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NOVEL HETEROCYCLIC ACRYLAMIDES AND THEIR USE AS
PHARMACEUTICALS

FIELD OF THE INVENTION

The invention relates to novel heterocyclic acrylamide compounds, to the
preparation of the compounds and intermediates used therein, to the use of the
compounds as antibacterial medicaments and pharmaceutical compositions

containing the compounds.

BACKGROUND OF THE INVENTION
The invention particularly relates to new compounds capable of inhibiting bacterial
and/or parasite fatty acid biosynthesis and their use as antibacterial and/or

antiparasitic agents.

The emergence of antibiotic-resistant pathogens has become a serious worldwide
healthcare problem. Indeed, some infections are now caused by multi-drug
resistant organisms that are no longer responsive to currently available treatments.
There is therefore an immediate need for new antibacterial / antiparasitic agents

with a novel mode of action.

The bacterial fatty acid biosynthesis (FASII system) has recently generated a lot of
interest for the development of novel antibacterial / antiparasitic agents (Rock et al.
J. Biol. Chem. 2006, 281, 17541; Wright and Reynolds Curr. Opin. Microbiol.
2007, 10, 447). The organization of components in the bacterial fatty acid
biosynthesis pathway based on discrete enzymes is fundamentally different from
the multifunctional FASI system found in mammals, therefore allowing good
prospects of selective inhibition. The overall high degree of conservation in many
enzymes of the bacterial FASII system should also allow the development of

broader-spectrum antibacterial / antiparasitic agents.

Among all the monofunctional enzymes of the bacterial FASII system, Fabl
represents the enoyl-ACP reductase responsible for the last step of the fatty acid
biosynthetic elongation cycle. Using the cofactor NAD(P)H as a hydride source, Fabl
reduces the double bond in the trans-2-enoyl-ACP intermediate to the
corresponding acyl-ACP product. This enzyme has been shown to constitute an

essential target in major pathogens such as E. coli (Heath et al. J. Biol. Chem.
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1995, 270, 26538; Bergler et al. Eur. J. Biochem. 1996, 242, 689) and S. aureus
(Heath et al. J. Biol. Chem. 2000, 275, 4654). However, other isoforms have been
isolated such as FabK from S. pneumoniae (Heath et al. Nature 2000, 406, 145)
and FabL from B. subtilis (Heath et al. J. Biol. Chem. 2000, 275, 40128). Although
FabK is structurally and mechanistically unrelated to Fabl (Marrakchi et al. Biochem
J. 2003, 370, 1055), the similarity of Fabl with FabL (B. subtilis), InhA (M.
tuberculosis) and PfENR (P. falciparum) still offers opportunities of interesting
activity spectra (Heath et al. Prog. Lipid Res. 2001, 40, 467).

Several Fabl inhibitors have already been reported in the literature (Tonge et al.
Acc. Chem. Res. 2008, 41, 11). Some of them such as diazaborines (Baldock et al.
Science 1996, 274, 2107) and isoniazid in its activated form (Tonge et al. Proc.
Natl. Acad. Sci. U.S.A. 2003, 100, 13881) act by covalently modifying the cofactor
NAD+. However some drawbacks are associated with these products. Diazaborines
are only used experimentally because of their inherent toxicity (Baldock et al.
Biochem. Pharmacol. 1998, 55, 1541) while isoniazid is a prodrug restricted to the
treatment of susceptible tuberculosis. The fact that isoniazid requires activation by
hydrogen-peroxyde inducible enzymes (Schultz et al. J. Am. Chem. Soc. 1995,
117, 5009) enhances the possibilities of resistance by lack of activation or increased
detoxification (Rosner et al. Antimicrob. Agents Chemother. 1993, 37, 2251 and
ibid 1994, 38, 1829).

Other inhibitors act by interacting noncovalently with the enzyme-cofactor complex.
For instance Triclosan, a widely used consumer goods preservative with broad
spectrum antimicrobial activity, has been found to be a reversible, tight-binding
inhibitor of E. coli Fabl (Ward et al. Biochemistry 1999, 38, 12514). Intravenous
toxicology studies on this compound indicated a LDso on rats of 29 mg/kg clearly
ruling out intravenous injection (Lyman et al. Ind. Med. Surg. 1969, 38, 42).
Derivatives based on the 2-hydroxydiphenyl ether core of Triclosan have been
reported (Tonge et al. J. Med. Chem. 2004, 47, 509, ACS Chem Biol. 2006, 1, 43
and Bioorg. Med. Chem. Lett. 2008, 18, 3029; Surolia et al. Bioorg. Med. Chem.
2006, 14, 8086 and ibid 2008, 16, 5536; Freundlich et al. J. Biol. Chem. 2007,
282, 25436) as well as other inhibitors based on various classes of high throughput
screening derived templates (Seefeld et al. Bioorg. Med. Chem. Lett. 2001, 11,
2241 and J. Med. Chem. 2003, 46, 1627; Heerding et al. Bioorg. Med. Chem. Lett.
2001, 11, 2061; Miller et al. J. Med. Chem. 2002, 45, 3246; Payne et al.
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Antimicrob. Agents Chemother. 2002, 46, 3118; Sacchettini et al. J. Biol. Chem.
2003, 278, 20851 ; Moir et al. Antimicrob. Agents Chemother. 2004, 48, 1541;
Montellano et al. J. Med. Chem. 2006, 49, 6308; Kwak et al. Int. J. Antimicro. Ag.
2007, 30, 446; Lee et al. Antimicrob. Agents Chemother. 2007, 51, 2591;
Kitagawa et al. J. Med. Chem. 2007, 50, 4710, Bioorg. Med. Chem. 2007, 15,
1106 and Bioorg. Med. Chem. Lett. 2007, 17, 4982; Takahata et al. J. Antibiot.
2007, 60, 123; Kozikowski et al. Bioorg. Med. Chem. Lett. 2008, 18, 3565),
nevertheless none of these inhibitors have succeeded yet as a drug. Interestingly,
some classes of these inhibitors display activity on both Fabl and FabK:
predominantly FabK for the dual compounds based on phenylimidazole derivatives
of 4-pyridones (Kitagawa et al. J. Med. Chem. 2007, 50, 4710), predominantly
Fabl for the indole derivatives (Payne et al. Antimicrob. Agents Chemother. 2002,
46, 3118; Seefeld et al. J. Med. Chem. 2003, 46, 1627). However, the moderate
activity on the second enzyme might prove to be a drawback for such compounds
as it may lead to an increase of resistance mechanisms due to the added selection
pressure (Tonge et al. Acc. Chem. Res. 2008, 41, 11).

Despite the attractiveness of Fabl as an antibacterial / antiparasitic target, it is still
largely unexploited at this time since there are no drugs on the market or within

advanced clinical phases.

WO 2007/135562 (Mutabilis SA) describes a series of hydroxyphenyl derivatives
that display a selective spectrum of activity on species containing Fabl and related
targets, in contrast to Triclosan. WO 2008/098374, WO 2008/009122, WO
2007/067416, WO 2007/053131, WO 03/088897 and WO 01/27103 (Affinium
Pharmaceuticals Inc) all describe a series of acrylamide derivatives which are

claimed to be Fabl inhibitors.

One of the purposes of the invention is to provide novel compounds active on Fabl
and related targets with improved pharmacological and/or physico-chemical

properties over existing compounds.

SUMMARY OF THE INVENTION
According to a first aspect of the invention, there is provided a compound of
formula (I):
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R2
R1
(M
wherein:

- W and X independently represent a bond or a -(CH;);-4 group, such that W
and X together contain 1-5 carbon atoms;

- R1 represents an H, F, CN, (C;-C¢) alkyl, (C,-Ce) alkenyl, (C,-Ce) alkynyl,
CO,R4, COR4, CONRsR,, OCORg4, OR4, NRiRp,, ON=CR4R., NR.CORg4, NR.COORy,
OCONR;Rp, NR.CONRRp, NR:SOzR,, S(O)nRa, SO2NRRp, -C(R2)=N-0-R¢, Y-Ar or a Z-
Het group, wherein Ar represents phenyl or naphthyl, Het represents a 4-10
membered monocyclic or bicyclic saturated or unsaturated heterocycle containing
1-5 heteroatoms selected from N, O and S and Y and Z independently represent a
bond or a linker selected from O, S, CO, (C;-Ce¢) alkylene, -O-(C;-Cs) alkylene, -CO-
(Ci-Ce) alkylene or -ON=CRy4-(C;-Cs) alkylene, wherein said R1 group may be
optionally substituted by one or more R4 groups;

- R2 represents an H, F, CN, (C;-C¢) alkyl, (C,-Cs) alkenyl, (C,-Cs) alkynyl,
CO,R4, COR4, CONRsR,, OCORg4, OR4, NRiRp,, ON=CR4R., NR.CORg4, NR.COORy,
OCONR,R,, NR.CONR,Rp, NR.SO3R,, S(O)nR, 0or SO;NRLR, group;

- Ra, R, and R independently represent H, (C;-C¢) alkyl, (C2-Ce) alkenyl, (C;-
Ce) alkynyl, or an NR,R, group may optionally form a 3- to 7-membered nitrogen
containing saturated heterocycle optionally containing 1 to 3 additional heteroatoms
selected from N, O or S wherein said heterocycle may be optionally substituted by
one or more (C;-Ce) alkyl groups;

- Rq and R independently represent H, (C;-Cs) alkyl, (C,-C¢) alkenyl, (C,-Cs)
alkynyl, halo(C;-Cs) alkyl, halo(C;-C¢) alkyl-O-(C;-Cs) alkyl- or (C;-Cs) alkyl-O-(C;-
Cs) alkyl-;

- Rf represents (C;-Cs) alkyl, (C,-Cs) alkenyl, (C,-C¢) alkynyl, halo(C;-Ce) alkyl
or -(C;-Ce) alkyl-Ar, wherein Ar represents phenyl or naphthyl;

- R4 represents halogen, CN, (C;-C¢) alkyl, (C,-C¢) alkenyl, (C,-Ce) alkynyl,
CO,R4, COR4, CONRiR,, OCORg4, OR4, NRiRp,, ON=CR4Re, NR.COR4, NR.COORg,
OCONR,Rp, NR.CCONR,Rs, NR:SO,R,, S(O)nRa, or SO2NRARy;

- n represents an integer selected from 0 to 2;
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- R3is a pyridyl ring fused to a 5, 6 or 7 membered heterocycle containing 1-3
heteroatoms selected from N, O and S, wherein said heterocycle is aromatic, partially
aromatic or saturated, and wherein said R3 group may be optionally substituted by
one or more R5 groups;

- R5 is selected from the group consisting of F, CO,R4, CORy, CONR,Ry, ORgy,
=0, NR;Rp,, NR.CORy or (C;-C¢) alkyl optionally substituted by F, CO,R4,CONR,Ry,
OR4, NR;Rp, NR,COR4 or Het optionally substituted by one or more (C;-C¢) alkyl
groups, or two R5 groups together with the atom to which they are attached may
together form a Het group optionally substituted by one or more (C;-C¢) alkyl
groups; or a pharmaceutically acceptable salt or solvate thereof.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 relates to the in vivo antibacterial activity of Example 12 at 100
mg/kg; and

Figure 2 relates to the in vivo antibacterial activity of Example 15 at 50
mg/kg.

DETAILED DESCRIPTION OF THE INVENTION
According to one particular aspect of the invention which may be mentioned, there is
provided a compound of formula (I):

R2
R1
(I)
wherein:

- W and X independently represent a bond or a -(CH,)1-4 group, such that W
and X together contain 1-5 carbon atoms;

- R1 represents an H, F, CN, (C;-Cg) alkyl, (C5-C¢) alkenyl, (C-Cg) alkynyl,
COzR4, COR4, CONR,Rp, OCOR4, OR4, NRsR,, ON=CR4Re, NR.COR4, NR.LCOORy,
OCONR3Rp, NR.CONRRp, NRSOzR,, S(O)aRs, SO2NR4Rp, Y-Ar or a Z-Het group,
wherein Ar represents phenyl or naphthyl, Het represents a 4-10 membered
monocyclic or bicyclic saturated or unsaturated heterocycle containing 1-5
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heteroatoms selected from N, O and S and Y and Z independently represent a bond
or a linker selected from O, CO, (C;-Cg) alkylene, -O-(C;-Cg) alkylene, -CO-(C;-Ce)
alkylene or —~ON-CR4-(C;-Ce) alkylene, wherein said R1 group may be optionally
substituted by one or more R4 groups;

- R2 represents an H, F, CN, (C;-Cg) alkyl, (C5-C¢) alkenyl, (C,-Cg) alkynyl,
CO5R4, CORy4, CONR,Rp, OCOR4, ORy4, NRzR,, ON=CR4R., NR.COR4, NR.COORg,
OCONR;Rp, NR.CONR;Rp, NR.SO2R;, S(O)nR; or SO2NR,R,, group;

- Ra, Ry and R¢ independently represent H, (C;-Ceg) alkyl, (C2-Ce¢) alkenyl, (Cz-
Ce) alkynyl, or an NR;R, group may optionally form a 3- to 7-membered nitrogen
containing saturated heterocycle optionally containing 1 to 3 additional heteroatoms
selected from N, O or S wherein said heterocycle may be optionally substituted by
one or more (C;-Ce¢) alkyl groups;

- Ry and R, independently represent H, (C;-Cg¢) alkyl, (C5-Cg) alkenyl, (C5-Ce¢)
alkynyl, halo(C;-Cg) alkyl, halo(C;-Ce¢) alkyl-O-(C;-Cg) alkyl- or (C;-Cg) alkyl-O-(C;-
Ce) alkyl-;

- R4 represents halogen, CN, (C;i-Cg) alkyl, (C2-Ce) alkenyl, (C2-Cg) alkynyl,
CO5R4, CORy4, CONR,Rp, OCOR4, ORy4, NRzR,, ON=CR4R., NR.COR4, NR.COORg,
OCONR,Rp,, NR.CCONR,Rp, NR:SO5R,, S(O)nRa, or SO-NR,Ry;

- n represents an integer selected from 0 to 2;

- R3is a pyridyl ring fused to a 5, 6 or 7 membered heterocycle containing 1-3
heteroatoms selected from N, O and S, wherein said heterocycle is aromatic, partially
aromatic or saturated, and wherein said R3 group may be optionally substituted by
one or more R5 groups;

- R5 is selected from the group consisting of F, CO,Ry, COR4, CONR,Rb, ORy,
=0, NR;Rp,, NR.CORy or (C;-C¢) alkyl optionally substituted by F, CO,R4,CONR,Ry,
OR4, NR;Rp, NR,CORy, or two R5 groups together with the atom to which they are
attached may together form a Het group optionally substituted by one or more (C;-
Ce) alkyl groups;
or a pharmaceutically acceptable salt or solvate thereof.

The compounds of the invention may have good in vitro and/or in vivo activity and
display surprisingly improved pharmacological, physical and/or chemical properties
over previously described Fabl inhibitors as confirmed by data presented herein. For
example, compounds of the invention which have been tested display surprisingly
less serum binding than previously described acrylamide derivatives. Furthermore,
compounds of the invention which have been tested appear to
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demonstrate parenteral (such as subcutaneous) and oral bioavailability. Certain
compounds of the invention also appear to reduce the apparition of resistance
mechanisms by being selective of Fabl and related targets while avoiding hitting
structurally unrelated targets such as FabK. In addition, compounds of the
invention which have been tested appear to demonstrate greater solubility than
previously described Fabl inhibitors.

In the present context, the term “pharmaceutically acceptable salt” is intended to
indicate salts which are not harmful to the patient. Such salts include
pharmaceutically acceptable acid addition salts, pharmaceutically acceptable metal
salts and pharmaceutically acceptable akaline addition salts. Acid addition salts

include salts of inorganic acids as well as organic acids.

Representative examples of suitable inorganic acids include hydrochloric,
hydrobromic, hydroiodic, phosphoric, sulfuric, nitric acids and the like.
Representative examples of suitable organic acids include formic, acetic,
trichloroacetic, trifluoroacetic, propionic, benzoic, cinnamic, citric, fumaric, glycolic,
lactic, maleic, malic, malonic, mandelic, oxalic, picric, pyruvic, salicylic, succinic,
methanesulfonic, ethanesulfonic, tartaric, ascorbic, pamoic, bismethylene salicylic,
ethanedisulfonic, gluconic, citraconic, aspartic, stearic, palmitic, EDTA, glycolic, p-
aminobenzoic, glutamic, benzenesulfonic, p-toluenesulfonic acids and the like.
Further examples of pharmaceutically acceptable inorganic or organic acid addition
salts include the pharmaceutically acceptable salts listed in J. Pharm. Sci. 1977, 66,
2, which is incorporated herein by reference. Examples of metal salts include
lithium, sodium, potassium, magnesium salts and the like. Examples of ammonium
and alkylated ammonium salts include ammonium, methylammonium,
dimethylammonium, trimethylammonium, ethylammonium,
hydroxyethylammonium, diethylammonium, butylammonium,
tetramethylammonium salts and the like.

Representative examples of alkaline salts include, for example, sodium, potassium,
lithium, calcium, magnesium or ammonium or organic bases such as, for example,
methylamine, ethylamine, propylamine, trimethylamine, diethylamine,
triethylamine, N,N-dimethylethanolamine, tris(hydroxymethyl)aminomethane,
ethanolamine, pyridine, piperidine, piperazine, picoline, dicyclohexylamine,

morpholine, benzylamine, procaine, lysine, arginine, histidine, N-methylglucamine.
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According to the invention, the compounds of formula (I) can be in racemic forms,
as well as in the form of pure enantiomers or non racemic (scalemic) mixture of
enantiomers, including when the compounds of formula (I) have more than one
stereogenic centre. In case the compounds of formula (I) have unsaturated carbon
carbon double bonds, both the cis (Z) and trans (E) isomers and their mixtures
belong to the invention.

References herein to “halogen” means a fluorine, chlorine, bromine or iodine atom.

References herein to “(C;-Cs) alkyl” means any linear, branched hydrocarbon
groups having 1 to 6 carbon atoms, or cyclic hydrocarbon groups having 3 to 6
carbon atoms. Representative examples of such alkyl groups include methyl, ethyl,
n-propyl, isopropyl, n-butyl, isobutyl and t-butyl, n-pentyl, isopentyl, neopentyl,
cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl.

References herein to “(C,-Ce¢) alkenyl” means any linear, branched hydrocarbon
groups of 2 to 6 carbon atoms, or cyclic hydrocarbon group having 3 to 6 carbon
atoms having at least one double bond. Representative examples of such alkenyl
groups include ethenyl, propenyl, butenyl and cyclohexenyl. References to “halo(C,-
Cs) alkenyl” mean a (C,-C¢) alkenyl group substituted by one or more halogen

atoms as herein defined.

References herein to “(C,-Ce) alkynyl” means any linear, or branched hydrocarbon
groups of 2 to 6 carbon atoms, having at least one triple bond. Representative
examples of such alkynyl groups include ethynyl, propargyl and butynyl. References
to “halo(C,-Cs) alkynyl” mean a (C,-Cs) alkynyl group substituted by one or more

halogen atoms as herein defined.

Illustrative examples of Het within the definition of R1 and R5 include those
selected from the group comprising furyl, tetrahydrofuryl, benzofuryl,
tetrahydrobenzofuryl, thienyl, tetrahydrothienyl, benzothienyl, tetrahydrobenzo-
thienyl, pyrrolyl, pyrrolidinyl, indolyl, indolinyl, tetrahydroindolyl, oxazolyl,
oxazolinyl, oxazolidinyl, benzoxazolyl, tetrahydrobenzoxazolyl, oxazolopyridinyl,
tetrahydrooxazolopyridinyl, oxazolopyrimidinyl, tetrahydrooxazolopyrimidinyl,

oxazolopyrazinyl, oxazolopyridazinyl, oxazolotriazinyl, isoxazolyl, benzoisoxazolyl,
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tetrahydrobenzoisoxazolyl, thiazolyl, thiazolinyl, thiazolidinyl, benzothiazolyl, tetra-
hydrobenzothiazolyl, thiazolopyridinyl, tetrahydrothiazolopyridinyl, thiazolopyri-
midinyl, tetrahydrothiazolopyrimidinyl, thiazolopyrazinyl, thiazolopyridazinyl, thia-
zolotriazinyl, isothiazolyl, benzoisothiazolyl, tetrahydrobenzoisothiazolyl, imidazolyl,
benzimidazolyl, tetrahydrobenzimidazolyl, pyrazolyl, indazolyl, tetrahydroindazolyl,
triazolyl, oxadiazolyl, thiadiazolyl, tetrazolyl, pyranyl, dihydropyranyl,
tetrahydropyranyl, benzopyranyl, dioxanyl, benzodioxanyl, dioxolanyl,
benzodioxolanyl, pyridinyl, pyridonyl, piperidinyl, tetrahydropyridinyl, quinolinyl,
isoquinolinyl, tetra- and perhydro-quinolinyl and isoquinolinyl, pyrimidinyl,
quinazolinyl, pyrazinyl, pyrazidinyl, piperazinyl, quinoxalinyl, piridazinyl, cinnolinyl,
phtalazinyl, triazinyl, purinyl, pyrazolopyridinyl, tetrahydropyrazolopyridnyl,
pyrazolopyrimidinyl, pyrazolopyrazinyl, pyrazolotriazinyl, triazolopyridinyl, tetra-
hydrotriazolopyridinyl,  triazolopyrimidinyl,  triazolopyrazinyl, triazolotriazinyl,

oxetanyl, azetidinyl and morpholinyl.

Illustrative examples of saturated nitrogen containing heterocycles within the
definition of NR,Rp include those selected from the group comprising, pyrrolidinyl,

oxazolidinyl, thiazolidinyl, piperidinyl, piperazinyl and morpholinyl.

In one embodiment, W and X both represent CH,, thus forming an azetidinyl ring
which is substituted at the 3 position by R1 and R2.

In an alternative embodiment, one of W and X represents CH, and the other
represents CH,CH,, thus forming a pyrrolidinyl ring which is substituted at the 3
position by R1 and R2.

In an alternative embodiment, one of W and X represents a bond and the other
represents CH,CH,CH,, thus forming a pyrrolidinyl ring which is substituted at the 2
position by R1 and R2.

In a further alternative embodiment, W and X both represent CH,CH,, thus forming
a piperidinyl ring which is substituted at the 4 position by R1 and R2.

In a further alternative embodiment, one of W and X represents CH, and the other
represents CH,CH,, thus forming a piperidinyl ring which is substituted at the 3
position by R1 and R2.
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In a yet further alternative embodiment, one of W and X represents a bond and the
other represents CH,CH,CH,CH,, thus forming a piperidinyl ring which is substituted
at the 2 position by R1 and R2.

In a most particular embodiment, W and X both represent CH,, thus forming an
azetidinyl ring which is substituted at the 3 position by R1 and R2.

In one embodiment, R1 represents an H, F, (C;-C¢) alkyl, (C,-C¢) alkenyl, ORg,
S(0O)nRa, -C(R,)=N-O-R¢, Y-Ar or Z-Het group each of which may be optionally

substituted by one or more R4 groups.

In a further embodiment, R1 represents an H, F, (C;-Cs) alkyl, (C,-Cs) alkenyl, ORg,
S(O)nRa, Y-Ar or Z-Het group each of which may be optionally substituted by one or

more R4 groups.

In a yet further embodiment, R1 represents an H, (C;-Ce¢) alkyl, ORy4, S(O)nRa, Y-Ar
or Z-Het group each of which may be optionally substituted by one or more R4

groups.

In a still yet further embodiment, R1 represents ORy4, Z-Het or -C(R,)=N-0-R¢, such
as a Z-Het group (i.e. benzofuranyl optionally substituted by a methyl group).

In one embodiment, R1 represents H.

When R1 represents (C;-Ce¢) alkyl optionally substituted by one or more R4 groups,
in one embodiment R1 represents ethyl or propyl optionally substituted by one or
more OR4 groups (such as —OH). In a further embodiment, R1 represents propyl or
ethyl substituted by an OH group. In a yet further embodiment, R1 represents
propyl or (CH;),0H.

When R1 represents ORq4, in one embodiment R4 represents (C;-Ce) alkyl (e.g. butyl,
pentyl or —(CH,),-CH(Me)), halo(C;-C¢) alkyl (e.g. —CH,-CF3 or —CHj3-CF3), -(C;-Ce)
alkyl-O-(C;-C¢) alkyl (e.g. —(CH;),-OMe or —(CH,)3-OMe) or (C,-Cs) alkenyl (e.g. -
CH,-CH=CH-Me or -CH,-C(Me)=CH-Me).
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When R1 represents ORgy, in a further embodiment Ry represents (C;-C¢) alkyl, such
as pentyl or (C,-Cs) alkenyl such as —CH,-CH=CH-Me.

When R1 represents ORy, in a yet further embodiment Ry represents (C;-Ce) alkyl,
such as butyl.

When R1 represents S(O),R,, in one embodiment n represents 2 and R, represents
(C1-Co) alkyl, such as pentyl.

When R1 represents Y-Ar, in one embodiment, R1 represents phenyl, -O-phenyl, -
O-CHj,-phenyl or —CH,-O-phenyl each of which may be optionally substituted by one

or more R4 groups (such as —CH,-O-fluorophenyl).

In one embodiment, Ar represents phenyl.

In one embodiment, Y represents a bond or a linker selected from O or -O-(C;-Cs)
alkylene (such as —O-CH;- or —CH,-0-).

When R1 represents Z-Het, in one embodiment, R1 represents benzoxazolyl,
oxadiazolyl, benzofuranyl, -S-thienyl, -O-benzothiophenyl, -O-benzofuranyl, -O-
pyridyl, -O-CH,-pyridyl, -O-CH,-thienyl, -O-(CH,),-thienyl, -O-(CH,)s-thienyl, -O-
CH,-thiazolyl, -O-CH,-pyrazolyl, -O-CH,-furanyl, -O-CH,-benzothiophenyl, or -
ON=C(Me)-CH,-pyrimidinyl each of which may be optionally substituted by one or

more R4 groups.

When R1 represents Z-Het, in a further embodiment, R1 represents benzoxazolyl,
oxadiazolyl, -O-pyridyl, -O-CH,-pyridyl, -O-CH,-thienyl, -O-CH,-thiazolyl or -
ON=C(Me)-CH,-pyrimidinyl each of which may be optionally substituted by one or
more R4 groups (such as methyloxadiazolyl).

When R1 represents Z-Het, in a yet further embodiment, R1 represents -O-CH,-
thienyl, -O-(CH,),-thienyl or —-benzofuranyl optionally substituted by an R4 group
(such as methyl).

When R1 represents Z-Het, in a still yet further embodiment, R1 represents -
benzofuranyl optionally substituted by an R4 group (such as methyl).
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When R1 represents -C(R,)=N-0-R;, in one embodiment, R, represents (C;-Cs) alkyl
(e.g. methyl) and Rf represents (C;-Ce) alkyl (e.g. ethyl or propyl), halo(C;-Cs) alkyl
(e.g. —CH,-CF3) or -(C;-Ce) alkyl-Ar (e.g. —=CH,-phenyl).

When R1 represents -C(R,)=N-0-Ry, in a further embodiment, R, represents (C;-Cs)
alkyl (e.g. methyl) and R¢ represents (C;-Ce¢) alkyl (e.g. propyl).

In one embodiment, Het represents benzothiophenyl, benzofuranyl, benzoxazolyl,
oxadiazolyl, pyridyl, pyrazolyl, thienyl, thiazolyl, furanyl or pyrimidinyl each of

which may be optionally substituted by one or more R4 groups.

In a further embodiment, Het represents benzoxazolyl, oxadiazolyl, pyridyl, thienyl,
thiazolyl or pyrimidinyl each of which may be optionally substituted by one or more

R4 groups.

In one embodiment, Z represents a bond or a linker selected from O, S or -O-(C;-
Cs) alkylene (such as -0-CH;-, -O-(CH;)2- or -0-(CH,)3-) or -ON=CR4-(C;-Cs)
alkylene (such as ~-ON=C(Me)-CH,-).

In a further embodiment, Z represents a bond or a linker selected from O or -O-
(Ci-Ce¢) alkylene (such as -0-CHj;-) or -ON=CR4-(C;-Cs) alkylene (such as -
ON=C(Me)-CH,-).

In one embodiment, R1 represents ORy4 (such as —-O-pentyl) or Z-Het (such as -O-
CH,-thienyl). In a further embodiment, R1 represents Z-Het, such as -0O-CH,-
thienyl.

In one embodiment, R2 represents an H or ORy4 group. In a further embodiment, R2

represents an H or OH group. In a yet further embodiment, R2 represents H.

In one embodiment, R4 represents halogen (such as bromine, chlorine or fluorine),
(Ci-Ce) alkyl (such as methyl), (C,-C¢) alkenyl or (C,-C¢) alkynyl. In a further
embodiment, R4 represents halogen (such as fluorine) or (C;-Cs) alkyl (such as
methyl). In a yet further embodiment, R4 represents fluorine or methyl.
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In a further embodiment, R4 represents halogen (such as fluorine), (C;-Cg) alkyl
(such as methyl), (C,-Cs) alkenyl or (C,-C¢) alkynyl. In a further embodiment, R4

represents halogen (such as fluorine) or (C;-Cg) alkyl (such as methyl).

In a yet

further embodiment, R4 represents fluorine or methyl.

Examples of ring systems within the definition of R3 include heterocycles of formula

5
(a)-(i):
AN X
|/ ~
| |
H H
(a) (b)
10
H
A
_ \/N
N N \
H H
(d) (e)
A X —C
® AR
N\ o
H H
15 (9) (h)

AN
| —
(c)
D
N "{
H
(f)
H
/
AN :
o
\
H

()

each of which may be optionally substituted, or further substituted as appropriate,

by one or more R5 groups.

An example of a compound of formula (I) wherein two R5 groups together with the

20 atom to which they are attached together form a Het group optionally substituted

by one or more (C;-Cs) alkyl groups include a spiro ring system of formula (j):
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(3).

A further examples of a ring system within the definition of R3 includes the

\I ~ \iﬁ,/ AN T

|
. N N l‘\l PN 0
H

heterocycle of formula (k):

\

(k)
which may be optionally substituted, or further substituted as appropriate, by one
or more R5 groups.

In one embodiment, R3 is a pyridyl ring or a pyridyl ring fused to a 5, 6 or 7
membered aromatic, partially aromatic or saturated heterocycle containing 1-5
heteroatoms selected from N, O and S, wherein said R3 group may be optionally
substituted by one or more R5 groups.

In a further embodiment, R3 is a pyridyl ring or a pyridyl ring fused to a 5 or 6
membered aromatic, partially aromatic or saturated heterocycle containing 1-5
heteroatoms selected from N, O and S, wherein said R3 group may be optionally

substituted by one or more R5 groups.

In a yet further embodiment, R3 is a pyridyl ring or a pyridyl ring fused to a 6
membered aromatic, partially aromatic or saturated heterocycle containing 1-5
heteroatoms selected from N, O and S, wherein said R3 group may be optionally

substituted by one or more R5 groups.

In a still yet further embodiment, R3 is a pyridyl ring fused to a 6 membered

aromatic, partially aromatic or saturated heterocycle containing 1-5 heteroatoms
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selected from N, O and S, wherein said R3 group may be optionally substituted by
one or more R5 groups.

In one embodiment, R3 represents a heterocycle of formula (k):

N AN
- \W/ N

|

M NN o
!
(k)
which may be optionally substituted, or further substituted as appropriate, by one
or more R5 groups, such as (C;-Ce) alkyl optionally substituted by CO;R4 (e.g. -
CH,-CO3H), NRiRp (e.g. —CH,-N(Me),) or Het optionally substituted by one or more
10 (C;i-GCo) alkyl groups (e.g. —(CH;),-piperazinyl-Me).

In one embodiment, R3 represents a heterocycle of formula (a), (b), (c), (d), (f),

(1), (3) or (k):

AN XN
I I =
H H
)

15 (a) (b) (c
H H
/
A
A AN
O O O
N o NN \
H H H
(d) (f) ()
Ngd
Ao P9
|
H

20
() (k)
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each of which may be optionally substituted, or further substituted as appropriate,
by one or more R5 groups, such as CO;R4 (e.g. CO;Me), NR,Ry (e.g. NH;), CONR4Rp
(e.g. CONH,;), NR.COR4 (e.g. NHCOMe) or (C;-Cs) alkyl optionally substituted by F,
CO3R4 (e.g. —CH,-CO;H), CONR4Rp, OR4 (e.g. CH,OH), NR4Ry (e.g. —CH,-N(Me),),
NR.COR4 or Het optionally substituted by one or more (C;-C¢) alkyl groups (e.g. -
(CH3)2-piperazinyl-Me).

In a further embodiment, R3 represents a heterocycle of formula (a) or (j):

oot

|\ AN

mo N0
z :

(a) ()
each of which may be optionally substituted, or further substituted as appropriate,
by one or more R5 groups, such as CO,R,4 (e.g. CO,Me), NR4Ry (e.g. NH;), CONR,Ry
(e.g. CONH;), NR.CORy (e.g. NHCOMe) or (C;-C¢) alkyl optionally substituted by F,
CO,R4 (e.g. —CH,-CO,H), CONR.R,, ORg4 (e.g. CH,0H), NR.R, (e.g. —CH,-N(Me),),
NR.COR4 or Het optionally substituted by one or more (C;-C¢) alkyl groups (e.g. -
(CH;),-piperazinyl-Me).

In a further embodiment, R3 represents a heterocycle of formula (a), (b) or (c):
| ~ AN
v |
| I
H H

(a) (b) (c
each of which may be optionally substituted, or further substituted as appropriate,
by one or more R5 groups, such as CO,R4 (e.g. CO;Me), NR,Ry (e.g. NH;), CONR,Rp
(e.g. CONH,;), NR.COR4 (e.g. NHCOMe) or (C;-Cs) alkyl optionally substituted by F,
CO,R4,CONR,Rp, OR4 (e.g. CH,0H), NR;R, or NR,CORg.

N
p
)

In a further embodiment, R3 represents a heterocycle of formula (c):
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(c)
optionally substituted by one or more R5 groups, such as NR;R, (e.g. 2-NH;) or
NR.COR4 (e.g. 2-NHCOMe).

In a yet further embodiment, R3 represents a heterocycle of formula (a) or (b):

T, T
! !

(a) (b)
optionally further substituted by one or more R5 groups, such as CO;R4 (e.9. 3-
CO,Me), CONR,R;, (e.g. 3-CONH;) or (C;-Ce) alkyl optionally substituted by OR4 (e.g.
3-CH,0H).

In a yet further embodiment, R3 represents a heterocycle of formula (a):

IT—

(a)
optionally further substituted by one or more R5 groups, such as CO,R4 (e.g. 3-
CO,Me), CONR,Ry, (e.g. 3-CONH,) or (C;-Ce) alkyl optionally substituted by ORq4 (e.g.
3-CH,0H).

In a still yet further embodiment, R3 represents a heterocycle of formula (a):

(a)

which has no further R5 substituents.



10

15

20

25

30

35

WO 2011/061214 18 PCT/EP2010/067647

In one embodiment, n represents 1 or 2. In a further embodiment, n represents 2.

In one embodiment, R,;, R, and R. independently represent H, (C;-Cs) alkyl, or an
NR.Ry group may optionally form a 3- to 7-membered nitrogen containing saturated
heterocycle optionally containing 1 to 3 additional heteroatoms selected from N, O
or S wherein said heterocycle may be optionally substituted by one or more (C;-Ce¢)
alkyl groups.

In one embodiment, Ry and R. independently represent H, (C;-C¢) alkyl, (C;-Ce)
alkenyl, halo(C;-Cs) alkyl, halo(C;-Cs) alkyl-O-(C;-Ce) alkyl- or (C;-Cs) alkyl-O-(C;-
Ce) alkyl-.

In a further embodiment, Ry and R, independently represent H, (C;-Cs) alkyl,
halo(C;-Ce) alkyl-O-(C;-Cs) alkyl- or (C;-Cs) alkyl-O-(C;-Cs) alkyl-.

In one embodiment, R¢ represents (C;-Cs) alkyl (e.g. ethyl or propyl), halo(C;-Cs)
alkyl (e.g. —=CH,-CF3) or -(C;-C¢) alkyl-Ar (e.g. —CH,-phenyl).

In one embodiment, the compound of formula (I) is selected from:
6-[(1E)-3-Azetidin-1-yl-3-oxoprop-1-en-1-yl]-3,4-dihydro-1,8-naphthyridin-2(1H)-
one (E1);
6-[(1E)-3-0Ox0-3-pyrrolidin-1-ylprop-1-en-1-yl]-3,4-dihydro-1,8-naphthyridin-
2(1H)-one (E2);
6-[(1E)-3-0Oxo0-3-piperidin-1-ylprop-1-en-1-yl]-3,4-dihydro-1,8-naphthyridin-2(1H)-
one (E3);
6-{(1E)-3-[4-(2-Hydroxyethyl)piperidin-1-yl]-3-oxoprop-1-en-1-yl}-3,4-dihydro-
1,8-naphthyridin-2(1H)-one (E4);
6-[(1E)-3-{[4-(4-Fluorophenoxy)methyl]piperidin-1-yl}-3-oxoprop-1-en-1-yl]-3,4-
dihydro-1,8-naphthyridin-2(1H)-one (E5);
6-[(1E)-3-0Ox0-3-(3-phenoxyazetidin-1-yl)prop-1-en-1-yl]-3,4-dihydro-1,8-
naphthyridin-2(1H)-one (E6);
6-[(1E)-3-0Ox0-3-(2-phenylpyrrolidin-1-yl)prop-1-en-1-yl]-3,4-dihydro-1,8-
naphthyridin-2(1H)-one (E7);
6-[(1E)-3-0Ox0-3-(4-propylpiperidin-1-yl)prop-1-en-1-yl]-3,4-dihydro-1,8-
naphthyridin-2(1H)-one (E8);
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6-[(1E)-3-{[3-(4-Fluorophenoxy)methyl]piperidin-1-yl}-3-oxoprop-1-en-1-yl]-3,4-
dihydro-1,8-naphthyridin-2(1H)-one (E9);
6-[(1E)-3-0Ox0-3-(3-phenoxypyrrolidin-1-yl)prop-1-en-1-yl]-3,4-dihydro-1,8-
naphthyridin-2(1H)-one (E10);
6-{(1E)-3-[3-(5-Methyl-1,2,4-0xadiazol-3-yl)azetidin-1-yl]-3-oxoprop-1-en-1-yl}-
3,4-dihydro-1,8-naphthyridin-2(1H)-one (E11);
6-{(1E)-3-0Ox0-3-[3-(2-thienylmethoxy)azetidin-1-yl]prop-1-en-1-yl}-3,4-dihydro-
1,8-naphthyridin-2(1H)-one (E12);
6-{(1E)-3-[2-(5-Methyl-1,2,4-0xadiazol-3-yl)piperidin-1-yl]-3-oxoprop-1-en-1-yl}-
3,4-dihydro-1,8-naphthyridin-2(1H)-one (E13);
6-{(1E)-3-[4-Hydroxy-4-phenylpiperidin-1-yl]-3-oxoprop-1-en-1-yl}-3,4-dihydro-
1,8-naphthyridin-2(1H)-one (E14);
6-{(1E)-3-0Oxo0-3-[3-(pentyloxy)azetidin-1-yl]prop-1-en-1-yl}-3,4-dihydro-1,8-
naphthyridin-2(1H)-one (E15);
6-{(1E)-3-0Ox0-3-[3-(pyridin-3-yloxy)pyrrolidin-1-yl]Jprop-1-en-1-yl}-3,4-dihydro-
1,8-naphthyridin-2(1H)-one (E16);
6-{(1E)-3-[3-(Benzyloxy)azetidin-1-yl]-3-oxoprop-1-en-1-yl}-3,4-dihydro-1,8-
naphthyridin-2(1H)-one (E17);
6-{(1E)-3-[2-(1,3-Benzoxazol-2-yl)piperidin-1-yl]-3-oxoprop-1-en-1-yl}-3,4-
dihydro-1,8-naphthyridin-2(1H)-one (E18);
6-[(1E)-3-{3-[(2-Methylprop-2-en-1-yl)oxy]azetidin-1-yl}-3-oxoprop-1-en-1-yl]-
3,4-dihydro-1,8-naphthyridin-2(1H)-one (E19);
6-{(1E)-3-Ox0-3-[3-(1,3-thiazol-2-ylmethoxy)azetidin-1-yl]prop-1-en-1-yl}-3,4-
dihydro-1,8-naphthyridin-2(1H)-one (E20);
6-{(1E)-3-[3-({[(1E)-1-Methyl-2-pyrimidin-2-ylethylidene]amino}oxy)azetidin-1-
yl]-3-oxoprop-1-en-1-yl}-3,4-dihydro-1,8-naphthyridin-2(1H)-one (E21);
6-{(1E)-3-[3-(Pentylsulfonyl)azetidin-1-yl]-3-oxoprop-1-en-1-yl}-3,4-dihydro-1,8-
naphthyridin-2(1H)-one (E22);
5-{(1E)-3-0x0-3-[3-(pyridin-4-ylmethoxy)azetidin-1-yl]prop-1-en-1-yl}pyridin-2-
amine (E23);
N-(5-{(1E)-3-Ox0-3-[3-(pyridin-4-ylmethoxy)azetidin-1-yl]prop-1-en-1-yl}pyridin-
2-yl)acetamide (E24);

Methyl 6-[(1E)-3-{4-[(4-fluorophenoxy)methyl]piperidin-1-yl}-3-oxoprop-1-en-1-
yl]-2-o0x0-1,2,3,4-tetrahydro-1,8-naphthyridine-3-carboxylate (E25);
6-[(1E)-3-{4-[(4-Fluorophenoxy)methyl]piperidin-1-yl}-3-oxoprop-1-en-1-yl]-2-
oxo-1,2,3,4-tetrahydro-1,8-naphthyridine-3-carboxamide (E26);
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6-[(1E)-3-{4-[(4-Fluorophenoxy)methyl]piperidin-1-yl}-3-oxoprop-1-en-1-yl]-2-
ox0-1,2-dihydro-1,8-naphthyridine-3-carboxamide (E27); and
3-(Hydroxymethyl)-6-[(1E)-3-{4-[(4-fluorophenoxy)methyl]piperidin-1-yl}-3-
oxoprop-1-en-1-yl]-3,4-dihydro-1,8-naphthyridin-2(1H)-one (E28);
or a pharmaceutically acceptable salt or solvate thereof.

In an alternative embodiment, the compound of formula (I) is selected from:
(E)-6-(3-0Ox0-3-(3-(2-(thiophen-2-yl)ethoxy)azetidin-1-yl)prop-1-enyl)-3,4-
dihydro-1,8-naphthyridin-2(1H)-one (E29);
(E)-6-(3-Ox0-3-(3-(3-(thiophen-2-yl)propoxy)azetidin-1-yl)prop-1-enyl)-3,4-
dihydro-1,8-naphthyridin-2(1H)-one (E30);
(E)-6-(3-(3-((3-Methylthiophen-2-yl)methoxy)azetidin-1-yl)-3-oxoprop-1-enyl)-
3,4-dihydro-1,8-naphthyridin-2(1H)-one (E31);
6-[3-(3-(4-Methyl-thiophen-2ylmethoxy)-azetidin-1-yl)-3-oxo-propenyl]-3,4-
dihydro-1H-[1,8]naphthyridin-2-one (E32);
(E)-6-(3-(3-((5-Methylthiophen-2-yl)methoxy)azetidin-1-yl)-3-oxoprop-1-enyl)-
3,4-dihydro-1,8-naphthyridin-2(1H)-one (E33);
(E)-6-[3-(2-Methoxyethoxy)azetidin-1-yl)-3-oxoprop-1-enyl]-3,4-dihydro-1,8-
naphthyridin-2(1H)-one (E34);
(E)-6-[3-(3-Methoxypropoxy)azetidin-1-yl)-3-oxoprop-1-enyl]-3,4-dihydro-1,8-
naphthyridin-2(1H)-one (E35);
(E)-6-[3-(3-Butoxyazetidin-1-yl)-3-oxoprop-1-enyl]-3,4-dihydro-1,8-naphthyridin-
2(1H)-one (E36);
(E)-6-[3-(3-Isobutoxyazetidin-1-yl)-3-oxoprop-1-enyl]-3,4-dihydro-1,8-
naphthyridin-2(1H)-one (E37);
(E)-6-(3-(3-((1-Methyl-1H-pyrazol-3-yl)methoxy)azetidin-1-yl)-3-oxoprop-1-enyl)-
3,4-dihydro-1,8-naphthyridin-2(1H)-one (E38);
(E)-6-(3-0Ox0-3-(3-(thiazol-5-ylmethoxy)azetidin-1-yl)prop-1-enyl)-3,4-dihydro-
1,8-naphthyridin-2(1H)-one (E39);
(E)-6-(3-(3-(Furan-2-ylmethoxy)azetidin-1-yl)-3-oxoprop-1-enyl)-3,4-dihydro-1,8-
naphthyridin-2(1H)-one (E40);
(E)-1'-Methyl-6-(3-0x0-3-(3-(thiophen-2-ylmethoxy)azetidin-1-yl)prop-1-enyl)-1H-
spiro[[1,8]naphthyridine-3,4'-piperidin]-2(4H)-one (E41);
(E)-7-(3-0Ox0-3-(3-(thiophen-2-ylmethoxy)azetidin-1-yl)prop-1-enyl)-4,5-dihydro-
1H-pyrido[2,3-e][1,4]diazepin-2(3H)-one (E42);
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(E)-Ethyl 2-(2-0x0-6-(3-0x0-3-(3-(thiophen-2-ylmethoxy)azetidin-1-yl)prop-1-
enyl)-1,2-dihydropyrido[2,3-d]pyrimidin-3(4H)-yl)acetate (E43);
(E)-3-(2-(4-Methylpiperazin-1-yl)ethyl)-6-(3-ox0-3-(3-(thiophen-2-
ylmethoxy)azetidin-1-yl)prop-1-enyl)-3,4-dihydropyrido[2,3-d]pyrimidin-2(1H)-one
(E44);
(E)-3-(3-((Dimethylamino)methyl)-1H-pyrrolo[2,3-b]pyridin-5-yl)-1-(3-(thiophen-
2-ylmethoxy)azetidin-1-yl)prop-2-en-1-one (E45);
(E)-6-(3-0Ox0-3-(3-(thiophen-2-ylmethoxy)azetidin-1-yl)prop-1-enyl)-1H-
imidazo[4,5-b]pyridin-2(3H)-one (E46);
(E)-6-(3-Ox0-3-(3-(3,3,3-trifluoropropoxy)azetidin-1-yl)prop-1-enyl)-3,4-dihydro-
1,8-naphthyridin-2(1H)-one (E47);
(E)-6-(3-Ox0-3-(3-(4,4,4-trifluorobutoxy)azetidin-1-yl)prop-1-enyl)-3,4-dihydro-
1,8-naphthyridin-2(1H)-one (E48);
6-((E)-3-(3-((E)-But-2-enyloxy)azetidin-1-yl)-3-oxoprop-1-enyl)-3,4-dihydro-1,8-
naphthyridin-2(1H)-one (E49);
6-((E)-3-(3-((Z2)-But-2-enyloxy)azetidin-1-yl)-3-oxoprop-1-enyl)-3,4-dihydro-1,8-
naphthyridin-2(1H)-one (E50);
6-((E)-3-(3-((E)-2-Methylbut-2-enyloxy)azetidin-1-yl)-3-oxoprop-1-enyl)-3,4-
dihydro-1,8-naphthyridin-2(1H)-one (E51);
(E)-6-(3-(3-(Benzo[b]thiophen-2-ylmethoxy)azetidin-1-yl)-3-oxoprop-1-enyl)-3,4-
dihydro-1,8-naphthyridin-2(1H)-one (E52);
(E)-6-(3-(3-((4-Bromothiophen-2-yl)methoxy)azetidin-1-yl)-3-oxoprop-1-enyl)-
3,4-dihydro-1,8-naphthyridin-2(1H)-one (E53);
(E)-6-(3-(3-((4-Chlorothiophen-2-yl)methoxy)azetidin-1-yl)-3-oxoprop-1-enyl)-
3,4-dihydro-1,8-naphthyridin-2(1H)-one (E54);
6-((E)-3-0x0-3-(3-((Z2)-1-(propoxyimino)ethyl)azetidin-1-yl)prop-1-enyl)-3,4-
dihydro-1,8-naphthyridin-2(1H)-one (E55);
6-((E)-3-0x0-3-(3-((2)-1-(2,2,2-trifluoroethoxyimino)
ethyl)azetidin-1-yl)prop-1-enyl)-3,4-dihydro-1,8-naphthyridin-2(1H)-one (E56);
6-((E)-3-(3-((Z2)-1-(Ethoxyimino)ethyl)azetidin-1-yl)-3-oxoprop-1-enyl)-3,4-
dihydro-1,8-naphthyridin-2(1H)-one (E57);
(E)-6-(3-(3-(Benzofuran-3-yl)azetidin-1-yl)-3-oxoprop-1-enyl)-3,4-dihydro-1,8-
naphthyridin-2(1H)-one (E58);
(E)-6-(3-(3-(Benzofuran-2-yl)azetidin-1-yl)-3-oxoprop-1-enyl)-3,4-dihydro-1,8-
naphthyridin-2(1H)-one (E59);
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(E)-6-(3-(3-(Benzofuran-7-yloxy)azetidin-1-yl)-3-oxoprop-1-enyl)-3,4-dihydro-1,8-
naphthyridin-2(1H)-one (E60);
(E)-6-(3-(3-(Benzo[b]thiophen-3-yloxy)azetidin-1-yl)-3-oxoprop-1-enyl)-3,4-
dihydro-1,8-naphthyridin-2(1H)-one (E61);
(E)-6-(3-Ox0-3-(3-(thiophen-2-ylthio)azetidin-1-yl)prop-1-enyl)-3,4-dihydro-1, 8-
naphthyridin-2(1H)-one (E62);
(E)-6-(3-(3-Butoxyazetidin-1-yl)-3-oxoprop-1-enyl)-1'-methyl-1H-
spiro[[1,8]naphthyridine-3,4'-piperidin]-2(4H)-one (E63);
1'-Methyl-6-((E)-3-0x0-3-(3-((E)-1-(benzyloxyimino)ethyl)azetidin-1-yl)prop-1-
enyl)-1H-spiro[[1,8]naphthyridine-3,4'-piperidin]-2(4H)-one (E64);
1'-Methyl-6-((E)-3-0x0-3-(3-((E)-1-(propoxyimino)ethyl)azetidin-1-yl)prop-1-enyl)-
1H-spiro[[1,8]naphthyridine-3,4'-piperidin]-2(4H)-one (E65);
(E)-1'-Methyl-6-(3-0x0-3-(3-(2-(thiophen-2-yl)ethoxy)azetidin-1-yl)prop-1-en-1-
yl)-1H-spiro[[1,8]naphthyridine-3,4'-piperidin]-2(4H)-one (E66);
(E)-6-(3-(3-(3-Methylbenzofuran-2-yl)azetidin-1-yl)-3-oxoprop-1-enyl)-3,4-
dihydro-1,8-naphthyridin-2(1H)-one (E67);
(E)-1'-Methyl-6-(3-(3-(3-methylbenzofuran-2-yl)azetidin-1-yl)-3-oxoprop-1-enyl)-
1H-spiro[[1,8]naphthyridine-3,4'-piperidin]-2(4H)-one (E68);
(E)-6-(3-(3-(Benzofuran-2-yl)azetidin-1-yl)-3-oxoprop-1-en-1-yl)-1'-methyl-1H-
spiro[[1,8]naphthyridine-3,4'-piperidin]-2(4H)-one (E69);
6-((E)-3-0Ox0-3-(3-((E)-1-(propoxyimino)ethyl)azetidin-1-yl)prop-1-enyl)-3,4-
dihydro-1,8-naphthyridin-2(1H)-one (E70); and
6-((E)-3-0x0-3-(3-((Z2)-1-(propoxyimino)ethyl)azetidin-1-yl)prop-1-enyl)-3,4-
dihydro-1,8-naphthyridin-2(1H)-one (E71);

or a pharmaceutically acceptable salt or solvate thereof.

In a further embodiment, the compound of formula (I) is selected from
6-{(1E)-3-0x0-3-[3-(2-thienylmethoxy)azetidin-1-yl]prop-1-en-1-yl}-3,4-dihydro-
1,8-naphthyridin-2(1H)-one (E12) or 6-{(1E)-3-0Ox0-3-[3-(pentyloxy)azetidin-1-
yllprop-1-en-1-yl}-3,4-dihydro-1,8-naphthyridin-2(1H)-one (E15) or a
pharmaceutically acceptable salt or solvate thereof.

In a further embodiment, the compound of formula (I) is selected from
6-{(1E)-3-0x0-3-[3-(2-thienylmethoxy)azetidin-1-yl]prop-1-en-1-yl}-3,4-dihydro-
1,8-naphthyridin-2(1H)-one (E12);
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(E)-6-(3-0Ox0-3-(3-(2-(thiophen-2-yl)ethoxy)azetidin-1-yl)prop-1-enyl)-3,4-
dihydro-1,8-naphthyridin-2(1H)-one (E29);
(E)-6-(3-(3-(Benzofuran-2-yl)azetidin-1-yl)-3-oxoprop-1-enyl)-3,4-dihydro-1,8-
naphthyridin-2(1H)-one (E59);
(E)-6-(3-(3-Butoxyazetidin-1-yl)-3-oxoprop-1-enyl)-1'-methyl-1H-
spiro[[1,8]naphthyridine-3,4'-piperidin]-2(4H)-one (E63);
(E)-1'-Methyl-6-(3-0x0-3-(3-(2-(thiophen-2-yl)ethoxy)azetidin-1-yl)prop-1-en-1-
yl)-1H-spiro[[1,8]naphthyridine-3,4'-piperidin]-2(4H)-one (E66);
(E)-6-(3-(3-(3-Methylbenzofuran-2-yl)azetidin-1-yl)-3-oxoprop-1-enyl)-3,4-
dihydro-1,8-naphthyridin-2(1H)-one (E67);
(E)-1'-Methyl-6-(3-(3-(3-methylbenzofuran-2-yl)azetidin-1-yl)-3-oxoprop-1-enyl)-
1H-spiro[[1,8]naphthyridine-3,4'-piperidin]-2(4H)-one (E68);
(E)-6-(3-(3-(Benzofuran-2-yl)azetidin-1-yl)-3-oxoprop-1-en-1-yl)-1'-methyl-1H-
spiro[[1,8]naphthyridine-3,4'-piperidin]-2(4H)-one (E69);
6-((E)-3-Ox0-3-(3-((E)-1-(propoxyimino)ethyl)azetidin-1-yl)prop-1-enyl)-3,4-
dihydro-1,8-naphthyridin-2(1H)-one (E70); and
6-((E)-3-Ox0-3-(3-((2)-1-(propoxyimino)ethyl)azetidin-1-yl)prop-1-enyl)-3,4-
dihydro-1,8-naphthyridin-2(1H)-one (E71);

or a pharmaceutically acceptable salt or solvate thereof.

In a further embodiment, the compound of formula (1) is selected from
6-{(1E)-3-0Ox0-3-[3-(2-thienylmethoxy)azetidin-1-yl]prop-1-en-1-yl}-3,4-dihydro-
1,8-naphthyridin-2(1H)-one (E12) or a pharmaceutically acceptable salt or solvate

thereof.

In a yet further embodiment, the compound of formula (I) is selected from
(E)-6-(3-(3-(Benzofuran-2-yl)azetidin-1-yl)-3-oxoprop-1-enyl)-3,4-dihydro-1,8-
naphthyridin-2(1H)-one (E59); and
(E)-6-(3-(3-(3-Methylbenzofuran-2-yl)azetidin-1-yl)-3-oxoprop-1-enyl)-3,4-
dihydro-1,8-naphthyridin-2(1H)-one (E67);

or a pharmaceutically acceptable salt or solvate thereof.

The compounds of formula (I) and their salts may be prepared by processes known
to the skilled chemist to be applicable for preparing chemically related compounds.
Such processes use known starting materials or intermediates which may be
obtained by standard procedures of organic chemistry. The following processes
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provide a variety of non-limiting routes for the production of the compounds of
formula (I) and their intermediates used therein. These processes constitute further
aspects of the invention.

According to a further aspect of the invention, there is provided a process for

10

15

20

preparing a compound of formula (I) as defined above which comprises:

(a) reacting a compound of formula (II):

)\//\Rs

HO

(1)
wherein R3 is as defined above for compounds of formula (I), with a compound of
formula (III):

R2

R1

(111)

wherein W, X, R1 and R2 are as defined above for compounds of formula (I); or

(b) reacting a compound of formula (1V):

o)

M\Rs

L

(1v)
wherein R3 is as defined above for compounds of formula (I) and L! represents a
suitable leaving group, such as a halogen atom, e.g. fluorine, chlorine, bromine or

an alkoxy group, with a compound of formula (III):

R2

R1
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(111)
wherein W, X, R1 and R2 are as defined above for compounds of formula (I); or

(c) reacting a compound of formula (V):

R2
R1
(V)
wherein W, X, R1 and R2 are as defined above for compounds of formula (I), with a
compound of formula L?>-R3, wherein L? represents a suitable leaving group, such

as a halogen atom, e.g. fluorine, chlorine, bromine or an alkoxy group; optionally
thereafter followed by:

(d) deprotecting a protected derivative of compound (I); and optionally

thereafter followed by:

(e) interconversion of a compound of formula (I) to a further compound of

formula (I).

Process (a) typically comprises the use of EDC, a base such as TEA or DIPEA or
DMAP, the optional use of HOBT, and a solvent such as DMF.

Process (b) typically comprises the use of a base such as TEA or DIPEA or DMAP,
and a solvent such as DCM, THF, ACN or DMF.

Process (c) typically comprises the use of suitable coupling conditions known to the
one skilled in the art such as the Heck coupling (Chem. Rev. 2000, 100, 3009), a
non-limiting example comprises the use of a palladium catalyst, a phosphine ligand,
a suitable base and solvent.

Process (d) typically comprises any suitable deprotection reaction, the conditions of
which will depend upon the nature of the protecting group. In most instances such
a deprotection reaction will typically comprise the use of a suitable acid.
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Process (e) typically comprises interconversion procedures known by one skilled in
the art. For example, compounds of formula (I) in which R1 or R2 represents
hydrogen may be converted by methods known by one skilled in the art into
compounds of formula (I) in which R1 or R2 represents CO,R,, COR,, CONR,Ry,
CH,0R., CH3;NR.R,, SO,;NR,R,, wherein R,, R, and R. are as defined above for
compounds of formula (I).

If appropriate, the reactions previously described in processes (a), (b), (c), (d) or
(e) are followed or preceded by one or more reactions known to the skilled of the
art and are performed in an appropriate order to achieve the requisite substitutions
on W, X, R1, R2 and R3 defined above to afford other compounds of formula (I).
Non-limiting examples of such reactions whose conditions can be found in the
literature include:

protection of reactive functions,

deprotection of reactive functions,

halogenation,

dehalogenation,

dealkylation,

alkylation of amine, aniline, alcohol and phenol,

Mitsunobu reaction on hydroxyl groups,

cycloaddition reactions on appropriate groups,

reduction of nitro, esters, cyano, aldehydes,

transition metal-catalyzed coupling reactions,

acylation,

sulfonylation/introduction of sulfonyl groups,

saponification/hydrolysis of esters groups,

amidification or transesterification of ester groups,

esterification or amidification of carboxylic groups,

halogen exchange,

nucleophilic substitution with amine, thiol or alcohol,

reductive amination,

oxime formation on carbonyl and hydroxylamine groups,

S-oxidation,

N-oxidation,

salification.
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The compounds of formula (II), (III), (IV), (V) and L>-R3 are either known or may
be prepared in accordance with known procedures such as those described herein.

As illustrated by the examples given below, the hereinbefore disclosed compounds
of formula (I) have valuable biological properties. They are particularly useful as
antibacterial agents having a selective spectrum of activity in vitro and in vivo
against bacterial strains relying on Fabl and related targets. Such strains
encompass Staphylococcus aureus including multiresistant strains (such as
methicillin-susceptible  Staphylococcus aureus (MSSA), methicillin-resistant
Staphylococcus aureus (MRSA), vancomycin-intermediate Staphylococcus aureus
(VISA) and vancomycin-resistant Staphylococcus aureus (VRSA) strains),
Acinetobacter baumannii, Bacillus anthracis, Chlamydophila pneumoniae,
Escherichia coli, Haemophilus influenzae, Helicobacter pylori, Klebsiella
pneumoniae, Neisseria meningitidis and also bacteria such as Mycobacterium
tuberculosis carrying homologous Fabl enzymes such as InhA or other organisms
such as Plasmodium falciparum. In one embodiment, the compound of the
invention is used in the treatment of Staphyl<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>