1 Title New secondary 8-hydroxyquinoline-7-carboxarnide derivatives. The present invention provides
new secondary 8-hydroxyquinoline-7- carboxamide derivatives and pharmaceutically acceptable salts
thereof, whit¥P2A¥ He¥Rfi%as antifungal agents, and a process for their prep&alidh288&¢[ially, these
compounds were tested against Tricophyton Rubrum, Tricophyton Mentagrophytes, Aspergillus Niger
and Scopulariopsis Brevicaulis. Many of these coMpounds are active against Candida species such as
Candida Albicans and Candida Glabrata. Background of the invention Pathogenic fungi can be divided
in two categories: fungi that are able to induce diseases in normal subjects and less invasive fungi that
are able to produce diseases only in critically ill hosts. in the past two decades there was a significant
increase in the incidence of invasive opportunistic fungal infections and associated morbidity and
mortality. Thigiganainly due to the major advances in modern medicine that have increased the
survival of crifical patients su P}Ta those in intensive care units (ICU) with intravascular and urinary
catheters, tot %F&?@?iﬁ%ﬁi iéiﬁrSH&qHé’EﬂQ '3@8@%‘?% Scted'y t\EYeeﬁt'ilatory systems. Candida
species commonly cause nosocomial blood stream infections among patients in the ICU. The UK
hospitalized incidence of candidemia is about 3 per 100,000 bed days, and 40% to 52% of all cases
occur in ICU (Schelenz S., J Antimicrob. Chemother. 2008; 61, Suppl 1, 31-34). This kind of mycoses
is frequently d$societesewith ooesideraplewisdidngundesondity. Thewipkyeamelnertality rate is
about 38%, although itiean vary herasen o At4%8, RUINO teeeptyparsihRreM@s g rising

incidence of invasive pulmonary aspergillosis in patients admitted to ICU. The disease incidence
ranges from OVBU 6528056 ith asn BBVEHE Ah RHERIRTP r B Re BERFR§B % (196t IREBAERKINintensive Care

Med., 20071 333041l 7 ARk Leriiealydllnalianisare abask ey eloR shsiEIRNRES M,

immunoregulation during their stay in the ICU, which render them more vulperable to fungal infections.

Risk factors sUAFPRE ¥RfoniMSHLadiaRiy IssimonaRf tlkisse WHSIbn &t use 6P RIEFSIS Sdvanced liver
disease, chropievenditeplaeementibesapymppandsonring ans digheteCanediidias diaugdseen
described. There was_ a dramajic increase also in th mber of immunocompromised patients
especially in ﬁ@éé?&ﬁé@% ’gﬁﬂﬁﬁnﬁn@go %n#f]gﬁg\%gﬁ%plantation, autoimmune syndromes,
acquired immune deficiency syndrome (AIDS) and oncology. About 40% of bone marrow transplant

population d @P@’wﬁ?w Iﬁggmg}{ﬁﬁi‘on (Khan S. A., Wingard J. R., Natl. Cancer Inst. Monogr.
. Candi

2001; 29, 31- a and Aspergillus species are the most common pathogens responsible for
nosocomial stp#ificianiantlimyasive beycbddsdnihdimatsidgiganedighar@idsainarboaelenitrow
ransplanted RIS ik HieRe palia UGIRAIAENARRCIRIRLIENIRG aleHNS BRFIGOSTS IS very
high (50-903'). Regarding so |c§ organs transplantation, infective complications are more frequent in
lung-transplaRtedyRiieReaseaaalion etieiiniiedsuppresdivetiiymreRatRs iNGEa4ed susceptibility
is mainly duefo dhengeasianhexRRsUMR taHbe RieEnakeryiroaant RyjsdeLinsemupesuppressive
treatment intensity, invasive fungal infection may occur during the first days after surgical operation, its
frequency is MGRERT FRIASSORPIRE MY BIFEHaer ettt BRdRAsY if’l:‘ﬁnt%é%ﬁr also years
after transplaptafiondtiameshen InriciirEaticBieBrir tdat 1989 ldcABGd8ahd nyasivefumigal infections
are also frequent in other kind of solid organ trapsplantation such idney and liver transplants for
which inciden%@'Sfﬁspé &%”@%@H%?e%cﬁb?%d”zdﬁﬁ?é%h%‘? &aé?élpﬁﬁ‘e@ c"é’(ﬁ%ééﬁaé’%%%%‘ém. 1, 251-
258). Mycosesrate oneaof theathajerscausies opanenbadity inupatientsanith AHD®aiRd/the incidence and
severity of th infections. in ith, disease progression and the consequent impairment of
T-ceII-mediat%%%r%en&l%rﬂ?& ﬁ@@%ﬁ’eﬁ%@%ﬁ ie different mycoses is closely related to the endemic
opportunistic femitfiprespatizstheramseitf ¢caskienceo@enet dllgxahetikan thieehossfrsaoeit mycoses
that affect Al patientsiate, Bistoplas RS R piasiony FRsiR-ReeeidicidomycRsis ansht 3
paracoccidiornycosis (Sarosi G. A., Davies S. F., West J. Med., 1996; 164, 335-340). Mucosal
Candida infed@®in$ %o eifsBaskdianse bl PripmhalptarafLathdsiGhy toshetazusually
self-limited bug in immARdeRIEsSSEAPAtIpRIS beeamehigllyipyasiveresyltiing s piaaregsive and
widespread dissemination. Moreover, the increase of mycosis caused by organism resistant to current
therapies bedA¥ROBIRIENT 'GrbeRileABSRE R B RANSHE RGP A AP SV IO fungal
infections caused &yrGanditaadiaansrardifluconazaie aacholst azeles Bastaitdeetsl; Int. J.
Antimicrob. Age&ts? fzowY 81-91). tT he antilrﬁ cotic drugs currenIEIi/ %vailablef arevnotvfully
satisfactory d 8% 'thé’r I f&ga{:%' s}ﬂpé%f uiEd Y6 h33W sI0E S s AsLOGAHEG to their use.
The polyene drug Amphotericin B, for example, is active against Aspergillus, Zygomycete and other
molds anyway, and due to its toxicity the licensed dosage for treatment of invasive mycosis is 3-5
mg/kg per day. In highly immunocompromised patients with invasive aspergillosis, liposomal
encapsulated Amphotericin B, daily administered at 3 mg/kg, gave a favorable response in 50% of
patients and 12-week survival rate of 72% (Comely 0. A. et al, Clin. infect. Dis., 2007; 44, 1289-1297).
The drug induced nephrotoxicity and hypokalemia in 14-16% of the patients. 4 When daily
administered at 10 mg/kg, Amphotericin B did not give any additional benefit and caused higher rates

of nephrotoxicity (31%). Azoles, introduced in the second half of the 19708, are blockers of ergosterol
cvnthaeciec The 11ce nf the driiae helonaina to thie familv ic limited by their narrow ecnectriim of activvityv



WO002/30426 discloses a generic class of compounds having HIV integrase inhibitory activity. As a
matter of fact, most of the specific compounds disclosed in this reference bear a naphthydrinyl residue.
None of the¥pedfiti88#Hounds disclosed in this reference are structurally ¥4 4He%¢8mpounds of
the present invention. W002130930 discloses a generic and very broad class of compounds having
HIV integrase inhibitory activity. None of the speci?ic compounds disclosed in this reference are
structurally similar to the compounds of the present invention. US0326330 and US0326328 disclose
fungicidal compositions comprising a combination of two fungicides, one of which is a quinoline or
cinnoline compound. None of the specific compounds disclosed in this reference are structurally
similar to the compounds of the present invention. W096/32015 discloses synergistic fungicidal
compositiongimade @fyquineligelisissivativessan wmm@me IGumpiex diskhibioirscitimesof the specific

ds disclosed truct I to t t
venton. 7 EPIRCUSAS G et A YT Rty A G BBt hich includes
certain secoitlaly atmde@tﬁvmv@wﬁdk&dlbédtﬁboﬁfé 'ﬁlﬁ@éb\‘}m thaitital clinicatineédl for
efricacious apHiVIALAHIBIAS ST AmAIEIN Cﬁﬁ%ﬁ%ﬂuﬂétﬁgﬁ%tﬁ?w A§-tHafodugagely the drugs

actually avai able are not ory due to their narrow spettrum of act| , pharmacokinetic

properties artissEvehediid efedes. tDRBCMoNe 'diﬂﬂféiwﬂ/éfhﬂ‘ BRgEhB{Seldan. e @FParticularly

provides corapgnds o ARNETBHNIEMR (usIFNPLMI PRiSNALASal Ackidhy B9 () wherein
Rois: -H, -F, -ClI, - 2,0 -C1-C, alkyl, 2)111-Nri1 R2) (S02)-N Hi R2, 8 -(C=0)-NRIR2,

-(N-C=0)- Nlﬁﬁ\F@@C@@:Nveﬁ/\ﬂﬁ%@SG(@hmlﬁm W'dﬁ%ﬁ%%ﬂb hﬁi?éa’b SRBPWIE=14, or

-(OH2)m- hetgm@ge@tlmumss%ggtgm l@ﬁégﬂq)@atwo R4, whereln Ri and R2, independently from
each other, are selected from: -C1-C6 alk g l%PHZE;n ar tlonalh/ substituted by one or
* R e RERT

two R4, (oHﬂjﬁ{%wsawf%ﬁ%Wﬁﬁﬁétﬁ{ﬁad%y‘ le, optionally

substituted byzi@ier tespBdaiy(CH2)meWHaRls -(6fl- k@ﬁecmrgaheramgetbmre/vlth\Mmmtrogen atom
to which the are bou chto form n optionall &E %uted 5- to 8-membered he}ger% |o r($/cycle
s 4

containing fr r% SR@ PEe nat cr’b“é o‘rjr?s?s B the: PérES cdﬂ@%ng of Rit roge oxygen and

sulphur, or takedrtogetffdDbitlatheonitodggn atom to which they are bound to form an optionally
Substitied Saf B mETOG/SRe GIRmAnaryGlo MVl s e naR AL o apanahy spbsiitied

saturated or Unsaturated rngs or tO OptIO tltuted eterocycles containing from one to

three heterodféad @elédiad ﬁoﬁth‘é’méU?bkdﬁsﬂﬁ’ﬁb GRARRSJBAL H9BesrarBBUIgRus 19

36). Candida and Aspergillus species are the most common pathogens
responsible for nosocomial superficial and invasive mycoses in hematologic
malignancies and bone marrow transplanted patients. In these patients the
mortality associated with the systemic candidosis is very high {50-90%).
Regarding solid organs transplantation, infective complications are more
frequent in lung-transpianted patients. In addition to the immunosuppressive
regimen, the increased susceptibility is mainly due to the constant exposure
to the external environment. Parallel to immunocsuppressive treatment
intensity, invasive fungal infection may occur during the first days after
surgical operation, its frequency is highest in the first two months and
decreases after 6 months but it can occur also years after transplantation
(Hamacher J. et al, Eur. Respir. J., 1999; 13, 180-186).

Invasive fungal infections are also frequent in other kind of solid organ
transplantation such as kidney and liver transplants for which incidence of 5



wherein W is: -0-, or -S-: wherein R3 ES; -H, -C1-C6 -(CH2)m-aryl, optionally substituted by one or
two R4i -(CH2)m-cycloalkyl, optionally substituted by one or two R5, or -(CH2)m-heterocycle,
optionally sO¥RtAKEERRIONe or two R4; wherein R. is: -F, -Br, -C1-C6 al®FT/REAIPINIRRIR2
-(S02)-N Hi R2, -(N-C=0)-NR1R2, -UN, -W-R3, with the proviso that when W is -0-, R3 is different
from hydrogen or methyl, -(CH2)r"-aryl, optionally’substituted by one or two R7, or
-(CH2)icheterocycle, optionally substituted by one or two R7; wherein R5 is: -Cra, alkyl, -W-H,
-Cl-12-W-H, -(CH,,-aryl, optionally substituted by one or two R7, or 10 -(CH2),Tcheterocycle,
optionally substituted by one or two R7; Wherein R6 is: -H, -F. -Br, -OH, or -0-01-03 alkyl; wherein
R7 is: -H, 6-F,

to 50% are reported (Dictar M. O. et al, Med Mycol., 2000; 38 Suppl. 1, 251-
258).

Mycoses are one of the major causes of morbidity in patients with AIDS and
the incidence and severity of these infections increase with disease
progression and the consequent impairment of T-cell-mediated immunity. The
incidence of the different mycoses is closely related to the endemic
opportunistic fungi present in the area of residence. Generally speaking the
most frequent mycoses that affect AIDS patienis are histoplasmosis,
blastomycosis, coccidioidomycosis and paracoccidiomycosis (Sarosi G. A,
Davies S. F., West J. Med., 1896; 164, 335-340).

Mucosal Candida infections are also extremely common. In normal patients
all these mycosis are usually self-limited but in immunodepressed patients
become highly invasive resulting in progressive and widespread
dissemination.

Moreover, the increase of mycosis caused by organism resistant to current
therapies became evident over recent years. This phenomenon is particutarly
evident for fungal infections caused by Candida albicans and fluconazole and
other azoles (Bastert J. et al, Int. J. Antimicrob. Agents, 2001; 17, 81-91).

The antimycotic drugs currently available are not fully satisfactory due to their
limited activity spectrum and to the heavy side effects associated to their use.
The polyene drug Amphotericin B, for example, is active against Aspergillus,
Zygomycete and other molds anyway, and due to its toxicity the licensed
dosage for treatment of invasive mycosis is 3-5 mg/kg per day. In highly
immunocompromised patients with invasive aspergillosis, liposomal
encapsulated Amphotericin B, daily administered at 3 mg/kg, gave a
favorable response in 50% of patients and 12-week survival rate of 72%
(Cornely O. A. et al, Clin. Infect. Dis., 2007; 44, 1289-1297). The drug
induced nephrotoxicity and hypokalemia in 14-16% of the patients.



-Cl, -Br, -CF3, -01-05 alkyl. -(CH2)m-aryl, optionally substituted by one or two R6,
-(CH2)m-haterocycle, optionally substituted by one or two Re, or -(OH2)m-C3-C8 cycloalkyl; wherein
in is an inte¥P AYHBXSE; wherein A is: -(CH2)-X; wherein n is an integer #6HEP#819/WRP#he proviso
that: when n = 0, X is: an optionally substituted monocyclic heterocycle or a 2,3-
dihydrobenzol[b][1,4]dioxine residue, with the proviso that the heterocycle is other than optionally
substituted pyridine. thiadiazole, thiophene, furane or benzo[d][1,3]dioxole, or an aryl group,
substituted in para position by NFli R2; 11 wherein R1 and R2 are as defined above; when n =1, X is:
an optionally substituted heterocycle, preferably a 2,3- dihydrobenzo[b][1,4]dioxine residue, with the
proviso that the heterocycle is other than optionally substituted 3-pyridine, thiadiazole, thiophene,

furane or bengattazealg, AaahadaPw. sobstiuied mMnRaiatpasiion RAitGivRe Agviso that R4 is
not -NO2, wherein R4 is as defined above; or pharmaceuticall acceFtabIe sglts or derivatives thereof.
P

As used heréﬂ?%‘@rﬁ‘?@ﬁﬁ%@%@%@%ﬁéﬁk&r(HrﬁﬁEH M &likyPhroups having from 1 to 6
carbon atomaandsnmudesieddonthieehaodmnd aeotyhalkdTsemats lsisokettast rigissigrséc- and t-butyl,

n- and isopropyl, ethyl and methyl. The term cyclpalkyl mgans a cyclic ring of an alkane selected from
cyclopropyl, %p%fggﬁél?@/glo%een IFQ?C@H@)%Q@%%&%” p 9I %‘ﬁ% %@fé’ci’&;ﬁﬂiﬁg t§¥n?h a?r')rll refers to
aromatic monerrand guyioarbofyaiiviing \systemsz ok e feinetkaiptividual @arlotyelithdngs in the

ol Sy aBTRLES 5% st 5o U X8 gl et gl grouos

include, but are nyl, naphthy ipheny erm heterocycle (and variations

thereof suchagathet@ssyalicytbroadlynedars.i6 a Aatsi@andmiferddimdA@SichdFing803- to
12-memberedPigyliGHRY SHSLERSHMLR hbidA e MeMbered it !is ik SYRIgElcANBAINg of which

is saturated or unsaturated, and which consists of carbon atoms and one or more heteroatoms

selected froriNeiRARHE SliegiwhreifTHB prBegeH B RSUTHHIG AL BIEHE $adFSptBRally be

oxidized andjthenpieasncBelptaaies maypienally Seguatertzedd The hedaresydimiing may be
attached at any heteroatom or carbor;@tom, provideﬂghg& ttachment results in the crealtion of a stable
€ a9 SRIRUIARS

structure. WHRER e BLifEieaong %%%8@%@%3%’%@@0% ituents may
be attached Wvary atomiig theTipeslvhgitien ahetatosiam oe pomtesh @omaiproRdeBidigat a stable

chemical strycture results., The term heteromonoc an iaf] such as
Theteromontcéﬁ:ch|‘i’c%€':cr)é'¥8r'sq‘t@&e a g'— %hgf%g(ﬁ%%%gy %é@tﬁg%r%%%gvsﬁégﬁggsgaturated or unsaturated,
and which coliisisnofemrboohatesnd ardnafie erimal et h etend aitdritst setectked froepdjdraad S, and
wherein the nit d t i oxid] e nitrogen
heteroatom r%éaéy% %E%(%I@%Z%& gr%@?ﬁ&éﬁ%ﬁ@%%ﬁﬁél%g%magg %Sg%{?aré%eg% gtB g%?)g heteroatom or
carbon atomapedidedaraainzoiaseniisstineiinaeiéy dyeatanef & aralite stPGeigFe IS\MRSH the

heterocycle s 4 algAatehieragyaln ing Jigendioisefine ibelsTerramnaje degkrdnless

expressly set forth to the contrary, an "unsaturated” ring is a partially or fully unsaturated ring. For

example, an ®URRRAHeAMBIRSCERCED EarBociae ™ efRHRAHORRINSRERE IR heliliene and
benzene. Thestags sulpstitaied doeludes mome- angaehasubtigrionHoadagmdsubsgtwent to the
extent such single and multiple substitution is chemically allowed. For example, a carbocycle or
heterocycle {B5titl fSBHH froRY HRAIBNA €ABRRRIe S cat RATY mBRRHE ESEstittidhts BR the same
ring atom to thes exipmdhisothemnadygesrmitiedd AxingsipitunatomtnaisaGEey . Ndierocycle can,
for example, typically. be substituted with, one (-S(,0)-) or two oxo groups (-802-). "Pharmaceutically
acceptable sé‘%a&%%r?@aﬁf@& ngt%?;%%%% éaéél?sg (gl# G err‘ﬁ/%t?\)fjég v@ﬁigﬁél&s{]{é}sﬂsﬂm’g Lft;iaorlogical
effectivenespaatlimopastielyot tioerppsentd dm pewset god isvhinth Bneenob Gio gicatipeattherwise
undesirable. i ith. i6.0 ' i rd C
§¢F§Hf§éﬁ§rﬂ+§d§$ﬁféﬁ? YYEH#F@FQ%I% .EQFH %Fra&r'ﬁgs AP é%éFﬂE Be

hydrobromide, ate, phosphate, sodium salt, magriesium salt; supﬁ]derivatives
include the ektlsisdie ethéficser TheeNsoaidisBy. IERTheatinm pisghas of thiglirakentndveation and their

pharmaceutie%lrﬁ%mdaemaltsaor delyplives maxm AR asYBIREtGLeniEeaandimay-eecur, except

when specifically noted, as mixtures of stereoisomers Of as individual diastereomers, or enantiorners,

with all isomERERFREFRING I ANYBANIAthE WSS NVRREMIDH. Attt PHEASEISInRFMTRRERfCally
acceptable”, gsrosed neeppreciivvdth the fesmutations cotginpgihe cpmpadarisef dae invention,
refers to molecular entities and other ingredients of such formulations that are physiologically tolerable
and do not typically produce untoward reactions when administered to an animal such as a mammal
(e.g., a human). Preferably, as used herein, the term "pharmaceutically acceptable” means approved
by a regulatory agency, such as the FDA or the EMEA, or listed in the U.S. or European
Pharmacopeia or other generally recognized pharmacopeia for use in mammals, and more particularly
in humans. Preferably in formula (I): Ro is: -H,



-Br, or -NO2. Further preferably in formula (I): Ro is -H; R1 and R2, independently from each other,
are selected from: -C1-C6 alkyl, or taken together with the nitrogen atom to which they are bound to

form an optBie ¥#uted 5- to 8-membered heteromonocycle containif§ FEF2OHE 18 ree
heteroatoms selected from the group consisting of nitrogen, oxygen and sulphur; R3 is -Ci-Co alkyl;
R4 is: -Br, -(CH2),-NR1R21 or -W-R3, with the p?oviso that when W is -0-, 1:{3 is different from
hydrogen or methyl; W is -0-; and/or m is an integer from O to 1. Preferred compounds of the invention
include, but are not limited to, compounds selected from the group consisting of:
8-Hydroxy-N-(1,1-dioxidotetrahydrothien-3-yl)quinoline-7-carboxamide(Ex. 3);
8-Hydroxy-N-(tetrahydro-2H-pyran-4-yl)quinoline-7-carboxamide (Ex. 5);
8-Hydroxy-N4ymesphelinaphemyiuinalinatitearbrxdmidemExight cause severe liver
8-Hydroxy-N-(thiazol-2-yl)quingline-7-carboxamide (Ex. 8);
8-Hydroxy-Nlm%ﬁ-%%cﬁh‘?éi%ﬁm&ﬂﬁﬂﬁez@a 1/}, 162-164).

8-Hydroxy-N s orgtinyipy razin-Damporiayi g uinatinesgecarbor@goid(Exel Sjeatment  of
8-Hydroxy-N-((1-methyl-11Thimidazo1-2-Amethyl)quinoline-7-carboxamide.(Ex. 16):

o Hydrong N SRR e R A B DR e A gy 2ty oy
8-Hydroxy-Ni(pyridimg-yithethyghrumod nestiesiibox@mideiExn18pplays limited activity in

8-Hydroxy-Nz(2,3-di 10XIN-6: inolines /- ' );

8-Hydroxy-NE( -?ﬁrﬁﬁ%ﬁgﬁ%gﬁy?ﬁ%i%ﬁmﬁ %ﬁe”%%)é(a%@é@fdg effects
8-Hydroxy-Ng4cbrémoBerggl) qiiribkae et AsbzammaéuEs) 2id fatigue (Korting H. C. et
8-Hydroxy-NApeszalothiz ol zametyhamerineosCamk ornIdedEXinktkan cause the
8-Hydroxy-N-(4-morpholinobenzyl)quinoline-7-carboxamide (Ex. 10);
8-Hydroxy-N{Eamsi/HiseerdiRiaithyl)quinoline-7-carboxamide (Ex. 12);
8-Hydroxy-N-(pyileifs2ndmeisdiagineliiesd -caepsroxdsdind Jand Octopirox, seem to
8-Hydroxy-N- 4-_%1H-1.2,4-triazo|-_1-ApErj1ﬁ§1g/O uinoli_ne-7-carboxamideH&Ex. 7% 15

8-1-1ydroxy-Ri(B mathy R /813y m%b&ﬂﬂff%-f@é&}%&dﬂn EXRHR L E%npounds of
the present invetdiatepandenprepayackby ecgoupling oitoytab e ganystraxjfguinolifahezrboxylic acids
1-1 (or acid de¥ive%tives S@(ilp} as acid hali ea ?r estersl)t}/viétlt{\ thetappropriate amines 1-2, as represented
by the foIIowi'rrllgeé:éHB?aﬁ) hart rllfjsfl-ﬁm it B\ﬁ%’?hc |veEI'y {ﬂgrh'ydroxyl group of the carboxylic acid
can be protedied (ashiescabdhin BisempMeginCHéicaflagir006nBITA4EBTHD orSyniessis, 12,

1997’1425'%ﬁiﬁfﬁéﬁgrﬁé(%ﬁ%‘i%pﬁﬁeg?mﬁg Rﬁﬁé‘t"ﬁ’&g@&y th i apie:and gegptected in the

final stage. g carboxylic acids with amines to form carboxamides are well known in
the art. SuitaBlegsethoely are desoribednfertdivaiypid) intider - (Matichghdeanswe @gfarae Chemistry,

41h eciton, Ity WIRY 8 S0 992 PR 7425, MR o8 RRLESITG B, deiatesting aromaic

hydroxyl groups are well known in art. Protecting groups are manipulated according to standard
methods of olif&RiE€BYHENEIe (TR ®IT INVasive WabslRigs K. Indoasimaifesisg Gredpdiim Organic

Synthesis, JoIRYMGH e4508). AU B I0HUNSIIRSCS P RARIRR s hemistTy

portrayed in Chart 1. CHART 2Ro = | . )
addition, they are quite inactive against dimorphic fungi such as Blastomyces
and Histoplasma. Echinocandins are generally well tolerated but animal
reproduction studies showed adverse effects on fetus. For this reason FDA
lists echinocandins as a pregnancy-risk category C
{http://www.fda.gov/medwatch/SAFETY/2004/mar_Pl/Cancidas_Pl.pdf;
http://www fda.gov/medwatch/safety/2007/Aug_Pl/Mycamine_Pl.pdf).
EP1375486 discloses a generic and very broad class of compounds having
HIV integrase inhibitory activity. This broad generic class includes 8-hydroxy-
qguinoline derivatives substituted by a wide variety of substituents, e.g.,

substituted carboxamide groups at the 7-position. None of the specific



2-1 When Rl is Br, the carboxylic acid 2-1 is obtained by reaction of commercially available
8-hydroxyquinoline-7-carboxylic acid with one equivalent of bromine in acetic acid (International
Publication W@38114986286 published 19 March 1998). When Rl is F or Cl. thBCHBBR/IMHEA¢Ms 2-1 can
be prepared from the corresponding commercially available starting materials
5-halo-Bhydroxyquinolines using the methods destribed in International Publication W098/11073,
published 19 March 1998. When R1 is NO7, the carboxylic acid 2-1 was prepared by reaction of the
corresponding ethyl ester with a mixture of HNO3 and H2SO4 followed by alkaline hydrolysis.
Alternatively, carboxylic acid 2-1 with 191=NO2 was prepared by reaction of
3-amino-2-hydroxy-5-nitrobenzoic acid with propenal in 6N HCI. It will be apparent to those skilled in

the art that thegiestrird sisidelie proceduresrienerehrdepragantatiye dmgturecanghat alternative
synthetic processes %rges kniﬁvn to one of ordjnary skill in organic chemistry. 17 The following

examples sefi 9 |Iﬂ] SRS ThULRBIY And its practice. The examples are not to be constructed
as limitation @ the! $66pedmchpins of HenemeatidnydXPERIMEASEAY SECTIONIE. IGHMEMICAL
SYNTHESIS,Wless ofherwise ndicatef )l e starlipg, sraeniyiers doincio,fe aammercially
available and weré Gsed without aWy prior urification. The compounds of the preSent invention can be
readily prepadistiosiet) icofientitransgraheticspreesduseibsiitnest sedbropy!iityis iHISodisssible to make

use of varianis ek e themaslyBran] (8 HRse AIRIABRNSKIIANS afbusaesgot mentioned

in greater de Furthermore, other methods for preparing compounds of this invention will be readily
apparent to tRePRPSHEDf SieRlREsHsKN it ie EHETRTEAt GF theSTINRWIALY reBIETIGH séheMiBs and

examples. Uplgasathgenisenindicatad. iallamripbles are as defined above. Where reference is made to
the use of an "analo%cg% rocedure, as will be appreciated by those skilled in the art, such a
I

procedure m¥YHRH H&%’?%H)ﬂ?@@&ﬁﬁ)@ QERELGFRRTHEr AR TR RERBRYINEHt amount,
reaction timey sofkr URIvonsdigas Orighisitatogtapmic pusifisationreonrgiticing. Ahbiviatiens used in the
instant specification, articularly in the Tables and in &he Ex mqle are summarize iphTabIe 1. 18

d il E‘ETB ;

TABLE 1 LCHRE'PERiN CRIDATEEoTRap ) fialy el iy Etr 2 ERRAY 1SRiZAt0R) UPLC (Ultra

Performancepéggdt Ghwemtiatography) IRL (retention time in minutes) TFA (Trifluaroacetic acid) min
(oetonttie) T ey ST B HEiCMIBron ki DNt s VoIS Naz2oa
(Sodium sulphatefSPERSiVi8olidpraseakeraciofaalithnSiitac)elh € POgCifoRPIPEAHIIE Unit) Except
where othervise,indicateghill oIRGB THESS A" RLPMASRRFTINSIAdBIIRSRCeNtadIMK (Kelvin).

compounds disclosed in this reference are structurally similar to the

compounds of the present invention.

WO02/30930 discloses a generic and very broad class of compounds having

HIV integrase inhibitory activity. None of the specific compounds disclosed in

this reference are structurally similar to the compounds of the present

invention.

US0326330 and US0326328 disclose fungicidal compositions comprising a

combination of two fungicides, one of which is a quinoline or cinnoline

compound. None of the specific compounds disclosed in this reference are

structurally similar to the compounds of the present invention.

WQ96/32015 discloses synergistic fungicidal compositions made of quinoline

derivatives and cytochrome complex 1 inhibitors. None of the specific

compounds disclosed in this reference are structurally similar to the

compounds of the present invention.



Proton Nuclear Magnetic Resonance (1H-NMR) spectra were recorded on a Brucker 300MHz.
Chemical shifts are expressed in parts of million (ppm, 6 units). Splitting patterns describe apparent
multiplicitiesdhaat@HBsgnated as s (singlet), d (doublet), t (triplet), q (quaRelyEFaMe/ighiftet), sxt
(sextet), m (multiplet), br. s (broad singlet). LC-MS were recorded under the following conditions:
UPLC with Sample Manager and 2996 FDA Detector (Waters) interfaced with a Mass Spectrometer
Single Quadrupole ZQ (Waters). ZQ interface: ESI positive mode, Full scan from 102 to 900 amu.
Capillary 3.2V, cone 25V, extractor 3V, RF 0.3V, source temperature 115C, desolvation temperature
350C, gas flow 800 Uh, cone 100 Uh. Method A: Column Aquity UPLC-BEH C18 (50x2.1 mm, 1.7
pm). Flow rate 0.6 mUmin, column at 40C, injection 2 pL. Mobile phases: A phase = water/CH3CN
95/5 + 0.1%dFfsdd phas@isc wader/SitBeyar Rnts OdEnER AsyGEadient: -6agb fianim (s 95%, B: 5%),
3.30 min (A: 0%, B: 100%), 3.30-4.00 (A: 0%, B: 100%), 4.10 min (A: 95%, B: 5%), 4.10-5.00 min (A:
95%, 13: 59411148 IRFLHBE B EUIFRFCRHARIEBEEE (100x2.1 mm, 3.0 pm). Flow rate 0.3 mlimin,
column at 40Copinjectioni2gekibitbhibephases eigdrasinat WeteniGIcR CedbiBrasfOcHAEA, B phase =
water/CH3CN =,5/95 + 0.1% TEA. Gradient: 0-020.mi .. 95%, B;, 5%). 5,00 min (A..0%, 13: 100%),
5.00-6.00 (A‘?“B%j”“é‘.aioéﬁ)o‘)‘?%.ﬂ?ﬁwin"a{i\m&}é%‘,‘?ﬁ: é’ar%%%ﬁaﬂgo it ()\‘?%585{%: gé%%léxamme 1:
OHO 8-Hydrbkydu(patilin ey Idretsy Rgtintlinavaiehibosenive Aatibtasieyf due to their

8-hydroxyquH%9r‘:§|§-(7§-B@ Ii%ﬁ%%ﬁﬂo e%ﬂc%?g'ggbmﬁé% a&%ggé%@éinyﬂang—grafgnggpnone (86 mg,

0.53 mmol) in mL) was r 3h, under nitrogen. The reaction mixture was allowed
to cool to ATeHBEByriclin-2-ylmethanamine (46 mg, 0.424 mmol) was added. The resulting mixture
was heated to 40C for 2h and then stirred at RT. The reaction mixture was quenched with H20 and an
aqueous saturated solution of sodium hydrogen carbonate, and twice extracted with DCIVI. The
separated org&RfddrtiaR etidted0¥PREBS 04, filtered and concentrated under reduced pressure. The
residue was prgfipddanSRESGapEduIEg Jsddde BEMbddeak SOghattartingdie (lifle compound
(73 mg, 0.26 mmol) as a off-white solici. LC-MS m/z (ES11): 280.14 (MH+), Rt=0.57 min (Method A).
1H-NMR (DISERYBY &8 2711 BUPSRHACHVIY: 8.54 (ddd, 1 H); 8.37 (dd, 1 H); 8.06 (d, 1 H); 7.78
(td, 1 H); 7.66 (dd, 1 H); 7.45 (d, 1 H); 7.41 (d, RH); 7.29 (ddd, 1 H); 4.70 (d, 2 H). WO
2011/080266PCT/EP2010/070793 Following procedures analogous to the one described above, the
additional compounds of the present igvention were prepared (Table 2). TABLE 2 Ex. Chemical name
1H NMR (DMSO-ds) LC-MS me ; 5(t, 1H); 8.92 Br (dd,1H);8.36(dd,

wherein Rg is:

o -H,
o -F,

o -Cl,

o -Br,

e -NO,

o -CFj,

e  -Gq-Cg alkyl,

s -(CHo)m-NR Rz,
e -(SOQ)"NR1 Rg,



H 1H);8.00(d,1H); 7.66 (dd, 1H); 7.49- 1.74;2 A OHO 7.60 (m, 2H); 7.44 357.0

8-Hydroxy-N-(4-bromobenzyl)quinoline- (d,1H);7.29-7.40 7-carboxamide (m,2H);4.43-4.70
WO 2011/080266 PCT/EP2010/070793

e -(C=0)-NRR,

e -{N-C=0)-NR1Ry,

o -CN,

o -W-R,

® -(CHo)-aryl, optionally substituted by one or two Ry, or

o -(CHz)m-heterocycle, optionally substituted by one or two Ry;
wherein Ry and Rs, independently from each other, are selected from:

o -H,

° -C4-Cg atkyl,

e -(CHgz)m-aryl, optionally substituted by one or two Ry,

o -(CHaz)m-cycloalkyl, optionally substituted by one or two Rs,

® ( ng"R;g,
e «(CH)m-CN,

o taken together with the nitrogen atom to which they are bound to

Jm

e  -(CHo)p-heterocycle, optionally substituted by one or two Ra,
)
Im

form an optionally substituted 5- to 8-membered heteromonocycle
containing from one to three heteroatoms selected from the group
consisting of nitrogen, oxygen and sulphur, or

° taken together with the nitrogen atom to which they are bound to
form an optionally substituted 5- to 8-membered heteromonocycle
which is fused to one or two optionally substituted saturated or
unsaturated rings or to other optionally substituted heterocycles
containing from one to three heteroatoms selected from the group
consisting of nitrogen, oxygen and sulphur;



(m, 2H). 8:9.09 (d, 1H); 8.92 (dd,1H):8.37(dd,  1H);7.97(d,1H); li 0 7.66 (dd, 1H); 7.43
(d,1H);4.58-4.93 0.77;

WO 2011/080266 PCT/EP2010/070793
9

wherein W is:
° -O-, or
° -S-;

wherein Rs is:
° -H,
s -C1-Cp alkyl,

-(CHa)m-aryl, optionally substituted by one or two R,

-(CHa)m-cycloalkyl, optionally substituted by one or two Rs, or

-(CH2)m-heterocycle, optionally substituted by one or two Ry,
wherein Ry is:

o -F
e -Br,

@ -NOg,

® -Cy-Cg alkyl,

~(CHz)m-NR41Rz,

-(802)-NR4 Ry,

-(C=0)-NR:Rz,

-(N-C=0)-NR1Rg,

« -CN,

-W-Ra, with the proviso that when W is -O-, Rj is different from

hydrogen or methyl,

o

-(CHa)m-aryl, cptionally substituted by one or two Rz, or

-(CHgz)m-heterocycle, optionally substituted by one or two Ry,
wherein Rs is:

J -C4-Cy alkyl,
e -W-H,
° ‘CHQ-W-H,

° -(CHz)m-aryl, optionally substituted by one or two R, or



3 A OHO (m,1H);3.56(dd, 307.1 8-Hydroxy-N-(1,1-dioxidotetrahydrothien- 1H); 3.37 (ddd, 1H);
3-yOquinoline-7-carboxamide 3.09-3.30(m,2H);  2.55-2.61(m,1H); 2.14-2.40 (m, 1H). WO
2011/08026BOCHE#9Y0/070793 Ex. Chemical name 1H NMIR (DMSO-&X&YEP2010/070793

10

° -(CHo)m-heterocycie, optionally substituted by one or two Ry;
wherein Rs is;

° -H,

® -F,

® -Cl,

° -Br,

o -OH, or

o -0-Cy-Cj alkyl;
wherein Ry is:

® -H,

° -F,

° -Cl,

° -Br,

® -CFs,

e -W-Rs,

® -C1-Cs alkyl,

o -(CHz)m-aryl, optionally substituted by one or two Rs,

o -(CHz)m-heterocycle, optionally substituted by one or two Rg, or

° -(CH2)m-C3-Cg cycloalkyl;
wherein m is an integer from 0 to 6;
wherein A is: -(CHa)y-X;
wherein n is an integer from 0 to 1 with the proviso that:
whenn=0, Xis:

° an optionally substituted monocyclic heterocycle or a 2,3-
dihydrobenzo[b][1,4]dioxine residue, with the proviso that the
heterocycle is other than optionally substituted pyridine,
thiadiazole, thiophene, furane or benzo[d][1,3]dioxole, or

o an aryl group, substituted in para position by NRRg;



LC-MS method Fit; [MH+] 8-Hydroxy-N-(4- carboxamide 1101 | OH
(dirnethylamino)benzyl)quinoline-7- 40 8: 9.20 0, 1H); 8.91 (dd,1H):8.34(dd, 1H);8.02(d,1H); 7.64
(dd,1H);7.4 V@ 2088 eem, 2H):6.71(m,2H); 4.46(d,2H);2.86 (s, 6H). A 32BATELINIHUWIHS Ii n e-7 -
110 OH carbo 8-Hydroxy-N-(tetrahydro-2H-pyraniéll- xam O H N i ide

wherein Ry and R; are as defined above;
whenn=1, Xis:

e an optionally substituted heterocycle, preferably a 2,3-
dihydrobenzo[b][1,4]dioxine residue, with the proviso that the
heterocycle is other than optionally substituied 3-pyridine,
thiadiazole, thiophene, furane or benzothiazole, or

e an aryl group, substituted in para position by R4, with the proviso
that Ry is not -NO;,

wherein Ry is as defined above;

or pharmaceutically acceptable salts or derivatives thereof.

As used herein, the term C4-Cg alkyl means linear or branched chain alkyl
groups having from 1 to 6 carbon atoms and includes all of the hexy! and
pentyl alkyl isomers as well as n-, iso-, sec- and t-butyl, n- and isopropyl,
ethyl and methyl.

The term cycloalkyl means a cyclic ring of an alkane selected from
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and cyclooctyl.
The term aryl refers to aromatic mono- and poly-carbocyclic ring systems,
wherein the individual carbocyclic rings in the polyring systems may be fused
or attached to each other via a single bond. Suitable aryl groups include, but
are not limited to, phenyl, naphthyl and biphenyt.

The term heterocycle (and variations thereof such as “heterocyclic”) broadly
refers {0 a 4- to 8-membered monocyclic rings, 7- to 12-membered bicyclic
ring systems or an 11- to 16-membered tricyclic ring system, any ring of
which is saturated or unsaturated, and which consists of carbon atoms and
one or more hetercatoms selected from N, O and S, and wherein the nitrogen
and sulphur heteroatoms may optionally be oxidized and the nitrogen
heteroatom may optionally be quaternized. The hetorocyclic ring may be
attached at any heteroatorn or carbon atom, provided that attachment results
in the creation of a stable structure. When the heterocyclic ring has



“ip 6:8.91(dd,1H); 8.70(d,1H);8.35 (dd,1H);8.01(d, 1H);7.64(dd,1H); 7.42(d,1H);4.01- 4.28 (m, 1H);
3.78- 4.01(m,2H); 3.44 (td,2H);1.76-2.01 (m,2H);1.53-1.72 (m, 2H). A 0.92; 273.1 6 8-Hyd

1H); 8.93 (dd, 1H); 8.43 (dd,1H);8.07(d, 1H);7.69ﬂdd,1H); 7.52-7.65(m,2H); 7.44 (d,1H);6.86- 7.11 (m,
2H): 3.61- 3.89 (M, 4H); 2.95- 3.27 (in, 4H). A 12

substituents, it is understood that the substituents may be attached to any
atom in the ring, whether a heteroatom or a carbon atom, provided that a
stable chemical structure results.

The term heteromonocycle (and variations thereof such as
*heteromonocyclic”) refers to a 4- to 8-membered monocyclic ring which is
saturated or unsaturated, and which consists of carbon atoms and one or
more heteroatoms selected from N, O and S, and wherein the nitrogen and
sulphur heteroatoms may optionally be oxidized, and the nitrogen heteroatom
may optionally be quaternized. The heterocycle ring may be attached at any
heteroatom or carbon atom, provided that attachment results in the creation
of a stable structure. When the heterocycle ring is an aromatic heterocycle
ring it can be defined “heteroaromatic ring"”.

Unless expressly set forth to the contrary, an “unsaturated” ring is a partially
or fully unsaturated ring. For example, an “unsaturated monocyclic Cs
carbocycle” refers to cyclohexene, cyclohexadiene and benzene.

The term substituted includes mono- and poly-substitution by a named
substituent to the extent such single and muitiple substitution is chemically
allowed. For example, a carbocycle or heterocycle substituted with more than
one substituent can have multiple substituents on the same ring atom to the
extent it is chemically permitted. A ring sulphur atom in a saturated
heterocycle can, for example, typically be substituted with one (-5(=0)-) or
two oxo groups (-S0O.-).

“Pharmaceutically acceptable salts” or derivatives refers to those salts or
derivatives which possess the biological effectiveness and properties of the
parent compound and which are not biologically or otherwise undesirable.
Such salts include those with inorganic or organic acids, as for instance, the
hydrobromide, hydrochloride, sulfate, phosphate, sodium sali, magnesium
salt; such derivatives include the esters, the ethers and the N-oxides.



1.05; 350.2 WO 2011/080266PCT/EP2010/070793 9? Ex. Chemical name 11-I NMF1 (DMSO-dO0)
LC-MS method 191; [MH1 7 10 OH 8-Hydroxy-N-(4-(1H-1,2,4-triazol-1-
yOphenyl)gWRbHH& B B&fboxamide 101 6:11.28 (hr. s, 1H); 9.25(s,1H);8. RCHEPAMEHGAED. 1H);
8.22(s,1H); 8.05(d,1H);7.90 (m,4H);7.74(dd, 1H); 7 42 (d, 1H). A 1.16; 332.1 8 carboxamide 110 OH
8-Hydroxy-N-(thiazol-2-yl)quinoline-7-

The compounds of the present invention and their pharmaceutical acceptable
salts or derivatives may have asymmetric centres and may occur, except
when specifically noted, as mixtures of sterecisomers or as individual
diastereomers, or enantiomers, with all isomeric forms being included in the
present invention.

The phrase “pharmaceutically acceptable”, as used in connection with the
formulations containing the compounds of the invention, refers to molecular
entities and other ingredients of such formulations that are physiologically
tolerable and do not typically produce untoward reactions when administered
to an animal such as a mammal {e.g., a human). Preferably, as used herein,
the term “pharmaceutically acceptable” means approved by a regulatory
agency, such as the FDA or the EMEA, or listed in the U.S. or European
Pharmacopeia or other generally recognized pharmacopeia for use in
mammais, and more particularly in humans.

Preferably in formula {1):

Ry is:
o -H,
° -Br, or
o -NO,.

Further preferably in formula (i):
Ro is -H;
R and R;, independently from each other, are selected from:
° -C+-Cs alkyl, or
e taken together with the nitrogen atom to which they are bound to
form an optionally substituted 5- to 8-membered heteromonocycle
containing from one to three heteroatoms selected from the group
consisting of nitrogen, oxygen and sulphur;
Rj is -C4-Cg alkyl;



H Oli N (353K) it 8.90 (dd, 1H);8.50(dd,1H); 8.13(d,1H);7.74 (dd,1H);7.51(d, 1H);7.31(d,1H); 7.19 (d.
1H). A 1.11; 272.0 9 N 8-Hydroxy-N-(2,3- yl)quinoline-7-carboxamide as OH
dihydroben2¥fbRALUIEBM-6- H N O 5:10.72 (hr. s,1H); 8.93 (dd. 1H); 8.45PEHERAY /6 &3 1H):7.70
(dd,1H); 7.43(d,1H);7.40 (d,1H);7.11(dd, 1H);6. 86(d 1H); 4.12-4.37 (m, 4H). A 1.43; 323.2 WO
2011/080266PCT/EP2010/070793 23

Rsis:
® -Br,
o ~(CHga)m-NRRy, or
° -W-Rj, with the proviso that when W is -O-, Rj is different from
hydrogen or methyi;
Wis -O-;

and/or m is an integer from 0 to 1.

Preferred compounds of the invention include, but are not limited to,
compounds selected from the group consisting of:
8-Hydroxy-N-(1,1-dioxidotetrahydrothien-3-yl)quinoline-7-carboxamide  (EXx.
3);

8-Hydroxy-N-{tetrahydro-2iH-pyran-4-yl)quinoline-7-carboxamide (Ex. 5);
8-Hydroxy-N-(4-morpholinophenyl)quineline-7-carboxamide (Ex. 6);

8-Hydroxy-N-(isoxazol-3-yl)quinoline-7-carboxamide (Ex. 13),
8-Hydroxy-N-
8-Hydroxy-N-
(Ex. 18);

8-Hydroxy-N-((4-phenylthiazol-2-yl)methyl)quinoline-7-carboxamide (Ex. 17);

(

(
8-Hydroxy-N-(thiazol-2-yl)quinoline-7-carboxamide (Ex. 8),

(

(

(

(5-methylpyrazin-2-yl)methyl)quincline-7-carboxamide (Ex. 15);
(1-methyl-1H-imidazol-2-ylymethyl)quinoline-7-carboxamide

8-Hydroxy-N-(pyridin-4-ylmethyl)quinoline-7-carboxamide (Ex. 18);
8-Hydroxy-N-(2,3-dihydrobenzo[b][1,4]dioxin-6-yl)quinoline-7-carboxamide
(Ex. 9);
8-Hydroxy-N-{4-(dimethylamino}benzyl)quinocline-7-carboxamide (Ex. 4);
8-Hydroxy-N-{4-bromobenzyl)quinoline-7-carboxamide (Ex. 2);

8-Hydroxy-N-({benzo[d]thiazol-2-ylmethyl)quinoline-7-carboxamide (Ex. 14);

8-Hydroxy-N-((4-methylthiazol-2-yl)methyl)quincline-7-carboxamide (Ex. 12),

-(4
-
-
8-Hydroxy-N-(4-morpholinobenzyl)quinoline-7-carboxamide (Ex. 10);
-
8-Hydroxy-N-(pyridin-2-ylmethyl)quinoline-7-carboxamide (Ex. 1);

-

8-Hydroxy-N-{4-(1H-1,2,4-triazol-1-yl)phenyl}quinoline-7-carboxamide (Ex. 7);



Ex. Chemical name 1H NMR (DMSO-dc) LC-MS method Rt; [MEI+) 8: 922 (t, 1H); 8.91 (dd,1H);

8.35(dd, ‘'-----=---—-, - ,.['?/. 1H);8.02(d,1H);  H 7.64 (dd, 1H); 7.42
WO 2011/080266 PCT/EP2010/070793

8-Hydroxy-N-((5-methylisoxazol-3-y)methyl)quinoline-7-carboxamide (Ex.
11).

The compounds of the present invention can be prepared by the coupling of
suitable 8-hydroxyquinolin-7-carboxylic acids 1-1 {(or acid derivatives such as
acid halides or esters) with the appropriate amines 1-2, as represented by the

following general Chart 1:

CHART 1
Rg Rg
= =
- H/HN\A —_— o
OH N
N/ N/ \A
OH 0 oH o}

1-1 1-2 1))

Alternatively the hydroxyl group of the carboxylic acid can be protected (as
described in Bioorg.Med.Chem., 14, 2006, 5742-5755 or Synthesis, 12,
1997,1425-1428 or DE540842) before performing the coupling with the amine
and deprotected in the final stage.

Methods for coupling carboxylic acids with amines to form carboxamides are
well known in the art. Suitable methods are described, for example, in Jerry
March, Advanced Organic Chemistry, 4™ edition, John Wiley & Sons, 1992,
pp. 417-425.

Methods for protecting and deprotecting aromatic hydroxyl groups are well

known in the art. Protecting groups are manipulated according to standard
methods of organic synthesis (Green T.W. and Wuts P.G.M. (19891)
Protecting Groups in Organic Synthesis, John Wiley et Sons).



1.10; 10 OH 0 (d,1H);7.25(m, A 364.1 8-Hydroxy-N-(4- 2H);6.92(m,2H);
thorpholinobenzyl)quinoline-7- 4.49 (d,2H);3.60- carboxamide 3.90 (m, 4H); 2.93-  3.18 (m, 4H).
5: 9.38 (t, 140 8193/080366 PCT/EP2010/070793
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Chart 2 below illustrates and expands upon the chemistry portrayed in Chart
1.

CHART 2
Ro
/ OH
N
OH 0
2-1

When Ry is Br, the carboxylic acid 2-1 is obtained by reaction of commercially
available 8-hydroxyquinoline-7-carboxylic acid with one equivalent of bromine
in acetic acid (International Publication W098/11073, published 19 March
1998).

When R: is F or Cl, the carboxylic acids 2-1 can be prepared from the
corresponding commercially available starting materials  5-halo-8-
hydroxyquinolines using the methods described in International Publication
WQO98/11073, published 19 March 1998.

When R is NO,, the carboxylic acid 2-1 was prepared by reaction of the
corresponding ethyl ester with a mixture of HNO; and H»SO, followed by
alkaline hydrolysis. Altemnatively, carboxylic acid 2-1 with R;=NO, was
prepared by reaction of 3-amino-2-hydroxy-5-nitrobenzoic acid with propenal
in 6N HCI.

It will be apparent to those skilled in the art that the described synthetic
procedures are merely representative in nature and that alternative synthetic
processes are known to one of ordinary skill in organic chemistry.



ONIH z(dd,1H);8.36 (dd,  1H):7.99(d,1H); 1.10; 11 7.66 (dd,1H); 7.42 A OHO 284.2 8-H yd

roxy-N-((5-rn eth yl isoxazol-3- (d,1H);6.22(s, yl)methyl)qui Rol i ne-7-carb oxam i de 1H);
4.59(cl2H);, WO 2011/080266 PCT/EP2010/070793
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The following examples serve only to illustrate the invention and its practice.
The examples are not to be constructed as limitation on the scope or spirit of
the invention.

EXPERIMENTAL SECTION

1. CHEMICAL SYNTHESIS

Unless otherwise indicated, all the starting reagents were found to be
commercially available and were used without any prior purification. The
compounds of the present invention can be readily prepared using
conventional synthetic procedure. In these reactions, it is also possible to
make use of variants which are themselves known to those of ordinary skill in
this art, but are not mentioned in greater detail. Furthermore, other methods
for preparing compounds of this invention will be readily apparent to the
person of ordinary skill in the art in light of the following reaction schemes and
examples. Unless otherwise indicated, all variables are as defined above.
Where reference is made to the use of an "analogous” procedure, as will be
appreciated by those skilled in the art, such a procedure may involve minor
variation, for example reaction temperature, reagent/solvent amount, reaction
time, work-up conditions or chromatographic purification conditions.
Abbreviations used in the instant specification, particularly in the Tables and
in the Examples, are summarized in Table 1.



2.38 (s, 3H). 6:9.59 (, 1H),8.93  (dd, 1H), 8.38 (dd, H), 8.01(d, 1H),1 s 1.08;12 7.67
(dd, 1 H), 7.44 A OHO (d,1H),7.16 (q,1

WO 2011/080266 PCT/EP2010/070793
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TABLE 1
LC-MS (Liquid Chromatography Mass Spectrum) ESI (Electro Spray lonization)
UPLC (Ultra Performance Liquid Chromatography) R, {retention time in minutes)
TFA (Trifluoroacetic acid) min (minutes)
pm (micrometers) fh (hours)
mmof (millimoles) RT (rcom temperature)
KL (microlitres) CH4CN (Acetonitrile)
THF (Tetrahydrofuran) DCM (Dichloromethane)
DMSO (Dimethyl sulfoxide) Nay30, {Sodium sulphate)
SPE-SI (Solid phase extraction with Silica gel) CFU {Colony Forming Unit)

Except where otherwise indicated, all temperatures are expressed in °C
(degrees centigrade) or K (Kelvin).

Proton Nuclear Magnetic Resonance ('H-NMR) spectra were recorded on a
Brucker 300MHz. Chemical shifts are expressed in paris of million {ppm,
units). Splitting patierns describe apparent multiplicities and are designated
as s (singlet), d (doublet), t (triplet), g {(guartet), quint (quintet), sxt (sextet), m
(multiplet), br. s (broad singlet).

LC-MS were recorded under the foliowing conditions:

UPLC with Sample Manager and 2996 PDA Detector (Waters) interfaced with
a Mass Spectrometer Single Quadrupole ZQ (Waters). ZQ interface: ESI
positive mode. Full scan from 102 to 900 amu. Capillary 3.2V, cone 25V,
extractor 3V, RF 0.3V, source temperature 115°C, desolvation temperature
350°C, gas flow 800 L/h, cone 100 L/h.

. Method A: Column Aquity UPLC-BEH C18 (50x2.1 mm, 1.7 uym). Flow
rate 0.6 mL/min, column at 40°C, injection 2 L. Mobile phases: A phase =
water/CH;CN 95/5 + 0.1% TFA, B phase = water/CH3CN = 5/95 + 0.1% TFA.
Gradient: 0-0.25 min (A: 95%, B: 5%), 3.30 min (A: 0%, B: 100%), 3.30-4.00
(A: 0%, B: 100%), 4.10 min (A: 95%, B: 5%), 4.10-5.00 min (A: 95%, B: 5%).



300.2 8-Hydroxy-N-((4-methylthiazol-2- H),4.83(d,2H), yl)methyl)quinoline-7-carboxamide 2.35 (s, 3
H) WO 2011/080266PCT/EP2010/070793 Ex. Chemical name 1H NMR (DMSO-db) LC-MS method
Rt; [MH1 COMOBUYHO M. s, 1H); O H 8.91(dd,1H);8.85 ----\ PCT/EP2010/070793
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. Method B: Column Atlantis dC18 (100x2.1 mm, 3.0 ym). Flow rate 0.3
mbL/min, column at 40°C, injection 2 pL. Mobile phases: A phase =
water/CHsCN 95/5 + 0.1% TFA, B phase = water/CH3CN = 5/95 + 0.1% TFA.
Gradient: 0-0.20 min (A: 95%, B: 5%), 5.00 min (A: 0%, B: 100%), 5.00-6.00
(A: 0%, B: 100%), 6.10 min (A: 95%, B: 5%), 6.10-7.00 min (A: 95%, B: 5%).
Example 1:

A Z

P e
N N

ZT

OH 0
8-Hydroxy-N-(pyridin-2-ylmethyl)quinoline-7-carboxamide
A mixture of 8-hydroxyquinoline-7-carboxylic acid (100 mg, 0.53 mmol) and
di(1H-imidazol-1-ylymethanone (86 mg, 0.53 mmol} in THF (5 mL) was heated
to 60°C for 3h, under nitrogen. The reaction mixture was allowed to cool to
RT and pyridin-2-ylmethanamine (46 mg, 0.424 mmol} was added. The
resulting mixture was heated to 40°C for 2h and then stirred at RT. The
reaction mixture was quenched with H2O and an aqueous saturated solution
of sodium hydrogen carbonate, and twice extracted with DCM. The separated
organics were dried over Na,SQy, filtered and concentrated under reduced
pressure. The residue was purified by SPE-SI cartridge (2 g, DCM to
DCM:MeQH 99:1) affording the title compound (73 mg, 0.26 mmol) as a off-
white solid.
LC-MS m/z (ESI): 280.14 (MHY), R=0.57 min (Method A).
'H-NMR (DMSO-ds) 8: 9.46 (1, 1 H); 8.93 (dd, 1 H); 8.54 (ddd, 1 H); 8.37 (dd,
1 H); 8.06 (d, 1 H); 7.78 (id, 1 H); 7.66 (dd, 1 H); 7.45 (d, 1 H); 7.41 (d, 1 H);
7.29 (ddd, 1 H); 4.70 (d, 2 H).



I N(d,1H);8.61(dd, 1.11; 1H);8.09(d,1H); A OHO-
8-Hydroxy-N-(isoxazol-3-yl)quinoline-7-

WO 2011/080266
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(d,1H);7.13(d,

256.1 7.81(dd,1H); 7.30

carboxamide 1H).
PCT/EP2010/070793

Following procedures analogous to the one described above, the additional

compounds of the present invention were prepared (Table 2).

TABLE 2

Ex.

Chemical name

"H NMR (DMSO-dg)

LC-MS
method

Ry
[MH"]

D \Q/Br
H
= N
N
OH (8]

8-Hydroxy-N-(4-bromobenzyliquinaline-
7-carboxamide

8 9.35 (t, 1H); 8.92
(dd, 1H); 8.36 (dd,
1H); 8.00 (d, 1H);
7.66 (dd, 1H); 7.49-
7.60 (m, 2H);, 7.44
(d, 1H);, 7.29-7.40
{m, 2H); 4.43-4.70
(m, 2H).

1.74.
357.0

yor

8-Hydroxy-N-(1,1-dioxidotetrahydrothien-
3-yhquinoline-7-carboxamide

&:9.09 (d, 1H); 8.92
(dd, 1H); 8.37 (dd,
1H), 7.97 (d, tH)
7.66 (dd, 1H); 7.43
(d, 1H), 4.58-4.93
(m, 1H); 3.56 (dd,
1H); 3.37 (ddd, 1H);
3.09-3.30 (m, 2H);
2.55-2.61 (m, 1H);
2.14-2.40 {m, 1H).

0.77,
3071




5:9.73 (t, 1H); 8.95

0101 lip (dd,1H);8.39(dd, 1H);8.03-8.11(m, J._

14 A OHO
WO 2011/080266 PCT/EP2010/070793
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. ; LC-MS R
Ex. Chemical name H NMR (DMSO-dg) .
method | [MH"]
& 9.20 (t, 1H); 8.91
(dd, 1H); 8.34 (dd,
\/Q/ 1H); 8.02 (d, iH);
4 7.64 (dd, 1H); 7.41 A 0.79;
(d, 1H); 7.21 (m, 322.1
8-Hydroxy-N-(4- oHY, 6.71 (m, 2H);
(dimethylamino)benzyl)quinoline-7- 4.46 (d, 2H); 2.86
carboxamide (s, BH)
& 8.91 (dd, 1H);
8.70 (d, 1H); 8.35
(dd, 1H); 8.01 (d,
1H); 7.64 (dd, 1H);
. 7.42 (d, 1H); 4.01- A 0.92;
4.28 (m, 1H); 3.78- 273.1
8-Hydroxy-N-(tetrahydro-2H-pyran-4- 401 (m, 2H); 3.44
yl)quinoline-7-carboxamide (td, 2H); 1.76-2.01
(m, 2H); 1.53-1.72
(m, 2H).
5: 10.63 (br. s, 1H);
N
H 8.93 (dd, 1H); 8.43
L N
N \O\ (dd, 1H); 8.07 (d,
GH O . .
N/w 1H); 7.69 (dd, 1H); 1.05:
6 k/o 7.52-7.65 (m, 2H); A
350.2
7.44 (d, 1H); 6.86-
8-Hydroxy-N-(4- 741 (m, 2H); 3.61-
morpholinophenyl)quinoline-7- 3.80 (m, 4H); 2.95-
carboxamide 3.27 (m, 4H).

1H);8.04(d,1H); 1.50;




7.91-8.01(m,1H); 336.1 8-Hydroxy-N-(benzol[dithiazol-2- 7.69 (dd, 1H); 7.35-

8.57(d,

yEmethyl)quinoline-7-carboxamide 7.58(m,3H);5.02 (d, 2H). 6:9.46 (t, 1H); 8.93
WQ %)11/080266 PCT/EP2010/070793
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! LC-MS R,
Ex. Chemical name H NMR (DMSQO-dg) .
method | [MH"]
2 & 11.28 (br. s, 1H);
= N 9.25 (s, 1H); 8.94
N
{dd, iH); 8.50 (dd, )
oH 0 _ 1.16;
7 N \> 1H); 8.22 (s, 1H); A
\w 332.1
8.05 {d, 1H);, 7.90
8-Hydroxy-N-(4-(1H-1,2 4-triazol-1- (m, 4H); 7.74 (dd,
vhphenybguinoline-7-carboxamide 1H); 7.42 (d, 1H).
{353K) &: 8.90 (dd,
1H); 8.50 (dd, 1H);
\( 8.13 (d, 1H); 7.74 111,
8 A
(dd, 1H); 7.51 (d, 272.0
8-Hydroxy-N-(thiazol-2-yl)quinoline-7- TH) 7.31 (d, TH)
carboxamide 7.9 (d, 1H).
8. 10.72 (br. s, 1H);
8.93 (dd, 1H); 8.45
{dd, 1H); 8.03 (d,
9 1H);, 7.70 (dd, 1H) A 1.43;
7.43 (d, 1H);, 7.40 323.2
8-Hydroxy-N-(2,3- (d 1H): 7.41 (dd,
dihydrobenzo[b]l1,4]dioxin-6- 1H); 6.86 (d, 1H);
yhiguinoline-7-carboxamide 4.12-4.37 (m, 4H).

(dd,1H);




| 1H);8.50(d,1H); 8.37 (dd,1H); 8.02 0.98; 15
8-Hydroxy-N-((5-methylpyrazin-2- 1H);7.44(d,1H);

A OHO (d,1H);7.66(dd, 295.2
yl)methyl)quinoline-7-carboxamide 4.70(d,2H);

2.49  (br. ¥@pf11/080266 PCT/EP2010/070793
23
. . LC-MS Ri
Ex. Chemical name H NMR (DMSO-dg) .
method | [MH"]
& 9.22 (t, 1H); 8.91
(\0 (dd, 1H): 8.35 (dd,
D \/@lN\) 1H); 8.02 (d, 1H);
H .
i N 7.64 (dd, 1H); 7.42 1.10:
10 d, 1H); 7.25 (m, A
or o ( ) ( 3641
8-Hydroxy-N-(4- 2H), 6.92 (m, 2H);
morpholinobenzyl)quinoline-7- 4.49 (d, 2H); 3.60-
carboxamide 3.90 (m, 4H); 2.93-
3.18 (m, 4H).
& 9.38 (i, 1H); 8.92
N \/[0>\ (dd, 1H); 8.36 (dd,
H
e N Vi . .
N 1H);, 7.99 (d, 1H); 1 10:
1 7.66 (dd, 1H); 7.42 A
on o ( : 284.2
8-Hydroxy-N-({5-methylisoxazol-3- (d, 1H) 622 (s,
ylymethyl}quinoline-7-carboxamide TH); 4.59 (d. 2H);
2.38 (s, 3H).
8. 9.59 (f, 1 H), 8.93
AN N»g (dd, 1 H), 8.38 (dd,
i
N/ N\/Ls 1 H), 8.01 (d, 1 H), 1.08:
12 7.67 {(dd, 1 H), 7.44 A
OH 0 300.2
(d, 1 H), 7.16 (q, 1
8-Hydroxy-N-{(4-methylthiazol-2- Hy), 4.83 (d, 2 H),
ylymethyliquinoline-7-carboxamide 2.35 (s, 3 H)




WO 2011/080266PCT/EP2010/070793 Ex. Chemical name 11-1 NMR (DMSO-dE) LC-MS method Rt;

[MH4] 8:9.28 (t, 1H): 8.92  le H (dd,1H);8.36(dd, 1H):8.05(d,1H);  7.66 (dd,1H); 7.43 2.39; 16
B WO 2011/080266 PCT/EP2010/070793
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LC-MS Ry
method | [MH™]

8: 12.50 (br. s, 1H);

8.91 (dd, 1H); 8.85

(d, 1H); 8.61 (dd, 141:
13 L 1H); 8.09 (d, 1M} A

256.1
7.81 (dd, 1H); 7.30
8-Hydroxy-N-(isoxazol-3-yl)quinoline-7- @ 1H) 7143 (d,

Ex. Chemical name 'H NMR (DMSO-dg)

carboxamide 1H).

§: 9.73 (1, 1H); 8.95
(dd, 1H); 8.39 (dd

\/I:Q 1H); 8.03-8.11 (m,
1H): 8.04 (d, 1H); 1.50:
14 A

7.91-8.01 (m, 1H); 336.1
8-Hydroxy-N-(benzo[d]thiazol-2- 7.69 (dd, 1H); 7.35-
yimethyl)quinoline-7-carboxamide 7.58 (m, 3H), 5.02

(d, 2H).

5. 9.46 (t, 1H); 8.93

N -
N _ (dd, 1H): 8.57 (d,
H | 1H), 850 (d, 1H);
= N T
N N 8.37 (dd, 1H); 8.02 0.98;
15 A
OH QO

(d, 1H); 7.66 (dd, 295.2
8-Hydroxy-N-((5-methylpyrazin-2- 1H); 7.44 (d, 1H);
yhmethyl)quinoline-7-carboxamide 4.70 (d, 2H); 2.49

(br. s, 3H).




OH 0(d,1H);7.11(d, 283.2 8-Hydrpxy-N-((1-methyl-1H-imidazol-2-1H);6.83(d,1Fl);

yOmethyl)quinoline-7-carboxamide4.64(d,2H);3.69 (s, 3H).

(dd,

9.75 (t, 1H); 8.94

1H);8Y02 W UN¥A26617 2H);7.93-8.00(m, OIF] A 1.74; s PCT/EP2010/070793
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: . LC-MS | R
Ex. Chemical name H NMR (DMSO-dg) .
method | [MH"]
8. 9.28 (t, 1H); 8.92
A Ny (dd, 1H); 8.36 (dd,
Hﬁ 1H); 8.05 (d, 1H);
= N T
16 N N 7.66 (dd, 1H); 7.43 5 2.39;
OH O (d, 1H); 7.11 (d, 283.2
8-Hydroxy-N-((1-methyl-1H-imidazol-2- | 1H): 6.83 (d, 1H);
ylYmethyl)quinoline-7-carboxamide 4.64 (d, 2H); 3.69
(s, 3H).
8: 9.75 (t, TH); 8.94
(dd, 1H); 8.38 (dd,
1H); 8.01-8.07 .
\ " ); 8.01-8.07 {m
P 2H): 7.93-8.00 (m, 1.74;
17 = N A
N 5 2H), 7.67 (dd, 1H); 362.1
OH 0O 7.40-7.52 (m, 3H);
8-Hydroxy-N-{(4-phenyithiazci-2- 7.27-7.39 {m, 1H);
ylymethyl)quinoline-7-carboxamide 4.94 (d, 2H).
§:9.40 (1, 1H); 8.93
AN 2NN (dd, 1H); B.44-8.61
P H “ | |, 2nH): 837 (dd,
18 N 1H); 8.02 (d, 1H); 5 2.04;
OH 0 7.66 (dd, 1H); 7.45 280.1
8-Hydroxy-N-(pyridin-4- {d, 1H); 7.28-7.41
yimethyhquinocline-7-carboxamide {m, 2H); 4.83 (d,
2H).

.6 (dd, 1H): 8.38




2H); 7.67 (dd,1H); 362.1 OHC)7.40-7.52(m,3H); 8-Hydroxy-N-((4-phenylthiazol-2-7.27-7.39(m,1H);
yOrnethyl)quinoline-7-carboxamide4.94 (d, 2H). 5:9.40 (1, 1H); 893 10H N .,,.-(dd,1H);
8.44-8.61 ("VOHPB/A% ¢, 1H);8.02(d,1H); 2.04; 18 PCT/EP2010/070793
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2. ACTIVITY TESTING: Methods and results

Organisms used to test antifungal activity

Trichophyton Rubrum (ATCC 28188, PBI International); Trichophyton
Mentagrophytes (ATCC 9533, PBI International); Aspergiflus Niger (ATCC
16404, PBI International); Scopulariopsis Brevicaulis (ATCC 36840, DSMZ);
Candida Albicans (ATCC 90028, PBI International); Candida Glabrata (ATCC
90030, DSMZ).

Preparation and conservation

Strains were prepared from freeze-dried ampoules or freeze-dried peilets.

An isolation of the suspensions was made on Potato Dextrose Agar (PDA) to
test the strains purity. A strains' massive growth was then made streaking
microbial suspensions on PDA plates.

Incubation was at 30°C for 48-72Hours (Candida yeasts) and for 7-10 days
(filamentous fungi).

The yeasts’ colonies and the filamentous fungi's conidia were harvested with
3-5 mL of RPMI 1640 + 50% glycerol and the aliquots frozen at -80°C.
Antifungal susceptibility testing

Compounds’ minimal inhibition concentration (MIC) was determined through
broth micro-dilution susceptibility test using a method developed in
agreement with the National Committee for Clinical Laboratory Standards
(NCCLS) ‘National Committee for Clinical Laboratory Standards. Reference
Method for Broth Dilution Antifungal Susceptibility Testing of Yeasts;
Approved standard-Second Edition M27-A2. 2002; Vol. 22, No. 15) (National
Committee for Clinical Laboratory Standards. Reference Method for Broth
Dilution Antifungal Susceptibility Testing of Filamentous Fungi; Approved
standard M38-A. 2002; Vol. 22, No. 16).

Assays were carried out in RPMI 1640 with L-glutamine medium buffered to
pH 7 with 0.165M 3-(N-morpholino)propanesulfonic acid (MOPS) and 10M



R OHO0 7.66 (dd,1H); 7.45 280.1 8-Hydroxy-N-(pyridin-4-(d,1H);7.28-7.41
ylmethyl)quinoline-7-carboxamide(m,2H);4.63(d, 2H). 76 2. ACTIVITY TESTING: Methods and
results OrgaM3Ad Vi&¥A%D test antitungal activity Trichophyton Rubrurn (APEEERIEB019733
International); Trichophyton Mentagrophiides (ATCC 9533, PSI International); Aspergillus Niger (ATCC
16404, FBI International); Scopulariopsis Breyicadlis (RICO 36840. DSMZ); Candid Albicans (ATCC
90028, FBI International); Candida Glabrata (ATCC 90030, DSMZ). Pregaration and conservation
Strains were prepared from freeze-dried ampoules or freeze-dried pellets. An isolation of the
suspensions was made on Potato Dextrose Agar (FDA) to test the strains purity. A strains' massive
growth was then made streaking microbial suspensions on FDA plates. Incubation was at 30C for
48-72Hours (Gandidadeastelanefeid /it day s (flamearous. fanaiiebhe weastsefolonies and the

filamentous fungi's conidia were harvested with 3-5 mL of RPMI + 50% glycerol and the aliquots
frozen at -80ES AR HUNE I?&E&%H@ﬁﬁ/ﬁ@%%"@&ﬁﬁﬁ%&x rﬁﬂw%%ﬁmﬁ 'rtig?‘?%&%@ﬁ?ation (MIC)

was determingetthrsighopkoth ericroegifitianas usz.eptitifity test U309 @mBhod deveped in
agreement with the, National Committee for Clinical Labgratory Stan ( S) ional
Committee fct)\fv nfcljcal 'lgggpg’torvy%?angéer%.r%aefé?engea gﬁet %IEQOF%OH@I g%%én A%}él%ngal
SusceptibilitycTestingaiovieastyystpivoved fatw 488 SgtohdEtHiIdHNEZY-A2. 2002; Vol. 22, No. 15)

(National Coml[@qg%gﬁbgﬁgﬁé}h@%ﬁ%ﬁ%}é&m%{gg.ﬁg}gﬁ@ﬁﬂ\ﬂﬁ@ﬁ%ﬁ&%&%lﬂéﬂon Antifungal

Susceptibility Testing o pproved stan 38-A. 2002; . 22, No. 16). Assays
were carried @it iMIRPR IGTeAt WAL WistaleipneinediatieiufRreaftdnsHontigih for1 BsReLS
3-(N-morphofipo)prepangel i 8HdIHERRYBRIFAM A HiAad seplemented with 18 g
glucosel/litre. The tests were performed using 96 well sterile plates (inoculum size of 1 x 105 CFU/mL).
Compounds S&&&olutions were prepared at 12.8 mg/mL in 100% DMSO. A series of twofold
dilutions werepsepaiedvnl piatersisings RN L G401 dTHIAé CopafitialirNscangat: o 0thag5 to 128
tig/mL at 1% DMSO. . . . .

geometric means of the values obtained in two single experiments, are

reported in Table 3.



MIC is defined as the lowest concentration of antifungal agent which prevents any visible growth and
was determined after 48h of incubation for yeasts (35C) and after five days of incubation for
filamentous WihEY{BE#290 Results The MIC values for the most preferable E&HESaREEE3ulated as
the geometric means of the values obtained in two single experiments, are reported in Table 3. 78
TABLE 3 Ex Trycopliylon Rubrum ATCC 28188 T#tophyton klentagrophyles ATCC .9563 Aspergillus
Niger ATCC 16404 Scopulariopsis Brevicaulls ATCC 36840 Candide Ai bicans ATCC O0D26 Candida
Glabram ATCC 90030 9 0.25 0.50 1.00 1.00 2.00 2.00 4 1.00 0.71 0.50 1.00 2.83

TABLE 3

Trycophyton Tricophyton Aspergillus Scoputariopsis Candida Candida
Ex Rubrum Mentagrephytes Niger Bravicaulis Albicans Gilabrata

ATCC 28188 ATCC 9533 ATCC 16404 ATCC 36840 ATCC 90028 ATCC 90030
9 0.25 0.50 1.00 1.00 2.00 2.00
4 1.00 0.71 £.50 1.00 2.83 1.41
2 1.41 1.00 0.71 1.41 1.41 1.41
14 2.00 1.00 0.50 1.00 2.00 2.83
10 1.00 0.50 0.50 4.00 4,00 2.00
12 1.41 2.83 1.00 1.00 2.00 2.00
1 2.00 2.00 0.50 1.00 4,00 4.00
7 2.52 2.00 1.00 1.26 2.00 2.83
11 1.00 4.00 1.00 2.83 2.00 2.00

Furthermore, the compound codified as E8 in EP1669348A1 was synthesized
together with a new compound (codified as NiK-29298), not included among
those disclosed in EP1669348A1, nor in the present invention, that can be
used as a link between the class of compound described in the present
application and those described in EP1669348A1 (Table 4).



14121.411.000.711.411.411.41142,001.000.50 1.00 2.00 2.83 10 1.00 0.50 0.50 4.00 4,00

2.00121.41 2.83 1.00 1.00 2,00 2.00 1 2.00 2.00 0.50 1.00 4,00 4.00 7 2.52
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TABLE 4

0
@Aﬁ{)\
E8 "
=
N o
O
NiK-29298 ED/M\N/\O
H
=
N

The MIC values for these compounds, tested on the same organisms used 1o

assess the potency of the derivatives described in the present application are
reporied in Table 5.

TABLE 5
Trycophiytan Tricophyton Aspergillus Scoputariopsis Candida Candida
Ex Rubrum Mantagrophytes Niger Brevicallis Albicans Glabrata
ATCC 28188 ATCC 9533 ATCC 16404 ATCC 36840 ATCC 90028 ATCC 90030
E8 >128 75 2-128 =128 1.41 1.00
NiK- =128 128 64-128 =128 2.00 5.65
20298 ' ’

As it can be appreciated, all the compounds listed in table 3 are active on all
the 6 strains tested, including yeasts, dermatophytes and molds. This broad
spectrum of the compounds of the present invention accounts for a predicted
efficacy on all kinds of fungal infections in humans or in animals, including
skin, scalp and nail infections, mostly caused by dermatophytes; vaginal,
mouth and intestinal infections, mostly caused by yeasts; ear, pulmonary,

eye, and other systemic infections, mostly caused by molds.



2.001.001.26 2.00 2.83 11 1.00 4.00 1.00 2.83 2.00 2.00 Fudhermore, the compound codified as E8
in EP1669348A1 was synthesized together with a new compound (codified as NiK-29298), not
inciuded am¥RPIHAE8E280sclosed in EP1669348A1, nor in the present inverRfoHEIRAL¥EAHEE used as a
link between the class of compound described in the present application and those described in
EP1669348A1 (Table 4). 79 TABLE 4 E8 |l 16 1.1 NIK-29298 0 * The MIC values for these
compounds, tested on the same organisms used to assess the potency of the derivatives described in
the present application are reported in Table 5.

Conversely, the compound E8, disclosed in EP1669348A1, and the
compound NiK-29298, characterized by the same quinoline scaifold
described in EP1669348A1, are active only on yeasts and do not display any
appreciable activity against the other strains, including dermatophytes and
molds.

Mechanism of action

It is known in the art that ciclopirox, one of the most potent and broad
spectrum antifungal agents, kills the fungal cells by chelating Fe®, i.e. by
subtracting the iron ions from the fungal cells, and its in vitro action is
inhibited only by adding an adequate quantity of Fe®" ions to the medium.
Ciclopirox is also known in the art to be the only antifungal agent which, due
to its peculiar mechanism of action, does not induce resistances in fungal
strains.

Method for the assessment of the mechanism of action

To verity if the compounds mechanism of action is the chelation of iron ions,
the MIC determination with Candida glabrata (ATCC 90030) strain was
performed by the addition of excessive iron ions (100 pM FeCls) in the test
medium. The viability of cells exposed 1o drugs, with or without the metal ion
Fe®*, was evaluated by the OD measure at 540 nm.

Compounds described in Example 2, E8 and NiK-29298 were evaluated in
presence and in absence of 100 uM (100 micromoles) Fe**.

The results are reported in the following Figures 1, 2 and 3.

In all figures, the lines and dois represent the percent inhibition of the fungal
growth (in ordinate) by adding different concentrations of antifungal agents (in
abscissa). Blue lines and dots are the experiments performed without iron
supplementation, while red lines and dots represent the results of the
experiments performed in presence of 100 pM Fe*. As known from the art,
ciclopirox effect is completely inhibited by presence of Fe** and Candida

glabrata is able to grow normally (Figure 1). Conversely, Fe® has no effect on



TABLE 5 ITritaflrbri E xIRub rum 1ATCC 28186 Tempi iylon rulenthgrophyles ATCC 9533 Aspergill us
Niger ATCC 16404 Scopulaeopsis Brevicaulis ATCC 36840 Candies Albicans ATCC 90020 Gandhi:1
Glabrata ATEC 2000889266 E8 >128 75 2-128 >128 1.41 1.00 ........ Ni 2PHERIVIYB79D8 64-128
>128 2.00 5.65 As it can be appreciated, all the compounds listed in table 3 are active on all the 6
strains tested, including yeasts, dermatophytes add molds. This broad spectrum of the compounds of
the present invention accounts for a predicted efficacy on all kinds of fungal infections in humans or in
animals, including skin, scalp and nail infections, mostly caused by dermatophytes; vaginal, mouth and
intestinal infections, mostly caused by yeasts; ear, pulmonary, eye, and other systemic infections,
mostly caused by molds.

amphotericin, an antifungal agent known in the art to have a mechanism of
action different from that of ciclopirox.

All the compounds of the present invention have similar behavior to
ciclopirox, i.e. their antifungal activity is completely inhibited by presence of
Fe®* (Figure 2).

On the contrary, the compound EB8, disclosed by EP1669348A1, and the
compound NiK-29298, with the quinolone scaffold described in
EP1669348A1, unlike ciclopirox and unlike the compounds of the present
invention, where not inhibited by the presence of Fe> ions in the medium
culture.

In conclusion, the compounds disclosed in EP1669348A1 have a narrow
spectrum of action, limited to yeasts, while they do not display antifungal
activity against dermatophytes or molds. Moreover, their mechanism of action
is independent on iron chelation.

On the contrary, the compounds of the present invention are superior to those
disclosed in EP1669348A1, In that they have a potent antifungal activity with
a wide specirum of action, exiended to yeasts, dermatophytes and molds.
This characteristic makes their efficacy predictable in a variety of fungal
infections, including skin, scalp, nail infections, moreover vaginal, mouth and
intestinal infections, finally ear, pulmonary, eye, and other systemic infections.
Furthermore, the compounds of the present invention are superior to those
disclosed in EP1669348A1, in that their mechanism of action is iron chelation,
a mechanism known in the art to avoid development of resistance in fungal
cells.



30 Conversely, the compound E8, disclosed in EP1669348A1, and the compound NiK-29298,
characterized by the same quinoline scaffold described in EP1669348A1, are active only on yeasts
and do not display any appreciable activity against the other strains, including dermatophytes and
molds. Mechanism of action It is known in the art t32t ciclopirox, one of the most potent and broad
spectrum antifungal agents, kills the fungal cells by chelating Fes, i.e. by subtracting the iron ions from
the fungal cells, and its in vitro action is inhibited only by adding an adequate quantity of Fes+ ions to
the medium. Ciclopirox is also known in the art kﬁiiﬂ% only antifungal agent which, due to its

peculiar mechanuref %@U‘f@@lwmé@}@% migi@ﬂﬁgsoim fungal strains. Method for the
assessment of the me n| m of actio ? gﬂta)ﬂ% if th ounds mechanism of action is the

chelationFYGHROAY HEPER H%PB m%&@&%'@ 0) strain was
performeg- b[ydjln@)@ddmmrghgdwpymnw)@mw%Fﬁ@é@&,m.ﬁm@@st medium. The viability of
cells expgsed o drugs, with or wij houhthe etal | _?3+ was evgluated by the OD measure at 540
nm. Com %6 't%éHqFPEQ g‘é{HB Qﬁwm aluated in presence and in
absence @ﬂ—mﬁw-(\l%mmpmpmﬁ@me Thfarbeuttmme reported in the following Figures 1, 2 and
3. Inall fiigr rea the lines and dP§ &%rese ercent inhjbition of the fungal growth (in ordinate) by
aciing OO BBt EA o MO RH O S e AL ey, Blue fnes and dots are the
experimmmﬁgy%@(aum@mwm‘r@ypmeﬂmwmwhd&ﬁewlmmma@ represent the results of
the expe ed in f 100 S kn om the art, ciclopirox effect is
complete‘%&%ﬁq &?}{@T “%’f ig] é)é{’\ﬁ %&'&95‘{8 ILE1IE0 é’m@?mally (Figure 1).
Convers@y—lif@rmpas ((a@fmtm|&oamphmetlwnqamannwmgzdragﬂahmewn in the art to have a
mechanl of actio fferentf 0 fCIC|O |ro AII Ee compounds of the present invention have
similar b %'H)(Syc Qf%r I 'yﬂ'éef‘ REBtétely inhibited by presence of Fe3+

(Figure 23- deﬂm&m(@&mhqm@mmmd]ﬁmwmmEﬁdﬁﬁéﬂ%boaadwtde compound
NiK-2929 ith the ffold d scrlb in ER1669348A1, unlike ciclopirox and unlike the
compoun%ﬂvfsfﬂé ﬂigr?tc? &}}a gﬂ@( ‘E'i?é'a%' ihd" Pé@éﬂ of Fes+ ions in the medium
culture. 18-¢ywiosioN- (hdammnﬂwn@ﬂ)qlsmiosﬁd mﬁm@mml have a narrow spectrum of action,
limited to SIS e the t dis antifungal.activity_against dermatophytes or molds.
Moreoveﬁxmﬁmﬁ( qr\! F%B@ﬁ%gﬁq fjﬁéj [ﬁéﬁi%}?t B%)ﬁa'aﬁ%he contrary, the compounds
of the pre&Hydmbqnnb(AanmspbehmhenhqummIneeﬂﬂaEaBiﬁﬁﬁﬁésAl In that they have a potent
antifung |de ctru tio tend d to easts der atophytes and molds. This
Characte i e A R A e DR e AR mctucing skin, scaip,
nail mfecﬂdﬁydm&wNv@wmmnmyhrmmylaqmnmﬂawﬂabmmxlamsdénally ear, pulmonary, eye, and other
systemic ans. r ecom S\ of presen jnvention ar superlor to those
dlsclose @?égﬁfémﬂqgtgéﬂﬂgfr%e nlsm ctlonn%'lrbcnac e’fﬁ‘{%ﬁ & mechanism known in
the art to&vmdrdgyeib(iﬁlenetbﬁnlxamnéBHyljumhwaﬁncsmé:IZNMSoﬁarﬁmpound selected from the
group consisting of: 8-Hydroxy-N-(1,1-dioxidotetrahydrothien-3-yl)quinoline-7-carboxamide
8-Hydroxy-N-(tetrahydro-2H-pyran-4-yl)quinoline-7-carboxamide;

8-Hydroxy- M(phmmnplcelumahmthlwiﬁmﬁrmﬁtab[ﬁb@(ammt a compound according to claim

g :zz:g%u %@@%’Lg |)§1 %f'?%lgfn gafrﬁ(%%d?gally acceptable carrier, excipient and/or

8- Hydrowd}weﬁﬂrmethylpyrazm -2- yI)methyI)qumollne -7-carboxamide; 8-Hydroxy-N-((1 -methyl-1
H-imidazol-2-yOmethyl)quinoline-7-carboxamide;
8-Hydroxy-N-((4-phenylthiazol-2-yOmethyl)quinoline-7-carboxamide;
8-Hydroxy-N-(pyridin-4-ylmethyl)quinoline-7-carboxamide;
8-Hydroxy-N-(2,3-dihydrobenzo[b][1,4]dioxin-6-yOquinoline-7-carboxamide;
8-Hydroxy-N-(4-(dimethylamino)benzyl)quinoline-7-carboxamide;
8-Hydroxy-N-(4-bromobenzyl)quinoline-7-carboxamide;
8-Hydroxy-N-(benzo[d]thiazol-2-ylmethyl)quinoline-7-carboxamide;
8-Hydroxy-N-(4-morpholinobenzyl)quinoline-7-carboxamide;
8-Hydroxy-N-((4-methylthiazol-2-yl)methyl)quinoline-7-carboxamide;
8-Hydroxy-N-(pyridin-2-ylmethyl)quinoline-7-carboxamide; 8-Hydroxy-N-(4-(1 H-1 ,2,4-triazol-1
-yl)phenyl)quinoline-7-carboxamide;
8-Hydroxy-N-((5-methylisoxazol-3-yl)methyl)quinoline-7-carboxamide. 2. A pharmaceutical

formulation containing at least a compound according to claim 1, together with at least a
pharmaceutically acceptable carrier, excipient and/or adjuvant.



