4710 J. Med. Chem2007,50, 4710-4720
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Fabl and FabK are bacterial enoyl-acyl carrier protein (ACP) reductases that catalyze the final and rate-
limiting step of bacterial fatty acid biosynthesis (FAS) and are potential targets of novel antibacterial agents.
We have reported 4-pyridone derivati8eas a Fabl inhibitor and phenylimidazole derivativas a FabK
inhibitor. Here, we will report phenylimidazole derivatives of 4-pyridone as Fabl and FabK dual inhibitors
based on an iterative medicinal chemistry and crystallographic study of FabkShreyptococcus pneumoniae
compound26. A representative compoureishowed strong Fabl inhibitory (kg = 0.38 M) and FabK
inhibitory (ICso = 0.0045uM) activities with potent antibacterial activity agairSt pneumoniaéMIC =
0.5ug/mL). Since elevated MIC value was observed agdthgineumoniaenutant possessing one amino

acid substitution in FabK, the antibacterial activity of the compound was considered to be due to the inhibition
of FabK. Moreover, this compound showed no significant cytotoxicity(FC69 uM). These results support
compound6 as a novel agent for the treatment of bacterial infections.

Introduction NADPH-dependent-ketoacyl-ACP reductasé:1* Subsequent
dehydration by FabA or Fab®;'” which arep-hydroxyacyl-
ACP dehydrases, leads to trans-2-enoyl-ACP. Fabl is an enoyl-
\CP reductase that catalyzes the conjugate reduction of an
enoyl-ACP to the corresponding acyl-ACP using the cofactor
NADPH or NADH as a hydride sourdé-2° Further rounds of

The emergence of bacterial resistance to most of all antibiotics
poses a threat to health care, and novel therapeutics are neede
In particular, the increase of methicillin-resist&taphylococcus
aureus(MRSA)*! and penicillin-resistanBtreptococcus pneu-

\Ta?’lr!g;(ZiEiZZisltsar%f ;&?&r g](;?,gcség’n ?s,r:)?attgjoresct;?:g;‘ of this cycle, successively adding two carbon atoms per cycle,
y ) ' finally lead to palmitoyl-ACP. Then, the cycle is stopped due

A key strategy to overcome antibiotic-resistant pathogens is theto feedback inhibition of FabH and Fabl by palmitoyl-ACP.

discovery of antibacterial agents with novel mechanisms of Therefore, Fabl and FabH are rate-determining for the overall
action and no cross-resistance. However, only three novel classe%i osynth et’i ¢ pathwa}(Figure 1)

of antibiotics, oxazolidinones,lipopeptides, and glycylcy- L ) . .
hopep ghyeyley In Escherichia coli there is a single NADH-dependent

clines! have reached the market. , , >0 . .
Bacterial FA3 (type I1)¥-1° provides essential fatty acids for isoform of this enzyme, Fabl, which is essential for bacterial
yp P y viability.2223 Various compounds including isoniaAti diaz-

use in the assembly of key cellular components such as Ce"aborines%f’v%triclosan?7—32 indole naphthyridinone®-3 and

envelope, phospholipids, lipoproteins, lipopolysaccharides, andthiopyridiné6 have been reported as inhibitors of bacterial enoyl-

mycolic acids. In bacterla,_d|fferent mono_func_tlonal ENzymes cp reductase, and a Fabl-targeting approach to antibacterial
catalyze each of the reactions, and reaction intermediates are

carried through the cytosol as a thioester of the small ACP drug therapy appears fe§S|bIe (Figure 2). )
On the other hand, mammalians use a single large multifunc- However, recent studies have shown that other bacterial

tional protein in which the growing chain is covalently attached ©NOY-ACP reductases exist in addition to F&bh triclosan-
to the protein to make fatty acids. This difference of fatty acid "eSistant flavoprotein, termed Fabk, has been shown to be the

biosynthesis between bacteria and mammalian offers an attracS0!€ €noyl-ACP reductase & pneumoniaand to exist together

tive opportunity for selective inhibition of bacterial FAS ~ With Fabl in key pathogens such Bsterococcus faecaliand

Therefore, inhibitors of the bacterial enzymes are expected to PS€udomonas aeruginasainhibitors of both Fabl and FabK
be the candidates for novel antibacterial agents. are expected to have broad-spectrum antibacterial activity. The

The first step in the bacterial biosynthetic cycle is the small-mogel’ebculir Fat;\l an% Faka mhlltz!tbo_ﬂ_sangfz have be_e-n
condensation of malonyl-ACP with acetyl-CoA by FabH!3 reported,”but they showed weaker inhibition 8t pneumoniae

. ; FabK than ofS. aureusFabl3®
In subsequent rounds, malonyl-ACP is condensed with the ) o
growing-chain acyl-ACP (FabB and FabF). In the elongation Therefore, we are interested in finding novel small-molecular

cycle of the second step, FabG mediates ketoester reduction by~ @P! @nd FabK dual inhibitors. We have previously reported a
potent Fabl inhibitor §)*° with potent antibacterial activity

- against S. aureusand a FabK inhibitor §) with potent
£ i C.?”ﬁ%pondﬂg a“thoé)TeEtgl'45'54l’2521' Fax:t81-45-541-0667.  antihacterial activity again§. pneumonidé *3Figure 3). The
-mail: hideo_kitagawa@meiji.co.jp. S :

+ Medicina|_chergnistry Reséamhl pLabpratories. macromolecular synthesis assay _dem(_)ns_trated _th_at a compound

* Pharmacology Research Laboratories. related to3 and compound selectively inhibited lipid biosyn-

a Abbreviation: ACP, acyl carrier protein; FAS, fatty acid biosynthesis; thesis?245\We considered that it might be possible to combine
MRSA, methiciIIin-resistantStaphoncoccus aurepsPRSP, pgnicilli_n- th h- h fth inhibit t d ific dual
resistaniStreptococcus pneumonia®AR, structure-activity relationship; the pnarmacophores of these INhibItors 1o produce specinc dua
FMN, flavin mononucleotide; MOA, mode of action. inhibitors.

10.1021/jm0705354 CCC: $37.00 © 2007 American Chemical Society
Published on Web 08/22/2007



Inhibitors of Enoyl-ACP Reductases Fabl and FabK

Journal of Medicinal Chemistry, 2007, Vol. 50, N4719

o o

A con
\H,J\ malonyl-CoA
OH
14 = H-SACP
palmitic acid FabD (
* Y H-SCoA
o - o o
~ur~Ag_acp N oA A e
" -
acyl-ACP malonyI-ACPD
FabK FabF s-con
FabB Acetyl-CoA
(Fabl'.) Condensation —/ FabH
Reduction a .
(enoyl-ACP reductase) ondensation
/ (P-ketoacyl-ACP synthase)
(o] o'o
WS—ACP \(‘MS—ACP \

trans-2-enoyl-ACP

(p-hydroxyacyl-ACP dehydrase)

OH O

S-ACP

B-hydroxy-acyl-ACP
Figure 1. The bacterial biosynthetic cycle of fatty acids.
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Through iterative medicinal chemistry and X-ray crystal

structure-based desighdwe have developed novel phenylimi-
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The 4-pyridone derivativd7 was prepared as illustrated in
Scheme 2%4445Commercially available 4-methoxypyridine was
treated with methyl magnesium bromide and carbobenzyloxy
chloride in THF at—25 °C to afford compound3in 94% vyield.

The reaction ofL.3 with 2,6-dichlorobenzaldehyde was carried
out in THF at—78 °C in the presence of lithium hexamethyl-
disilazide, and the corresponding aldol addl#tvas obtained
in 98% vyield. The hydroxyl group of compounti4 was

dazole derivatives having a 4-pyridone moiety as Fabl and FabK converted to the methanesulfondteby treatment with meth-

dual inhibitors. Among them, compouBdxhibited strong Fabl

anesulfonyl chloride in 94% yield. Elimination of the meth-

and FabK inhibitory activities, and it showed potent antibacterial anesulfonyloxy group and isomerization of taraolefin by

activity againstS. pneumoniaeHere, we would like to present

using potassiurtert-butoxide gave compourttb in 87% yield.

details of the development of novel Fabl and FabK dual Treatment ofL6 with tetravinyltin in the presence of Cu(OAc)

inhibitors.
Chemistry

The phenylimidazole derivatives were prepared as follows.

As an example, the synthesis of compouridis illustrated in

in MeCN/DMF under an @atmosphere at room temperature
afforded compound?.

Compoundb, a Fabl and FabK dual inhibitor, was prepared
as illustrated in Scheme 3. Compouhtiwas coupled witHL7

Scheme 1. Commercially available benzyl cyanomethylcarbam- in the presence of R(tiba), P(Bu);, and CyNMe to afford

ate 7 was treated with sodium methoxide followed by am-
monium bromide to give compour&l Compound was treated
with 4-bromophenacyl bromid@ to give phenylimidazolel0

compoundl8in 23% yield. Deprotection of the benzyloxycar-
bonyl and 2-(trimethylsilyl)ethoxymethyl groups under acidic
condition afforded compount®d. Hydrogenation of compound

in 28% and then the amino group of the imidazole was protected 19 gave the corresponding saturated amine (compdg)d

with 2-(trimethylsilyl)ethoxymethyl to afford compourfdl in
60% vyield.

Coupling 20 with 22, which is obtained fron21 as a crude
intermediate, in the presence b N-diisopropylethylamine

gf@ Eas U
CO,Me  MeO,S NH
cl @E \>_S \_</

weorsS ;. oy jQJ %

Figure 3. Our developed Fabl and/or FabK inhibitors.
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Scheme 1.Synthesis of Phenylimidazole Derivatives

a,b NH
BROCOHN~ “CN — BnOCOHN/\f
HBr NH;

8 + Br@ —>BnOCOHN J’_@/ —_ BnOCOHN/\(\f’O/

0 (0.7eq.) SEM 11

aReagents and conditions: (a) NaOMe (0.1 equiv), MeOH, rt; (b)ENhjl.OS equiv), rt (87%, two steps); (¢).B0s (1 equiv), THF/BO = 10/1, 80
°C (28%); (d) NaH (1 equiv), SEMCI (1 equiv), THF, rt to 4C (60%).

Scheme 2. Synthesis of 4-Pyridone Derivativies activity toward FabK ofS. pneumoniaeAmong them, com-
pound5 showed strong FabK-inhibitory activity (k= 0.14

cl cl
QMe i o oM 9 QMs uM) and potent antibacterial activity (MIE€ 0.5ug/mL) against

@ _ab_ fﬁ\_c- | LI S. pneumonia& However, it did not show eitheE. coli Fabl-
N” N N Cl N Cl inhibitory activity (1Gso>32uM) or antibacterial activity against

12 ¢0o,8n €0,Bn €0,Bn S. aureugMIC > 64 ug/mL).
15
Evaluation of several derivatives structurally related5to

cl o}
. o ‘ W revealed the importance of the phenylimidazole structure for
] — | N | ol FabK-inhibitory activity. Structureactivity relationship (SAR)
N cl / studies concerning the benzothiazole ring in compo&nd
H 17 revealed that compour, having a pyridylthio group at the

aReagents and conditions: (a) BnOCOCI (1 equiv),s®@Br (1.2 5-position of thiazole, showed strong FabK inhibitory activity

equiv), THF, =25 °C; (b) 3 N HCI, 1t (94% for two steps); (¢)  and potent antibacterial activity agair&tpneumoniadCso =
2,6-dichlorobenzaldehyde (1.3 equiv), LIHMDS (1.1 equiv), TH#8°C P yag X €Cso

(98%); (d) MsCI (2 equiv), pyridine, 6C to rt (94%); (€YBuOK (3 equiv), 0-0_42P‘M' _MlC = 2/49_/m|—)-_ Therefore, we Se|e?ted the thiazole
THF, rt (87%); (f) tetravinyltin (2 equiv), Cu(OAg)2 equiv), Q, MeCN/ moiety with a 5-pyridylthio group as a basic structure and
DMF, 1t (76%). prepared a range of phenylimidazole derivatives. SAR of these

derivatives is shown in Table 1.
afforded compoundé. The other related compounds were

similarly prepared. Compounds24 and 25, having a bromo substituent, and
_ _ compound26, having a carboxylic acid group on the phenyl
Results and Discussion ring, showed strong FabK inhibitory activity. However, com-

We have developed a series of small-molecule, phenylimi- pound25showed decreased antibacterial activity, and compound

dazole-based FabK inhibitors by optimizing a lead compound 26 lacked antibacterial activity again§. pneumoniaeThe
4 discovered by screening our compound library for inhibitory reason for these results is not known, but several factors, such

Scheme 3. Synthesis of Compouné?

1+ 17
cl
(095eq) oo CHN/\()/@///% HZN/\(TQJ

3HCI
= O

N —
o cl
cl
HZN/\(

3HCI
0}

MeO,S d [MeO,S >\._ /SN
T

21
20 +22 —
MeOZS/Q )\ N/\( j/QJ

aReagents and conditions: (a)ARtba) (0.2 equiv), PBu)s (0.4 equ), CyNMe (2 equiv), DMF, 80°C (23%); (B 4 N HCI/1,4-dioxane, 100C
(25%); (c) 10% Pd/C (10 w/w%), MeOH/HCI, +atmosphere (44%); (d) CDI (2 equiv), THF, rt; (&)N'-diisopropylethylamine (4 equiv), DMF, rt (21%,
two steps).
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Table 1. Antibacterial Activities for Phenylimidazole Derivatives as
FabK Inhibitors

N
s SY“THJ}W
@KK 0o H

ICso (uM) MIC (ng/mL)
c d 1 50 M
ompoun R Fabl? FabK® S. pneumoniae®
Triclosan — 0.9+0.36 >32 329
2 — 0.2+0.02 >32 >32¢
23 Ph >32 0.042 £ 0.005 2
24 Br4©7 >32 0.0024 + 0.0002 0.25
25 Q >32 0.0053 + 0.0005 16
Br
o
2 NaO,C— < > >32 0.034 £ 0.003 >32

aE, coli Fabl.?S. pneumoniagrabK.cS. pneumoniaeKU197.9S.
aureusATCC29213 MIC= 0.25ug/mL. ©S. aureusATCC29213 MIC=

0.063ug/mL.
N
NNy Ay )
\ H
N &s o) Na0,C
W 2

Figure 4. Structure of compoung6 used for the crystallographic study.

Figure 5. Crystal structure of compounzb bound to the active site
of FabK.
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Figure 6. Schematic model of the active site of FabK.

Figure 7. Expanded view of the complex of compou6é and FabK
around site 11

The phenylimidazole moiety is buried in a hydrophobic cleft.
In addition, the hydrophobic amino acids Leul22 and Pro118
are located near the phenyl ring of compowgl(Figure 7).
The bromo substituent on the phenyl ring in compou24iand
25may occupy the gap and reinforce the hydrophobic interaction
with Leul22. Although Pro118 has a hydrophobic interaction
with the phenyl ring of compounds, there is an additional
shallow, hydrophobic hollow, called site I, extending to the
plane of Pro118. Site Ill on the left side of site | is a hydrophobic
cleft. The pyridine ring faces the empty hydrophobic pocket in
site Ill. A detailed analysis of this crystal structure will be
reported elsewhere.

We have reported that novel 4-pyridone derivatives having
a hydrophobic group at the 1-position showed g&odoli Fabl
inhibitory activity and strong antibacterial activity agairst
aureus™ In particular, compouna, having a cyclohexylmethyl
group at the 1-position, exhibited strong activities.

We have also shown that it is possible to incorporate various
bulky hydrophobic groups at the 1-position of 4-pyridofies.
Therefore, we assumed that the substituent at the 1-position of

as poor penetration through the bacterial cell membrane or 4_pyridones was recognized as an alkyl side chain of fatty acid.

recognition by an efflux transporter of the bacteria, might be
involved.

We have already crystallized FabK frogh pneumoniaé?
Although compoun@6 showed no antibacterial activity against
S. pneumonigeit was the only compound that had good
solubility in aqueous 5% DMSO, and it was suitable for a
crystallographic study. Therefore, to allow further optimization
of inhibitors by structure-based drug design, we solved the
crystal structure of the compou2é/FabK complex (Figure 4).

The active pocket of FabK can be divided into three sites
(Figures 5 and 6). The thiazole ring and a part of the ureido
moiety of 26 are involved in a face-to-face—x stacking
interaction with the isoalloxazine ring of flavin mononucleotide
(FMN), with additional hydrophobic interactions between the
thiazole ring and the side chains of hydrophobic amino acids.

On the basis of this hypothesis, we speculated that introduction
of a hydrophobic FabK inhibitory moiety at the 1-position of
4-pyridones might yield Fabl and FabK dual inhibitors.

There are two possible strategies to hybridize Fabl and FabK
inhibitors (Figure 8). One is to connect the phenylimidazole
side of the FabK inhibitory moiety to the Fabl inhibitory moiety
(type 1), and the other is to connect the thiazole side of the
FabK inhibitory moiety to the Fabl inhibitory moiety (type II).
From the perspective of a Fabl inhibitor, the hydrophobic FabK
inhibitory moiety expected to be recognized by the same site
of the Fabl active pocket in both types. On the other hand, from
the perspective of a FabK inhibitor, the Fabl inhibitory moiety
or 4-pyridone added at either side of the FabK inhibitory moiety
is expected to be recognized by different sites of the FabK active
pocket. The 4-pyridone substructure in the case of types | and
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Figure 8. Synthetic strategy for Fabl and FabK inhibitors.
Table 2. The Effect of Chain Length between 4-Pyridone and Table 3. Antibacterial Activities for Thiazole-Side Derivatives as Fabl
Phenylimidazole and FabK Inhibitors
H
N
| /—<\ |
\/\—NH
\>_NH R—NH
Br
ICs0(1M) MIC(ug/mL) Compound R ICook) MIC(ug/ml)
Compound X " 4 Fabl® FabK? S. aureus® S. pneumoniae®
Fabl? FabK’ S. aureus® S. pneumoniae B
S r
271y 0.82 £0.21 11+£3 >32 =32 29 E—<\N]/ 057+007 0.020£0.017  >32 8
S S Ns
28 E/\/“LL >32 >30 NT NT 32 3—<\uj( D 056021 0016£0.004 32 2
29 iLL/\/“L 0.57 £0.07 0.029+0.017 >32 8 33 g_QN] 0.93£0.37 >32 >32 >32
N
SO,M
30 A~ h 029:005 90%29 >32 >32 . 5—«8]@ M 185007 00045500007 >3 05
N
31 A _~_% 034:002 6618 >32 >32 5. SO,Me
34 < I( 0.31£0.05 0.0094 £0.0010 >32 1
. . N
aE. coli Fabl.?S. pneumoniagcabK.¢S. aureusATCC29213.9S. Trid
pneumoniaeKU197. riclosan 0.90 + 0.36 >32 0.063 NT

aE. coli Fabl.?S. pneumoniagcabK.¢S. aureusATCC29213.9S.
Il is expected to be recognized by sites Il and Ill of the FabK pneumonia&kU197.

active pocket, respectively. we considered that the 4-pyridone could not interact with the
Since site Il of the FabK active pocket is a hydrophobic hydrophobic hollow on Pro118 of FabK because of the long
hollow on Pro118, adding a plane structure such as 4-pyridonelinkers. These results indicated that our strategy for producing
to the phenylimidazole moiety of a FabK inhibitor with an  dual Fabl/FabK inhibitors might be valid. Therefore, we chose
appropriate linker might improve the binding affinity to FabK. a saturated two-carbon chain for the basic structure. Finally,
On the other hand, site Il of FabK has larger space than site we optimized the thiazole substitution. The SAR of substituted
II, so it might be more difficult to introduce favorable interac- thiazole is shown in Table 3.
tions. Therefore, we first focused on type I inhibitors. The SAR  We previously found that 6-substituted berdjtjiazole! or
of spacer connecting phenylimidazole and 4-pyridone is shown 5_substituted thiazole derivatives showed potent FabK inhibitory
in Table 2. activity and suggested that steric effects of those substituent
Compound7 having a one-carbon chain length showed Fabl groups were important for FabK inhibitory activity. More details
inhibitory activity, but weak FabK inhibitory activity. Although  of the SAR studies of our FabK inhibitors will be reported
compound28, which has aransethenyl fragment showed a elsewhere. On the basis of these results, comp82rahowed
decrease in both activities, the saturated comp@@showed strong Fabl and FabK inhibitory activities. Compouf38,
strong Fabl and FabK inhibitory activities and moderate having imidazole instead of thiazole, showed strong Fabl
antibacterial activity again8. pneumoniagCompounds$0and inhibitory activity but lacked FabK inhibitory activity, indicating
31, having a three-carbon chain length, showed increased Fablthat the thiazole ring was essential for FabK inhibition, 83d
inhibitory activity but decreased FabK inhibitory activity and did not show antibacterial activity again§. pneumoniae
lacked antibacterial activity again§&. pneumoniaeln com- Compounds substituted at the 6-position on benzothiazole and
pounds27 and28, the 4-pyridone may interfere sterically with compound34 substituted at the 5-position of thiazole showed
binding to FabK. On the other hand, in compou@sand31, strong Fabl and FabK inhibitory activities (Fabls{>= 0.38
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uM, 0.31 uM, respectively; FabK Ig = 0.00454M, 0.0094
uM, respectively) and potent antibacterial activity agaist
pneumoniaéMIC = 0.5ug/mL, 1ug/mL, respectively). FabK
inhibitory activities of these compounds tended to follow the
SAR of our FabK inhibitors. Although the compounds in Table
3 showed the potent Fabl inhibitory activity, they lacked
antibacterial activity agains$. aureusWe have reported that
the 4-pyridone derivatives having longer alkyl chain at the
1-position did not show antibacterial activity agaiSstaureus
despite of strong Fabl inhibitory activity.Thus, we concluded
that a 4-pyridone structure with a strongly hydrophobic side
chain was unfavorable for antibacterial activity. The reason for
these results is not clear now, but it might involve poor
membrane permeability or exclusion of the compounds.

MICs of the representative compou@against other bacteria
were evaluated. Compoutdshowed no antibacterial activities
(MICs>64 ug/mL) against not only wild type strain&( coli,
Haemophilus influenza&nterococcus faecalisndPseudomo-
nas aeruginospbut also efflux pump deficient mutani( coli
andH. influenzag These results support the idea that compound
6 might have poor penetration.

On the other hand, compourtdand other phenylimidazole
derivatives in Tables 2 and 3 were evaluated agatst
pneumonia&kU197 mutant with the alanine residue at position
141 in FabK replaced by seritéand elevated MICsX4-fold)

versus a parent strain were observed. Furthermore, the phe

nylimidazole derivatives in Tables 2 and 3 showed no significant
cytotoxicity (ICso > 69 uM, in human K562-erythroleukemia
cells). These studies support that the mode of action (MOA) of
compound6 is the inhibition of fatty acid synthesis.

Conclusion

We have discovered phenylimidazole derivatives of 4-pyri-
done as novel dual inhibitors of bacterial enoyl-ACP reductases
Fabl and FabK. On the basis of the iterative medicinal chemistry
and crystallographic study of FabK fror8. pneumonide
compound?26, we designed novel Fabl and FabK dual inhibitors,
where a FabK inhibitory moiety (phenylimidazoles) was com-
bined with a Fabl inhibitory moiety (4-pyridones). Since a

saturated two-carbon chain was identified as a suitable spacer,
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spectrometer. LEMS analyses were performed using the following
methods. Method A: Capcellpak§&MG (Shiseido) 3 mmx 150
mm column; linear gradient from 10% to 90% EN in H,O over
10 min (0.01% trifluoroacetic acid) at a flow rate 0.4 mL/min.
Method B: Capcellpak ¢ MGIl (Shiseido) 3 mmx 150 mm
column; linear gradient from 10% to 90% @EN in H,O over 10
min (5 mM ammonium acetate) at a flow rate 0.4 mL/min.
Elemental analyses were performed by Toray Research Center, Inc.
Column chromatography was performed with silica gel (Kanto
Chemical, 60N spherical, neutral). Preparative thin layer chroma-
tography (preparative TLC) was performed with silica gel (Merck
PLC plates, silica gel 60 F254). All the reagents and solvents were
from commercial suppliers and were used without further purifica-
tion.

Benzyl 2-Amino-2-iminoethylcarbamate Hydrobromide (8).
To a solution of benzyl cyanomethylcarbamaf (Aldrich, 12.5
g, 66 mmol) in MeOH (190 mL) was added sodium methoxide
(0.36 g, 6.6 mmol). The mixture was stirred at room temperature
overnight and then to it was added ammonium bromide (6.8 g, 69
mmol). The mixture was stirred at room temperatunelfé more,
and then it was concentrated under reduced pressure. The resulting
solid was dissolved in hexane/EtOAe 1/1 (300 mL), stirred
atroom temperature for 1.5 h, and filtered to obtain the title
compound as an off-white powder (16.5 g, 87%).NMR (CDs-
OD): 6 7.39-7.31 (5H, m), 5.14 (2H, s), 4.10 (2H, s). MS
(ESH): 208 (M + H). HRMS: calcd for GoH1sNzO, (M + H)
208.1086, found 208.1085.

Benzyl (4-(4-Bromophenyl)-H-imidazol-2-yl)methylcarbam-
ate (10).To a solution of benzyl 2-amino-2-iminoethylcarbamate
hydrobromide 8) (8.0 g, 28 mmol) in THF/HO = 10/1 (330 mL)
were added potassium carbonate (3.8 g, 28 mmol) and-2, 4
dibromoacetophenon@)( (Acros, 5.4 g, 19 mmol). The mixture
was stirred at 80C for 30 min and then it was poured into brine,
extracted with CHCI,, dried over NaSQy, and concentrated under
reduced pressure. To the resulting residue was added hexane/EtOAc
to obtain the crude solid. Recrystallization from MeOH/CEICI
afforded the title compound as a white powder (1.13 g, 28¢b).
NMR (CDCly): 6 7.60 (2H, d,J = 8.5 Hz), 7.47 (2H, dJ =8.5
Hz), 7.37-7.32 (5H, m), 7.22 (1H, s), 5.63 (1H, br), 5.15 (2H, s),
4.41 (2H, dJ = 6.1 Hz).13C NMR (DMSO-d;): ¢ 156.2, 145.8,
138.4, 136.9, 134.1, 131.1, 128.2, 127.70, 127.66, 126.0, 118.4,
113.3, 65.4, 38.2. MS (FAB): 386 (M + H). HRMS: calcd for
CigH16BrN3O, (M + H) 386.0504, found 386.0496.
Benzyl 4-(4-Bromophenyl)-1-((2-(trimethylsilyl)ethoxy)methyl)-

related compounds were synthesized and evaluated. AmonglH-imidazol-2-yl)methylcarbamate (11).To a solution of benzyl

them, compound showed strong Fabl and FabK inhibitory
activities with potent antibacterial activity agairfst pneumo-
niae This compound showed elevated MICs against FabK
mutant ofS. pneumoniagersus wild type strains. The macro-

(4-(4-bromophenyl)-#H-imidazol-2-yl)methylcarbamatel () (386
mg, 1.0 mmol) in THF (8 mL) were added sodium hydride (24
mg, 1.0 mmol) and (2-(chloromethoxy)ethyl)trimethylsilane (175
uL, 1.0 mmol). The mixture was stirred at room temperature for 2
h and at 40°C for anothe 1 h and then it was poured into brine,

molecular synthesis assay demonstrated that the 4'pyrid°”eextracted with CHCl,, dried over NaSO,, and concentrated under

derivative and imidazole derivative selectively inhibited the lipid
biosynthesis. Additionally, these compounds showed no sig-
nificant cytotoxicity. These studies support a MOA for com-
pound6 as fatty acid synthesis inhibitor. Small-molecule Fabl
and FabK dual inhibitors could be candidates for systematically
active agents for the treatment of clinically important bacterial
infections. Further design and chemical modifications including
the preparation of type Il compounds to overcome clinically
important bacterial infections are in progress.

Experimental Section

Chemistry. *H NMR (400 MHz) and'3C NMR (100 MHz or
125 MHz) spectra were recorded on a JEOL Lambda 400
spectrometer or BRUKER Avance 500 spectrometer. Chemical
shifts were reported id value (ppm) with tetramethylsilane (TMS)

reduced pressure. The resulting residue was purified by chroma-

tography (hexane/EtOAe 2/1) to obtain the title compound as a

pale yellow powder (312 mg, 60%)H NMR (CDCl): 6 7.62

(2H, d,J=8.3 Hz), 7.49 (2H, dJ = 8.3 Hz), 7.38-7.33 (5H, m),

5.34 (2H, brs), 5.15 (2H, brs), 4.54 (2H, 3= 5.6 Hz), 3.55 (2H,

t, J = 8.2 Hz), 0.93 (2H, tJ = 8.2 Hz).13C NMR (CDCk): o

156.2, 145.4, 139.5, 136.3, 132.6, 131.7, 128.5, 128.2, 126.4, 120.6,

116.2, 75.2, 67.0, 66.5, 37.3, 17:81.4. MS (FABt): 516 (M +

H). HRMS: calcd for G4H30BrNzOsSi (M + H) 516.1318, found

516.1331.
1-Benzyloxycarbonyl-2,3-dihydro-2-methylpyridin-4(1H)-

one (13).To a solution of methylmagnesium bromide (178 mmol)

and 4-methoxypyridinel@) (16.1 g, 148 mmol) in THF (300 mL)

at —25 °C was added benzyl chloroformate over a period of 30

min. The resulting mixture was stirred a5 °C for 4 h and then

poured inb 3 N HCI (300 mL). After stirring for 10 min at room

as the internal standard (NMR peak designations: s, singlet; d, temperature, the mixture was extracted with EtOAc twice and the
doublet; t, triplet; g, quartet; m, multiplet; and br, broad peak). Mass combined organic extract was washed with 5% aqueous NgHCO
spectra were recorded with a JEOL JMS-700 spectorometer. High-dried over NaSQ,, filtered, and concentrated under reduced
resolution mass spectra (HRMS) were obtained on a JIMS-FABmate pressure. The resulting residue was purified by chromatography
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(hexane/EtOAc= 3/1) to obtain the title compound (34.1 g, 94%).
1H NMR (CDCl) 6 7.74 (1H, d,J = 8.0 Hz), 7.45-7.28 (5H, m),
5.40-5.22 (3H, m), 4.73 (1H, br), 2.85 (1H, dd= 16.6 Hz,J =
6.8 Hz), 2.31 (1H, dJ = 16.6 Hz), 1.26 (3H, tJ = 6.8 Hz). MS
(FAB+): 246 (M + H).
1-Benzyloxycarbonyl-3-((2,6-dichlorophenyl)hydroxymethyl)-
2,3-dihydro-2-methylpyridin-4(1H)-one (14).To a solution of
1-benzyloxycarbonyl-2,3-dihydro-2-methylpyridin-4{}tone (3)
(5.0 g, 20.4 mmol) in THF (60 mL) at78 °C was added 1 M
lithium bis(trimethylsilyl)amide in THF (22.4 mL), and the resulting
mixture was stirred at 0C for 30 min and cooled te-78 °C. To

Kitagawa et al.

294 (M+ H). HRMS: calcd for GsH13CIL,NO (M + H) 294.0452,
found 294.0449.

Benzyl (4-(4-(2-(3-(2,6-Dichlorobenzyl)-2-methyl-4-oxopyri-
din-1(4H)-yl)vinyl)phenyl)-1-((2-(trimethylsilyl)ethoxy)methyl)-
1H-imidazol-2-yl)methylcarbamate (18).To a solution of benzyl
(4-(4-bromophenyl)-1-((2-(trimethylsilyl)ethoxy)methyl}Hiimida-
zol-2-yl)methylcarbamatel() (400 mg, 0.77 mmol) and 3-(2,6-
dichlorobenzyl)-2-methyl-1-vinylpyridin-4{d)-one (7) (216 mg,
0.74 mmol) in DMF (15 mL) were added tris(dibenzylideneac-
etone)dipalladium (142 mg, 0.16 mmol), tert-butylphosphine (77
uL, 0.31 mmol), and dicyclohexylmethylamine (328, 1.6 mmol).

this solution was added 2,6-dichlorobenzaldehyde (4.64 g, 26.5 The mixture was stirred at 80C for 2 h, and then it was poured

mmol). The resulting solution was stirred a78 °C for 1 h and
then poured into saturated, aqueous,8H200 mL). The mixture

into brine, extracted with C}Cl,, dried over NaSQO;, and concen-
trated under reduced pressure. The resulting residue was purified

was extracted with EtOAc twice and the combined organic extract by preparative TLC (CHGIMeOH = 20/1). Further purification

was washed with brine, dried over MOy, filtered, and concen-

by LH-20 chromatography (Sephadex, £HY/MeOH = 1/1)

trated under reduced pressure. The resulting residue was purifiedProvided the title compound as a yellow foam, which was a

by chromatography (hexane/EtOAe 3/1) to obtain the title
compound (8.4 g, 98%JH NMR (CDCls) ¢ 7.70-8.00 (1H, br),
7.50-7.05 (8H, br), 5.635.10 (4H, m), 4.15-3.90 (1H, br), 3.36-
3.17 (1H, br), 3.12 (1H, dJ = 9.0 Hz), 1.20 (3H, dJ = 6.8 Hz).
MS (FAB+): 420 (M + H).
1-Benzyloxycarbonyl-3-((2,6-dichlorophenyl)(methylsulfony-
loxy)methyl)-2,3-dihydro-2-methylpyridin-4(1H)-one (15).To a
solution of 1-benzyloxycarbonyl-3-((2,6-dichlorophenyl)hydroxym-
ethyl)-2,3-dihydro-2-methylpyridin-4@)-one (4) (1.61 g, 3.83
mmol) in pyridine (10 mL) at 0C was added mesyl chloride (0.593
mL, 7.66 mmol). The resulting mixture was stirred at room
temperature fo 3 h and then poured into water (150 mL). The
mixture was extracted with EtOAc (150 mL) and the organic extract
was washed with water, dried over 0Dy, filtered, and concen-
trated under reduced pressure. The resulting residue was purifie
by chromatography (hexane/EtOAe 3/1) to obtain the title
compound (1.79 g, 94%)H NMR (CDCls) 6 8.05-7.80 (1H, br),
7.52-7.05 (8H, br), 6.40 (1H, dJ = 10.7 Hz), 5.59-5.02 (3H,
m), 4.15-3.91 (1H, br), 3.6+3.40 (1H, br), 2.89 (3H, s), 1.22
(3H, d,J = 6.8 Hz). MS (FAB): 498 (M+ H).
3-(2,6-Dichlorobenzyl)-2-methylpyridin-4-(1H)-one (16).To
a solution of 1-benzyloxycarbonyl-3-((2,6-dichlorophenyl)(meth-
ylsulfonyloxy)methyl)-2,3-dihydro-2-methylpyridin-4f)-one (5)
(2.00 g, 2.01 mmol) in THF (35 mL) was added potassitent-
butoxide (675.5 mg 6.02 mmol). The resulting solution was stirred

d(:hloride

diastereomixture (121 mg, 23%/Z = ca. 7/1)*H NMR (E isomer,

CDCly): o0 7.74 (2H, d,J = 8.4 Hz), 7.55 (1H, dJ = 7.8 Hz),

7.36-7.27 (10H, m), 7.17 (1H, d] = 14 Hz), 7.07 (1H, t) = 7.6

Hz), 6.63 (1H, dJ = 14 Hz), 6.38 (1H, dJ = 7.8 Hz), 5.35 (2H,

s), 5.13 (2H, s), 4.54 (2H, d,= 5.6 Hz), 4.38 (2H, s), 3.54 (2H,

t, J = 8.0 Hz), 2.16 (3H, s), 0.92 (2H, § = 8.0 Hz), 0.01 (9H,

m). 33C NMR (E isomer, CDCJ): ¢ 178.1, 156.2, 145.5, 143.9,

139.9,137.7,137.1, 136.3, 136.0, 134.3, 132.2, 128.6, 128.4, 128.2,

128.1, 128.0, 127.6, 126.9, 126.9, 126.4, 125.3, 116.6, 115.7, 75.3,

67.1, 66.6, 37.5, 27.4, 17.8, 1741.4. MS (FABt): 729 (M +

H). HRMS: calcd for GgH42Cl,N4,OSi (M + H) 729.2431, found

729.2427.
(E)-(4-(4-(2-(3-(2,6-Dichlorobenzyl)-2-methyl-4-oxopyridin-

1(4H)-yl)vinyl)phenyl)-1H-imidazol-2-yl)methylamine Hydro-

(19). Benzyl (4-(4-(2-(3-(2,6-dichlorobenzyl)-2-

methyl-4-oxopyridin-1(#)-yl)vinyl)phenyl)-1-((2-(trimethylsilyl)-

ethoxy)methyl)-H-imidazol-2-yl) methylcarbamatel8) (21 mg,

0.029 mmol) was dissolvedt4 N HCl/dioxane/HO (0.9 mL).

The mixture was stirred at 10€ for 1.5 h, and then it was washed

with ether. The water layer was concentrated under reduced

pressure. The resulting residue was recrystalyzed from gHCI

MeOH to obtain the title compound as a white powder (4.1 mg,

25%).H NMR (CDs0D): ¢ 8.63 (1H, d,J = 7.2 Hz), 8.01 (1H,

s), 7.94-7.89 (3H, m), 7.80 (2H, d] = 8.4 Hz), 7.41 (2H, dJ =

8.0 Hz), 7.29-7.19 (3H, m), 4.54 (4H, m), 2.68 (3H, MC NMR

(CDsOD): 6172.1,154.6, 144.6, 142.1, 137.1, 136.8, 136.7, 135.4,

at room temperature for 10 min and then poured into 5% aqueous 133.9, 133.3,130.2, 130.0, 129.8, 129.3, 126.5, 126.4, 118.0, 112.8,

NH4CI (100 mL). The mixture was extracted with chloroform/2-

36.7, 29.1, 18.3. MS (FAB): 465 (M + H). HRMS: calcd for

propanol (5:1, 100 mL) twice and the combined organic phase was c,H,,CI,N,O (M + H) 465.1249, found 465.1258.

dried over NaSQ,, filtered, and concentrated under reduced

(4-(4-(2-(3-(2,6-Dichlorobenzyl)-2-methyl-4-oxopyridin-1(#)-

pressure. The resulting residue was purified by chromatography yiyethyl)phenyl)-1H-imidazole-2-yl)methylamine Hydrochloride

(CHCIs/MeOH = 9/1) to obtain the title compound as a white
powder (469 mg, 87%). IR (KBr) 3333, 1624, 1503, 1159, 842,
768, 543 cmt. '"H NMR (CDCl) 6 7.26 (1H, br), 7.22 (2H, d)

= 8.1 Hz), 7.05 (1H, tJ = 8.1 Hz), 6.23 (1H, dJ = 7.1 Hz), 4.24
(2H, s), 2.10 (3H, s)13C NMR (CD;0OD): ¢ 180.4, 147.2, 137.63,

(20).To a solution of E)-(4-(4-(2-(3-(2,6-dichlorobenzyl)-2-methyl-
4-oxopyridin-1(4)-yl)vinyl)phenyl)-1H-imidazol-2-yl)methy-
lamine hydrochlorideX9) (25 mg, 0.44 mmol) in MeOH/HCI (1.1
mL) was added 10% Pd/C (2.5 mg, 10 w/w%). The reaction mixture
was stirred at room temperature for 4.5 h under hydrogen

137.57,137.2,129.7,129.3, 126.4, 115.3, 28.0, 17.5. HRMS: calcd gtmosphere, and then it was filtered through Celite and concentrated

for C13H12CILNO (M + H) 268.0296, found: 268.0294.
3-(2,6-Dichlorobenzyl)-2-methyl-1-vinylpyridin-4(1H)-one (17).

To a solution of 3-(2,6-dichlorobenzyl)-2-methylpyridin-#)tone

(16) (804 mg, 3.0 mmol) in DMF/CECN = 1/1 (30 mL) were

added tetravinyltin (1.09 mL, 6.0 mmol) and copper(ll) acetate (1.09

g, 6.0 mmol). The mixture was stirred at room temperature

under reduced pressure. The resulting residue was purified by
preparative TLC (CHGIMeOH/NH; aq= 5/1/0.1), and then it was
acidified by HCI/EtOAc and concentrated under reduced pressure
to obtain the title compound as pale yellow powder (11 mg, 44%).
H NMR (CD30D): 6 8.21 (2H, dJ = 7.2 Hz), 7.65 (2H, dJ =

8.2 Hz), 7.59 (1H, s), 7.35 (2H, d,= 8.2 Hz), 7.18-7.12 (3H,

overnight under oxygen atmosphere, and then it was poured intom), 6.97 (2H, dJ = 7.2 Hz), 4.68 (2H, tJ = 6.8 Hz), 4.44 (2H,

aqueous AcONH extracted with EtOAc, washed with brine, dried

s), 4.32 (2H, s), 3.18 (2H, fl = 6.8 Hz), 2.43 (3H, s)1*C NMR

over NaS0O, and concentrated under reduced pressure. The (CD;OD): ¢ 170.7,155.1, 146.0, 141.6, 139.0, 137.0, 137.0, 135.4,

resulting residue was purified by chromatography (Ci#H@&OH

= 10/1) to obtain the title compound as a white powder (669 mg,
76%).*H NMR (CDCly): ¢ 7.48 (1H, dJ = 7.7 Hz), 7.36-7.25
(2H, m), 7.07 (1H, tJ = 8.0 Hz), 6.82 (1H, dd) = 15 Hz,J =

7.3 Hz), 6.36 (1H, dJ = 7.7 Hz), 5.28 (1H, ddJ = 15 Hz,J =

1.7 Hz), 5.16 (1H, dd) = 7.3 Hz,J = 1.7 Hz), 4.35 (2H, s), 2.10
(3H, s).13C NMR (CDCk): 6 178.2, 143.4, 136.98, 136.95, 135.9,
135.5,128.4, 127.6, 126.7, 115.7, 109.2, 27.3, 16.8. MS (FAB

131.5, 130.8, 130.1, 130.0, 127.2, 126.6, 117.7, 112.4, 58.8, 36.9,
36.5, 29.0, 17.2. MS (FAB): 467 (M + H). HRMS: calcd for
CusH24CIbN4O (M + H) 467.1405, found 467.1410.
1-((4-(4-(2-(3-(2,6-Dichlorobenzyl)-2-methyl-4-oxopyridin-
1(4H)-yl)ethyl)phenyl)-1H-imidazol-2-yl)methyl)-3-(6-(methyl-
sulfonyl)benzod]thiazol-2-yl)urea (6). To a solution of 2-amino-
6-(methylsulfonyl)benzafthiazole 1) (2.28 g, 10 mmol) in THF
was added 1,1-carbonyldiimidazole (3.24 g, 20 mmol). The mixture
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was stirred at room temperature overnight, and then it was filtered.
The filter cake was washed with THF to gid&(5-(6-(methylsul-
fonyl)benzoflthiazol-2-yl)-1H-imidazole-1-carboxamide@) as a
crude intermediate (3.01 g). To a solution2# (22.4 mg, 0.069
mmol) in DMF (1 mL) were added (4-(4-(2-(3-(2,6-dichlorobenzyl)-
2-methyl-4-oxopyridin-1(#)-yl)ethyl)phenyl)-H-imidazol-2-yl)-
methylamine hydrochloride2Q) (40 mg, 0.069 mmol) antN,N-
diisopropylethylamine (4#L, 0.28 mmol). The mixture was stirred

at room temperature for 3 h, and then it was poured into water,
extracted with CHG dried over NaSQOy, and concentrated under

Journal of Medicinal Chemistry, 2007, Vol. 50, N4719

BrN¢OS; (M + H) 487.0010, found 487.019. Anal. {§1:5BrNe-
0S:0.1H:0) C, H, N.

Sodium 2-(4-(2-((3-(5-(Pyridin-2-ylthio)thiazol-2-yl)ureido)-
methyl)-1H-imidazol-4-yl)phenoxy)acetate (26)To a solution of
1-((4-(4-((ethoxycarbonyl)methyoxy)phenylHiimidazol-2-yl)-
methyl)-3-(5-(pyridin-2-ylthio)thiazol-2-yl)urea (99 mg, 0.19 mmol),
which was obtained according to the similar procedure used to
prepare24, in EtOH (3 mL) was add#5 N aqueous NaOH (0.39
mL, 1.9 mmol). The mixture was stirred at room temperature for
30 min, and then it was concentrated under reduced pressure. The

reduced pressure. The resulting residue was purified by preparativeresulting residue was purified by Dianion HP-20 (Mitsubishi

TLC (CHCly/MeOH/NH; ag= 5/1/0.1) to obtain the title compound
as a white powder (12 mg, 2194 NMR (CD;0OD): 6 8.43 (1H,
d,J = 1.8 Hz), 7.92 (1H, ddJ = 8.6 Hz,J = 1.8 Hz), 7.80 (1H,
d,J=8.6 Hz), 7.577.51 (3H, m), 7.30 (1H, s), 7.22 (2H, d~=
8.0 Hz), 7.01 (2H, dJ = 8.4 Hz), 6.94 (1H, tJ = 8.4 Hz), 6.29
(1H, d,J = 7.2 Hz), 4.58 (2H, s), 4.264.22 (4H, m), 3.14 (3H,
m), 2.99 (2H, tJ = 6.4 Hz), 1.86 (3H, s)!3C NMR (CD;0D): o

Chemical) to obtain the title compound. Recrystallization from
MeOH afforded completely pure compound as a white powder (28
mg, 28%).'H NMR (CD;OD): ¢ 8.36-8.33 (1H, m), 7.67 (1H,
ddd,J = 8.0 Hz,J = 7.8 Hz,J = 1.7 Hz), 7.577.54 (3H, m),
7.19-7.13 (2H, m), 7.07 (1H, dJ = 8.0 Hz), 6.94 (2H, d) = 8.8

Hz) 4.52 (2H, s), 4.39 (2H, s)3C NMR (CD;0D): ¢ 176.7, 167.4,
162.4,159.3, 156.4, 150.2, 147.8, 146.9, 139.1, 127.0, 121.9, 116.0,

178.5, 165.4, 155.7, 153.9, 148.5, 146.8, 142.4, 138.1, 137.3, 136.7115.6, 68.5, 38.4. MS (ES): 483 (M + H). HRMS: calcd for
135.7,133.5,131.6, 130.3, 129.5, 128.8, 128.0, 126.1, 125.9, 122.4 Cx1H18NeO4sS; (M + H) 483.0909, found 483.0914. Anal. £8;7/Ne-

121.1, 116.8, 115.3, 56.0, 44.9, 37.9, 37.4, 27.9, 16.3. MS
(FAB+): 721 (M + H) HRMS: calcd for G4H30C|2NGO4SQ (M
+ H) 721.1225, found 721.1227. Anal. ;(ﬂ;'3oc|2N60452'3H20)
C, H, N.
1-((4-(4-Bromophenyl)-H-imidazol-2-yl)methyl)-3-(5-(pyri-
din-2-ylthio)thiazol-2-yl)urea (24). To a solution oiN-(5-(pyridin-
2-ylthio)thiazol-2-yl)-H-imidazole-1-carboxamide (30 mg, 0.10
mmol) in THF (1 mL) were added (4-(4-bromophenyh+-L
imidazol-2-yl)methylamine hydrochloride (36 mg, 0.11 mmol) and
N,N-diisopropylethylamine (37L, 0.22 mmol). The mixture was
stirred at room temperature overnight, and then it was poured into
brine, extracted with CHGJ dried over NaSQO;, and concentrated

under reduced pressure. The resulting solid was filtered and the

filter cake was washed with CHg¢MeOH to obtain the title
compound as a white powder (17 mg, 34%). Recrystallization from
CHCIy/MeOH afforded completely pure compountd NMR
(CDCl/CDs0OD): ¢ 8.38-8.36 (1H, m), 7.587.49 (6H, m), 7.23
(1H, s), 7.09 (1H, ddd) = 8.2 Hz,J = 7.6 Hz,J = 0.6 Hz), 7.01
(1H, dd,J = 8.2 Hz,J = 0.6 Hz), 4.47 (2H, s)}:*C NMR (DMSO-
de): 0 164.4,160.0, 153.7, 149.3, 146.8, 145.5, 138.5, 137.6, 134.0,
131.2, 126.0, 120.6, 119.6, 118.5, 113.3, 112.8, 37.2. MS
(FAB+): 487 (M+ H). HRMS: calcd for GeH1sBrNgOS, (M +
H) 487.0010, found 487.0017. Anal. {§1;sBrN¢OS,) C, H, N.
1-((4-Phenyl-H-imidazol-2-yl)methyl)-3-(5-(pyridin-2-ylthio)-
thiazol-2-yl)urea (23).The title compound was obtained frdsa(5-
(pyridin-2-ylthio)thiazol-2-yl)- H-imidazole-1-carboxamide and (4-
phenyl-H-imidazol-2-yl)methylamine hydrochloride according to
the similar procedure used to prepa4 Recrystallization from
MeOH/CHCUW/diisopropy! ether afforded completely pure com-
pound as a white powder (17 mg, 13%) NMR (DMSO-d;): o
8.41 (1H, m), 7.7#7.68 (3H, m), 7.64 (1H, s), 7.55 (1H, br), 7:36
7.32 (2H, m), 7.19-7.10 (3H, m), 7.03 (1H, dd) = 8.0 Hz,J =
0.7 Hz), 4.41 (2H, dJ = 5.4 Hz).13C NMR (DMSO-d): 6 164.4,

NaOsS;-3.4H,0) C, H, N.
1-((4-(4-(2-(3-(2,6-Dichlorobenzyl)-2-methyl-4-oxopyridin-
1(4H)-yl)ethyl)phenyl)-1H-imidazol-2-yl)methyl)-3-(5-bromothi-
azol-2-yl)urea (29).To a solution ofN-(5-bromothiazol-2-yl)-H-
imidazole-1-carboxamide (19 mg, 0.069 mmol) in DMF (1 mL)
were added (4-(4-(2-(3-(2,6-dichlorobenzyl)-2-methyl-4-oxopyridin-
1(4H)-yl)ethyl)phenyl)-H-imidazol-2-yl)methylamine hydrochlo-
ride (20) (40 mg, 0.069 mmol) ani,N-diisopropylethylamine (47
uL, 0.28 mmol). The mixture was stirred at room temperature for
3.5 h, and then it was poured into water, extracted with GHCI
dried over NaSQ,, and concentrated under reduced pressure. The
resulting residue was purified by preparative TLC (CkeOH/
NH3; aq= 7/1/0.1) to obtain the title compound. Recrystallization
from MeOH/CHCKDMSO afforded completely pure compound
as an off-white powder (23 mg, 49%H NMR (CD;OD): ¢ 7.56
(2H, d,J=7.6 Hz), 7.51 (2H, dJ = 8.0 Hz), 7.36-7.21 (4H, m),
7.01 (2H, d,J = 8.2 Hz), 6.94 (1H, tJ = 8.2 Hz), 6.29 (1H, dJ
= 7.6 Hz), 4.52 (2H, s), 4.274.22 (4H, m), 2.99 (2H, t) = 6.2
Hz), 1.86 (3H, s)13C NMR (DMSO-d): ¢ 175.7, 160.3, 153.8,
145.1, 145.0, 140.9, 139.6, 138.4, 136.8, 134.9, 134.8, 133.2, 129.0,
128.5, 127.9, 125.6, 124.2, 113.7, 112.6, 99.6, 54.0, 37.3, 35.9,
27.4,15.4. MS (FAB-): 671 (M+ H). HRMS: calcd for GgHs-
BrCI,NgO,S (M + H) 671.0398, found 671.0404. -&MS: method
A, tr = 8.41 min, 671 (M+ H), purity 100%; method Btg =
10.37 min, 671 (M+ H), purity 99.3%.
1-((4-(4-(2-(3-(2,6-Dichlorobenzyl)-2-methyl-4-oxopyridin-
1(4H)-yl)methyl)phenyl)-1H-imidazol-2-yl)methyl)-3-(5-bromothi-
azol-2-yl)urea (27).The title compound was obtained frax(5-
bromothiazol-2-yl)-H-imidazole-1-carboxamide and (4-(4-(2-(3-
(2,6-dichlorobenzyl)-2-methyl-4-oxopyridin-Hd-yl)methyl)phenyl)-
1H-imidazol-2-yl)methylamine hydrochloride according to the
similar procedure used to prepat8 as an off-white powder (5.6
mg, 21%).2H NMR (CDs; OD): ¢ 7.85 (1H, d,J = 7.6 Hz), 7.67
(2H, d,J = 8.0 Hz), 7.37 (1H, s), 7.28 (2H, d,= 7.8 Hz), 7.25

160.0, 153.6, 149.6, 149.3, 146.8, 145.2, 137.6, 128.3, 125.9, 124.0011' s} 7.12 (1H, tJ — 7.8 Hz), 7.03 (2H, dJ = 8.0 Hz). 6.43

120.6, 119.6, 115.5, 112.8, 112.6, 37.2. MS (FAB 409 (M +
H). HRMS: calcd for GgH1gNeOS, (M + H) 409.0905, found
409.0905. Anal. (&H1NeO0S-0.25H,0) C, H, N.
1-((4-(3-Bromophenyl)-H-imidazol-2-yl)methyl)-3-(5-(pyri-
din-2-ylthio)thiazol-2-yl)urea (25). The title compound was
obtained fromN-(5-(pyridin-2-ylthio)thiazol-2-yl)-H-imidazole-
1-carboxamide and (4-(3-bromophenyhHimidazol-2-yl)methy-
lamine hydrochloride according to the similar procedure used to
prepare24. Recrystallization from MeOH/CH@ELO afforded
completely pure compound as a white powder (66 mg, 41pb).
NMR (CDCIly/CD3OD): ¢ 8.39-8.37 (1H, m), 7.82 (1H, brs),
7.58-7.52 (3H, m), 7.39-7.37 (1H, m), 7.2#7.23 (2H, m), 7.08
7.06 (1H, m), 7.00 (1H, dJ = 8.3 Hz), 4.46 (2H, s)13C NMR
(DMSO-d): 6 164.6, 160.1, 153.9, 149.5, 146.9, 145.8, 138.2,

(2H, d,J = 7.6 Hz), 5.26 (2H, s), 4.51 (2H, s), 4.33 (2H, s), 2.06
(3H, s).1°3C NMR (CDsOD): ¢ 179.6, 162.5, 156.1, 149.1, 147.6,
143.9,139.1, 137.7, 136.9, 135.8, 129.8, 129.3, 129.0, 127.4, 126.4,
115.7, 102.1, 58.5, 38.3, 28.5, 16.8. MS (FAB 657 (M + H).
HRMS: calcd for GgH23BrCIboNgO,S (M + H) 657.0242, found
657.0229. LC-MS: method Atg = 8.47 min, 657 (M+ H), purity
100%; method Btr = 10.33 min, 657 (M+ H), purity 100%.
(E)-1-((4-(4-(2-(3-(2,6-Dichlorobenzyl)-2-methyl-4-oxopyridin-
1(4H)-ylvinyl)phenyl)-1H-imidazol-2-yl)methyl)-3-(5-bromothi-
azol-2-yl)urea (28).The title compound was obtained froi(5-
bromothiazol-2-yl)-H-imidazole-1-carboxamide and (4-(4-(2-(3-
(2,6-dichlorobenzyl)-2-methyl-4-oxopyridin-1g3-yl)vinyl)phenyl)-
1H-imidazol-2-yl)methylamine hydrochloridd9) according to the
similar procedure used to prepa2® as an off-white powder (4.4

137.8,137.3,130.7, 128.6, 126.6, 123.0, 122.1, 120.8, 119.8, 114.0mg, 40%).*H NMR (DMSO-d;): 6 7.90 (1H, dJ= 7.6 Hz), 7.76

113.0, 37.4. MS (FAB): 487 (M+ H). HRMS: calcd for GeHi-

(2H, d,J = 8.0 Hz), 7.64-7.52 (4H, m), 7.4%7.38 (3H, m), 7.23
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(1H, t,J= 8.0 Hz), 7.10 (1H, br), 6.82 (1H, d,= 13.6 Hz), 6.10
(1H, d,J = 7.6 Hz), 4.39 (1H, dJ = 4.8 Hz), 4.16 (2H, s), 2.23
(3H, s).13C NMR (DMSO-d): 6 176.4, 160.2, 153.8, 145.6, 144.5,
139.3, 138.39, 138.39, 136.6, 135.0, 134.7, 132.1, 128.6, 128.3,
128.2, 127.1, 125.2, 124.8, 124.3, 114.5, 113.4, 99.7, 37.3, 27.4,
16.7. MS (FABt): 669 (M + H). HRMS: calcd for GoHos
BrCI,NgO.S (M + H) 669.0242, found 669.0230. -&MS: method
A, tr = 9.07 min, 669 (M+ H), purity 98.2%; method Btgr =
11.14 min, 669 (M+ H), purity 97.9%.
(E)-1-((4-(4-(3-(3-(2,6-Dichlorobenzyl)-2-methyl-4-oxopyridin-
1(4H)-yl)prop-1-enyl)phenyl)-1H-imidazol-2-yl)methyl)-3-(5-
bromothiazol-2-yl)urea (30). The title compound was obtained
from N-(5-bromothiazol-2-yl)-H-imidazole-1-carboxamide and (4-
(4-(2-(3-(2,6-dichlorobenzyl)-2-methyl-4-oxopyridin- H}+yl)prop-
1-enyl)phenyl)-H-imidazol-2-yl)methylamine hydrochloride ac-
cording to the similar procedure used to prepageas a white
powder (17 mg, 41%):H NMR (CD3OD): 6 7.76 (1H,dJ=7.6
Hz), 7.63 (2H, dJ = 8.4 Hz), 7.36-7.31 (5H, m), 7.25 (1H, s),
7.14 (1H, t,J = 7.6 Hz), 6.41 (1H, dJ = 7.6 Hz), 6.34 (1H, dt,
J=16 Hz,J = 4.8 Hz), 6.18 (1H, dJ = 16 Hz), 4.80-4.77 (2H,
m), 4.51 (2H, s), 4.04 (2H, s), 2.20 (3H, $JC NMR (CD;OD):
0 179.6, 162.5, 156.1, 149.0, 147.5, 143.2, 139.1, 137.9, 136.9,
135.7,132.9, 129.8, 129.3, 128.7, 127.9, 126.0, 124.4, 115.9, 102.1
56.9, 38.3, 28.5, 16.5. MS (FAB): 683 (M+ H). HRMS: calcd
for C3oH2sBrCloNgO,S (M + H) 683.0398, found 683.0388. Anal.
(C3oH2sBrClaNg0,S-2.46H0) C, H, N.
1-((4-(4-(3-(3-(2,6-Dichlorobenzyl)-2-methyl-4-oxopyridin-
1(4H)-yl)propyl)phenyl)-1H-imidazol-2-yl)methyl)-3-(5-bromothi-
azol-2-yl)urea (31).The title compound was obtained froN(5-
bromothiazol-2-yl)-H-imidazole-1-carboxamide and (4-(4-(2-(3-
(2,6-dichlorobenzyl)-2-methyl-4-oxopyridin-1g-yl)propyl)phenyl)-
1H-imidazol-2-yl)methylamine hydrochloride according to the
similar procedure used to prepa28 as a white powder (19 mg,
41%).'H NMR (CDsOD): 6 7.90 (1H, s), 7.69 (1H, i) = 7.6
Hz), 7.59 (2H, dJ = 8.4 Hz), 7.33-7.29 (3H, m), 7.25 (1H, s),
7.19-7.15 (3H, m), 6.35 (2H, dJ = 7.6 Hz), 4.51 (2H, s), 4.32
(2H, s), 3.99 (2H, tJ = 7.2 Hz), 2.62 (2H, tJ = 7.2 Hz), 2.08
(3H, s), 2.05-1.97 (2H, m).*3C NMR (CD;0D): 6 179.2, 162.5,
156.0, 148.5, 147.2, 142.8, 140.5, 139.1, 137.8, 136.9, 129.8, 129.7
129.3,128.5,126.1, 115.7, 102.1, 54.7, 38.3, 33.1, 32.9, 28.5, 16.3
MS (FAB+): 685 (M + H) HRMS: calcd for QOH27BI'C|2NGOZS
(M + H) 685.0555, found 685.0556. L-€MS: method A,tr =
8.72 min, 685 (M+ H), purity 100%; method Btr = 10.81 min,
685 (M + H), purity 99.7%.
1-((4-(4-(2-(3-(2,6-Dichlorobenzyl)-2-methyl-4-oxopyridin-
1(4H)-yl)ethyl)phenyl)-1H-imidazol-2-yl)methyl)-3-(5-(pyridin-
2-ylthio)thiazol-2-yl)urea (32). The title compound was obtained
from N-(5-(pyridin-2-ylthio)thiazol-2-yl)-H-imidazole-1-carboxa-
mide and (4-(4-(2-(3-(2,6-dichlorobenzyl)-2-methyl-4-oxopyridin-
1(4H)-yl)ethyl)phenyl)-H-imidazol-2-yl)methylamine hydrochlo-
ride (20) according to the similar procedure used to prefZgras
an off-white powder (13.4 mg, 379 NMR (CD3;0D): 6 8.34—
8.32 (1H, m), 7.64 (1H, ddd} = 8.0 Hz,J = 8.0 Hz,J = 2.0 Hz),
7.58 (1H, d,J = 7.4 Hz), 7.55 (1H, s), 7.28 (1H, s), 7.21 (2H, d,
J = 8.0 Hz), 7.056.99 (3H, m), 6.91 (1H, tJ = 8.0 Hz), 6.31
(1H, d,J= 7.4 Hz), 4.53 (2H, s), 4.264.22 (4H, m), 2.99 (2H, d,
J=6.4 Hz), 1.83 (3H, s)}*C NMR (DMSO-d): ¢ 175.6, 164.3,
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72%).*H NMR (CDsOD): 6 7.56 (1H, d,J = 7.6 Hz), 7.52 (2H,

d,J=8.0 Hz), 7.28 (1H, brs), 7.22 (2H, d,= 8.0 Hz), 7.01 (2H,

d,J= 7.8 Hz), 6.94 (1H, tJ = 7.8 Hz), 6.72 (2H, s), 6.30 (1H,

d,J=7.6 Hz), 4.51 (2H, s), 4.274.23 (4H, m), 2.07 (2H, t] =

5.2 Hz), 1.87 (3H, s)*C NMR (CDCk/CD;0OD): 6 177.9, 156.1,

146.5, 145.4, 142.8, 140.5, 137.3, 136.8, 135.9, 134.6, 131.9, 129.3,

128.6, 127.7, 127.6, 125.3, 117.3, 116.3, 115.0, 55.4, 37.3, 36.8,

27.4,15.9. MS (FAB-): 576 (M+ H). HRMS: calcd for GgH7-

CI,N;O, (M + H) 576.1682, found 576.1688. -&MS: method

A, tr = 7.21 min, 576 (M+ H), purity 100%; method Btr =

8.97 min, 576 (M+ H), purity 100%.
1-((4-(4-(2-(3-(2,6-Dichlorobenzyl)-2-methyl-4-oxopyridin-

1(4H)-yl)ethyl)phenyl)-1H-imidazol-2-yl)methyl)-3-(5-(methyl-

sulfonyl)thiazol-2-yl)urea (34).The title compound was obtained

from N-(5-(methylsulfonyl)thiazol-2-yl)-H-imidazole-1-carboxa-

mide and (4-(4-(2-(3-(2,6-dichlorobenzyl)-2-methyl-4-oxopyridin-

1(4H)-yl)ethyl)phenyl)-H-imidazol-2-yl)methylamine hydrochlo-

ride (20) according to the similar procedure used to pre2gras

a white powder (4.3 mg, 50%3)H NMR (CD;OD): 6 7.88 (1H,

s), 7.56 (1H, dJ = 7.6 Hz), 7.52 (1H, dJ = 8.0 Hz), 7.29 (1H,

s), 7.23 (2H, dJ = 8.0 Hz), 7.01 (2H, dJ = 8.2 Hz), 6.94 (1H,

t, J = 8.2 Hz), 6.29 (1H, dJ = 7.6 Hz), 4.55 (2H, s), 4.264.22

{4H, m), 3.21 (3H, s), 2.99 (2H, § = 6.4 Hz), 1.86 (3H, s)}*C

NMR (DMSO-d;): ¢ 169.2, 164.8, 154.3, 153.0, 145.9, 144.6,

144.5,137.3,135.1, 134.3, 132.3, 129.9, 129.0, 128.8, 128.6, 125.9,

125.2, 124.6, 115.0, 111.2, 56.6, 45.8, 35.6, 35.1, 28.1, 16.4. MS

(ESH—)Z 671 (M + H). HRMS: calcd for GongClzNGOASQ (M +

H) 671.1069, found 671.1072. Anal. {§1,sCI,NsO4S;) C, H, N.

Biology. Preparation of His-Tagged Fabl.Thefabl gene from
E. coli DH5a was amplified by PCR and cloned into pBAD/Myc-
His B vector (Invitrogen). The resulting plasmid was transformed
into E. coli TOP10. The expression of Fabl protein fused with a
His-tag was induced with 0.2% arabinose. The cell pellets were
resuspended in lysis buffer (5 mM Tris-HCI, pH 8.0, 0.3 M NaCl,
containing 1 mg/mL of lysozyme) and lysed by sonication. Cell
lysates were applied to a Ni-NTA agarose column (QIAGEN) and
eluted with 250 mM imidazole. The solvent was exchanged to 20
mM Tris-HCI, pH 7.5, 10 mM EDTA, pH 8.0, 1 mM DTT by
dialysis, and the purified protein was stored—&80 °C until use.

Preparation of S. pneumoniaeFabK. The fabK genes were
amplified by PCR fromS. pneumonia®6 and cloned into pET-
21b(t) expression vector (Novagen). The resulting plasmid was
transformed intoE. coli BL21(DE3). The expression of FabK
protein fused with His-tag at C-terminal was induced by 1 mM
isopropylS-p-thiogalactoside, and the cells cultivated in LB broth
were grown for a furthe4 h before collecting by centrifugation.
Purification of the His-tagged FabK protein was performed as
above. Purified proteins were exchanged into 0.1 M sodium
phosphate buffer, pH 7.0, by dialysis and stored-80 °C until
use.

Enzyme Inhibition Assay. Enzymatic activity of Fabl and FabK
was measured as the reduction of NADH and monitored by the
change in absorbance at 340 nm. Assays were performed in 96-
half-area plates in a final assay volume of 10D. For Fabl
inhibition assay, the reaction mixture consisted of 100 mM sodium
phosphate (pH 7.4), 0.25 mM crotonoyl-CoA, 0.4 mM NADH, and

160.0, 153.6, 149.3, 146.8, 145.0, 144.9, 140.9, 139.4, 137.6, 136.750 ug/mL of His-taggedE. coli Fabl. For FabK inhibition assay,
134.81, 134.77, 133.0, 129.0, 128.4, 127.9, 125.5, 124.1, 120.6,the reaction was performed in 100 mM R-(norpholino)ethane-
119.6, 113.7, 112.9, 112.5, 53.9, 37.2, 35.9, 27.3, 15.3. MS sulfonic acid (pH 7.0), 100 mM NI, 0.2 mM crotonoyl-CoA,
(FAB+): 702 (M + H). HRMS: calcd for G4H2sCloN705S; (M 0.4 mM NADH, and 2ug/mL of purified FabK. The reaction was
+ H) 702.1279, found 702.1281. 1-eMS: method A tg = 8.27 initiated by addition of the enzyme and measured by absorption at
min, 702 (M+ H), purity 99.6%; method Btg = 10.18 min, 702 340 nm for 10 min at room temperature. Concentration giving 50%
(M + H), purity 99.7%. reduction in the enzymatic activity was determined ag.IC
1-((4-(4-(2-(3-(2,6-Dichlorobenzyl)-2-methyl-4-oxopyridin- MIC Testing. Antibacterial activity was determined by the broth
1(4H)-yl)ethyl)phenyl)-1H-imidazol-2-yl)methyl)-3-(1H-imida- microdilution method according to the NCCLS document M7-A6.
zol-2-yl)urea (33).The title compound was obtained fraxi(1H- The minimum inhibitory concentration (MIC) was determined as
imidazol-2-y)-H-imidazole-1-carboxamide and (4-(4-(2-(3-(2,6- the lowest concentration of the test compound that prevented visible
dichlorobenzyl)-2-methyl-4-oxopyridin-1K)-yl)ethyl)phenyl)- H- growth.S. aureusATCC29213,S. pneumonia&kU197 (PRSP)S.
imidazol-2-yl)ymethylamine hydrochloride2Q) according to the pneumonia&kU197 (A141S) (PRSHabkmutant)#? H. influenzae
similar procedure used to prepa8 as a white powder (3.6 mg,  Rd, H. influenzaeRdAacrB (efflux mutant)H. influenzad®RC44,
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E. coliW4680,E. coliWZM120 (efflux mutant) E. faecalisATCC
19433,P. aeruginosaPAO1 were used.
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