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Abstract. Pyridonel was identified from a high-throughput cell-basecemdtypic screen
againstMycobacterium tuberculosiévitb) including multi-drug resistant tuberculogi8¥IDR-
TB) as a novel anti-TB agent and subsequently optichseries using cell-based Mtb assay.
Preliminary structure activity relationship on tisebutyl group with higher cycloalkyl groups at
6-position of pyridone ring has enabled us to $igamnt improvement of potency against Mtb.
The lead compoun80j, a dimethylcyclohexyl group on the 6-position loé fpyridone, displayed
desirable in vitro potency against both drug sersitnd multi-drug resistant TB clinical
isolates. In addition30j displayed favorable oral pharmacokinetic propsrted demonstrated
in vivo efficacy in mouse model. These results kagize the importance of 4-hydroxy-2-

pyridones as a new chemotype and further optinomaif properties to treat MDR-TB.

Introduction

Tuberculosis (TB) caused by the bacteriMiycobacterium tuberculos{®tb), is one of the
most deadly bacterial infectious diseases. It le@hlveported that 2 billion people are latently
infected and approximately 1 in 10 latent infectiavill progress to the active disease. There
were over 8.6 million cases of TB in 2012, whickuléed in nearly 1.3 million deatfisThe
most widely used chemotherapy for uncomplicatedsT&8 combination of isoniazid, rifampicin,
pyrazinamide, and ethambutol. This complex registéhrequires treatment for at least 6
months, often compromising TB patient complianaaeEgence of various forms of drug-

resistant strains of Mtb and co-infection with Hivake the TB more difficult to treat.

Nearly 400, 000 new cases of multi drug resist&(WMIDR-TB) are reported every year,
which are resistant to isoniazid and rifampicinDRFTB further acquired additional resistance

to fluoroquinolones and at least one of the injeletarugs leading to the emergence of



extensively-drug resistant TB (XDR-TB)Second-line drugs used in the treatment of MDR and
XDR-TB are less effective and not well toleratedthAugh a number of novel chemical agents
such as, PA-824, SQ109, oxazolidinones, BTZ043,3QROTD304* *etc, are fueling the TB
pipeline in the last decade, only bedaquiline (TNZ2 and delamanid (OPC67683kgistered

as TB drugs. Thus, there is an urgent unmet medesad to combat drug-resistant forms of Mtb

with new chemical entities.

Cell-based high-throughput screen of nearly 2.2enilcompound collection using Mtb
H37Ra resulted in ~ 8000 hits. Pyriddhpresented as an attractive hit series based an the
vitro pharmacokinetic properties and moderate potegainst Mtb (MIGy = 1.54 uM).
Pyridonel has a low molecular weight (243 Da), good aquaoligbility (550 uM at pH 6.8),
moderate cLogP (3.04), good microsomal stabilitl{Gat/human/mouse = 3.4/20/22
pL/min/mg) and did not inhibit major cytochrome P45oforms CYP 3A4, 2D6 and 2C9 gL
>20 uM). In the present study, we describe thectire activity relationship (SAR) and
structure property relationship (SPR) of 4-hydr@«pyridones to improve their potency against

Mtb.

CHEMISTRY

Pyridonel wasprepared as shown in Scheme 1 via a condensatitis(?,4,6-
trichlorophenyl) 2-phenylmalonagandethyl 3-amino-5-methylhex-2-enoa@&followed by
hydrolysis and decarboxylation with NaOH as repbearlier’ The intermediat@ was prepared

from commercial available 2-phenylmalonic acid amdlyl chloride as reported in literatuf®.



Scheme 1. Synthesis of 4-hydroxy-2-pyridorié
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®Reagents and conditions: (a) neat or Dowtherm, 2360 min (b) 2 M NaOH solution, 130
°C, 24 h, 14% (two steps).

Quinolinone5 was obtained via condensation of bis(2,4,6-tricipbenyl) 2-phenylmalonat
with aniline4 under microwave conditions (Scheme 2). Direct emsdtion of diethyl 2-
phenylmalonat® with 3-methylbutanimidamide hydrochlori@&" in presence of NaOMe
yielded pyrimidinone3. Treatment of commercial available 2-phenylmatagdid with oxalyl
chloride afforded 3-oxo-2-phenylacryloyl chloriélewhich upon condensation with silyl enol
etherl0 gave pyranonél. Both 3-oxo-2-phenylacryloyl chlorid®andsilyl enol etherl0 were

prepared as described previously.



Scheme 2. Synthesis of pyridone ring modificatidhs
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®Reagents and conditions: (a) Dowtherm, MW, 210 2&,min, 40% (b) NaOMe, 2-methoxyethanol,

reflux, 72 h, 6% (c) Xylene, reflux, 10 h, 17%.

TheN-methyl substituted pyridonks was prepared in three steps from the corresponding

unsubstituted pyridonk (Scheme 3). The phenolic OH bivas converted to acetal2 using

acetyl chloride. Methylation of acetat2 with K,CO; and Mel provided the key intermediates

13 and14 which were converted tt6 and16 with NaOMe/MeOH. BotiN-isopropyl and\-

benzyl substituted pyridond® and20 were obtained in a single step. Condensation ¢2 J4is5-

trichlorophenyl) 2-phenylmalonagwith 17 or 18 under neat conditions gave corresponding

substituted pyridonetd or 20 respectively.



Scheme 3. Synthesis oN-substituted 4-hydroxy-2-pyridone analogties
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2 17: R = Isopropyl 19: R = Isopropyl
18: R = benzyl 20: R = benzyl

®Reagents and conditions: (a) acetyl chloride, pyeid1,4-dioxane, rt, 2 h, 63% (b) Mel,
K2COs, MW, 100 °C, 30 min, 66% (c) NaOMe, MeOH, rt, 3thmi6% (5) and 38% 16) (d)
neat, 200 °C, 1 h, 38949) and 37% 20).

Dehydroxy analo@2 was obtained from by conversion of hydroxy to chlo21 followed by
dehalogenation with 10% Pd-C. Methoxy compo@8davas obtained directly frorh by
treatment with diazomethane under basic conditiSeckeme 4). The 4-amino analgwas
prepared via a two-step sequence starting ftokheating ofl with benzylamine under
microwave conditions providegt, which underwent reductive debenzylation using F34C in
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presence of hydrogen to afford the 4-amino anatd he corresponding sulfonamide anaktg

was obtained by treatiriZp with methanesulfonyl chloride and pyridine.

Scheme 4. Synthesis of C4-substituted analodgues
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| X f | X
N~ 0 N~ 0
H H
21 22
‘e
OH OMe
| X a | X
N~ "0 O
H
1 23
\b
gNH NH,
| A c | N d
N~ ~O N~ ~O
H H
24 25

®Reagents and conditions: (a) TMS-CH5BRIPEA, 9:1 MeCN/MeOH, rt, 4 h, 33% (b)
benzylamine, MW, 220 °C, 10 h, 27% (c) H-Cube, 1B&8/C, EtOH, 65 °C, 4 min (1 mL/min),
60% (d) MeSQCl, pyridine, CHCI,, rt, 30 min, 26% (e) SOgIPCE, 1,2-dichloroethane,
reflux, 24 h, 23% (f) B, 10% Pd/C, EtOH, rt, 1 h, 52%.

Iz

The synthetic procedures for the preparation ail®stuted pyridone&8a-n are depicted in

Scheme 5. The substituted malonic es?@esn were either obtained from commercial sources



or synthesized from diethyl malonate following tierature procedur®. The corresponding
pyridones?8a-n were obtained via a condensation-decarboxylagguenceither under
microwave conditions or by conventional heatingecBrboxylation of the intermediate
carboxylates generally proceeded well under basiditions with the exception of pyridyl

substituted pyridone28l-n which required acidic conditions.

Scheme 5. Synthesis of 3-substituted pyridones from aminaorate and substituted malonic
ester8
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3 H

27a-n 3 28a-n

®Reagents and conditions: (&7é-b, 27d-k): (i) neat, 220 °C, 45 min (ii) 2 M NaOH solution,
MW (160 °C), 1 h (b)Z7c): (i) neat or Dowtherm, 250 °C, 30 min (ii) 2 M @B solution, 130
°C, 24 h (c) 271-n): (i) neat or Dowtherm, 250 °C, 2 h (ii) 2 M HGllgtion, 130 °C, 16 h.

Ethyl 3-amino-4-substituted but-2-enoaP8s, 29¢c-|1 were prepared over a 4-step sequence
utilizing Meldrum’s acid as a key building block @ported in a previous procedtire.
Intermediate29b was prepared according to the literattir€he synthesis of 6-substituted
pyridones30a-I (Scheme 6) was accomplished by utilizing the saomelensation-

decarboxylation sequence as described earlieeisyhthesis of 3-substituted pyridones.

Scheme 6. Synthesis of 6-substituted pyridones from sub&ttiminocrotonate and
diethylphenylmalonat&
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®Reagents and conditions: (e30(, 30a, 30c-f, I): (i) neat, 220 °C, 45 min (i) 2 M NaOH
solution, MW (160 °C), 1 h (b)30b, 30g, 30h, 30j): (i) neat or Dowtherm, 250 °C, 30 min (ii) 2
M NaOH solution, 130 °C, 24 h (cBk): (i) neat or Dowtherm, 250 °C, 2 h (ii) 2 M HCI
solution, 130 °C, 16 h.

Results and discussion

Considering the promising microbiological proféded favorable in vitro PK properties of 4-
hydroxy-2-pyridone, the medicinal chemistry strgtagned at improving the antitubercular
activity. The SAR investigations focused on ther(¢ of pyridone core (2) importance of
planar 3-phenyl group (3) significance of phen@id and (4) importance of lipophilic isobutyl
group. The new pyridone analogs were screenedrnm against thé. tuberculosiH37Rv in
order to obtain the MIC values using turbidomefissay and cytotoxicity against HepG2 cells
was measured for selected compounds.

Pyridone Core Modification. Our initial efforts focused on compounti$o understand the
importance of the pyridone core for the anti-TB\atgt. Changing of pyridone to quinolinorte
introducing nitrogen at the 5-position of the ppm@&8 or a NH replacement with oxygéi
reduced potency (Table 1). Aromatization of thegyme to 2-methoxy pyriding6, also
resulted in loss of anti-TB activity. Methyl sultated analod5 at the NH position resulted in
decreased potency against Mtb, whilst, bulky N-stiied isopropyfl9 and benzyPR0 groups

were inactivgTable 1).



Table 1. Anit-TB activity of pyridone ring modifications dnN-substituted 4-hydroxy-2-

pyridones
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Importance of phenolic OH. Modification of the phenolic OH to Ni-25 or NHBn 24 led to

the loss of anti-TB activity which could be duesignificant decrease in pKa from acidic OH

(pKa: 6.58) to basic Ni{pKa: 4.7) or NHBn (pKa: 3.32). Modified MoKaversion 2.5.4 was

used to calculate pKa values. Other replacemerttsegfhenolic OH with 22 or OMe23 or

the bioisostere NHSMe 26 also resulted in significant loss of potency (BaB). The above

results indicated that the pyridone core, pheroktand NH are important for anti-TB activity.

Table2: SAR on phenolic OH

Compound R Mtb MICsg
(LM)

1 OH 154

22 H >20

23 OMe > 20

24 NHBnN > 20

25 NH, >20

26 NHSO,Me | >20
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M odifications on the 3-Position of Pyridones. Replacement of the 3-position phenyl group
with cyclohexyl28a or benzyl28b reduced potency, possibly indicating that the atéy of the
phenyl group could be essential for anti-TB agjigitable 3). A scan adrtho 28c, meta28d or
para 28e fluoro substitutions on the 3-position of the pigme retained similar range of anti-TB
activity compared to unsubstituted pyriddif@able 3). Substitution on the 3- phenyl watttho
28f or meta28g chloro substitution maintained anti-TB activitynsliar to 1. By contrast, the
para-chloro substituted compour28h was inactive (Mtb MIC > 20 uM). The fact that ctdo
and fluoro substitutions at tleetho andmetapositions were tolerated, but not the bulkier ohlo
substitution on th@ara position suggests that narrow space for substsuémtroducing an
electron-donating group OMe on theho 28i, meta28j or para 28k positions of the phenyl
group or replacing with 2/3/4 pyrid¢Bl-n also led to complete loss of anti-TB activity. @ale
the phenyl group was found to be optimal for Mtlemay on the 3-position of 4-hydroxy-2-

pyridones.

Table 3: SAR of 3-substituted 4-hydroxy-2-pyridones

OH
T
N~ ~O
H
Compou R3 Mtb MICso (LM)
nds
1 154
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M odificationsto the 6-Position I sopropyl Group. We further explored scope and
possibilities at the pyridone 6-position to impraudi-TB activity. Pyridones with hydrog&0a
and dimethyl amin80b substitution at the 6-position were inactive coregao the isopropyl
group in pyridond. Modifications with isobutyBOc and phenyB0d substitutions showed anti-
TB activity similar tol. Other groups like cycloprop$De, cyclobutyl30f, cyclopentyl30g and
difluorocyclohexyl30h on the 6-position retained anti-TB activ(fiyable 4). Further, cyclohexyl
30i and dimethylcyclohexyB0j substitutions at the 6-position of the pyridorgndicantly
improved anti-TB activity by 1 and ~2 log ordersrguared tdl, respectively . These cycloalkyl
substitutions also showed increased lipophilicitith cLogP increasing from 1.58 to 5.27.
Furthermore, a plot of cLogP against Mtb MIC fos@sstituted 4-hydroxy-2-pyridones
indicated a positive correlation of cLogP with afB activity with an f of 0.91 (Figure 1). The

loss of activity of30a (cLogP 1.58) an80b (cLogP 0.92) could be due to the decreased

14



lipophilicity of the methyl and dimethyl amino gnosi (Figure 1). Previously Dannhardt and his
coworkers reported activity 080b against Mtb H37Ra as 80-160 uM. However, in thadys

no in vitro and in vivo pharmacokinetic parametsese described. In order to improve
solubility, 4-pyridyl30k and 4-pyranyBOl groups were explored on the pyridone 6-position.
Although 30k and30l showed significant improved solubility significintthey were inactive .
Unlike the pyridone core and the 3-position phangbifications, substitutions at the 6-position
of the pyridone significantly increased anti-TBiaity. The lead compound0j is the most
potent 4-hydroxy-2-pyridone analog with Mtb poterdy).05 M. The in vitro potency &0j is
superior to isoniazid (MI§g = 0.33 uM), PA824 (Ml = 0.4 uM) and comparable to
bedaquiline (MIGy = 0.05 uM). The lead compou3qj and the other 4-hydroxy-2-pyridone
analogs also showed potent activity against MDRelilical isolate$, suggesting a potential

role of this series of compounds in treating MDR-fiRctions.

Table4: SAR of 6-substituted 4-hydroxy-2-pyridones andtipgiysicochemical properties

OH
| X
N~ ~O
Rg H
Comfgound: Rs Mtb MICsq (UM) cLogF | Solubility puM
pH 6.8
Isoniazic -- 0.23 -0.67
PA-824 - 0.4 2.7¢ -
Bedaquiline - 0.0t 7.2 -
1 154 3.04 55C
~
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30l 10.1 1.8¢4 >100(C

A difference of in vitro potency and PK propertieas observed between the hiand lead
compound30j. Hit 1 had moderate potency with good Lipinski’s rulefigé compliance, whilst,
the lead compoun80j had increased potency and cLogP (5.27). A sirmpitesitive correlation
between lipophilicity and anti-TB activity was alebserved in our earlier series indole-2-
carboxamide’s and a few other scaffold§ The lead compoun80j exhibited low solubility (25

M) and moderate in vitro microsomal clearance,£f@house/human = 45/59 puL/min/mg).

LIPE=4 LIPE=3 LIPE =2
8
30j
[
75
\l{ OH
=
7 N"o
30i "
6.5 p LIPE=2.43
o 30f | W o
8 OH ( 309 S
= 30d |} 7 wSo
= 6 » N H
= yo /|
A 2 \/|30h
55 LIPE=3.78 NG S e LiPE = 2.42
" [30k | 0 A
E - 2 l30e i
301 N
5 il
v . |N (s}
i H
45 [30b LIPE = 2.68
|30a |
4
0 0.5 1 15 2 25 3 35 4 45 5 55 6
cLogP

Figure 1. Correlation plot of Mtb MIGy with cLogP for 6-substituted 4-hydroxy-2-pyridones
Mechanism of Action of Pyridones. Detailed mechanism of action studies unambigyousl

demonstrated InhA, Mtb enoyl-ACP-reductase, asimbkecular target of 4-hydroxy-2-
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pyridones’ InhA is the clinically validated target of isonidand is essential for mycolic acid
biosynthesis! Recently, we have reported tHaand30j bind to InhA only in presence of
reduced cofactor (NADH) and inhibits the enzymevitgtwith an 1Cso of 9.6 uM and 0.57 uM
respectively (Table 5). A co-crystal structure36f complexed with InhA and NADH (PDB:
4R9S) revealed that (i) the pyridone core has ptacking interaction with dihydropyridine
ring of NADH ii) the phenolic hydroxy group make$iydrogen bond interaction with the
hydroxy group of Tyr-158 and the 2’-OH of the ribagugar of NADH iii) the 6-position
dimethylcyclohexyl group occupies a hydrophobicyd+#CP substrate binding pocket iv) the

nitrogen of the pyridone core interacts with sulpbiimethionine (Figure 2).

Figure 2. Co-crystal structure of pyridon&)j with InhA-NADH complex.A: Phenolic OH
hydrogen bonding with Tyr-158 and 2’-OH of the sleosugar in NADHB: A narrow binding
pocket for 3-phenybara position. C: Dimethylcyclohexyl interacting with lipophilic ano
acids.

18



A retrospective analysis using X-ray structureh&30j—InhA-NADH complex (Figure 2) was
employed to rationalize the SAR of 4-hydroxy-2-plpmes. The hydrogen bond interaction
observed in th80j co-crystal structure potentially explains the impoce of the phenolic OH
(Figure 2A). The space available for substitueh® jposition is limited due to the protein
environment and bulky substitutions like O& NHBn 24 and SGNHMe 26 showed a
detrimental effect on the anti-TB activity as simow Table 2.

The 3-phenyl ring lies at an angle to the pyridand occupies a small pocket with limited
room to accommodatertho- and para-substituents. In particular, substitution on thera-
position appears particularly not favored could chee to the steric clash with the Gly-96
backbone carbonyl oxygen (Figure 2B). There apptanse some space within the binding
pocket to accommodate a smalkktasubstituent, which is consistent with the activafymetaCl
analogue28g. Although space at the ortho position is limitdtg ortho-Cl analogue 28f) also
retained similar anti-TB activity compared to unstitoited phenyl group. By contrasirtho,
metaandpara OMe substituted analogue28(-k) and pyridyl analogue@8I-n) were devoid of
anti-TB activity. This is most likely due to botihfavorable electronic as well as steric reasons.

The SAR on the 6-postion of the pyridone is coesistvith X-ray structure of th&dj—InhA-
NADH complex. The hydrophobic 4,4-dimethylcyclohEryoiety in the compound(j is
positioned in the hydrophobic cavity formed by #mino acids Phe-149, Met-155, Tyr-158,
Met-199, lle-215, Leu-218 (Figure 2C). The cumwateffect of these interactions increased the
potency of the compourDj (Mtb MICso = 0.05 pM). Further it explains lower potency tier
less lipophilic substitutions30a and 30b) on the 6-position of pyridone. SAR of the pyrigon
analogs described in this manuscript was optimimedell-based activity but not with InhA

enzyme inhibition. The cell permeability and drdfjux mechanisms are important factors in

19



cell-based activity. Especially, permeation of cannpds through mycobacterial cell wall is
more challenging due to the presence of waxy dayer!® It is worth noting that earlier efforts
to identify direct InhA inhibitors to overcome Kat@ediated resistance have yielded many
inhibitors that block the lipid-binding site similto 4-hydroxy-2-pyridone analogu&&®
In vivo PK and mouse efficacy. None of the 4-hydroxy-2-pyridone analogues desdribehis
study showed cytotoxicity against mammalian Hep&B ¢CGy, > 20 M).Further, in vivo PK
of 1 and30j were evaluated in mice by intravenous and oralemuBoth compounds exhibited
low total systemic clearance (13 to 18 ml/min/kggl &ow volume of distribution (0.5 L/kg) with
an elimination half-life of ~1.2 hours (Table 5)o@poundl and30j achieved reasonable oral
exposure with an oral bioavailability of 55-66%.dpée the low volume of distribution, the
plasma concentrations of bdtlkand30j exceeded their Mtb MICs, thus we subjected these
candidates for in vivo acute mouse efficacy studies

Despite the moderate in vitro potency, compoligémonstrated a statistically significant 0.95
log lung CFU reduction at 150 mg/kg compared touthigeated control (Figure 3A). Compound
30j showed a dose dependent 1 and 1.92 log lung Cdiittiens at 30 and 100 mg/kg
respectively (Figure 3B). Similarly, compouB@d showed 2.5 and 2.8 log CFU reduction in
spleen with 30 and 100 mg/kg respectively (Figug®.3The in vivo efficacy oB0j at 100 mg/
kg dose was comparable to the first-line TB drumetbutol (100 mg/kg). These results showed
that the 4-hydroxy 2-pyridone class has the paétdibe active against Mtb not only in vitro

but also under in vivo conditiorg.

Table 5: Pharmacological and biological propertied @nd30j

CompoundL Compound30j
PK properties IVPK POPK IVPK POPK
Dose (mg/kg) 5 50 5 25
V. (liters/kg) 0.46 - 0.54 -
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CL (ml/min/kg) 18 - 13.6 -
Elim Ty, (hours) 1.21 - -
Crmas (LM) - 13.15 - 13.73
AUC (uM hour) - 27.18 - 65.79
Tma (hOUrS) - 0.5 - 6
F (%) - 55 - 66

Biological properties
InhA 1Cs0 (UM) 9.6 0.57
Mtb MICsq (uM) 1.54 0.05
HepG2 CGo (uM) >20 >20
MDRTB MIC range (iM) 2.5-3.13 0.04-0.16

IVPK, Intravenous pharmacokinetics; POPK, per pfarmacokinetics; -, not applicables e
maximal plasma concentration; AUC, area under thwec (t = 0 to 24 h); F: absolute oral
bioavailability; Vss volume of distribution at steady state; CL, céeae from plasma,; 1b,
terminal 7eIimination half-life (non-compartmentalstienate); InhA EG, InhA enzyme
inhibition.
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Figure 3. In vivo antimycobacterial activity of 4-hydroxypgridones. Mean log CFU reductions
per lung in mice treated with (A), 30] (B) and mean log CFU reductions per spleen in mice
treated with30j (C). Ethambutol (EMB) was used as positive contrall the studies. Statistical
evaluation was done using one way ANOVA and tha dais analyzed using Tukey’s multiple
comparison test. Statistical significance (*) wasepted with P values <0.05.
SUMMARY

A 4-hydroxy-2-pyridonel was selected as one of the promising hits fronmenptypic high
throughput screen of 2.2 million library compouratgainst Mtb in a cell based assay. The

preliminary SAR on 6-position of 4-hydroxy-2-pyriges with more lipophilic cycloalkyl groups
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significantly improved anti-TB activity by two logrders of magnitude. The improved in vitro
activity of lead compoun@0j was translated to a better in vivo efficacy agaM#b in mouse
model. At the time of the hit to lead stage, thdaoolar target of 4-hydroxy-2-pyridones was
not identified; hence, the SAR was primarily driiey cell-based assay agaildtb. Later, the
mechanism of action studies indicated that 4-hygh2»pyridones are direct inhibitors of InhA.
However, lead compoun80j was not further optimized based on the co-crystalcture
information and InhA enzyme assay. The resultsriest here suggest thadj is an attractive
lead compound having better in vitro potency andiwo efficacy for further optimization based
on structure guided drug design to improve its dikegy properties. Furthermore, the binding
mode of 4-hydroxy-2-pyridones could open up newaopmities for medicinal chemists to

design new scaffolds active against this imporkatit target.

EXPERIMENTAL

Chemistry. Reagents and solvents were purchased from Aldiictgs, or other commercial
sources and used without further purification. Tlayer chromatography (TLC) was performed
on precoated silica gel 60 F254 plates from Me@dknpounds were visualized under UV light,
ninhydrin, or phosphomolybdic acid (PMA) stain. NMRectra were obtained on a Varian 400
MHz Mercury plus NMR or Bruker 400 MHz Ultrashiedgectrometer using CD£and DMSO-

ds as solvents.

Compound purity was determined imgthod 1: LC/MS using an Agilent UHPLC 1290
coupled with API 3200; Acquity UPLC BEH C18 colunin7um, 2.1x50 mm; gradient of 98:2
H>0 (0.1% formic acid):CBCN to 2:98 HO (0.1% formic acid):CkCN for 2 minutes run time

with 1.0 mL/min flow rate method 2: Waters Acquity UPLC coupled with MS waters ZQ
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2000; Acquity UPLC BEH C18 column, 1.7um, 2.1x50ngrgdient of 98:2 D (0.1% formic
acid):CHCN to 2:98 HO (0.1% formic acid):CECN for 2 minutes run time with 1.0 mL/min
flow rate /method 3: Waters Quattro Micro UPLC-LCMS equipped with agidy BEH C18
column, 1.7um, 2.1x50mm using a gradient of 90:30 K0.025% trifluoroacetic acid):GEN
(0.025% trifluoroacetic acid) to 10:90:@ (0.025% trifluoroacetic acid):GEN (0.025%
trifluoroacetic acid) for 5 minutes run time wittdOmL/min flow rate and HPLC purity using
method 4: Waters Acquity UPLC equipped with a Acquity UPHSS T3 column, 1.8um,
2.1x50mm; gradient of 95:54 (0.1% formic acid):CkCN to 2:98 HO (0.1% formic
acid):CHCN for 2 minutes run time with 1.0 mL/min flow ratenethod 5: Waters UPLC
equipped with a Acquity, BEH C18 column, 1.7umx2d0mm using a gradient (4 minutes) of
70:30 HO (0.025% trifluoroacetic acid):GIEN (0.025% trifluoroacetic acid) to 20:80®
(0.025% trifluoroacetic acid):CG4N (0.025% trifluoroacetic acid) for 6 minutes time with
0.3 mL/min flow rate [method 1, method 2 and methaslere used for compound3, 14, 15,
16, 23, 24, 25, 26, 28a, 28b, 28d, 28e, 28f, 28g, 28h, 28i, 28], 28k, 30a, 30c, 30d, 30e, 30f and
30l and method 3 and method 5 were used for compdyrl$, 11, 19, 20, 21, 22, 28c, 28|,

28m, 28n, 30b, 30g, 30h and30K].

Minimum Inhibitory Concentration (M1C) Deter mination. The M. tuberculosifH37Rv
(ATCC 27294) strain, maintained in Middlebrook 7bi®th medium supplemented with 0.05%
Tween 80 and 10% ADS supplement, was used for Mi€rchination. Compounds dissolved in
90% DMSO were 3-fold serial diluted in duplicates3B4-well clear plates. A volume of 50
of early log-phase culture of Mtb diluted to an §d»f 0.02 was added to each well, and the
assay plates were incubated at 37 °C for 5 daysorblance was recorded using a Spectramax

M2 spectrophotometer, and Mj§; the concentration required to inhibit growth [9¢& was
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determined by plotting nonlinear curves using GRgzthPrism 5 software (Rao et al., 2013).

Isoniazid was used as the internal control in i assays, which had an Mi®f 0.33uM.

Solubility. Solubility was measured using a high-throughpuildgium solubility (HT-Eq
sol) assay using a novel miniaturized shake-flggk@ach and streamlined HPLC analysis.
Briefly, a DMSO sample stock solution from a soyptate was transferred to an MPV (miniprep
filer vials, Whatman) chamber and subjected tordeigial evaporation to remove DMSO.
Aqueous buffer was added to the MPV chamber, aad/MRV plunger was inserted until the
membrane on the bottom of the plunger touchedulface of the solution in the chamber. The
assembled MPV were incubated on an orbital shake24 h and the plunger was then pushed to
the bottom of the chamber followed by shaking foother 30 min. The filtrate was analyzed

using HPLC®

Mouse, Rat, and Human in Vitro Metabolic Stability. The metabolic stability of drug
candidates was determined in mouse, rat, and hlivermicrosomes using a compound
depletion approach and was quantified by LC/MS/MIg& assay measured the rate and extent of
metabolism of chemical compounds by measuring dingpounds in vitro half-lifet{,,) and

hepatic extraction ratios (ER) and predicted metalstearance in all specié$.?®

In vivo PK. All animal experiments were approved by the Ingtial Animal Care and Use
Committee (IACUC) of the Novartis Institute for Trical Diseases. Mice were allowed to
acclimatize before the initiation of pharmacoking®K) experiments. Food and water were
givenad libitum Compounds were formulated at a concentration®h®)/mL for a dose of 25
mg/kg given orally (p.o.) and at 1 mg/mL concendrafor a dose of 5 mg/kg given

intravenously (i.v.). Compountiand30j were formulated using 20% 1,2-propandiol, 10%
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solutol HS15, and top up with pH 7.0 buffer for. iRor oral administration, compouddvas
formulated in 0.5% Tween 80 and 0.5% Methyl cebal@and30j was formulated in MEPC
(210% w/w Capmul MCM, 25% w/w Cremophor-RH40, 15%w#thanol and 50% w/w 50 mM
Phosphate buffer pH 6.8). Blood samples were deiteat 0.08, 0.25, 0.75, 1.5, 3,8, and 24 h
following oral dosing. The sampling schedule wamniital following i.v. dosing except that the
first time point was 0.02 h. Groups of three miegrewsed for each time point. Blood was
centrifuged at 1800 rpm for 7 min at 4 °C, and plasma was harvested and stored at — 20 °C

until analysis.

Extraction and LCM S Analysis. Plasma samples were extracted with
acetonitrile/methanol/acetic acid (90:9.8:0.2) eamhg warfarin as an internal standard using a
8.8:1 extractant-to-plasma ratio. Analyte quanbtatvas performed by LC/MS/MS. Liquid
chromatography was performed using an Agilent 12BQC system coupled with a AP14000
triple quadrupole mass spectrometer (Applied Bitesys) using an Agilent Zorbax Phenyl (3.5
um, 4.6 x 75 mm) column at 45 °C. Instrument cordirad data acquisition were performed
using Applied Biosystems software Analyst, verslof2. The mobile phases used were (A)
0.2% of acetic acid in water (99.8:0.2, v/v) andl (BL% of acetic acid in methanol (99.9:0.1,
v/v) using a gradient with a flow rate of 1.0 mLi@nd run time of 5 min. The lower limit of

guantification ranged between 1 and 3 ng/mL.

Phar macokinetic Analysis. The mean value from the three animals at eachpong was
plotted against time to give plasma concentratiome-profile. Pharmacokinetic parameters were
determined using Watson LIMS, version 7.2 (Therrfecton Corporation), by

noncompartmental analysis. The oral bioavailab{litywas calculated as the ratio between the
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area under the curve (AUC) following oral admirasibn and the AUC following intravenous

administration corrected for dose (F = (AMCx dose, )/(AUC; . x dosg.o).

In Vivo Efficacy. In vivo acute mouse efficacy studies were carrigidas described earlier
with minor modifications? Briefly, on day 0, animals were infected by amantsal route with
10° Mtb H37Rv bacilli. For initial in vivo efficacy eluation with compound, one week post
infection animals were treated for 3 weeks (7 dayseek) and for a lead candid&@ animals
were treated for 4 weeks (7 days a week). In bepeements, ethambutol was used as positive
control. After treatment, lungs were asepticalljored and homogenized, and the bacterial
load was estimated by serial-dilution plating orlZHhgar plates. Compouddand30j were
formulated similar to in vivo pharmacology studi@dl.procedures involving mice were
reviewed and approved by the institutional aninse@nd use committee of the Novartis

Institute for Tropical Diseases.

4-Hydroxy-3-phenylquinolin-2(1H)-on&)( A mixture ofbis(2,4,6-trichlorophenyl)-2-
phenylmalonat@ (250 mg, 0.47 mmol) and anilide(22 mg, 0.23 mmol) in dowtherm (5 mL)
was heated under microwave at 210 °C for 15 mie. fBlaction mixture was diluted with diethyl
ether (20 mL) and the precipitated solid was ctdiédy filtration. The solid was washed with
diethyl ether (5 mL) and dried to afford 4-hydro3yphenylquinolin-2(1H)-oné (45 mg, 40%
yield) as an off-white solidH NMR (400 MHz, DMSO-g): § 11.48 (s, 1H), 10.09 (s, 1H), 7.93
(d,J=8 Hz, 1H), 7.52-7.30 (m, 7H), 7.20-7.15 (m, 18%I MS:m/z238 [M+H]". HPLC

purity: 99.9%.

6-Hydroxy-2-isobutyl-5-phenylpyrimidin-4(3H)-or®.(To a suspension of 3-

methylbutanimidamide hydrochloridg500 mg, 3.68 mmol) and diethyl phenylmalonéite
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(2.73 g, 7.35 mmol) in 2-methoxyethanol (10 mL) wwdsled NaOMe (0.79 g, 14.7 mmol) and
stirred at reflux temperature for 72 h. The reactixture was cooled to 0 °C and the
precipitated solid was filtered. The solid was tali in water and acidified with 1 M HCI to pH
~6 and extracted with 10% methanol in chlorofornx @ mL). The combined organic layer
was evaporated under reduced pressure and wasttediethyl ether (5 mL) to afford 6-
hydroxy-2-isobutyl-5-phenylpyrimidin-4(3H)-or@&(60 mg, 6% yield) as an offhite solid.’H
NMR (400 MHz, DMSO-g): 5 12.01 (br s, 2H), 7.56-7.54 (m, 2H), 7.28-7.24 Rir), 7.15-7.12
(m, 1H), 2.39 (dJ = 7.4 Hz, 2H), 2.15-2.09 (m, 1H), 0.93 (d 6.5 Hz, 6H). ESI MSm/z245

[M+H]". HPLC purity: 97.6%.

4-Hydroxy-6-isobutyl-3-phenyl-2H-pyran-2-orE). To a cold solution of trimethyl(4-
methylpent-1-en-2-yloxy)silan# (714 mg, 4.15 mmol) in xylene (5 mL), was addesblation
of 3-ox0-2-phenylacryloyl chlorid@ (500 mg, 2.77 mmol) in xylene (5 mL) dropwisetaflihe
resulting mixture was refluxed for 10 h before @sacooled to 0 °C. The precipitated solid was
filtered and washed with pentane. The crude so#id me-precipitated in methanol to afford 4-
hydroxy-6-isobutyl-3-phenyl-2H-pyran-2-orié (120 mg, 17% yield) as an effhite solid.*H
NMR (400 MHz, CDC}): § 7.53-7.40 (m, 5H), 6.26 (br s, 1H), 5.98 (s, 1437 (d,J = 7.1 Hz,

2H), 2.2-2.1 (m, 1H), 0.99 (d,= 6.6 Hz, 6H). ESI MSm/z245 [M+H]". HPLC purity: 99.7%.

6-Isobutyl-2-oxo-3-phenyl-1,2-dihydropyridin-4-ydedate 12). To a suspension df(50.8
mg, 0.20 mmol) in 1,4-dioxane (3 mL) and coole® t&C was added acetyl chloride (16 pL,
0.219 mmol) and pyridine (18.5 pL, 0.230 mmol).eThixture was allowed to gradually warm
to room temperature and stirred at room temperdtur2 hr. The reaction mixture was
concentratedh vacuoand the residue was taken up inZCH (3 mL). The organic layer was
washed with water, brine, dried overJS&, and concentrateid vacuoto give light yellow
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residue. The residue was purified by column chtography (ISCO Combiflash 4 g silica gel
column, 0-40% EtOAc/cyclohexane) to give pyriddeas white solid (37.6 mg, 63% yieldH
NMR (400 MHz, CDCY): 6 7.47-7.33 (m, 5H), 6.21 (s, 1H), 2.50 {d&s 7.28 Hz, 2H), 2.15-2.09

(m, 1H), 2.07 (s, 3H), 1.00 (d,= 6.53 Hz, 6H). ESI MSN/z286 [M+HT".

6-Isobutyl-1-methyl-2-oxo0-3-phenyl-1,2-dihydropymid-yl acetate 13) & 6-isobutyl-2-
methoxy-3-phenylpyridin-4-yl acetatkd]. To a solution ofil2 (37.6 mg, 0.132 mmol) in dry
MeCN (2 mL) was added €05 (18.0 mg, 0.132 mmol) and Mel (11 pL, 0.172 mmdihe
resultant mixture was heated at 100 °C for 30 neisiirt Biotage microwave reactor. Reaction
mixture was cooled and diluted with EtOAc (4 mO)he organics were washed sequentially
with water and brine, dried over p&0,, filtered and concentrated vacuoto give colorless oil.
The crude material was purified by column chrometphy (ISCO Combiflash 4 g silica gel
column, 0-50% EtOAc/cyclohexane) to gil& (26 mg, 66% yield) and pyridirit (7 mg, 17%
yield). 13: *H NMR (400 MHz, CDC}): 5 7.16 - 7.32 (m, 5H), 5.83 (s, 1H), 3.45 (s, 3HA2
(d,J = 7.20 Hz, 2H), 1.91 (s, 3H), 1.83 - 1.88 (m, 16194 (d,J = 6.40 Hz, 6H). ESI MIn/z
258 [M-Ac]". 14: 'H NMR (400 MHz, CDCY): & 7.37 - 7.43 (m, 2H), 7.30-7.37 (m, 3H), 6.56
(s, 1H), 3.91 (s, 3H), 2.59 (d~ 7.28 Hz, 2H), 2.12-2.24 (m, 1H), 2.00 (s, 3HRD(d,J = 6.53

Hz, 6H). ES| MSm/z258 [M-Ac]".

4-Hydroxy-6-isobutyl-1-methyl-3-phenylpyridin-2(tbf)e (5). To a solution ofl3 (26 mg,
0.08 mmol) in MeOH (2 mL) was added 30% NaOMe inWe(0.2 mL, 10%v/v) at rt. The
resultant mixture was stirred at rt for 30 minubegore it was concentrated und@icuoto give a
white residue. The white residue was taken upt@A€ (3 mL) and washed with 10% citric
acid solution, dried over N80, filtered and concentrated vacuoto give a white residue. The

crude material was dissolved in MeOH and purified@versed-phase HPLC using solvent
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gradient of 20-95% MeCN/0.1% formic acid in®ito give desired produdb as a white solid
(10.3 mg, 46% yield)*H NMR (400 MHz, DMSO-¢): § 7.35 (d,J = 7.20 Hz, 2H), 7.28 (1] =
7.60 Hz, 2H), 7.17 () = 7.20 Hz, 1H), 5.89 (s, 1H), 3.36 (s, 3H), 2.472H), 1.94-1.87 (m,

1H), 0.97 (d,) = 6.80 Hz, 6H)). ESI MSn/z258 [M+H]". HPLC purity: > 99%.

6-1sobutyl-2-methoxy-3-phenylpyridin-4-d6). To a solution ofi4 (7 mg, 0.02 mmol) in
MeOH (1 mL) was added 30% NaOMe in MeOH (0.1 mL%iAv) at rt. The resultant reaction
mixture was stirred at rt for 30 minutes beforeds concentrated undeacuoto give white
residue. The white residue was taken up in EtQAmL) and washed with 10% citric acid
solution, dried over N&Q,, filtered and concentrated vacuoto give a white residue. The
crude material was dissolved in MeOH and purifiad@versed-phase HPLC using solvent
gradient of 40-95% MeCN/0.1% formic acid in®ito give desired produd6 as an off-white
solid (2.3 mg, 38% yield}H NMR (400 MHz, CDCY): § 7.53-7.46 (m, 2H), 7.43-7.35 (m, 3H),
6.46 (s, 1H), 3.89 (s, 3H), 2.55 @ 7.03 Hz, 2H), 2.23-2.13 (m, 1H), 0.98 Jds 6.53 Hz,

6H). ESI MS:m/z258 [M+H]". HPLC purity: 91.0%.

4-Chloro-3-phenylpyridin-2(1H)-on&{). A solution of 4-hydroxy-6-isobutyl-3-
phenylpyridin-2(1H)-ond (1.6 g, 6.57 mmol), P€(4.79 g, 23.0 mmol) and SOL1.67 mL,
23.0 mmol) in 1,2-dichloroethane (16 mL) was heated0 °C for 24 h. The reaction mixture
was cooled to rt, quenched with ice water and etéchwith chloroform (2 x 20 mL). The
combined organic layer was washed with aqueouNsdtCQ;, brine, dried over anhydrous
NaSO, solution and concentrated under reduced pressbescrude compound was purified by
column chromatography over silica gel (100-200 mesing a solvent gradient of 30% ethyl
acetate in petroleum ether as eluent to afford WiGB-phenylpyridin-2(1H)-on&1 (0.40 g,
23% yield) as an off-white solidH NMR (400 MHz, CDCJ): § 11.8 (br s, 1H), 7.41-7.38 (m,
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5H) 6.16 (s, 1H), 2.35 (d,= 7.30 Hz, 2H), 2.05- 1.96 (m, 1H), 0.94 Jds 6.60 Hz, 6H). ESI

MS: 262 [M+H]. HPLC purity: 98%.

6-Isobutyl-3-phenylpyridin-2(1H)-on&Z%). A solution of 4-chloro-3-phenylpyridin-2(1H)-one
21 (200 mg, 0.76 mmol) in ethanol (3 mL), was addedriy of 10% of Pd-C (10% w/w). The
resulting suspension was stirred under hydrogeoshere at rt for 1 h. The reaction mixture
was filtered through a celite bed and filtrate wascentrated under vacuum. The crude
compound was purified by column chromatography aiera gel (100-200 mesh) using a
solvent gradient of 25% ethyl acetate in petrolather as eluent to afford 6-isobutyl-3-
phenylpyridin-2(1H)-on&2 (90 mg, 52%) as an off-white solitH NMR (400 MHz, DMSO-
ds): 6 11.75 (br s, 1H), 7.71 (d,= 7.30 Hz, 2H), 7.57 (d, = 7.18 Hz, 1H), 7.40-7.32 (m, 3H),
6.09 (d,J=7.10 Hz, 1H), 2.35 (d} = 7.30 Hz, 2H), 1.98-1.93 (m, 1H), 0.90 Jds 6.60 Hz,

6H). ESI MS: 228 [M+H]. HPLC purity: 99.6%.

6-Isobutyl-4-methoxy-3-phenylpyridin-2(1H)-or&3); To a stirred solution df (42.3 mg,
0.17 mmol) in 1:9 MeOH/MeCN (2 mL) at rt was add&eEA (42.0 pL, 0.24 mmol) followed
by trimethylsilyldiazomethane (2 M solution, 0.12Q, 0.24 mmol). The resultant mixture was
stirred at rt for 4 h before it was concentratedarvacuoto give an off-white solid. The crude
material was dissolved in DMSO and purified on reed-phase HPLC using solvent gradient of
30-95% MeCN/0.1% formic acid inJ@ to give desired produ8 as fluffy white solid (14.9
mg, 33% vield)*H NMR (400 MHz, DMSO-g): 5 11.41 (br s, 1H), 7.34-7.27 (m, 4H), 7.22-
7.16 (m, 1H), 6.12 (s, 1H), 3.73 (s, 3H), 2.36Jd,7.28 Hz, 2H), 2.05-1.94 (m, 1H), 0.92 {d,

= 6.78 Hz, 6H). ES| MSm/z258 [M+H]". HPLC purity: 99.2%.
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4-(Benzylamino)-6-isobutyl-3-phenylpyridin-2(1H)eo4). A solution of1 (50 mg, 0.20
mmol) in benzylamine (2 mL) was heated in Biotagerawave reactor at 220 °C for 10 h. The
reaction mixture was diluted in DMSO and purifiedreversed-phase HPLC using solvent
gradient of 10-95% MeCN/0.1% formic acid in®ito give desired produ2d as white solid
(18.6 mg, 27% yield)'H NMR (400 MHz, DMSO-g): & 10.65 (br s, 1H), 7.41-7.37 (m, 2H),
7.32-7.18 (m, 8H), 5.69 (§,= 6.00 Hz, 1H), 5.58 (s, 1H), 4.31 (b= 6.00 Hz, 2H), 2.13 (d] =
7.20 Hz, 2H), 1.85-1.78 (m, 1H), 0.76 (= 6.80 Hz, 6H). ESI MAn/z333 [M+H]'. HPLC

purity: > 99%.

4-Amino-6-isobutyl-3-phenylpyridin-2(1H)-on25§. A solution 0f24 (23.1 mg, 0.060 mmol)
in EtOH (4 mL) was subjected to hydrogenation akhCube at 65 °C using 10%Pd/C
cartridge at flow rate of 1 mL per minute undet fdrogen mode. The reaction mixture was
concentrated undercuoto give white residue. The crude material wasalised in MeOH and
purified on reversed-phase HPLC using solvent gradif 5-95% MeCN/0.1% formic acid in
H,0 to give desired produ6 as white solid (10.0 mg, 60% yieldd NMR (400 MHz,
DMSO-ds): & 10.47 (br s, 1H), 7.36-7.33 (m, 2H), 7.26-7.19 8id), 5.58 (s, 1H), 5.41 (br s,
2H), 2.17 (dJ = 7.20 Hz, 2H), 1.94-1.87 (m, 1H), 0.89 Jc& 6.40 Hz, 6H). ESI MAn/z243

[M+H]". HPLC purity: > 99%.

N-(6-Isobutyl-2-ox0-3-phenyl-1,2-dihydropyridin-frgethanesulfonamide§). To a
suspension a?5 (28.3 mg, 0.11 mmol) in dry DCK2 mL) was added methanesulfonyl chloride
(20.8 pL, 0.140 mmol) and pyridine (18.5 pL, 0.2(\ah) at rt. The resultant mixture was
stirred at rt for 30 minutes. The mixture was @itbwith CHCI, (3 mL) and washed
sequentially with saturated N8I solution, brine, dried over N80, filtered and concentrated

in vacuo The crude material was dissolved in DMSO andfigdron reversed-phase HPLC
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using solvent gradient of 20-95% MeCN/0.1% fornaaan H,O to give desired produ6 as
a sticky solid (10 mg, 26% vyield¥4 NMR (400 MHz, DMSO-g): § 7.51-7.44 (m, 2H), 7.41-
7.35 (m, 1H), 7.28-7.23 (m, 2H), 6.50 (s, 1H), 5(B8s, 1H), 3.50 (s, 3H), 2.40 @@= 7.28 Hz,
2H), 2.07-1.96 (m, 1H), 0.92 (d,= 6.78 Hz, 6H). ESI MSn/z321 [M+H]". HPLC purity:

92.2%.

4-Hydroxy-6-isobutyl-1-isopropyl-3-phenylpyridini2{)-one(19). A mixture of Ethyl 3-
(isopropylamino)-5-methylhex-2-enodté (300 mg, 1.40 mmol) anais(2,4,6-trifluoro
phenyl)2- phenylmalonai (453 mg, 0.84 mmol) was heated at 200 °C in sesgdalbe for 1 h.
The reaction mixture was cooled to rt and a 3:1tunexof petroleum ether and diethyl ether (20
mL) was added. The precipitated solid was collebteélitration. The crude compound was
purified by column chromatography over silica ggd@-200 mesh) using a solvent gradient of
20% of ethyl acetate in petroleum ether as eluweatford 4-hydroxy-6-isobutyl-1-isopropyl-3-
phenylpyridin-2(1H)-ond9 as an off-white solid (90 mg, 38% vyieldH NMR (400 MHz,
DMSO-): & 10.02 (s, 1H), 7.34-7.25 (m, 4H), 7.18-7.16 (m),15481 (s, 1H), 4.40-4.30 (m,
1H), 2.45 (d,J = 7.10 Hz, 2H), 1.82-1.79 (m, 1H), 1.50 {cs 6.5 Hz, 6H), 0.97 (d] = 6.6 Hz,

6H). ESI MS:m/z286 [M+H]". HPLC purity: 95.2%.

The following 4-Hydroxy-2-pyridone20 was prepared using the above method from
bis(2,4,6-Trifluoro phenyl)2- phenylmalona?eand Ethyl 3-(benzylamino)-5-methylhex-2-

enoatel8.

1-Benzyl-4-hydroxy-6-isobutyl-3-phenylpyridin-2(itf)e Q0). Yield: 37%.*H NMR (400
MHz, DMSO-d): 6 10.33 (s, 1H), 7.40-7.18 (m, 8H), 7.18-7.10 (m 2597 (s, 2H), 5. 24 (br s,
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1H), 2.37 (dJ = 7.0 Hz, 2H), 1.81-1.78 (m, 1H), 0.88 (d; 6.0 Hz, 6H). ESI MSm/z334

[M+H] ™. HPLC purity: 95%.

6-(Cyclohexylmethyl)-4-hydroxy-3-phenylpyridin-2jidhe @0i). A mixture of ethyl 3-
amino-4-cyclohexylbut-2-enoa®i (100 mg, 0.47 mmol) and diethyl 2-phenylmalorégf@01
pL, 0.47 mmol) was heated neat at 220 °C for 45utes Consumption of starting materials and
the formation of carboxylate intermediate was mmeid by LC-MS. The crude residue was then
dissolved in 2 M NaOH solution (2 mL, 4 mmol) ahe resultant mixture was heated in a
Biotage microwave reactor at 160 °C for 1 hour. Téaction mixture was cooled and acidified
to ~pH 6 with 6 M HCI solution. The precipitatealids were collected and dried undercua
The crude material was dissolved in DMSO (3 mL) padfied by reversed-phase HPLC (30-
95% MeCN in 0.1% formic acidA®, Atlantis prep dC18 OBD prep column, 10 pum, 1Zb8
mm) to give30i as a white solid (20.5 mg, 15% yield4 NMR (400 MHz, DMSO-g): & 11.00
(br's, 1H), 10.19 (s, 1H), 7.39 @= 7.03 Hz, 2H), 7.27 (] = 7.53 Hz, 2H), 7.19-7.12 (m, 1H),
5.76 (s, 1H), 2.26 (d} = 6.78 Hz, 2H), 1.73-1.52 (m, 6H), 1.27-1.09 (H),30.85-0.99 (m, 2H).
13C NMR (100 MHz, DMSO-g): § 163.4, 162.7, 146.7, 134.1, 130.7, 126.9, 1298,3, 98.1,
36.8, 32.2, 25.8, 25.5. HPLC purity: > 99%. ESI M8z284 [M+H]". HRMS calculated for

C1H2NO, [M+H]*, 284.1645; found, 284.1647.

The following substituted pyridones were preparedoading to the above method using

corresponding 2-substituted malonates and ethyhiB@4-substituted but-2-enoate
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3-Cyclohexyl-4-hydroxy-6-isobutylpyridin-2(1H)-o(28a). Yield: 2.4%.'H NMR (400 MHz,
DMSO-ds) : 5 10.71 (br s, 1H), 9.80 (br s, 1H), 5.59 (s, 1H832(t,J = 12.0 Hz, 1H), 2.15 (d]
= 7.20 Hz, 2H), 2.07-1.98 (m, 2H), 1.89-1.81 (m,)1H69 (d,J = 10.4 Hz, 2H), 1.62 (d] =
7.60 Hz, 1H), 1.34-1.31 (m, 2H), 1.26-1.12 (m, 36184 (d,J = 6.53 Hz, 6H). ESI MSN/z250
[M+H]". HPLC purity: 92.4%.

3-Benzyl-4-hydroxy-6-isobutylpyridin-2(1H)-on286). Yield: 13.9%.'H NMR (400 MHz,
DMSO-ds): § 10.91 (br s, 1H), 10.10 (br s, 1H), 7.25-7.14 4id), 7.12-7.05 (m, 1H), 5.68 (s,
1H), 3.60 (s, 2H), 2.21 (d, = 7.03 Hz, 2H), 1.93-1.80 (m, 1H), 0.85 (d5 6.40 Hz, 6H). ESI
MS: m/z258 [M+H]". HPLC purity: 93.9%.

3-(3-Fluorophenyl)-4-hydroxy-6-isobutylpyridin-2(J4dne @8d). Yield: 31.0%. *H NMR
(400 MHz, DMSO-g): 5 11.10 (br s, 1H), 7.33-7.28 (m, 2H), 7.24 Jd&= 8.53 Hz, 1H), 7.02-
6.94 (m, 1H), 5.79 (s, 1H), 2.26 @@= 7.53 Hz, 2H), 1.92 (td]} = 6.93, 13.49 Hz, 1H), 0.89 (d,
= 6.53 Hz, 6H). ESI MSm/z262 [M+H]". HPLC purity: 99.6%.

3-(4-Fluorophenyl)-4-hydroxy-6-isobutylpyridin-2(Hdne @8e). Yield: 28.6%. '*H NMR
(400 MHz, DMSO-@): § 11.08 (br s, 1H), 10.32 (br s, 1H), 7.49-7.38 @H), 7.17-7.04 (m,
2H), 5.78 (s, 1H), 2.25 (d}, = 7.28 Hz, 2H), 1.98-1.86 (m, 1H), 0.89 (o= 6.53 Hz, 6H). ESI
MS: m/z262 [M+H]". HPLC purity: 99.2%.

3-(2-Chlorophenyl)-4-hydroxy-6-isobutylpyridin-2(tene @8f). Yield: 7.3%."H NMR (400
MHz, DMSO-d): § 11.06 (br s, 1H), 10.25 (br s, 1H), 7.46-7.39 {H), 7.31-7.24 (m, 2H),
7.22-7.18 (m, 1H), 5.76 (s, 1H), 2.27 (& 7.53 Hz, 2H), 1.98-1.84 (m, 1H), 0.90 {d= 6.50

Hz, 6H). ESI MSm/z278 [M+H]". HPLC purity: 96.4%.
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3-(3-Chlorophenyl)-4-hydroxy-6-isobutylpyridin-2(tene @8g). Yield: 18.1%. *H NMR
(400 MHz, DMSO-¢): § 11.13 (br s, 1H), 10.59-10.36 (m, 1H), 7.47(t 1.76 Hz, 1H), 7.43-
7.38 (m, 1H), 7.31 (t) = 7.91 Hz, 1H), 7.24-7.19 (m, 1H), 5.79 (s, 1HR&(d,J = 7.28 Hz,
2H), 1.98-1.86 (m, 1H), 0.89 (d,= 6.78 Hz, 6H). ESI MSm/z278 [M+H]". HPLC purity:

99.0%.

3-(4-Chlorophenyl)-4-hydroxy-6-isobutylpyridin-2(tene @8h). Yield: 13.3%. 'H NMR
(400 MHz, DMSO-@): 5 11.12 (br s, 1H), 10.39 (br s, 1H), 7.48-7.43 @H), 7.35-7.30 (m,
2H), 5.79 (s, 1H), 2.26 (dl = 7.53 Hz, 2H), 1.96-1.86 (m, 1H), 0.89 (d+ 6.78 Hz, 6H). ESI

MS: m/z278 [M+H]". HPLC purity: 99.3%.

4-Hydroxy-6-isobutyl-3-(2-methoxyphenyl)pyridinajdone @8i). Yield: 17.9%.'H NMR
(400 MHz, DMSO-@): & 10.90 (br s, 1H), 7.25-7.18 (m, 1H), 7.01 (dd 1.63, 7.40 Hz, 1H),
6.96 (d,J = 8.28 Hz, 1H), 6.90-6.85 (m, 1H), 5.71 (s, 1HBB3(s, 3H), 2.25 (dJ = 8.03 Hz,
2H), 1.96-1.88 (m, 1H), 0.90 (d, = 6.53 Hz, 6H). ESI MSm/z 274 [M+H]". HPLC purity:
96.2%.

4-Hydroxy-6-isobutyl-3-(3-methoxyphenyl)pyridinjdone @8j). Yield: 19.7%.'H NMR
(400 MHz, DMSO-g): § 10.96 (br s, 1H), 10.23 (br s, 1H), 7.21-7.15 (), 7.01-6.94 (m,
2H), 6.75 (dd,) = 1.63, 8.16 Hz, 1H), 5.76 (s, 1H), 3.72 (s, 3Mp5 (d,J = 7.28 Hz, 2H), 1.99-

1.87 (m, 1H), 0.89 (d] = 6.53 Hz, 6H). ESI MSN/z274 [M+H]'. HPLC purity: 99.2%.

4-Hydroxy-6-isobutyl-3-(4-methoxyphenyl)pyridinjdone @8K). Yield: 21.6%.'H NMR

(400 MHz, DMSO-@): § 10.97 (br s, 1H), 10.10 (br s, 1H), 7.33d; 8.78 Hz, 2H), 6.85 (dl
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= 8.78 Hz, 2H), 5.76 (s, 1H), 3.75 (s, 3H), 2.24)& 7.28 Hz, 2H), 1.99-1.85 (m, 1H), 0.89 (d,

J=6.78 Hz, 6H). ESI MSN/z274 [M+H]". HPLC purity: 98.2%.

4-Hydroxy-6-methyl-3-phenylpyridin-2(1H)-on804). Yield: 27.5%.'H NMR (400 MHz,
DMSO-ds): 6 11.10 (br. s, 1H), 10.06 (br. s., 1H), 7.37Jd; 7.28 Hz, 2H), 7.26 - 7.29 (m, 2H),

7.14 - 7.18 (m, 1H), 5.79 (s, 1H), 2.11 (s, 3H)! BS: m/z202 [M+H]". HPLC purity: 99.7%.

4-Hydroxy-6-isopentyl-3-phenylpyridin-2(1H)-on0¢). Yield: 26.4%."H NMR (400 MHz,
DMSO-ds): § 11.09 (br s, 1H), 10.16 (br s, 1H), 7.38 Jd 7.03 Hz, 2H), 7.28 ( = 7.53 Hz,
2H), 7.16 (t,J = 8.00 Hz, 1H), 5.81 (s, 1H), 2.39 Jt= 8.00 Hz, 2H), 1.55 (td] = 6.56, 13.24
Hz, 1H), 1.50-1.41 (m, 2H), 0.90 (@= 6.53 Hz, 6H). ESI MSm/z258 [M+H]'". HPLC purity:

99.0%.

6-Benzyl-4-hydroxy-3-phenylpyridin-2(1H)-on80q). Yield: 20.6%.'H NMR (400 MHz,
DMSO-&): 6 11.27 (br s, 1H), 10.18 (br s, 1H), 7.40-7.31 @H), 7.27 (t,J = 7.65 Hz, 3H),

7.19-7.13 (m, 1H), 5.70 (s, 1H), 3.75 (s, 2H). EAS: m/z278 [M+H]". HPLC purity: 98.9%.

6-(Cyclopropylmethyl)-4-hydroxy-3-phenylpyridin-B{tone @0e). Yield: 9.8%. *H NMR
(400 MHz, DMSO-¢@): 6 11.08 (br s, 1H), 7.42-7.35 (m, 2H), 7.32-7.23 #H), 7.20-7.13 (m,
1H), 5.94 (s, 1H), 2.30 (d,= 7.03 Hz, 2H), 1.06-0.94 (m, 1H), 0.55-0.45 (H),20.25-0.18 (m,

2H). ESI MS:m/z242 [M+H]". HPLC purity: 99.3%.

36



6-(Cyclobutylmethyl)-4-hydroxy-3-phenylpyridin-2(téhe G0f). Yield: 30.7%. *H NMR
(400 MHz, DMSO-@): 6 11.04 (br s, 1H), 10.16 (br s, 1H), 7.40-7.35 2H), 7.27 (tJ = 7.65
Hz, 2H), 7.19-7.13 (m, 1H), 5.77 (s, 1H), 2.62-2(48 3H), 2.08-1.99 (m, 2H), 1.88-1.79 (m,

2H), 1.74-1.63 (m, 2H). ESI M$2/2256 [M+H]". HPLC purity: 99.8%.

4-Hydroxy-3-phenyl-6-((tetrahydro-2H-pyran-4-yl)ingf)pyridin-2(1H)-one  30I). Yield:
40.2%.*H NMR (400 MHz, DMSO-g): 5 11.08 (br s, 1H), 10.18 (br s, 1H), 7.40-7.35 i),
7.31-7.24 (m, 2H), 7.20-7.13 (m, 1H), 5.80 (s, 13183 (dd,J = 3.01, 11.54 Hz, 2H), 3.30-3.22
(m, 2H), 2.33 (dJ = 7.28 Hz, 2H), 1.82 (br. s., 1H), 1.52 (d= 12.30 Hz, 2H), 1.28-1.15 (m,

2H). ESI MS:m/z286 [M+H]". HPLC purity: 98.5%.

4-Hydroxy-6-isobutyl-3-phenylpyridin-2(1H)-or{é). A mixture of bis(2,4,6-trichlorophenyl)
2-phenylmalonat® (12.7 g, 23.56 mmoland Ethyl 3-amino-5-methylhex-2-eno&¢5.79 g,
33.8 mmol) in dowtherm oil (30 mL) was heated t® 2& for 30 min. The resulting reaction
mixture was cooled to rt and 100 mL petroleum etiwes added to reaction mixture. The residue
was filtered, washed with pentane and dried tordffb.5 g of crude intermediate ethyl 4-
Hydroxy-2-isobutyl-6-oxo0-5-phenyl-1,6-dihydropyrdi-3-carboxylate which was taken up in 2
M NaOH solution (16 mL) and refluxed for 24 h. Tieaction mixture was acidified to ~pH 6
with 1 M HCI and extracted with ethyl acetate (2% mL). The combined organic layer was
washed with water, 5% aqueous NaHC$lution, brine, dried over anhydrous 8@, and
concentrated to afford 4-hydroxy-6-isobutyl-3-phieyyidin-2(1H)-onel as an off-white solid

(0.80 g, 14% vyield over two stepdH NMR (400 MHz, DMSOd): 5 11.18 (br s, 1H), 10.2 (s,
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1H), 7.39-7.26 (m, 4H), 7.18-7.15 (m, 1H), 5.801(4), 2.30 (dJ = 7.10 Hz, 2H), 1.95-1.93 (m,

1H), 0.90-0.88 (&) = 6.42 Hz, 6H). ESI MSn/z244 [M+H]". HPLC purity: 99.9%.

The following 4-Hydroxy-2-pyridones were preparesing the above procedure from

corresponding 2-aryl malonates and 4-substituteg 8aminobut-2-enoate.

3-(2-Fluorophenyl)-4-hydroxy-6-isobutylpyridin-2(JHdne (28c). Yield: 13% for two steps.
'H NMR (400 MHz, DMSO-g): § 11.10 (s, 1H), 10.30 (br s, 1H), 7.30-7.22 (m,,ZH)4-7.09
(m, 2H), 5.78 (s, 1H), 2.27 (d,= 7.5 Hz, 2H), 1.96-1.89 (m, 1H), 0.90 (d; 6.6 Hz, 6H). ESI

MS: m/z262 [M+H]". HPLC purity: 97.3%.

6-((Dimethylamino)methyl)-4-hydroxy-3-phenylpyri@i(lH)-one 80b). Yield: 16% for two
steps’H NMR (400 MHz, DMSO-g): § 10.86 (br s, 1H), 10.25 (s, 1H), 7.39-7.30 (m, 2H)
7.28-7.19 (m, 2H), 7.17 (8,= 6.8 Hz, 1H), 6.0 (s, 1H), 3.21 (s, 2H), 2.2164). ESI MS:m/z

245 [M+H]". HPLC purity: 99.5%.

6-(Cyclopentylmethyl)-4-hydroxy-3-phenylpyridin-2jlone G0g). Yield: 17% for two steps.
'H NMR (400 MHz, DMSO-g):  11.10 (s, 1H), 10.18 (br s, 1H), 7.38 J&; 7.50 Hz, 2H),
7.27 (t,J=7.50 Hz, 2H), 7.17 (1 = 7.0 Hz, 1H), 5.86 (s, 1H), 2.40 (s, 2H), 2.162(m, 1H),

1.70-1.50 (m, 6H), 1.23-1.19 (m, 2H). ESI MB/z270 [M+H]". HPLC purity: 95.9%.
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6-((4,4-Difluorocyclohexyl)methyl)-4-hydroxy-3-p&yridin-2(1H)-one 80h). Yield: 39%
for two steps'H NMR (400 MHz, DMSO-g): & 11.08 (s, 1H), 10.18 (s, 1H), 7.37 (m, 2H), 7.28
(m, 2H), 7.17 (m, 1H), 5.80 (s, 1H), 2.36 Jd&; 6.6 Hz, 2H), 2.10-1.80 (br. s., 2H), 1.85-1.65

(m, 5H), 1.22 (m, 2H). ESI MSn/z320 [M+H]". HPLC purity: 98.7%.

6-((4,4-Dimethylcyclohexyl)methyl)-4-hydroxy-3-pyiegridin-2(1H)-one 80)). Yield: 40%
for two steps'H NMR (400 MHz, DMSO-@): & 11.08 (s, 1H), 10.20 (s, 1H), 7.38-7.26 (m,
4H), 7.18-7.14 (m, 1H), 5.78 (s, 1H), 2.30Jd; 6.1 Hz, 2H), 1.46-1.34 (m, 5H), 1.25 (br s, 4H)
0.87 (d,J = 5.3 Hz, 6H)*C NMR (100 MHz, DMSO-g): 5 163.4, 162.8, 146.8, 134.1, 130.7,
126.9, 125.5, 108.3, 98.2, 38.3, 36.7, 32.3, 20, 24.3. ESI M9n/z312 [M+H]". HRMS

calculated for GoH26NO, [M+H], 312.1958; found, 312.1956. HPLC purity: 9%.

4-Hydroxy-6-isobutyl-3-(pyridin-2-yl)pyridin-2(1H)ne @8l). To a solution of diethyl 2-
(pyridin-2-yl)malonate27l (400 mg, 1.68 mmol) in dowtherm oil (10 mL) wasled ethyl 3-
amino-5-methylhex-2-enoa8(231 mg, 1.34 mmol) and heated at 250 °C for e reaction
mixture was diluted with 30 mL petroleum ether, ginecipitated solid was filtered and dried
under vacuum to afford 200 mg of intermedietieyl 4-hydroxy-2-isobutyl-6-oxo-5-(pyridin-2-
yh)-1,6-dihydropyridine-3-carboxylate. The crudéemnmediate (200 mg, 0.632 mmol) was taken
up in 2 M HCI (2 mL) and refluxed at 130 °C for h6n a sealed tube. The reaction mixture was
diluted with cold water and basified to pH 8 ussagurated aqueous NaHg€»lution and
extracted with EtOAc (2 x 15 mL). The combined aigdayer was washed with brine (2 x 30

mL), dried over anhydrous Ma0O, and concentrated under vacuum. The crude compoasd w
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purified by triturating with n-pentane and dietleyher to afford 4-hydroxy-6-isobutyl-3-
(pyridin-2-yl)pyridin-2(1H)-one28l as an off-white solid (85.0 mg, 25% yield over tgteps).
'H NMR (400 MHz, DMSO-@): § 18.28 (s, 1H), 11.08 (s, 1H), 9.19 {d 8.6 Hz, 1H), 8.49 (d,
J = 4.8 Hz, 1H), 8.00-7.96 (m, 1H), 7.34-7.31 (m)1H75 (s, 1H), 2.28 (d,= 7.0 Hz, 2H),

1.98-1.95 (m, 1H), 0.89 (d,= 6.4 Hz, 6H). ESI MSmM/z245 [M+H]'. HPLC purity: 98.5%.

The following 4-Hydroxy-2-pyridones were preparesing above procedure from

corresponding 2-aryl malonates and ethyl 3-amimoeBhylhex-2-enoat8.

4-Hydroxy-6-isobutyl-3-(pyridin-3-yl)pyridin-2(1H)ne @8m). Yield: 13% for two stepsH
NMR (400 MHz, DMSO-¢): 6 11.20 (s, 1H), 10.51 (s, 1H), 8.60 (s, 1H), 810s(ldlH), 7.81 (d,
J=7.5Hz, 1H), 7.32 () = 5.95 Hz, 1H), 5.82 (s, 1H), 2.28 (b5 7.1 Hz, 2H), 1.94-1.91 (m,

1H), 0.90 (d,) = 6.6 Hz, 6H). ES| MSm/z245 [M+HT". HPLC purity: 97.5%.

4-Hydroxy-6-isobutyl-3-(pyridin-4-yl)pyridin-2(1H)ne @8n). Yield: 10% for two stepsH
NMR (400 MHz, DMSO-@): 6 11.23 (s, 1H), 10.7 (br s, 1H), 8.45 {ds 4.8 Hz, 2H), 7.51 (br
S, 2H), 5.81 (s, 1H), 2.27 (A= 7.0 Hz, 2H), 1.95-1.88 (m, 1H), 0.90 (s 6.2 Hz, 6H). ESI

MS: m/z245 [M+H]". HPLC purity: 95.1%.

4-Hydroxy-3-phenyl-6-(pyridin-4-ylmethyl)pyridini)-one B0k). Yield: 54% for two steps.
'H NMR (400 MHz, DMSO-g): § 11.39 (s, 1H), 10.3 (br s, 1H), 8.54 {d; 4.8 Hz, 2H), 7.36-
7.26 (m, 6H), 7.18 (m, 1H), 5.75 (s, 1H), 3.8 (d).2ESI MS:m/z279 [M+H]". HPLC purity:

94.1%.
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Highlightsfor review

A high-throughput cell-based phenotypic hit pyridone 1 displayed active against
Mycobacterium tuberculosis (Mtb) including multi-drug resistant tuberculosis (MDR-
TB)

SAR expansion on 6-position of pyridone 1 hit significantly improved potency and lead
compound 30j displayed 50 nM activity against Mtb

Lead compound 30j showed favorable ora pharmacokinetic properties and demonstrated
in vivo efficacy in mouse model

Mechanism of action studies indicated that 4-hydroxy-2-pyridones are direct inhibitors of
InhA

Lead compounds 30j is attractive lead compound for further optimization as direct
inhibitors of InhA



