE/MeOH (1:1; 200 ml) was
hydrogenated over Pd/C 10% (1 g} overnight. The catalyst was filtered off, the filtrate



C. dWicile NC 13366 (i.tgirml) MIC regarding C. perfringens DSM 756 (pg/m1) C profloxaein 8 8 > 16
0.25 Linezolid 8 2 1 4 Example 1 0.125 0.125 0.06 < 0.03

WO 2009/136379 PCT/IB2009/0518%6
-7 .

evaporated under reduced pressure and the residue stired in EA. The crystals were

collected by filtration, affording 3.16 g (70% yield) of a colourless solid.

'H NMR (DMSOqs; & ppm): 3.5 (m, 1H), 3.64 (m, 1H), 3.74 (dd, J =88, 6.4, 1H), 3.99 (¢,

IT=8.8, 1H), 4.64 (m, 1H), 5.16 (t, J=5.6, 1H), 6.93 (dd, 1 =9.7, 8.8, 1H), 7.08 (ddd,
5 J=88,26,1.2,1H), 745 (dd, J=[3.5,2.6, 1H), 9.66 (s, 1H).

MS (ESI): 228.1.

Lii. 4-[2-fluoro-4-((R)-5-hydroxymethyl-2-oxo~-oxazolidin-3-yi)-phenoxymethyl] -
4-hydroxy-piperidine--carboxylic acid benzyl ester:

A solution of intermediate 1.1 (1.27 g) and I-oxa-6-aza-spiro[2.5]octane-6-carboxylic acid
10 benzy! ester (1.60 g; prepared according to US 4244961) were dissolved in DMF (15 mi)
and treated with NayCOs; (1.16 g). The mixture was heated at 100°C overmight. The residue
obtained after workup (DCM) was stirred in EA, and the solid was collected by filtration
and sequentially washed with EA and Hex, affording 2.52 g (94.5% yield) of a beige solid.
'H NMR (DMSOgs: & ppm): 1.57 (m, 4H), 3.14 (m, 2H), 3.54 (m, 1H), 3.64 (m, 1H),
15 3.79(m, SH), 4.03(t, J=9.1, 1 H), 466 {(m, 1 H), 478 (s, 1 H), 5.05 (s, 2 H), 5.16 {1,
J=356,1H),7.18(m, 2 H),7.32{(m, 5 H), 7.55(d, J =12, 1 H).
MS (ESI): 475.0.

1.iil. (R)-3-[3-fluoro-4-(4-hydroxy-piperidin-d-vimethoxy)-phenyl]-5-hydroxymethyi-

oxazolidin-2-one:

20 A suspension of intermediate 1.11 (2.5 g) in EA/MeOH (1:1; 100 ml) was hydrogenated
over Pd/C for 48 h. The suspension was heated at 40°C and the catalyst was filtered off.
The filtrate was evaporated under reduced pressure affording 1.61 g (89% vield) of a
yellow powder.
‘H NMR (DMSQygs; & ppm): 1.4-1.63 (m, 4H), 2.67 (m, 2H), 2.83 (m, 2H), 3.53 (dd,
25  J=4.0,12.0, IH); 3.66 (dd, 1=3.3,12.0, 1H), 3.71 {5, 2H); 3.80 (m, 1H), 4.05(t, 1 =9.0,
1H), 4.48 (s, 1H), 4.68 (m, 1H), 5.20 (s, 1H), 7.20 (m, 2H), 7.57 (d, 1H).
MS (ESI): 341.5.



Example 2 0.06 0.125 0.03 <0,03 Example 3 0.25 0.5 0.25 0.125 Table 1 The compounds of
Examples 1-3 showed potent in vitro activity against the strains of C. difficile and C. perfringens tested.
Strong activity was also observed against the quinoloneresistant hypervirulent strain NC13366. The
compounds BPELHMES 1 and 2 were slightly more active than the compSUABBPERERPle 3 and all
Example compounds were clearly 5more active thaa ciprofloxacin and linezolid. Example 5:
antibacterial in vitro activity of the compound of Example 1 against a collection of clinical isolates of

Clostridium difficile: Si f I »Th mended reference agar dilution method
for anaerobgsl.(r(l\ﬂbli(f-%%%;@%%E%é?ﬁﬁw cuéjf)fb%ll §é%?fr%1§m ‘Fg@e %gégéoér? éolfgﬁ(f?f%gnted with 5%
laked sheep'bioatheBoug st dmintid camdip gl ar ivAnfimiditdd Wis dhe qestofadiuem: TTheliest
compoundsyere serially diluted and added to the molten supplemented agar. Growth controls were
done on drug free plates. Prior to testing, all isolates were subcultured twice onto enriched brucella

agar plates.Basleital ooloniemveie SUBPETEEeh), bruseda Hreth piapdrsdization widhads Vitek
colorimeter was used.to prepare each inoculum to the equivale a 0.5 McFarland standard,
PNt IO LS 0 e CDB NG L LSRN A Sreard EpRAIor T PR rere
incubated undesaiaesshiencodiions fo0 48 hiat VIR, (Chamminunmahibittgcanceniratian (MIC)

was the concentration hat comgletelly wHuk;lgted V'd;'bl n%rowth as 83%@2%1 to thetg(rulg-free control. All

S e 100 MIXTULC Was Cvi a) u I reduce TCSSUIe an TESIAUC Was CIF Up 1
antibiotics were prepared and tested atl%ng With VAntcomycin and metronidazolé as controls. WO

2009/136379RP L 18208063896 and stured. The resulting solid was collected by filtration and
washed with MeOH to afford 230 mg (67% yield) of a yellow solid.
10 'H NMR (DMSOgs; & ppm): 1.66-1.35 (m, 4H), 1.75 (d, T=12.8, 2H), 1.95 (m, 2H),
3.33 {t broad, 1= 11.0, 2H), 3.57 (m, 3H), 3.67 (dd, J=12.3, 33, 1H), 3.83 (m, 2H),
3.92 (s, 2H), 4.06 (t, J=9.0, 1H), 4.69 (m, 1H), 7.24 (m, 2H), 7.60 (m, 2H), 7.90 (d,
J=13.3, 1H), 8.66 (s, 1H).
MS (ESI): 585.9.

15 Example 2: l-cyclopropyl-6-fluoro-7-{4-|2-fluoro-4-((R)-5-hydroxymethyl-2-0x0-
oxazolidin-3-yI}-phenoxymethyvl|-4-hydroxy-piperidin-1-yl}-4-ox0-1,4-dihydro-
{1.8]naphthyridine-3-carboxylic acid:

A solution of 7-chloro-1-cyclopropyl-6-fluoro-1,4-dihydro-4-0x0-1,8-naphthyridine-
3-carboxylic acid (106 mg; commercial) and intermediate 1.ifii {200 mg) in NMP (5 ml)

20 was treated with TEA (0.32 ml) and TMSCI and heated at 85°C for 5 h. The reaction
mixture was evaporated under reduced pressure and the residue was taken up in 58 HCl in
MeOH (3 ml) and stirred for 30 min. The solution was evaporated under reduced pressure
and the residue was taken up in EA. The resulting solid was collected by filtration and
washed with EA, affording 271 mg (78% yield) of a yellow solid.

25 'H NMR (DMSOys; 8 ppm): 0.89-1.27 (m, 4H); 1.78 (d, J = 12.8, 2H); 1.90-2.04 (m, 2H);
3.53-3.88 (m, 6H}); 3.88 (s, 2H), 4.06 (t, J = 9.0, 1H), 4.42 (d broad, J = 13.2, 2H), 4.44 {m,
1H); 7.11 (m, 2H); 7.55(d, J = 14.5, 1H); 8.05(d, J = 13.5, 1H); 8.60 (s, 1H).

MS (ESI): 586.8.



- 29 - 5.ii. Results: The compound of Example 1 was tested for its activity to inhibit growth of a
collection of 209 diverse clinical isolates of C. difficile in vitro. The compound of Example | showed a

MIC90 (minimal inhibitory concentration to inhibit the growth of 90% of strains or more) 5 of 0.25
pg/ml, the MHESYBEAIAEED ranging from 0.06 to 0.5 pg/ml. It was on averafe MBI UE&othan

vancomycin, metronidazole and linezolid, which had MIC90s of 2, 1 and 8 pg/ml, respectively.
Example 6: antibacterial in vitro activity of the invention compounds againstaerobic Gram-positive
bacteria: 106.i. Experimental method: Minimal inhibitory concentrations (MICs) were determined by a

broth microqﬁgﬁt;ﬁ)ﬁ]@§§ay_§9]jg\iy{43§3thg_gu}Q@Umggf)lmm&qhmgtgﬁg@mmInstitute [CLS],
formerly NCCLS, 1997!].. Briefly, stock solutions of the compounds were prepared in HMSO (5.12
mg/ml), serfafyF Rt A E S H- RO ARSI s -SSPt ?f’ft’f%i’ﬁﬂﬂ%ﬂ"%‘ﬁ 15 dispensed in
microtiter plaegmiiiethguneliial-a-BicmeldiRAREIpipeting robot (Beckman Coulter). The final DMSO
concentration was 2.5% or below. Plates were inoculated to achieve a concentration of generally

3-6x105 CFy[ny)iﬁfgq_rcg}@le%ig&pg&gg for.18-24 h, the plates were read in a plate reader at

0D595(Ultramark, Biorad Laboratories). The MICs were initially read at the lowest concentration

showing >96% 2y aihd@QiInNibiigRyeo mpREEaigveREE oW IfmifP latesvreienadsaianerikadevisually with
T compob et R AL S8 N RDCIAnY oo S6 e BRBErAe THRHLALRS obtaned
are summatisedarT dhte r2shire atigind/ @i200%363 7DRET/ 1B 2 GOSN 89 6cidthatStraph W I C
measured f?l{]g:%%%og%yg)l Qo%%ggr?@’}\{l Igc(ggg/?%éﬁ%f a colourless liquid.
"H NMR (DMSOu; & ppm): 3.83 (dt, J=1 and I=6, 4H); 5.05-5.18 (m, 6H)
10 5.70-5.86 (m, 2H); 7.27-7.48 (m, 5H).

3. 2,5-dilvdro-pyrrole-1-carboxylic acid benzvl ester:

Benzylidene-bis(tricyclohexylphosphine)dichlororuthenium (5 g) was added to a solution

of intermediate 3.1 (17.56 g) in DCM (1.5 1) at rt under nitrogen. The reaction mixture was

stirred at 40 °C for 2 h and concentrated in vacuo. The residue was purified by FC
15 (Hex/EA 90:10) to give 14.08 g (91% yield) of a yellow liquid.

"H NMR (DMSOg; & ppm): 4.05-4.16 (m, 4H); 5.08 (s, 2H); 5.81-5.92 (m, 2H),

7.27-74] (m, SH).

3.iii. (RS}-3-hydroxy-pyrrolidine-1-carboxyfic acid benzyl ester:

A 1M solution of borane in THF (9 ml) was added to a solution of intermediate 3.ii
20 (1.81 g) in THF (25 ml) at 0 °C under nitrogen. The reaction mixture was stirred at rt for
16 h and was cooled to 0 °C. 20% NaOH (1.8 ml) was carefully added dropwise followed
by 35% aq. hydrogen peroxide (1.2 ml). The mixture was stirred at 0 °C for 30 min and at
rt for 2 h. Et;O and an aq. 40% sodium bisulfite solution were added and the reaction
mixture stirred vigorously for 15 min. The residue obtained after work up (Et0) was
25 purified by FC (Hex/EA 5:5 to 3:7) to give 1.01 g (51% yield) of a colourless oil.
"H NMR (DMSOqgs; & ppm): 1.67-1.82 (m, 1H); 1.82-1.96 (m, 1H); 3.16-3.25 (m, 1H);
3.28-3.44 (m, 3H) 420-429 (broad, 1H);, 492 (d, J=3, 1H); 3506 (s, ZH)
7.27-7.41 (m, 5H).



for ciprofloxacin (kg./Inl) MIC measured for linezolid (jig/ml) MIC measured for the compound of
Example 1 (jig/ml) S. aureus ATCC 29213 10.75 2 0.25 S. aureus A-798 (MRSA) | > 16 2 0.25 S.

aureus ATCC 43300 (MRSA)
WO 2609/136379 PCT/IB2069/651896

S25.

3.iv. 3-oxo-pyrrolidine-1-carboxylic acid benzy! ester:

A solution of intermediate 3.1ii (1.10 g} in DCM (8 ml) was cooled to 0 °C and DIPEA
(2.5 ml) was added dropwise, followed by a solution of sulfur trioxide pyridine complex
(1.79 g} in DMSO (6.5 ml). The reaction mixture was stirred at 0 °C for 1 h and was
5 quenched by the addition of water (6 ml). The aq. layer was exiracted with Et;O/Hex (1:1,
3 x 5 ml) and the combined org. layers were concentrated in vacuo. The residue obtained
after work up (Et;0/Hex 1:1) was purified by FC (Hex/EA 5:5) to give 1.05 g (96% yield)
of a yellowish oil.
"H NMR (DMSOus; & ppm): 2.48-2.61 (m, 2H); 3.61-3.80 (m, 4H); 5.09 (s, 2H);
10 7.27-7.41 (m, SH).

3.v. 3-methvlene-pyrrolidine-1-carboxylic acid benzyl ester:

-BuOK (617 mg) was added in one portion to a white suspension of methyl
triphenylphosphonium bromide (1.98 g} in THF (10 ml) at rt under nitrogen. The yellow
suspension was stirred at 1t for 1h and then cooled to -10°C. A solution of

15  intermediate 3.iv (1.05 g) in THF (2 ml) was added dropwise over 10 min and the reaction
mixture was allowed to warm to rt over 2 h. The reaction was quenched by the addition of
sat. aq. NH4Cl (1 ml) and diluted with EA. The residue obtained after work up (EA) was
purified by chromatography (Hex/EA 90:10) to give 633 mg (64% yield) of a yellowish
liquid. |

20 'H NMR (DMSQg; & ppm): 2.48-2.61 (m, 2H); 3.36-3.53 (m, 2H); 3.84-4.01 (m, 2H),
4.97-5.03 {m, 2H); 5.08 (s, 2H); 7.27-7.41 {(m, 5H).

3.vi. 1-oxa-5-aza-spirof2.4]heptane-3-carboxylic acid benzyl ester:

A solution of intermediate 3.v (7.21 g) in DCM (400 ml) was treated with MCPBA

(20.1 g) and NaHCQO; (22.3 g) at rt. The reaction was stirred at rt for 2 h, diluted with
25  DCM {200 ml) and poured in 2 solution of NapSO3 (45 g) in water (400 ml), The mixture

was stirred for 10 min and the org. layer was separated. The residue obtained after work up

(DCM) was purified by FC (Hex/EA 6:4) to give 4.37 g (56% yield) of a yellow oil.

‘H NMR (DMSOg; & ppm): 1.70-1.83 (m, 1H); 2.22-2.37 (m, 1H); 2.90-2.94 (m, 1H);

2.95-2.99 (m, 1H); 3.15 (t, J= 11, 1H); 3.39-3.77 {m, 3H); 5.09 (s, 2H); 7.27-7.41 (m, 5i1).



10.2520.25 S. aureus Si (LZD-R) 1 0.25 > 32 1 E faecalis ATCC 29212 1 2 2 025 E faeallis H 4060
>32 > 16 2 0.25 FJecaiisH6279 >32 >16
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3vil, (RS)-3-[2-fluoro-4-((R)-5-hydroxymethyl-2-oxo-oxazolidin-3-yl})-phenoxymethyl]-

3-hydroxy-pyrrolidine-1-carboxylic acid benzyl ester:

K2COs (274 mg) was added to a suspension of intermediate 1.1 (300 mg) and intermediate
3.vi (338 mg) in DMF (3 ml). The reaction mixture was stirred at 80°C for 3 h and the
solvent was removed in vacuo. The residue obtained after work up (DCM) was purified by
FC (DCM/MeOH 95:5) to give 531 mg (87% vield) of a beige foam.

"H NMR (DMSOg; & ppm): 1.80-1.92 (m, 1H); 1.96-2.08 (m, 1H); 3.32-3.59 (m, SH);
3.66 (ddd, J=3,J=6and J =13, 1H); 3.80 (dd, J=06 and J =9, 1H); 3.97-4.09 (m, 3H),
4.64-4.72 (m, 1H); 5.07 (s, 2H); 519 (t, J=6, 1H); 5.23 (s, 1H); 7.18-7.23 (m, 2H);
7.27-7.38 (m, 5H); 7.57 (dd, J = 2 and J = 14, 1H).

MS (ESI): 460.9.

3wviii. (R)-3-[3-fluoro-4-((RS)-3-hydroxy-pyrrolidin-3-vimethoxyj-phenyl]-

S-hydroxymethyl-oxazolidin-2-one:

A solution of intermediate 3.vii (239 mg) in THF/MeOH (1:1; 20 ml) was hydrogenated
over 10% Pd/C (60 mg) for 20 h at rt. The reaction mixture was concentrated in vacuo,
taken in DCM/MeOH 90:10 (20 mi) and stirred at rt for 30 min. The catalyst was filtered
off and the filtrate concentrated in vacuo to give 184 mg (100% yicld) of an orange foam.
MS (ESI): 327.3.

3.ix. l-cyvclopropyl-6-fluoro~7-{(RS)-3-[2-fluoro-4-((R}-5-hydroxymethyl-2-0x0-
oxazolidin-3-yl)-phenoxymethyi]-3-hydroxy-pyrrolidin-1-vil}-4-oxo-1,4 dihydro-quinoline-

3-carboxylic acid:

A solution of intermediate 3.viii (226 mg) and 7-chloro-1-cyclopropyt-6-fluoro-
1,4-dihydro-4-ox0-3-quinolinecarboxylic acid boron diacetate complex (270 mg; prepared
according to WO 88/07998) in NMP (5 ml) was treated with DIPEA (120 pl) and stirred at
60°C for 2 h. The reaction mixture was concentrated in vacuo and the residue was taken in
5M HCl in MeOH (2 ml). The solution was stirred at rt for 1 h, concentrated in vacuo and
the residue was purified by FC (DCM/McOH/AcOH 95:4:1 to 90:9:1). The foamy residuc
was taken in MeOH {2 ml), stirred for 1 h and filtered. The crystals were collected and
dried in vacuo to afford 23 mg (6% yield) of a beige solid.

'H NMR (DMSOqys; & ppm): 1.10-1.34 (m, 4H); 1.98-2.10 (m, 1H); 2.14-2.26 (m, 1H);
3.48-3.70 (m, 3H); 3.71-3.89 (m, 5H); 4.05 (t, J =9, 1H); 4.09-4.18 (m, 2H); 4.66-4.74 (m,



2 0.25 FfaecalisH6S97 >32 >16 4 1 E. faecalis H 7094 >32 > 16 4 0.5 E. ,faecalis H 7460 >32 >16 16
1 E. feecium ATCC 1943418 2 0.25

WO 2009/136379 PCT/EIB2009/0518%96
-027-

1H); 5.19 (¢, J = 6, 1H); 5.40 (s, 1H); 7.09 (d, J =8, 1H); 7.18-7.31 (mn, 2H); 7.59 (dd. J =2
and = 14, 1H); 7.82 (d, T = 14, 1H); 8.59 (s, 1H); 15.52 (s, 1H).
MS (ESI): 572.3.

Example 4: antibacterial in virro activity of the invention compounds against

5  reference strains of Clostridium difficile ov Clostridium perfringens:

4.i. Experimental method:

Minimal inhibitory concentrations (MICs) were determined by a broth microdilution assay.
Brucella broth supplemented with a final concentration of 0.5 mg/L of Vitamin K; and
5 mg/L hemin was used as the test medium. Briefly, stock solutions of the compounds
10 were prepared in DMSO (5.12 mg/ml), and 5 p! of a range of two-fold serial dilutions in
50% DMS0/50% H,O were dispensed into 96-well microtiter plates contamning 45 pl
supplemented Brucella broth and shaken for 5 min . To prepare the inocula 24 h old
colonies of C. difficile grown on Brucella agar supplemented with 5% laked sheep blood,
5 pg of hemin/ml, and 1 pg of vitamin Ky/ml were suspended in supplemented Brucclla
15 broth and adjusted to a density matching 0.5 McFarland standard. 50 ul of a 50-fold
dilution of this suspension was used to inoculate the wells of the 96-well plate resulting in
approximately 10* colony forming units (CFU) per well. The final DMSO concentration
was 2.5%. The final concentration range was 0.063 — 16 pg /mL. The plates were incubated
under anaerobic conditions for 48h at 37°C. After incubation the plates were read m a plate
20 reader at ODsos (Ultramark, Biorad Laboratories). The MICs were initially rcad at the
lowest concentration showing >90% of growth inhibition compared to control wells. Plates
were also checked visually with the aid of a reading mirror, and MICs were confirmed by

the absence of visual growth,

401 Results:

25  The compounds of Examples 1-3 were tested in vitro for their activity to inhibit growth of
three reference strains of C. difficile or Clostridium perfringens. The results obtained are

summarised i Table 1 hercafter.



E facciuH 9070 >32 > 16 2 1 E. faccium H 7969 >32 >16 4

faccium H 7965 >32 >16 2 0.5 E. faccium H 7937 >32

E.faeciutn H 7966 >32>16 1 0.5 E.

WO 2009/136379 PCTAB2G09/051896
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MIC regarding MIC regarding MIC regarding MIC regarding
C. difficile C. difficile C. difficile C. perfringens
Compound tested o ,
ATCC 43596 ATCC 9689 NC 13366 DSM 756
(ug/ml) (ng/ml) (sg/ml) (ug/mi)
Ciprofioxacin B 8 > 16 0.25
Lmezolid 8 2 1 4
Example 1 0.125 0,125 0,06 <0.03
Example 2 0.06 0.125 .03 <0.03
Example 3 0.25 0.5 0.25 0.125
Table 1

The compounds of Examples 1-3 showed potent in vitro activity against the strains of C.
difficile and C. perfringens tested. Strong activity was also observed against the quinolone-
resistant hypervirulent strain NC13366. The compounds of Examples 1 and 2 were slightly
more active than the compound of Example 3 and all Example compounds were clearly

5 more active than ciprofioxacin and linezolid.

Example 5: antibacterial in vifro activity of the compound of Example 1 against a

collection of clinical isolates of Clostridium difficile:

5.0 Experimental method:

The CLSI-recommended reference agar dilution method for anaerobes (M11-A6) was used
10 for susceptibility testing. Brucella agar supplemented with 5% laked sheep blood, 5 g of
hemin/ml, and 1 pg of vitamin Ki/ml was the test medium. The test compounds were
serially diluted and added to the molten supplemented agar. Growth controls were done on
drug free plates. Prior to testing, all isolates were subcultured twice onto enriched brucella
agar plates. Bacterial colonies were suspended in brucella broth. Standardization with a
15 Vitek colorimeter was used to prepare each inoculum to the equivalent of & 0.5 McFarland
standard, approximating 10*-10° CFU per spot after application with a Steers replicator.
The plates were incubated under anaerobic conditions for 48 h at 37°C. The minimum
mhibitory concentration (MIC) was the concentration that completely inhibited visible
growth as compared to the drug-free control. All antibiotics were prepared and tested along

20 with vancomycin and metronidazole as controls.



>16 1 0.25 E. faeciurn A 962 >32 > 16 4 0.5 E. faccium A949 >32 >16 2 1 E filecium Li (LZD-R) 0.5 >
16 >32 2 Table 2 In summary, the compound of Example | had potent in vitro activity against strains
of Staphylococcus aureus, S. aureus MRSA, Enterococcus .faecalis, and Enterococcus faecium. It
was active éﬁ%ﬁ%}? s resistant to vancomycinégciprofloxacin or linezdifg/1B2009/051896

5.0, Resulss:

The compound of Example 1 was tested for ifs activity to mnhibit growth of a collection of
209 diverse clinical isolates of C. difficile in vitro. The compound of Example 1 showed a
MIC90 (minimal inhibitory concentration to inhibit the growth of 90% of strains or more)
5 of 0.25 pg/ml, the MICs obtained ranging from 0.06 fo 0.5 pug/ml. It was on average more
active than vancomycin, metronidazole and linezolid, which had MIC90s of 2, | and &

pg/ml, respectively.

Example 6: antibacterial in vitro activity of the invention compounds againstaerobic

Gram-positive bacteria:

10 6.1 Experimental method:

Minimal inhibitory concentrations (M1Cs) were determined by a broth micredilution assay
following the guidelines of the Clinical Laboratory Standards Institute [CLSI, formerly
NCCLS, 1997]. Briefly, stock solutions of the compounds were prepared in DMSO
(5.12 mg/ml), serially diluted in cation-adjusted Mueller-Hinton Broth 1 (CaMHB), and
15 dispensed in microtiter plates with the help of a Biomek 2000 pipeting robot (Beckman
Coulter). The final DMSO concentration was 2.5% or below. Plates were inoculated to
achieve a concentration of generally 3-6x10° CFU/ml. After incubation at 37°C for
18-24 h, the plates were read in a plate reader at ODsos (Ultramark, Biorad Laboratories).
The MICs were initially read at the lowest concentration showing >90% of growth
20  inhibition compared to control wells. Plates were also checked visually with the aid of a

reading mirror, and the MICs were confirmed by the absence of visual growth,
6.1, Results:

The compound of Example 1 was tested against Gram-positive acrobic bacteria. The

results obtained are summarised in Table 2 hereafter.



WO 2009/136379PCT/182009/051896 - 31 - Example 7: antibacterial in vitro activity of the compound
of Example 1 against particular anaerobic bacterial strains: Using the experimental method described
at Example 5 (see 5.1), the compound of Example 1 (Ex. 1) was tested in vitro for the ability to inhibit
the growth of 8eitiir*8*ahaerobic bacteria that are known or suspected t& pIAPFH 18 ¢he normal gut
flora and in the maintenance of its role in protectioA’against C. difficile overgrowth (hereafter
collectively called "the commensal gut bacteria"). As references, the compound of Example 5 of WO

ined are

13366

2005/058888 (R1) and ciprofloxacin (CP) were tested at the same time. The MICs thus obta
shown in Table 3 hereafter. Strains MIC big/mil R1 Ex. 1 CP Clastridium difficde A-1179NC
<0.06 <0.06 >32 Fugoha.cteriuin necrophofift A 1088 T8 50608" P BE terdi et aVHtls
A-991ATCC 8483 8 for vancomycin for for linezolid for the
Strain {Lg/mi) ciprofloxacin (rg/ml) compound of
{pg/ml) Example !
(ng/ml)

S. aureus ATCC 29213 1 0.25 2 0.25

8. aureus A-7T98 {MRSA) 1 >16 2 0.25

S. aurens ATCC 43300 (MRSA) 1 0.25 2 0.25

S. aureus 51 (LZD-R) 1 0.25 > 32 1

E. faecalis ATCC 29212 1 2 2 0.25

E. fuecalis H 4060 >32 > 16 2 0.25

E. jaecalis H 6279 >32 > 16 2 0.25

E. faecalis H 6897 >32 > 16 4 1

E. faecalis H 7094 >32 > 16 4 0.5

E. faecalis B 7460 >32 > 16 16 1

E. faecium ATCC 19434 ] 8 2 0.25

E. faecium H 9070 > 32 =16 2 1

B faecium H 7969 =32 =16 4 1

E. faecium H 7966 >32 > 16 1 0.5

E. faecium H 7965 =32 =16 2 0.5

E. faecium H 7937 > 32 > 16 1 0.25

E. faecium A 962 > 32 > 16 4 0.5

E faecium A 949 > 32 > 16 2 1

E. faecium 1.1 (LZD-R) 0.5 > 16 >32 2

Table 2

In summary, the compound of Example 1 had potent in vitro activity against strains of

Staphylococcus aureus, S. aureus MRSA, Enterococcus faecalis, and Enterococcus

Jfaecium. It was active against strains resistant to vancomycin, ciprofloxacin or linezolid.



16 16 Bacteroides fhagilis A-992ATCC 25285 2 8 8 Bacteroides thetaiotaommron A-990 ATCC 29741
4 8 16 Ba.cteroides vulgatus A-989ATCC 8482 1 2 32 Bacteroides fragilis A-502T 74032 4 8

Bacteroides fragilis A-348T 8673128
WO 2009/136379 PCT/IB2009/651896
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Example 7: antibacterial in vifro activity of the compound of Example 1 against

particular anaerobic bacterial strains:

Using the experimental method described at Example 5 (see 5.), the compound of
Example 1 (Ex. 1) was tested in virro for the ability to inhibit the growth of certain

5 anacrobic bacteria that are known or suspected to play a role in the normal gut flora and in
the maintenance of its role in protection against C. difficile overgrowth (hereafter
coliectively called “the commensal gut bacteria™). As references, the compound of
Example 5 of WO 2005/058888 (R1) and ciprofloxacin (CP) were tested at the same time.
The MICs thus obtained are shown in Table 3 hereafter.

MiC [ug/ml]
Strains

R1 Bx, 1 Crp
Clostridium difficiie A-1179 NC 13366 <0.06 <0.06 >32
Fusobacterium necrophorum A-1260 DSM 20698 1 1 4
Bacieroides ovatus A-991 ATCC 8483 8 16 16
Bacieroides fragilis A-992 ATCC 25285 2 8 8
Bacteroides thelaiotaomicron A-990 ATCC 29741 4 8 16
Bacteroides vulgatus A-989 ATCC 8482 1 2 32
Buacteroides fragilis A-502 T 7403 2 4 8
Bacteroides fragilis A-348 T 8673 ] 2 8
Bacteroides fragilis A-217 B 6306 2 4 8
Bacteroides fragilis A-501 B 8039 4 4 32
Bacteroides fragilis A-294 T9174 2 4 8
Bactercides fragilis A-293 B 2518 2 4 8
Bacteroides fragilis A-260 T 9865 l 4 8
FEubacterivm limosum A-1259 DSM 20698 0.125 1 2

10 Table 3



Bacteroides fmgilis A-217B 6306 2 4 8 Bacteroides fragilis A-501B 8039 4 4 32 Bacteroides fragilis
A-294T 9174 2 4 8 Bacterozdes ling is A-293B 2518 2 4 8 Bacteroides fragilis A-260T 9865 1 4 8
Eubacterium limosum A-1259DSM 20698 0.125

WO 2009/136379 PCT/IB2009/05189¢6
32-
MIC [ug/m! |
Straing

R1 Fx. 1 CP
Finegoldia magna A-1254 DSM 20470 <0.06 0.25 2
Bifidobacterium adolescentis .
A-1257 DSM 20083 | =00 0:3 2
Bifidobacterium bifidum A-1258 DSM 20456 0.125 0.5 4
Laciobacillus acidophilus A-1255  DSM 20079 =0.06 0.5 32
Lactococcus lactis A-1256 DSM 20069 <(.06 0.3 1

Table 3 (continued)

In summary, the compound of Example | showed reduced activity regarding the
commensal gut bacteria compared to C. difficile. For Bacteroides spp., which are important
members of the human protective gut flora, the activity is 30 to 200 times lower. This
5  seclective activity offers the potential for selective killing of C. difficile in the gut while

sparing important bacteria of the gut flora.

Besides, when compared to the compound of Example 5 of WO 2005/058888, the
compound of Example 1 showed in most cases 2 to 4 times less activity agamnst the tested
Bacteroides spp., 4 times less activity against the Eubacierium limosum A-1259 or
10 Finegoldia magna A-1254 stramns, 4 to 8§ times less activity against the tested
Bifidobacterium spp. and ¥ times less activity against the Lactobacillus acidophilus

A-1255 and Lactococcus lactis A-1256 strains.

Therefore, when compared to the compound of Example 5 of WO 2005/058888 (R 1), the
compound of Example 1 was significantly less active against the commensal gut bacteria,

15 indicating an advantage for selectively killing of C. difficile in the gut.

Example 8: effect of the compound of Example 1 on C. difficile toxin production:

8.1, Experimental method:

Hypertoxigenic C. difficile strain NC13366 was grown anaerobically in supplemented
Brucella broth for 24 h at 37°C to a cell density of approximately 1x10® CFU/ml. Bacteria



12 WO 2009/136379PCT/1B2009/051896 - 32 - Strains MIC ing/mlj R1 Ex. 1 CP Finegoldia magna
A-1254DSM 20470 <0.06 0.25 2 Bfidoba.cteriuni adolescentis A-1257DSM 20083 <006 03 2

Bifidobacteriunt bifidum A-1258DSM 20456 0.125
WO 2009/136379 PCTAB200%/051896

- 33 -

were washed by centrifugation and resuspended in the same volume of supplemented
Brucella broth containing antibiotics at 1 and 8 pg/ml, respectively. The control contained
no antibiotic. The cultures were further incubated anaerobically at 37°C. At day 5 cuiture

supernatants were collected and assayed for toxin A and toxin B as described hereafter.

5 Toxin A was detected by Western Blotting using the NuPage Large Protein Analysis
System (Invitrogen LPO001, according to kit instructions). The Western Breeze anti Mouse
Immunodctection kit (Invitrogen WB7103) with anti CdTA mouse monoclonal antibodics
(PCGA4.1, Biodesign C70517M) was used.

C. difficile cytotoxic toxin (toxin B) was semiquantitatively detected by testing
10 supematants of C. difficile cultures for cell-rounding activity in CHO cells. CHO cells
were seeded into 96-well flat bottorn plates (1x10° cells/well) and allowed to attach for 3 h.
Appropriate dilutions of filter sterilized supernatants were added to the cells and further
incubated at 37°C, in 5% CQO,. After 20 h of incubation cell rounding was determined
using an inverted microscope. The toxin titer was defined as the highest serial 10-fold

15 dilution of the supernatant resulting in >90% cell rounding,

Colony forming units (CFU) were determined by plating appropriate dilutions of test
samples on supplemented Brucella agar and colony count after 48 h incubation at 37°C

under anaerchic conditions.

8.1, Results:

20 The outlook of a Western Blot plate to analyse toxin A production in supernatants of static
high density cell cultures of C. difficile NC 13366 (a toxin-hyperproducing NAPI/027-type

strain that caused outbreaks in hospitals with high mortality) is shown in Figure 1.

The experimental method mentioned at paragraph 8.1 was used to obtain the result shown
in Figure 1. At day 1 {D1), cultures were treated with either the compound of Example 1
25  (Ex. 1), vancomycin (V), metronidazole (M) at 1 and & pg/mi or left untreated (U); at day 5
(D3), the contents of toxin A in the supernatants were analysed and comparcd with those
observed at D1 (see Figure 1). In high density five day old stationary phase cultures of
toxigenic C. difficile, the compound of Example 1 inhibited de nove toxin A production at
concentrations of 1 and 8 pg/ml, f.e at 2 and 16x the MIC (see Figure 1). In contrast,
30  metronidazole and vancomycin did not inhibit toxin A production under these conditions

or did so only weakly.



0.5 4 Lactobacillus acidophilus A-1255DSM 20079 <0.06 0.5 39 Lactococcus lacA-1256DSM 20069
<0.06 0.5 Table 3 (continued) In summary, the compound of Example | showed reduced activity
regarding the commensal gut bacteria compared to C. difficile. For Bactemides SPPs which are
important mEMBEEISF e human protective gut flora, the activity is 30 topfgéu?ﬁ%egza%\%\?gr. This
5selective activity offers the potential for selective Killing of C diffici/e in the gut while sparing important
bacteria of the gut flora. Besides, when compared to the compound of Example 5 of WO 2005/058888,
the compoUfd BfExampints Hevvet sh s ehSustietevpimesosds B &yt Bin sethatedted

Bacteroides, gpPoufdiiesdessRrtivivagainsiingriubactaiim inasianhrl42906 A0 kinggoldia
magna A-1254 strains, 4 to 8 times less activity against the tested Bijidobacterium S%)E'egnd 8 times

less activity"5gEmatithae sempaiiurd Eeaplniludy Kerosi sthip rRIGCoERE 4 oA IDEE et ains.
Therefore, whemcompamado hesampaungahbxanple e Ri20Ra658388-(R Iyctheeompound of

wavantage 157 AL CREIE) e RERE g G ey o Pectera, tondeatng an
In summary, the compound of Example 1 has the ability to stop efficiently the synthesis of
C. difficile toxins A and B cven in high density static cultures and in absence of killing,
which is not the casc for the vancomycin and metronidazole, the favoured drugs currently

used for treatment of C.difficile infections.

10 Example 9: effect of the compound of Example I on C. difficile spore formation:

9.i. Experimental method:

C. difficile A-1050 (ATCC 43596) was grown to logarithmic growth in supplemented
Brucella broth resulting in turbidity matching McFarland 0.5 standard (6-7 h at 37°C under
anaerobic conditions). Cultures were diluted 1:50 in tubes containing tml of supplemented
15 Brucelia broth containing the antibiotics at various concentrations in 2-fold dilution steps.
Tubes were further incubated for 4 days at 37°C under anacrobic conditions. The MIC was
defined as the concentration that inhibited visible growth (turbidity) completely. 0.5x MIC

was the highest concentration of drug allowing visible growth.

Assessment of colony forming units (CFUs) of total cells was performed by plating
20 appropriate 10-fold dilutions of the cultures on Brazier’s agar containing 4% cgg yolk
suspension and 1% tysed horse blood (Lab M). Colonies were counted after incubation at
37°C for 48 h under anaerobic conditions. Spore counts were done by selectively killing of
vegetative cells by treatment with 50% ethanol for 1 h at rt and sub-sequent CFU count on

Braziers’ agar as detailed above,

25 9.4i. Results:

C. difficile is a sporc forming organism and spores can persist for a long time in the
hospital environment. Spores are very resistant to common disinfection procedures.
Therefore spores play an important role in the transmission and persistence of C. difficile
infections. Growing in vitro cultures of C. difficile were treated with various sub-MIC

30 concentrations of the compound of Example 1, vancomycin or metronidazole and



Example 8: effect of the compound of Example 1 on C. difficile toxin production: 8.1 Experimental
method: WO 2009/136379PCT/1132009/051896 - 33 - were washed by centrifugation and
resuspended in the same volume of supplemented Brucella broth containing antibiotics at 1 and 8

ug/ml, respetRY HHEcontrol contained no antibiotic. The cultures wergfUffFFIE S ted

anaerobically at 37C. At day 5 culture supernatant®were collected and assayed for toxin A and toxin B
as described hereafter. 5 Toxin A was detected by Western Blotting using the NuPage Large Protein
Analysis Systantigiredtiiogére EFe00N, heguedirngao kitipmweetionsd)dakeivestatiBrsabetianti Mouse

Immunodetgction- kitdnitronen W 7403 withaallddIAdnouse manaianat antikedies(C64.1,
Biodesign C70517M) was used. C. difficile cytotoxic toxin (toxin B) was semiquantitatively detected by
testing 10 stAFepABREMS %f@péﬁfﬁcqfé%ﬁﬁufb@wm-ﬁeaﬁ@iﬁ@%ﬁmﬁw&ﬂé gelisoerblgells were

seeded into@fwelt fiatheiomnplaiesidxddncellstyeld) ang allomstdeattaghfidhyAppropriate
dilutions of filter sterilized supernatants Wergégd,egeto the cells andr{gé| Q/er incubajed %t 37C, in 5%
[

CO2. Alter SHPRCBFMCEDAiSh &R T odHairy etk e ?ﬂ‘?ﬁfiﬁ‘ﬁ%if‘?éeé %F@Sfﬁﬁie 0SS The toxin
titer was definegspsTthie higloest seataihtO:doigddlndilofitnofjike Isbperhatantrgsuttingdncz 9886 cell
rounding. Colony forming units F.U% were determined %( ating ropriate dilutions gf test samples
on suppIem%rr(m)f:{(;:l}tgfifé’?’ué’:—:‘illIgtp 366asr and’ o%cr?)%nc%%n?g ércﬂ lﬁ[l))i%clu a%%)% é%}ﬁce %ﬁrﬁ: G enr1t gnglgpobic
conditions. 8atitoResuls n2GThalowllook of a Western Blot plate to analyse toxin A production in
supernatants of static high density cell cultures of C. difficile NC 13366 (a toxin-hyperproducing

NAP|/027‘U£|O€ strain that caused outbreaks in hospitals with higBr{ mog:{alit is sgé)wn in Figure 1. The
experimentarHBIHEd heligne At iy AAa ARvET WHLORPIUB GBLAN fheplictie BB in Figure 1. At

day 1 (D1), makeres were treated with either the compound of Example 1 25 (Ex. 1), vancomycin (V),
metronidazole (M) at 1 and 8 ug/m1 or left untreated (U); at day 5 (D5), the contents of toxin A in the
supernatan%yz\_/eggqgaepg,l,)é%g Abg sempared with those observed at DI (see Figure 1). In high density
five day old stationary phase cultures of toxigenic C. difficile, the compound of Example 1 inhibited de

novo toxin Aspregustion akegnresnitations:of dinne i8jueioH dfe atdandnlfotheMICusegikigure 1). In
contrast, 30 metyogi%azole and vancomycin.did not inhibit toxin l%sgﬁggjgion.gndergtr%’?q_eﬁonditions or
did so only S0 Y98y R0 3RE Y SIS 1B 5009 8814856 34 ¢ 8 BIEEEAY e also
analyzed fostthia dpegfixic fidximEhbyolisng dties deltHoased sl itrottidinfagsaly mentionkgsat paragraph
Si. Actjvities of the supernatants of cultures tr, aﬁ) i)th@h co p&qndﬂf Example | wer 1reduced to
>90%q(;éom§§.iréad %Stﬁgteﬁﬁﬁ%gffén né%?ﬁ%}io? I%flg_n%? ts(’tz, ("_c |3%i%dser§f sucpceorrlléﬁe}jrﬁ%rg ?/easnrg"glr%)ycin-treated
cultures wershbussédacetstatcengimdorresiacedrbsisomiyiRowsat Syigleatt). The compound

of Example ! was administered orally as a suspension at three dosage levels (10 mg/kg,

30 mg/kg and 100 mg/kg; n = 10 per group). Vancomycin (50 mg/kg) was used as a

control, Animals were treated once daily for 5 days and afterwards maintain under

20 observation for an additional 21 days.

The animais were observed three times daily for morbidity and presence or absence of
diarrhoea. The final endpoint of the study was survival. Animals judged to be in a
moribund state [extended period of weight loss progressing to an emaciated state, anorexia
for 24-48 h, prolonged lethargy (more than 3 days), signs of paralysis, skin erosions or
25  trauma, hunched posture, distended abdomen} were euthanized by a éingie injection of

sodium pentobarbital.

10.1i. Results:

The therapeutic utility of the compound of Example | was tested using the protocol of
paragraph 10.1, All the infected untreated animals died between 2 and 5 days after infection

30  whereas all animals treated with 10, 30 or 100 mg/kg of compound of Example 1 survived



In summary, the compound of Example 1 has the ability to stop efficiently the synthesis of C. cliff icile
toxins A and B even in high density static cultures and in absence of killing, which is not the case for
the vancomycin and metronidazole, the favoured drugs currently used for treatment of C.difficile
infections. 10EAMPREY? effect of the compound of Example 1 on C. diffi€fd dpHie A5 Atation: 9.i.
Experimental method: C. difficile A-1050 (ATCC 43596) was grown to logarithmic growth in
supplemented Brucella broth resulting in turbidity matching McFarland 0.5 standard (6-7 h at 37C
under anaerobicgchnditibrysicc@ultumtesnete/dilbteth 450 dnstulses! cblitaidifiy lminflsuppiéménted 15
Brucella br ining.. tiioti ari concentrations4n 2- {ution . Jubes were
further incu%%tgg%%%%ﬁgg??ﬂ%% r??e%%%@%%fo&ﬂogn |g§§139.% Tﬁ?e %?é%ﬁgwfgigigﬁgs%ﬁe
concentrati¢ftHAPInHIbiteEnalsi Blevgredvr tiribiditppeorapremieio Bk COvas dhechighased
concentratig O siig afieuing visikle.greudhe Assansirpbahesiony.frrming Lnits (L) f total cells
was performed by plating 20 appropriate 10-fold dilutions of the cultures on Brazier's agar containing

4% egg’yolK'SH<HEREI N Hh &1 s BT eens RBeP A AN eremiEdtivere counted after incubation at
37C for 48 h under anaerobic conditions. Spore counts were done by selectively killing of vegetative
cells by treatment with 50% ethanol for 1 h at P and sub-sequent CFU count on Braziers' agar as
detailed above. 259.u. Results: C. di/flak is a spore forming organism and spores can persist for a long
time in the hospital environment. Spores are very resistant to common disinfection procedures.
Therefore spores play an important role in the transmission and persistence of C. difficile infections.
Growing in vitro cultures of C. difficile were treated with various sub-MIC 30 concentrations of the
compound of Example 1, vancomycin or metronidazole and WO 2009/136379PCT/182009/051896 -
35 - investigated for the effect on the production of spores after 4 days of anaerobic incubation at 37C
(see paragraph 9.i). At a concentration representing 0.5x the M1C, treatment with compound of
Example 1 resulted in low spore counts (<1% spores of total cell count). In contrast, untreated cultures
and cultures treated with metronidazolc or vancomycin at 5 concentrations of 0.5x the MIC showed
high sporulation rates (>90% spores of total cell counts). This indicates that the compound of Example
1 has the potential to reduce the production of spores during treatment of C. diffici/e infection more
efficiently than vancomycin or metronidazole. =~ Example 10: in vivo activity of an invention compound
in the C. diff cile hamster 10model: 10.i. Experimental method:



*Golden Syrian hamsters were given a single injection of clindamycin phosphate (10 mg/kg s.c.), and a
day later animals were infected by gavage with 105 CFU of toxigenic C dUjicile strain 10465. A
fulminant colitis results in the majority (-95%) of animals and develops 1 % days, after the
administratiS{PP 1dficile. Untreated, the colitis progresses rapidly andturns Into sévere colitis,
hemorrhagic necrosis of the cecum and death. Thé’compound of Example 1 was administered orally
as a suspension at three dosage levels (10 mg/kg, 30 mg/kg and 100 mg/kg; n = 10 per group).
Vancomycin (50 mg/kg) was used as a control. Animals were treated once daily for 5 days and
afterwards maintain under 20observation for an &tiflnal 21 days. The animals were observed three
times daily for morbidity and presence or absence of diarrhoea. The final endpoint of the study was
survival. Animals judged to be in a moribund state [extended period of weight loss progressing to an
emaciated state, anorexia for 24-48 h, prolonged lethargy (more than 3 days), signs of paralysis, skin
erosions or go\rapma, uschedpesture, distended abdomen] were euthanized by a single injection of
sodium pentobarbital. 10.11. Results: The therapeutic utility of the compound of Example 1 was tested
using the protocol of p&ragraph 10.i. AH the infected untreated animals died between 2 and 5 days

dose level 40% ofl the ark
30 and 100 mg/kg~gro

\)

dose was usedas a control. These results demo
capacity to 5Streat animals with C. difficile infecHans
2009/136379F2T/1B2009/051896 - 37 - Claims

wherein
A is Nor CH; and

nisQor1;

5  or a pharmaceutically acceptable salt thereof, for preventing or treating intestinal discases
which are caused by bacteria selected from Clostridium difficile, Clostridium perfringens

or Staphylococcus aureus.

2. A compound of formula I as defined in claim 1 for the use mentioned in claim I, or a

pharmaceutically acceptable salt thereof, wherein A is CH.

10 3. A compound of formula T as defined in claim 1 or 2 for the use mentioned in claim 1, or

a pharmaceutically acceptable salt thereof, whereinnis 1.

4, A compound of formula 1 as defined in claim 1, or a pharmaceutically acceptable salt

thereof, which is selected from:
- I-cyclopropyl-6-fluoro-7- {4-[2-fluoro-4-((R)-5-hydroxymethyl-2-oxo-oxazolidin-3-y1}-
15  phenoxymethyl]-4-hydroxy-piperidin-1-yl}-4-0x6-1,4-dihydro-quinoline-3-carboxylic

acid;



‘wherein A'is N or CH; and nis 0 or 1; 50r a phaimaceutically acceptable salt thereof, for preventing or
treating intestinal diseases which are caused by bacteria selected from Clostridium difficile,

Clostridiumﬁfettrin jens or Staphylococcus aureus. 2. A compound of forrp%%ﬁ q(%f'gg%d in claim 1 for
the use mentignet ik Slaim 1, or a pharmaceutically acceptable salt thereof, wheréin ],IA Is CH. 103. A
compound of formula | as defined in claim 1 or 2 for°the use mentioned in claim 1, or a
pharmaceutically acceptable salt thereof, wherein 11 15 1. 4. A compound of foirnula | as defined in

claim 1, or a pHafykksserdaftylaetprabie Jhetrdrédt whndrosgetderkd-fepmpxazolidin-3-yl)-

1-cyclopropydefsfarenyr {449 HerasAdiRinor hyedrpxymetngpxooxazatidinidnel )- 1
5phenoxyr%yl]%hydrpxy-pipgﬁ%ql?]-l -y11 -4-oxo- 1,4-dihydro-quinoline-3-carboxylic acid; WO
2009/1363 FoPEOPBE 6804896 - 38 - - 1-cyclopropyl-6-fluoro-7-

}4-12-fluoro-4-((RySopyaaxsmedhoty 2¢ oxo-txamoldimBsyly droxymethyl-2-oxo-oxazolidin-3-y1)-

phenoxymethyl]-4-hydroxy:piperidin-l-y11-4-oxo 1,4 dihydrg-11 81naphthyridine3:carhoxylic acid; and
e et e G R e R RN B
5phenoxymathly1]-3-hydroxy-pyrrolidin-1-y1}-4-oxo-1,4-dihydro-quinoline-3-carboxylic acid; or a

pharmaceutically acceptable salt of such a compound, for preventing or treating intestinal diseases
which are catgedlsyrizactsitalbelessadalbnsadi otrigithh deffane u s o S NRYEPERE 9§ SFebing

Staphylococgls,aurelig. Ado wAieampownd el fermulailas dafined inclrinvdplapharmareutically
acceptable salt thereof, which is 1-cyclopropyl-6-fluoro-7-

14-12-fluoro ARy SR RETA MR RSO 4=y 1)-phenoxymethyl]-4-hydroxy-piperidin-1-y11-
4-0x0-1,4-dihydro-quinoline-3-carboxylic acid or a pharmaceutically acceptable salt thereof, for
preveriting ¢ teatingointé siinfardiskkakes duffiohl drectaiusédoby Ipheteriacssiedieddrepridtosttidium
difficile, 15 Clostridium. perfringensor Staphylcoccus aukess, 6.4 6or d.of formula 1 as defined
in one of claﬁlﬁgﬁgo@l% a Sphga%cg%%%)gﬂtﬁg/ﬁé@é;zblz_ s_aﬁoﬁ%)erggj??gjrﬁg?g\)/e}%%g%r t?eating the
intestinal diseaseiédivkien apdesausag byl Clokydammpdriieiie- 17 Atonmpbartboirerivireings defined in

one of Clain@c"altﬁ)o%l% &RaF @%‘ﬁ%’ﬁi&@é{}ficaily acceptable salt thereof, for preventing or treating

intestinal discases which are caused by bacteria sclected from Clostridium difficile,

15 Clostridium perfiringensor Staphylococcus aureus.

6. A compound of formula 1 as defined in one of claims 1 to 5, or a pharmaceutically
acceptable salt thereof, for preventing or treating the intestinal diseases which are caused
by Clostridium difficile.

7. A compound of formula 1 as defined in one of claims 1 to 3, or a pharmaceutically
20 acceptable salt thereof, for preventing or treating the intestinal diseases which are cauged

by a toxin producing strain of Clostridium difficile.

8. A compound of formula I ag defined in one of claims 1 to 5, or a pharmaceutically
acceptable salt thereof, for preventing or treating diarrhea discases associated with
enterotoxigenic strains of Clostridium difficile, Clostridium perfringens or Staphylococcus

25  aureus without increasing the concentration of vancomycin-resistant enterococci in the gut.

9. A compound of formula I as defined in one of claims 1 to 5, or a phannaceuticaﬂy
acceptable salt thereof, for preventing or treating diarrhea diseases associated with
enterotoxigenic strains of Clostridium difficile, Clostridium perfringens or Staphylococcus

aureus and reducing the concentration of vancomycin-resistant enterococci in the gut.



20 acceptable salt thereof, for preventing or treating the intestinal diseases which are caused by a
toxin producing strain of Clostridium difficile. 8. A compound of formula 1 as defined in one of claims 1
to 5, or a phatuiaceu.ticafly acceptable salt thereof, for preventing or treating diarrhea diseases
associated with enterotoxigenic strains of Clostridium difficile, Clostridium perfringens or
Staphylococcus 25aureus without increasing the coggentration of vancomycin-resistant enterococci in
the gut. 9. A compound of formula | as defined in one of claims 1 to 5, or a pharmaceutically
acceptable salt thereof, for preventing or treating diarrhea diseases associated with enterotoxigenic
strains of Glpstridium adim&emﬁtpstfidmmmrfrimee@szﬁdsmpméO@D@wmawems fnetreducing the
concentration of vancomycm resi gnt e ter coc i inthe 9.10. l.%lse of .acomp ou?d of formula |
as definediRATRACEH NS ar%?@% of tpﬁ fi‘tlcca? 338 ot S B NRR  Shdound, for the
man ufaCtuﬁee@foalﬁéﬁdlﬁ&mﬁﬂttmﬁﬁeﬁked o praventaeiteat dndidestiial diseasedbhibicisrcaused by
bacteria selected %?strl jum jﬁt}flc Ie Iotst dlun7] rtrln da ;pgdylgggg’cus aureus. 511.
Use accoraﬁ%q% I%?% SRBTEIAHE e %Sa’rﬁe”ﬁﬁ%e fqgcfure i8'fhtended fo treat the intestinal
disease. 12. Use according to claim 10, wherein the medicament manufactured is intended to prevent
the int&stinkl-diseaseording ®. diga é@e@f@ﬂﬁ@ﬁd@é\@%%é?@ﬁﬂfh@%dﬁcmﬁ?%aﬁ%ctured is
also intendgd 10noet tg ncrease the concentration of vancomycin-resistant enterococci in the gut. 14.
Use according to claim 10, wherein the medicament manufactured is also intended to reduce the
concentration of vancomycin-resistant ent rococe iinth (c] .

. Use according to claim 10, wheremn the medicament manufactured is intended to

prevent the intestinal disease.

13. Use according to claim 10, wherein the medicament manufactured is also intended

10 not to increase the conceniration of vancomycin-resistant enterococci in the gut.

14. Use according to claim 10, wherein the medicament manufactured is also intended t0

reduce the concentration of vancomycin-resistant enterococci in the gut.



