Accepted Manuscript =

Boosting the efficacy of anti-MRSA B-lactam antibiotics via an easily accessible, non-
cytotoxic and orally bioavailable FtsZ inhibitor A

Hok Kiu Lui, Wei Gao, Kwan Choi Cheung, Wen Bin Jin, Ning Sun, Jason W.Y. Kan, 7

Iris L.K. Wong, Jiachi Chiou, Dachuan Lin, Edward W.C. Chan, Yun-Chung Leung,
Tak Hang Chan, Sheng Chen, Kin-Fai Chan, Kwok-Yin Wong

PlI: S0223-5234(18)31011-0
DOI: https://doi.org/10.1016/j.ejmech.2018.11.052
Reference: EJMECH 10910

To appearin:  European Journal of Medicinal Chemistry

Received Date: 17 October 2018
Revised Date: 5 November 2018
Accepted Date: 21 November 2018

Please cite this article as: H.K. Lui, W. Gao, K.C. Cheung, W.B. Jin, N. Sun, JW.Y. Kan, |.L.K. Wong,

J. Chiou, D. Lin, EIW.C. Chan, Y.-C. Leung, T.H. Chan, S. Chen, K.-F. Chan, K.-Y. Wong, Boosting

the efficacy of anti-MRSA B-lactam antibiotics via an easily accessible, non-cytotoxic and orally
bioavailable FtsZ inhibitor, European Journal of Medicinal Chemistry (2018), doi: https://doi.org/10.1016/
j-ejmech.2018.11.052.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.ejmech.2018.11.052
https://doi.org/10.1016/j.ejmech.2018.11.052
https://doi.org/10.1016/j.ejmech.2018.11.052

10

11

12

13

14

15

16

17

18

Boosting the efficacy of anti-MRSA-lactam antibiotics
via an easily accessible, non-cytotoxic and orally

bioavailable FtsZ inhibitor

Hok Kiu Lui}"* Wei Gao'* Kwan Choi Cheung! Wen Bin Jirt, Ning Surt, Jason W. Y. Kah,
Iris L. K. Wong'® Jiachi Chiou* Dachuan Lin® Edward W. C. ChahYun-Chung LeuntjTak

Hang Chan:? Sheng Cheh?® Kin-Fai Chan** and Kwok-Yin Wong*

! State Key Laboratory of Chemical Biology and Diigcovery and Department of Applied
Biology and Chemical Technology, The Hong Kong Badfnic University, Hung Hom,

Kowloon, Hong Kong SAR, China
2 Department of Chemistry, McGill University, Monale Quebec, H3A 2K6, Canada

3 Shenzhen Key Laboratory for Food Biological Saféontrol, Food Safety and Technology

Research Centre, The Hong Kong PolyU Shenzhen Résksstitute, Shenzhen, China

* These authors contributed equally.

* Corresponding authors: Kin-Fai Chan and Kwok-Yiong

For K. F. C., Tel: +852 34008684, Fax: +852 23649%3nail: kf.chan@polyu.edu.hk,

ORCID ID: 0000-0003-1475-288X.

For K. Y. W., Tel: +852 34008686, Fax: +852 2364®39%8mail: kwok-yin.wong@polyu.edu.hk,

ORCID ID: 0000-0003-4984-7109.



19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

Abstract

The rapid emergence of methicillin-resistaBtaphylococcus aureugMRSA) strains has
undermined the therapeutic efficacy of existipidactam antibiotics (BLAS), prompting an
urgent need to discover novel BLAs adjuvants tlaat potentiate their anti-MRSA activities. In
this study, cytotoxicity and antibacterial scregnof a focused compound library enabled us to
identify a compound, namel28, which exhibited low cytotoxicity against normatlis and
robustin vitro bactericidal synergy with different classes of BLAgainst a panel of multidrug-
resistant clinical MRSA isolates. A series of biegtfical assays and microscopic studies have
revealed that compour2B is likely to interact with theS. aureusFtsZ protein at the T7-loop
binding pocket and inhibit polymerization of Fts¥ofein without interfering with its GTPase
activity, resulting in extensive delocalization&fing and morphological changes characterized
by significant enlargement of the bacterial celhirdal studies demonstrated that compo@gd
had a favorable pharmacokinetic profile and exhiitpotent synergistic efficacy with
cefuroxime antibiotic in a murine systemic infeatimmodel of MRSA. Overall, compourB
represents a promising lead of FtsZ inhibitor fartier development of efficacious BLAs

adjuvants to treat the staphylococcal infection.
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Introduction

B-Lactam antibiotics (BLAS), the life-saving drudsat have long been widely used to treat
lethal bacterial infection, are arguably one of thest important classes of therapeutic drugs in
the history of human medicine. Although there isrently a rich collection of BLAs available
for clinical use, the twin threats of global ovexusf BLAs and rapid emergence of multidrug-
resistant pathogenic bacteria have led to drameatision of the therapeutic efficacy of the entire
classes of BLAs including penicillins, cephalospsriand even carbapenefiisindeed, some
examples of these multidrug-resistant pathogenictebia include the community- and
healthcare-associated methicillin-resisté@taphylococcus aureudMRSA), which cause an
alarming patient mortality of over 11,000 deathgtia United States annuaflyConsequently,
the scarcity of effective treatment options of BLA&s created an urgent need not only for the
development of next generation BLAs but also far thscovery of BLAs adjuvants that can
make recalcitrant multidrug-resistant MRSA morecgysible to existing BLAs. Augmenting
BLAs with a second agent has been proven clinicadlyone of the most effective strategies to
restore the efficacy and extend the lifespan of thiportant class of antibiotic. The well-
known examples include the combination of FDA-apprbp-lactamase inhibitors, such as
clavulanic acid, sulbactam, tazobactam, avibactaoh \aborbactam, with BLAs, providing
highly effective treatment options in restoring tbfficacy of BLAs against Gram-negative
bacteria that have acquired divefstactamase enzymésClinical BLAs resistance in MRSA,
however, is primarily mediated by acquiring anotipenicillin-binding protein Pbp2a with
markedly reduced affinity for all classes of BLABevelopment of new BLAs combination
treatment paradigm to boost the clinical efficatyhese important drugs against MRSA would

undoubtedly strengthen current infectious diseaseagement.
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The bacterial cell division machinery involves maagsential proteins that are extremely
sensitive to perturbation by small molecul@sAmong those cell division proteins, the
filamenting temperature-sensitive mutant Z (FtsiOt@n has been extensively studied as a drug
target for the discovery of antibacterial agefits.Over the past decade, different classes of FtsZ
inhibitors have been discovered, such as naturablymt chrysophaentin X, berberine?
naphthol analogue®,guanosine triphosphate (GTP) derivatiVemnd benzimidazole$.During
the process of cell division, monomeric FtsZ pmateundergo self-activating GTP-dependent
polymerization to produce FtsZ filaments and castiie Z-ring at the mid-cell, followed by the

constriction and depolymerization to give risewo tdentical daughter celf€.

Pioneering studies by THhhave nicely demonstrated that a FtsZ-specifichini PC190723
(1)**% acts synergistically with imipenem both vitro and in a murine model of MRSA
infection Figure 1). The underlying mechanism of synergy was unclétwever, it was
proposed to be driven by the initial delocalizatominFtsZ filaments after the treatment hf
resulting in subsequent delocalization of the p#micinding proteins, which are important
bacterial enzymes that are involved in peptidoglytéosynthesis of bacterial cell waft.**
Combined with the recent findings that the trealingl of FtsZ filaments controls both the
location and activity of the septal peptidoglycamthesizing enzymes;? these findings thus
provide a rational basis for exploring much wideemical space of FtsZ inhibitors that can be
developed as efficacious anti-MRSA BLAs adjuvamespite the highly hydrophobic nature
and suboptimal drug-like properties af its structurally similar derivatives TXA7072)¢*,

TXA6101 (3)*?° andN-Mannich type prodrugs, such as TXY54),{" % TXY436 (5)*° and
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TXA709 (6),2* 33! as well as succinate prodridtf with enhanceéh vitro andin vivo activities,

have been further pursued as anti-staphylococcahtagfor clinical evaluationF{gure 1).

Although such prodrug approach has partially impbvthe aqueous solubility and

pharmacokinetic (PK) properties of the parentalgdrli - 3, the intrinsic chemical instabilities

and multistep chemical synthesis of prodrdgs 7 may remain a major obstacle for fully

unleashing their potential to be used in clinicaqtice. Therefore, alternative strategies remain

to be devised to exploit FtsZ inhibitors as anti-8#ARBLAs adjuvants.
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Figure 1. Chemical structures of FtsZ inhibitors. Parentalgdl - 3 and their prodrug4 - 7 are

indicated in red and black respectively.
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We have previously reported the identification afesies of novel FtsZ inhibitors through the
computer-aided structure-based virtual screéfitigand the cell-based screening of natural
product library*”° Several quinuclidine-based FtsZ inhibitors wesndbund to exhibit strong
synergistic effect against MRSA strains when corabiwith BLAS, suggesting that FtsZ protein
maybe a desirable “potentiation drug target” of BLA0 boost their anti-staphylococcal
activity.*® In the present study, by use of compouh@®d8 as a starting template, we sought to
systematically design, synthesize and screen aséatceompound library of 47 candidates and
identified a new class of FtsZ inhibitors which #ited easy accessibility, low cytotoxicity and
safe, favorable PK profile, and most importantlytgmt in vitro and in vivo synergistic

antimicrobial activity when used in combination lvéxisting BLAs against MRSA.

Results and Discussion
1. Compound design and chemical synthesis

As shown inFigure 1, PC190723%) was constructed from a 2,6-difluorobenzamide artd
chlorosubstituted thiazolopyridine moiety joined &y ether linkage at the C-3 position of the
phenyl ring. Compound possesses the same 2,6-difluorobenzamide warhetdvith a
differentn-nonyloxy tail. For the sake of comparison, botimnpounds were also synthesized as
positive controls according to the previous rep8ifé Resulted from the inspiration of their

chemical structures as well as other related studfig-tsZ inhibitors“?'48

our molecular design
strategies are: (1) to replace the C-3 ether liakaigh other functional groups such as secondary
or tertiary amine, amide and triazole because thgeeips usually offer more favorable

physicochemical properties than ether; (2) to mplthe thiazolopyridine moiety with other
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commercially available building blocks of low molgar weight for easy accessibility and rapid
chemical synthesis; (3) to vary the position ouethe number of fluorine group on the phenyl
ring for investigating the influence of fluorineoat on antimicrobial potency; (4) to replace the
amide group at C-1 position of phenyl ring with ethbioisosteric functional groups for

providing more potential hydrogen bonding interasi with the FtsZ proteiff.

All newly designed compounds were synthesized p&tdal inScheme land2. As illustrated
in Scheme 1the chemical synthesis was initiated with therfation of amide and reduction of
nitro group from a commercially available 2,6-ddto-3-nitrobenzonic acid9j following the
reported procedure$® The key intermediate 2,6-difluoro-3-aminobenzamit®) thus
obtained in large quantity and high yield was fartlreated respectively with a wide range of
commercially available aryl aldehydes, alkyl brogsd alkenyl bromides, substituted benzyl
bromides or alkyl acid chloride to afford the dediproducts in one step with moderate to good
yield, allowing a series of compounds to be prepaapidly for biological study. Reductive
alkylation of 10 with various commercially available aryl aldehydesthe presence op-
toluenesulfonic acidptTsOH) as a catalyst in methanol followed by treaitnof sodium
cyanoborohydride afforded the 3-aminobenzamidevdgvies 11 - 21 in one-pot with good
yield. Furthermore, alkylation dfO under the basic condition with different fluoro- culoro-
substituted benzyl bromides using acetonitrile (AGN solvent furnished the mono- and di-
benzyl substituted 3-aminobenzamide derivat@2s 25 in good vyield. It is worthy to mention
that these mono- and di-benzyl substituted 3-amn@npdmides can be easily purified by using
flash column chromatography simply due to theigéapolarity difference. Mono-alkylation of

10 with different alkyl bromides or alkenyl bromidgave secondary alkyl or alkenyl substituted
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3-aminobenzamide derivative®s - 30 and 32 - 35 in good yield. For amid&1, a different
approach was used. It was successfully preparéadarsteps with high yield via the conversion
of nonanoic acid to acid chloride by treating wilRalyl chloride followed by subsequent
reaction of the acid chloride with 3-aminobenzanii@eFurther methylation 027 and28 with
dimethyl sulphate under basic condition using ACBI solvent afforded the tertiary 3-
aminobenzamide derivative36 - 37 in good vyield. 4-Bromosubstituted 3-aminobenzamide
derivative 38 was prepared by the treatment2# with excess molecular bromine for 12 h at
room temperature in good vyield. Similarly, a smgibup of 1,4-disubstituted 1,2,3-triazole
derivatives40 - 42 was accessed in two steps with good yield by thalifiormation of azide39
from 3-aminobenzamidelO followed by regioselective Cu(l) catalyzed azidleyae

cycloaddition reaction in refluxing tetrahydrofur@fHF) with various terminal alkynes.
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157  Scheme 1(a) (i) SOC}4, cat. DMF, reflux, 2 h; (ii) 30% Nkisolution, 6C, 1 h; (i) SnC}, conc.
158  HCI, 0°C to r.t., 12 h; (b) aryl aldehydes, cpiTsOH, MeOH, r.t., 2 h, then NaBBN, r.t., 12
159  h; (c) For22 - 25, variousbenzyl bromides, ¥COs, ACN, reflux, 4 h; For26 - 30 and32 - 35,
160  variousalkyl or alkenyl bromides, ¥CQO;, cat. KI, ACN, reflux, 4 h; FoB1, nonanoyl! chloride,
161  Py/DCM, OC, 4 h; (d)28, Br,, DCM, r.t., 12 h; () M&Q, Ko:COs3, ACN, reflux, 12 h; (f) conc.
162 HCI, NaNGQ, O°C, 0.5 h, then Najl r.t., 4 h; (g) terminal alkynes, cat. Cu(BRBr, THF,

163  reflux, 14 h.
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Scheme 2 (a) 43, 46 or 51, 1-bromononane, cat. Kl, KOs, DMF, reflux, 12 h; (b) FoA5a
Me,SQy, K,COs, ACN, reflux, 12 h; Fo#7b, methyl iodide, KCOs;, DMF, sealed tube, 6G, 24
h; (c) hydroxylamine hydrochloride, NEtMeOH/THF, reflux, 12 h; (d) Fod9a (i) acetic
anhydride, AcOH, &, 12 h; (ii) K, Pd/C, MeOH, r.t., 12 h; (iii) conc. HCI, MeOH fluex, 12
h; For49b, (i) 2-chloroacetyl chloride, DCM,°C, 12 h; (ii) B, Pd/C, MeOH, r.t., 12 h; (e)

NaNz, ZnCh, DMF/H,0, reflux 12 h.

Preliminary screening of anti-staphylococcal atyiaf these compounds revealed that the 2,6-
difluoro-3-aminobenzamide derivativé®8 and 37 exhibited the most potent antimicrobial
activity, implying that the amine groups of secanyda-nonyl amine and tertiary-nonyl
methylamine at C-3 position of phenyl ring are ot substituents for the activity. Therefore, a
subseries of 3-aminobenzamides and structuralfeelderivatives bearing these two important
amino substituents was accessed next to investigateffect of number and position of fluorine
as well as the bioisosteric replacement of amidmigrat C-1 position on their antimicrobial
activities. As shown inScheme 2 mono-alkylation of aminobenzamides, 3-amino-2,6-
difluorobenzonitrile46 and 2,4-difluoroanilin®1 with 1-bromononane under the basic condition
in dimethylformamide (DMF) at elevated temperataiferded the corresponding monoalkylated
aminobenzamided4, 3-amino-2,6-difluorobenzonitrild7a and 2,4-difluoroanilinés2 in good
yield respectively. Methylated aminobenzami¢lea and aminobenzonitril@d7b were further
prepared in good yield by treatment &fa and 47a with dimethyl sulphate or methyl iodide
under basic medium. 2,6-Difluorobenzamidoximd8, obtained from the reaction of
hydroxylamine hydrochloride with 3-amino-2,6-difhebenzonitriles7, were further converted

to the desired 2,6-difluorobenzamidin&sin two steps with moderate yield. Similarly, traaint

11



189  of 3-amino-2,6-difluorobenzonitrilé7awith sodium azide in the presence of zinc(ll) chle at
190 reflux temperature afforded the C-1 substitutedaizetie 2,6-difluoroaniliné0 in good vyield.
191  Collectively, these types of compounds were eadibained within 3 to 4 synthetic steps with a
192 reasonable overall yield by coupling various conuiadly available building blocks with 3-
193 aminobenzamides or 3-aminobenzonitrile, allowingidaconstruction of compound library for
194  biological testing.

195

196 2. Evaluation of antibacterial and cytotoxic adtes, SAR analysis and BLAs combination
197  studies

198 With this compound library in hand, we next detered their antibacterial and cytotoxic
199  activities simultaneously by measuring the mininmddibitory concentrations (MICs) and the
200 half-maximal growth inhibition concentration @& against two bacterial cell&( coli 25922
201 andS. aureu29213) and mouse fibroblasts L929 cell line respely. The summarized results
202  are presented ifable 1, in which only compounds with MIC values agaiBSstaureudess than
203 20 pg/mL are shown. Compoundisand 8 were used as a positive control. Both compounds
204  exhibited potent antibacterial activities agaistaureusvith MIC of 0.5 to 1 pg/mL and low
205 levels of cytotoxicity against L929 cells @& 90 uM), providing a relatively higher selectivity
206 index (SI) value (Entry 1 and 2 d&ble 1). They were, however, completely inactive agaihst
207  Gram-negativeE. coli even at a concentration of 64 pg/mL. These resudt® consistent with
208 the previous reportS: ** Time-kill curve evaluation of compountiat 2 x and 4 x its MIC
209 againstS. aureusATCC BAA-41 confirmed its bactericidal mode of action, resgtin more
210 than 4-log reduction of cell viability within 7 i drug treatmentKigure 2B). After 24 h drug

211 treatment, bacterial regrowth was not observed abacentrations tested.

12
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Table 1 Antibacterial and cytotoxic activities of seletteompounds.

caledloale

NR,

37, 28, 30, 36, 25b, 483 48b
34,27, 22b, 11,12

49b

Compound MIC pg/mL® ICsouM
Entry No. NR: E coli S aureus L929

1 1 N.A. > 64 0.5 (1.6) >100 >63
2 8 N.A. > 64 1(3.1) 90+8 29

3 28 nonylamino > 64 1(3.1) >100 >32
4 37 methyl(nonyl)amino > 64 1(3.2) 60+10 19
5 30 non-2-ylamino > 64 4 (13) > 100 >8
6 36 methyl(octyl)amino > 64 4 (13) 92+10 7
7 48b methyl(nonyl)amino > 64 4 (13) > 100 >8
8 25b bis(4-chlorobenzyl)amino > 64 5(13) > 100 > 8
9 34 cis-non-2-en-1-ylamino > 64 7 (25) 99 +12 4
10 27 octylamino > 64 14 (50) > 100 > 2
11 49b methyl(nonyl)amino > 64 15 (50) > 100 >2
12 48a nonylamino > 64 16 (50) > 100 > 2
13 50 nonylamino > 64 16 (50) > 100 >2
14 11 3-(n-butyloxy)benzylamino > 64 17 (50) 99+10 2
15 12 3-(n-pentyloxy)benzylamino > 64 17 (50) 87 +15 2
16 22b bis(4-fluorobenzyl)amino > 64 19 (50) > 100 >2

®N.A., not applicable. SI, selectivity index, it waalculated using the formula J€(uM)
L929/MIC value ofS. aureugpM). All experiments were performed in at leagtlicates.” uM
in the parentheses.
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.  Time of incubation (hour) Time of incubation (hour)
—e— Absence of antibacterial compound ~——MICx 1 —e— Absence of antibacterial compound —e—MICx1 —e—MICx2 MIC x 4
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6 /
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1
0 0
0 5 10 15 20 25 0 5 . 10 . ] 15 20 25
Time of incubation (hour) Time of incubation (hour)
—e— Absence of antibacterial compound _—e—MICx 1 +—MIC x 2 MICx 4
E MRSA 43300 (0.5 x 10 CFU/mouse, IV)
MR + 28 S - il CX (25 mgkg)
+ 28 (50 mg/kg)
CX+ 2 I 1 |
= 1 CX (25 mg/kg)
= 60 4
CL + 28 LR Vehicle
5 40 4 28 (50 mg/kg)
m —
ME -+ 28 I ——
20 4
AM + 28 I A———
0 24 48 72 96
0 20% 40% 60% 80% Time (h)

Figure 2. Time-kill curves of (A)28, (B) 1, combinations of methicillin (ME) and (@B or (D)
1 againstS. aureusATCC BAA-41. The error bars indicate standard wkions from
measurements of triplicates. (E) Percentage ofcalilMRSA isolates exhibiting synergistic
effect (FIC index< 0.5) to combinations of different BLAs wi28. Twenty-eight MRSA strains
were tested in total. MR, meropenem; CX, cefuroxid@k, cloxacillin; ME, methicillin; AM,

amoxicillin. (F) In vivo efficacy of intraperitoneal co-administering seglgent of vehicle, CX,

14
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28 or combination of CX an@8 twice a day in a murine systemic infection modeMiRSA

ATCC 43300.

In general, among all newly synthesized compoulads Jevels of cytotoxicity against normal
cell L929 were observed with igvalues ranged from 60 uM to > 100 puM, implyingtttiese
compounds are potentially non-toxic and safe. Bel® pM concentration, this class of
compounds is unlikely to interact with other pratéargets and induce cellular toxicity. Their
ICso values are at least twice the observed MIC valmegarticular, compoun@8 displayed the
highest SI of > 32 (Entry 3 ofable 1). Moreover, all newly synthesized compounds ase al
completely inactive against Gram-negatiecoli (MIC > 64 ug/mL), perhaps it is due to the
intrinsic low permeability of compound itself togsathrough the cell membraneEfcoli or the
membrane efflux pumps presented in Ehecoli, causing them far from reaching the drug target.

More experiments on Gram-negative bacteria areinedjto test these hypotheses.

Among all the tested compounds, two compounds, hag&and37, displayed comparable
anti-staphylococcal activity (MIC = 1 pg/mL) andlesgivity index & 19) with the positive
controls. Interestingly, both compounds possesdnemon structural features of a warhead of
2,6-difluorobenzamide and a hydrophobic taihafonylamino group. Detailed structure-activity
relationships (SAR) analysis on the benzamide hamatin-nonylamino tail revealed several
structural features that are crucial to maintagadhti-staphylococcal activity. For the benzamide
warhead, firstly, bioisosteric replacements of cagmide group at C-1 position of compolzl
with other functional groups, such aBl-hydroxycarboximidamide (compound8a),

carboximidamide (compound9ag and tetrazole (compoun80), weakened the antibacterial

15
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activity. Similarly, replacement of carboxamide gpoof compound28 with carbonitrile
(compound47a) or hydrogen (compoun®?) even resulted in no antibacterial activity. Settgn
both the position and the number of fluorine atamtlee phenyl ring play a very important role
in the antibacterial potency. 2,6-Difluoro-subgel functional group of compour8 exhibited
the most potent antibacterial activity while redigcithe number of fluorine atom to one
(compound44b) or zero (compound4g or varying the position of fluorine atoms to Gdd C-

6 positions 44¢ lost their antibacterial activity. Thirdly, theesndary (compoun@8) or
tertiary (compound37) amino groups at the C-3 position of the phengtroffered the most
potent antibacterial activity. Installation of Idssely rotatable substituents at this positiorghsu
as amide (compoun8l) and 1,4-disubstituted triazole moieties (compodiyl dramatically
reduced the antibacterial activity. On the otherdhdor then-nonylamino tail, several structural
features, including the length, rigidity, bulkineasd lipophilicity, interfere the potency of
antibacterial activity. Replacing the optimanonylamino group with a longar-decylamino
group (compound®9) or shortem-heptyl (compound6) andn-octyl amino group (compound
27) of straight alkyl chains or branched 2-nonylamigroup B0) diminished sharply in the
antibacterial activity. Moreover, increasing theaichrigidity by the introduction of alkene
(compounds33 and 34) or benzyloxy ring (compound&l and 12) in the amino tail also
weakened their antibacterial activity significantBoth decreasing the chain lipophilicity by
introducing an oxygen atom (compouB8) in the middle of the chain and increasing theircha
bulkiness by installing a phenyl ring at the teratiposition (compoun®5) of the alkyl chain
lead to no antibacterial activity. Taken togetloampound8 demonstrated the most promising

Sl value among all tested compounds, it was sealdotedetailed biological characterization.
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Surprisingly, time-kill curve evaluation of compal28 clearly indicated that its mode of
action is bacteriostatic (cells show arrested gndwdut not bactericidal, because it required 16 x
its MIC to kill the bacteria within 24 hF{gure 2A). After 24 h of drug treatment, bacterial
regrowth was observed at concentrations below it6 KIC. We next assessed the synergistic
effect of this compound in combination with a widege of clinically used BLAs, including
penicillin-type antibiotics methicillin (ME), cloxalin (CL) and amoxicillin (AM),
cephalosporin-type antibiotic cefuroxime (CX) andrbmpenem-type antibiotic meropenem
(MR), against a panel of twenty-eight clinical MRS#ains. As shown iTable 2, some of
these strains exhibited a high level of drug rasis¢ to multiple BLAs with MIC values ranging
from 2 pg/mL to 1024 pg/mL. Encouragingly, combioatstudies revealed that compouzfl
demonstrated strong synergistic effect with altad<BLAs against these three clinical MRSA ,
with calculated fractional inhibitory concentratigirIC) index as low as 0.1T@ble 2).
Moreover, as shown ikigure 2E, 82%, 75%, 68%, 61% and 11% of clinical MRSA iseda
exhibited synergistic effect (FIC index0.5) to the combinations of ME, CX, CL, AM and MR
antibiotics with compoun@8 respectively Table S1). These results suggested that compound
28 has a board spectrum for BLAs combination anthesefore, an excellent BLAs adjuvant. In
addition, time-kill curve evaluation of the combiioa of compound28 and ME revealed that
the mode of action is bactericid&igure 2C), which is similar to the combination of compound
1 and ME Figure 2D). After 21 h of drug combination treatment, baieteregrowth was not

observed at all concentrations tested for both coations.

Table 2 Combination studies of compou28 with various BLAs against selected clinically

isolated MRSA strains and calculated FIC in8ex.
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MRSA MIC (ug/mL) FIC Index of combination

Strain ME cL X AM MR | ME CL CX AM MR
No. | 28 ME g CLo g OX g AM o8 MR 5| 428 428 +28 +28 +28

417 32 1024 2 64 2 1024 2 512 8 64 4 01 0.1 0.13 00.2
2516 32 64 4 16 2 512 2 64 8 16 4 02 02 01 044 O
774 512 16 4 2 1 1024 2 512 8 32 A 03 05 01 o041

& ME, Methicillin; CL, cloxacillin; CX, cefuroximeAM, amoxicillin; MR, meropenem. FIC
index is calculated by using the formulate FIC ide~IC (compound) + FIC (drug), where FIC
(compound) is the (MIC of compound in combinatioithmdrug)/(MIC of compound alone)
while FIC (drug) is the (MIC of compound in combiioa with drug)/(MIC of drug alone). The
combination is considered synergistic if the FIddr< 0.5. All experiments were performed in
at least triplicates.

3. In vivo efficacy of combination of Cand28 against MRSA ATCC 43300

On the basis ofin vitro data which show that compourZB is broadly synergistic in
combination with various BLAs against diverse dally relevant MRSA strains and relatively
non-cytotoxic to mouse peritoneal fibroblast L92€s{ > 100 uM), we next pursued the
synergistic efficacy of compoun®8 in combination with CX when co-administered
intraperitoneally (IP) to a murine systemic infeatimodel of MRSA. The preclinical model of
infection using MRSA ATCC 43300 has been frequergipployed to predict the clinical
antibiotic efficacy?® Among those BLAs that have been testeditro, CX was selected because
it is an oral antibiotic, which would enjoy a highgatient acceptance. MIC studies demonstrated
that combination of CX an@8 also exhibited strong synergistic effect again®3A ATCC
43300 with a FIC index of 0.1, prompting us to gaout in vivo efficacy studies. Preliminary
dose regime studies indicated that CX and comp@#do-administered IP both at 50 mg/kg
once a day provided a survival rate of 33%, buthedlmice died at day 5 upon treatment by CX
or compound28 as a single agenFigure S52A). These preliminary results suggested that such
combination therapy is efficacious against MRSA AT@3300 although the survival rate was

only moderate. We reasoned that such low survata is likely attributed to the hydrophobic
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nature of compoun@8 (cLogP = 5.0) that may cause high plasma prota&idibg and reduced
potency. Nonetheless, an adjusted dose regimengpaond28 (50 mg/kg) and CX (25 mg/kg)
at twice a day was tested next for improving thevigal rate. As shown ifrigure 2F, CX (25
mg/kg) and compoun@8 (50 mg/kg) administered IP as a single agent pniywided 70% and
40% survival rate respectively in treating micehMilRSA infection compared with the vehicle
treatment (50% survival rate). Encouragingly, IPadministering both compourtB and CX at
these dosages provided a significant increase mivalh rate to 100% after 4 days of
combination therapy. In addition, no compo@&CX-resistant mutants were identified among
the CFU recovered from tha vivo study and no obvious trauma around the injectiten of
compound28 was observedFgure S52B. Collectively, these data provide strong evidence
supporting the hypothesis that compo@&imnay provide an alternative strategy to develop as

bactericidal BLAs combination agent that is efficais against the clinical MRSA infection.

4. Validation of FtsZ protein as the drug targetofmpound28

PC190723 1) has been shown to inhibit the bacterial cell slom process through targeting
the binding site at T7-loop db. aureusFtsZ protein by using the protein-ligand crystat c
complex®® °3 Structurally, compound28 also possesses the same 2,6-difluorobenzamide
warhead, but with a more freely rotatali@onylamino substituent at the C-3 position of the
phenyl ring. Due to their overall structural unliless, the next question we need to answer is
whether this compound still bind to the same bigdiite at T7-loop of FtsZ protein and interfere
the cell division process in a similar way. To adr this question, we sought to conduct the

following series of biochemical and microscopicds#s to prove that the anti-staphylococcal
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activity of compound28 reflects its ability to target T7-loop &. aureusFtsZ protein and

interfere with the downstream cell division process

4.1 Isolation of compound@8 resistant mutants for genetic studies and comipuaglt docking
studies

The frequency of resistance (FOR) assays indictitatdbacterial cells 0§. aureusATCC
1717 were able to grow even in the presence ofidido 16-fold MIC of compoun®8 as a
single agentKigure 3A), suggesting that potential genetic mutationshim target protein may
have been induced, resulting in drug resistanceveder, no colony was observed for the plates
treated with the combination @B and CX after 48 h incubation, implying a reducat rof drug
resistance development. Therefore, the most defnépproach foin vivo target identification
of compound28 is through the drug resistance mapping analysisooipound28-resistant
isolates, demonstrating thatutations in the target protein result in drug s&sice. In this
connection, we have employed a large-inoculum aggdran an effort toraise spontaneous
resistant mutants &. aureusATCC 29213 strains that are highly resistant tmpound28. This
approach successfully yielded three compo@&tesistant strains with MIC values of 32
pa/mL, 64 pg/mL and 128 pg/mL respectivelygure 3B, upper part). The genetic materials in
each resistant strain as well as the wild-typarsineere isolated and subjected to whole genome
sequencing followed by sequence alignment to ifletny nucleotide changes. Surprisingly,
compared with the wild-type strain, the sequencasylts indicated that all three compol2&
resistant strains carried the same single nucleatidinge of G786A, which is corresponding to
the amino acid substitution of M262I that mappedhe S. aureusFtsZ protein Figure 3B,

upper part). Previous mutational analysis of PC2307)-resistant mutants also identified
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several major amino acid substitutions that mappetsZ protein, including G193D, G196A
and N263K Figure 3B, lower part)!**° The amino acid substitution of M262I was founc
located exactly at the same binding pocket of PC290(1), suggesting that compour8 is
very likely to bind directly to thé&. aureud-tsZ protein in the same manner as PC190723 (
Our mutational analysis is, therefore, consisteith the FtsZ protein being the antibacterial drug

target of compound8.

A S. aureus ATCC 1717 B i i i
4-fold MIC 28 28 + CX Strains MIC of 28 Nuc_lc_eotlde at Aml_nf) acid at
Coloni# 136 (pg/mL) position 786 position 262

- = S. aureus 29213 1 G Met
. Mutant32 32 A Tle
Mutant64 64 A Ile
Mutant128 128 A Ile

16-fold MIC 28 28 + CX
Colony # 119 0

Figure 3. (A) FOR studies of compoun28 alone and combination of compoué and CX
showing the number of colony and (B, upper partn®ary of MIC, DNA nucleotide changes
and amino acid substitutions of compowgiresistant mutants and (B, lower part) Model of
compound28 (blue sticks) docked into the T7-loop cleft of £issing the crystal structure 8t
aureus FtsZ protein (PDB ID: 4DXD) with labelled helix (H7), T7-loop and amino acid

residues G193, G196, M262, N263 and T309. The giatyed line indicates the potential
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hydrogen bonding interaction between the C-3 angiroup of compoun@8 and the hydroxyl

group of T309.

To gain more insights into the potential bindintg sind binding pose of compou8in theS.
aureusFtsZ protein, computational docking studies of poomd28 using previously reported
crystal structure o8. aureusttsZ protein (PDB ID: 4DXD) was conducted n&kThe results of
docking studies revealed that the highest dockirayes positioned compoun28 into a cleft
between the helix 7 (H7) and the C-terminal donddifrtsZ, which is in good agreement with
PC190723 1) (Figure 3B, lower part). The 2,6-difluorobenzamide warhead?8fwas well-
situated in the hydrophobic pocket interacting wiite T7-loop of FtsZ protein. A conventional
hydrogen bonding interaction was predicted to labdished between the C-3 amino group of
compound28 and the hydroxyl group of T309. The amino aciddess of M262, G193, G196
and N263 shown irFigure 3B were closely adjacent to the residues comprisiveginding
pocket of28 proposed by the docking study. These results stegjésat potential amino acid
substitutions at this binding pocket are likelypinduced easily by small molecules that bind to
this pocket. The resultant changes appear to dltggrtly the overall shape of this binding pocket
without interfering the normal function of FtsZ pem, resulting in compoun®&8 or PC190723

(2) no longer binding to FtsZ protein and causing desistance.

4.2 Effect on FtsZ protein polymerization and GTéPastivity upon compoun2i8 treatment
Previous reports have shown that the antibactaciaities of PC1907231j are resulted from
the overstimulation of FtsZ protein polymerizatitmough stabilizing the nonfunctional FtsZ

polymeric structures! In order to confirm whether compouf8 would exert similar effect on
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FtsZ protein polymerization, we next expressed puodfied the S. aureusFtsZ protein for
assessment of its polymerization dynamics in theeate or presence of compol&lusing an

in vitro light scattering assay. In this assay, the monmmfeisZ protein polymerization was
continuously monitored in the presence of GTP lyng-dependent increase in light scattering
as reflected by an increase in solution absorbatc600 nm. The results of FtsZ protein
polymerization in the presence of compo@&at concentrations ranging from 12.5 uM to 100
MM were shown irFigure 4A. Surprisingly, compoun@8 potently inhibited the FtsZ protein
polymerization in a concentration-dependent manaehehavior that is opposite to that of
PC1907231%), which stimulates FtsZ protein polymerizatiorcahcentrations of 12.5, 25 and 50
MM in a dose-dependent mannEigure S53. Surprisingly, compound at 100 uM completely
inhibited FtsZ protein polymerization. On the othand, compared with the vehicle control (1%
DMSO) at 500 seconds, compou2@lat 25uM, 50 uM and 100uM exhibited about 34%, 39%
and 47% inhibition of FtsZ protein polymerizatioespectively. These results suggested that

compound28is able to perturb the FtsZ protein polymerizaiionitro.
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mean value. Electron micrographs of FtsZ polymegrahe treatment of compou2® at (B) O
UM, (C) 100 pM and (D) 50 uM. The scale bar is 58@ (E) Effect of compound8 at various

concentrations on the GTPase activitysofaureud-tsZ protein.

To further demonstrate the effect of compou@8 on inhibition of FtsZ protein
polymerization, transmission electron microscopfNI) imaging of the compoun#8 treated
and untreate®. aureud~tsZ protein was carried out to investigate thephological change of
FtsZ filamentsS. aureudrtsZ protein treated with compou@8 at concentrations of 0, 50 and
100 uM in the presence of GTP were visualizedFigure 4B, 4D and 4C respectively. As
anticipated, there was considerable reduction & ¢ktent of FtsZ filament formation upon
treatment of compoun@8 compared to the untreated FtsZ protein. The madaitof these
suppressing effects increases with the increasamgentration of compoun28. At 100 uM of
compound28, the density ofS. aureusFtsZ filaments was substantially reduced, prodycin
short, thin and single strand FtsZ filamerigy(re 4C), implying that compoun@8 may block
the FtsZ protein polymerization in a longitudinaldalateral manner. In a sharp contrast, the
untreateds. aureud~tsZ protein showed a heavily dense network of fitaments Figure 4B).
These results clearly indicated the highly effitigmibition of S. aureud~=tsZ assembly to form
filaments by compoun@8 at a dose-dependent manner, which is consisteéhtthe results of

light scattering assay.

The GTPase activity of FtsZ protein also plays mpartant role of assembling monomeric
FtsZ proteins by hydrolyzing GTP molecules as ampartant energy source for driving

polymerization. Compoundl has been reported to inhibit directly the GTPagwicof FtsZ in
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a concentration-dependent manner with a half-mabxinfiebitory concentration of 55 ng/mt’.
On the contrary, Our laboratory and others didaisterve such inhibitory effe&t.Compoundl
at 30, 50 and 10@M concentrations even increased the GTPase achyi7%, 29% and 15%
respectively Figure S53B. On the other hand, as showrFigure 4E, there was no significant
change of the GTPase activity for compo@8ckeven at the concentration of 1001, suggesting
that compoun@8iis likely to perturb FtsZ protein polymerizatidwwrough binding to the T7-loop

of FtsZ protein without interfering its GTPase wityi.

4.3 Microscopic studies of bacterial morphology évahlization of the Z-ring oB. subtilisand
S. aureugells

Formation of Z-ring at the appropriate site of ¢éyb@sis is one of the most important
prerequisites for bacteria to carry out cell divisiproperly>® Microscopic studies of previous
reports have demonstrated that small moleculeschwbiock the Z-ring formation through
inhibition of FtsZ protein polymerization, at a $ethal concentration induced both iconic
elongated phenotype in rod-shapBd subtilis cells and enlarged phenotype in spherigal
aureuscells respectively. Moreover, an obvious septi&aidization of green fluorescent protein
(GFP)-tagged FtsZ polymers was also observed ih bells. As shown irfFigure 5 and S54
such morphological changes and septal delocalizatib GFP-tagged FtsZ polymer after
treatment of compoun@8 were confirmed. Fluorescent microscopic studiediceted that
fluorescent foci at the mid cell were observedhia presence of 1% DMSO, implying the proper
formation and localization of Z-ring at the appriape division septumRigure 5A andS540.
Upon treatment of compourZB or 1, multiple discrete foci throughout the whole elategiB.

subtilis 168 cells Figure S54B), and enlarge®. aureusRN 4220 cells Kigure 5B and5C)
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were observed respectively, demonstrating the ndéykatered localization of Z-ring without
being specifically restricted to the division septuMoreover, for the bacterial morphology,
elongatedB. subtilis 168 cells Figure S54B and enlarged. aureusATCC BAA-41 cells
(Figure 5E and5F) were observed respectively upon treatment of @am@28 or 1. These

results are consistent with other reported Ftsiitors.

Combining all the studies related to compo@&lwe reasonably propose tiat aureud-tsZ
protein is probably the drug target of compo@&dand it is likely to inhibit theS. aureud~tsz
protein polymerization process through binding te tT7-loop of FtsZ protein, causing

subsequent delocalization of Z-ring and disruptbthe cell division process.
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Figure 5. Fluorescent microscopic study (upper panel) oZf&$P fusion stain 0B. aureufRN

4220 cells in the presence of (A) 1% DMSO, (B) MIKC of compound28 and (C) 4 x MIC of
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compoundl. The scale bar is 7.5 pum and the red arrows iteticdhe fluorescent foci.
Histograms (lower panel) showing the normalizedjdiency distribution of cell volume @.
aureusATCC BAA-41 in the presence of (D) 1% DMSO, (Ex 2MIC of compound8 and (F)

2 x MIC of compound. with the indicated cell volumes at mode and mespectively.

5. PK profile of compoun@8

Oral bioavailability is one of the key considerasofor developing bioactive molecules as
therapeutic agents. Lead compounds with poor eoaMailability may result in low efficacy and
unpredictable drug response. Previous study inelicttat the small intestine of rat and human
exhibit similar drug absorption profiles and tramgpr expression patterns, providing a more
easier prediction of oral drug absorption poteritishumart’ In this connection, we sought to
reveal the rat plasma concentration-time profileahpound8 upon intravenous injection (V)
at a dose of 1 mg/kg and oral administration (PG @ose of 50 mg/kd=(gure 6, left). The rat
PK parameters of compour® are listed inFigure 6 (right). The results of PO indicated that
compound28 exhibits a fast absorption £Ix = 2 h) with a peak plasma concentratiom{{L of
1.9 pg/mL. The terminal half-life t{,,) representing the time required for systemic levkl
compound28 to reduce by half following PO and IV administoats were 3 and 5.5 h
respectively. The area under the curve (AUCrepresenting the total systemic drug exposure
for PO and IV were 10.3 and 1.6 mg/L-h respectiv@ljus, the oral bioavailabilityF) of
compound28, which is the fraction of a compound that reactystemic circulation following
oral administration, was moderate at 13%. Takemettwy, these PK parameters indicated that
compound28 has moderate oral drug absorption in rat and comg2a8 can serve as a lead for

further structural optimization.
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Figure 6. (A) The plasma concentration-time profile of compd28 upon intravenous injection
(pink square) and oral administration (dark tri@)gh rats and (B) PK parameters of compound

28.

Conclusion

In summary, a focused compound library of 3-amimzlaenides and structurally related
derivatives has been designed and synthesized/&buaion of their antibacterial and cytotoxic
activities against bacterial cells and normal céllsese compounds were easily obtained in 3 to
4 synthetic steps by coupling of various commelciavailable building blocks with 3-
aminobenzamides or 3-aminobenzonitrile, allowingidaconstruction of the compound library
for SAR analysis. Our efforts have yielded a commh28, which exhibits low cytotoxicity
against normal cells and robust vitro bactericidal synergy with different classes of BLA
against a panel of multidrug-resistant clinical MR&olates with FIC index as low as 0.1.
Further target identification and mechanistic stediemploying a series of genetic study,
computational docking, biochemical assays and me@opic studies have revealed that

compound?8 is likely to interact with thés. aureud~tsZ protein at the T7-loop binding pocket
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and inhibit the polymerization of FtsZ protein watlt interfering its GTPase activity, causing the
subsequent extensive delocalization of Z-ring amdrged morphological changes$h aureus
Animal studies demonstrated that compo@&dhas a favorable PK profile in rat and exhibits
potent synergistic efficacy with cefuroxime antiigoin a murine systemic infection model of
MRSA, protecting infected mice with a 100% survivalte. Taken together, our findings
indicated that compoung8 may serve a lead suitable for structural optinneainto a BLA

combination agent for the treatment of staphyloabuodection.

Experimental section

Chemical synthesis

All NMR spectra were recorded at room temperatureadruker Advance-lll spectrometer at
400.13 MHz for*H and 100.62 MHz for®C. All chemical shifts were reported as parts per
million (ppm) in the unit relative to the resonanck CDCk, Acetoneds, DMSO-ds. Low-
resolution (LRMS) and high-resolution mass spe@faMS) were obtained on a Micromass Q-
TOF-2 by electron spray ionization (ESI) mode. é&dganic solvents and reagents were reagent
grade and were commercially available and they weexrl without further purification unless
otherwise stated. The plates used for thin-layeoroatography (TLC) analysis were E. Merck
Silica Gel 60ks4 (0.25 mm thickness). They were visualized undertséind long UV light (254
and 365 nm) and immersed in a 10% phosphomolybddt solution in ethanol followed by
gentle heating with a heat gun. Chromatographidipations were carried out using MN silica
gel 60 (236400 mesh) with gradient elution. Compound purigswleternmed by an Agilent
1100 series HPLC installed with a Prep-Sil Scaldumn (4.6 mm x 250 mm, 5 um) at UV

detection of 254 nm (reference at 450 nm). Allddstompounds were determined to have at
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least 95% purity according to HPLC. Aryl aldehydesich as 3-butoxybenzaldehyde, 3-
(pentyloxy)benzaldehyde, 3dcbutoxy)benzaldehyde, [1,1'-biphenyl]-3-carbaldetyd
benzop]thiophene-2-carbaldehyde, bendjphiazole-2-carbaldehyde, 3-
methylbenzdp|thiophene-2-carbaldehyde, Hiindole-3-carbaldehyde, 2,3-
dihydrobenzdp][1,4]dioxine-6-carbaldehyde, 1-phenyHipyrazole-4-carbaldehyde and 5-
phenylthiophene-2-carbaldehyde, are commerciallpilavle. PC190723 1J and 8 were

prepared according to previous repdt&’

2,6-Difluoro-3-aminobenzamide (10) To a well-stired mixture of 2,6-difluoro-3-
nitrobenzonic acid9) (44 g, 217 mmol) and excess thionyl chloride (210 in the presence of
few drops of DMF was heated to reflux under nitroggmosphere for 2 h. After that, the
remaining thionyl chloride was removed under redupesssure to afford the 2,6-difluoro-3-
nitrobenzoyl chloride, which was used immediatelyriext step without further purification. To
a well-stirred aqueous 30% ammonia solution (300 atl0C was added freshly prepared 2,6-
difluoro-3-nitrobenzonic acid chloride dropwise.t&f the addition, the white precipitates were
collected by suction filtration and washed twicethwiwater to afford the 2,6-difluoro-3-
nitrobenzamide (40 g, 91%), which was used for re#&p without further purification. To a
well-stirred solution of tin (1) chloride (80 g24 mmol) in conc. hydrochloric acid (200 mL) at
0°C was added 2,6-difluoro-3-nitrobenzamide in pamio After the addition, the reaction
mixture was stirred at room temperature for 12 he Teaction mixture was neutralized by
pouring slowly to a potassium hydroxide solutiortiluine pH reached 12 af©. The alkaline
solution was extracted with ethyl acetate (200 ) XThe combined organic layers were dried

over anhydrous MgSffiltered and evaporated to dryness to give th&ree product (18 g,
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565 53%) as a dark brown solidHd NMR (400 MHz, Acetonels) & 7.36 (br. s., 1H), 7.14 (br. s.,
566 1H), 6.85 - 6.90 (m, 1H), 6.77 (dd,= 8.0 Hz, 1H), 4.67 (br. s., 2H}*C NMR (101 MHz,
567  Acetoneds) 8 162.3 (SCONH,), 150.5 (dd,Jcr = 238, 6.1 Hz, C6), 146.9 (ddke = 244, 8.1 Hz,
568 C2), 132.9 (ddJcr = 13, 2.0 Hz, C3), 116.3 (dder = 10, 5.1 Hz, C4), 115.3 (dder = 24, 20
569 Hz, C1), 110.8 (ddJcr = 23, 4.0 Hz, C5); LRMS (ESh/z173 (M + H, 100); HRMS (ESI)
570 calcd for GH;F:N,O (M* + H) 173.1401, found 173.1405.

571

572 2,6-Difluoro-3-((3-(n-butyloxy)benzyl)amino)benzamide (11) To a well stirred mixture of
573  2,6-difluoro-3-aminobenzamidel@ (0.17 g, 1.0 mmol) and B-utoxybenzaldehyde (0.17 g,
574 1.0 mmol) in MeOH (10 mL) at°C, was addeg-toluenesulfonic acid monohydrate (0.02 g,
575 0.11 mmol) and the reaction mixture was stirred forh. After that, excess sodium
576  cyanoborohydride (0.63 g, 10.0 mmol) was addedoinigns to the reaction mixture. After the
577  addition, the reaction mixture was stirred for fignt 12 h. The reaction was quenched by pouring
578 into a separating funnel containing 50 mL water arttacted with ethyl acetate (20 mL x 3).
579 The combined organic layers were dried over MgSiiered and evaporated under reduced
580 pressure to a crude product, which was subjectedpuafication by flash column
581 chromatography on silica gel with gradient eluti@® % to 50 % ethyl acetate in hexane) to
582  afford the titled compound (0.15 g) in 45% yietth NMR (400 MHz, CDC}) & 7.26 (dd,J =
583 7.8, 7.8 Hz, 1H), 6.86 - 6.97 (m, 2H), 6.73 - 6(86 2H), 6.62 - 6.63 (M, 1H), 6.56 (br. s., 1H),
584  6.16 (br. s., 1H), 4.27 - 4.40 (m, 3H), 3.96)t 7.2 Hz, 2H), 1.71 - 1.81 (m, 2H), 1.44 - 1.57
585 (M, 2H), 0.99 (tJ = 7.2 Hz, 3H);"*C NMR (101 MHz, CDCJ) & 163.1 (s,CONH,), 159.6,
586 152.2 (ddJcr = 238, 8.2 Hz, C6), 149.2, 146.7 (dds = 243, 8.2 Hz, C2), 140.0, 133.7 (dex

587 =13, 2.7 Hz, C3), 129.8, 122.2 (digr = 9.1, 5.5 Hz, C4), 119.2, 113.5 (didr = 23, 23 Hz,
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C1), 113.4, 111.2 (ddicr = 21, 3.6 Hz, C5), 67.7, 47.9, 31.3, 19.2, 13RMS (ESI)m/z335
(M* + H, 60), 357 (M + Na, 50); HRMS (ESI) calcd for 16H,1N-0.F, (M* + H) 335.1571,

found 335.1568.

2,6-Difluoro-3-((3-(n-pentyloxy)benzyl)amino)benzamide (12) This compound (0.13 g,
38%) was prepared from 2,6-difluoro-3-aminobenzami@o) (0.17 g, 1.0 mmol), 3rf
pentyloxy)benzaldehyde (0.19 g, 1.0 mm@htoluenesulfonic acid monohydrate (0.02 g, 0.11
mmol), MeOH (10 mL) and sodium cyanoborohydride68g, 10 mmol) according to the
preparation procedure dfl described abovéH NMR (400 MHz, Acetonels) & 7.37 (br. s.,
1H), 7.24 (ddJ = 7.8, 7.8 Hz, 1H), 7.10 (br. s., 1H), 6.93 - 7(81, 2H), 6.72 - 6.85 (m, 2H),
6.65 (dd,J = 7.8, 7.8 Hz, 1H), 5.54 (br. s., 1H), 4.42 Jc5 5.8 Hz, 2H), 3.92 - 4.02 (m, 2H),
1.71 - 1.82 (m, 2H), 1.34 - 1.49 (m, 4H), 0.8790(m, 3H);**C NMR (101 MHz, Acetonels)
5162.1 (SCONH,), 159.6, 152.9 (ddlcr = 234, 8.2 Hz, C6), 149.3 (ddgr = 244, 8.2 Hz, C2),
141.3, 137.8 (ddjce = 14, 2.7 Hz, C3), 122.2 (dder = 9.1, 5.5 Hz, C4), 119.1, 116.5 (dd =
23, 23 Hz, C1), 113.3, 112.7, 110.4 (dek = 22, 3.6 Hz, C5), 67.5, 46.9, 28.4, 28.1, 223241
LRMS (ESI)m/z349 (M + H, 100), 371 (M + Na, 50); HRMS (ESI) calcd forgHz3N0:F

(M*+ H) 349.1728, found 349.1739.

3-((3-(sec-Butoxy)benzyl)amino)-2,6-difluorobenzamide (13) This compound (0.12 g,
34%) was prepared from 2,6-difluoro-3-aminobenzam{0) (0.18 g, 1.0 mmol), 3sec
butoxy)benzaldehyde (0.18 g, 1.0 mmatoluenesulfonic acid monohydrate (0.02 g, 0.11
mmol), MeOH (10 mL) and sodium cyanoborohydride680g, 10 mmol) according to the

preparation procedure dfl described abovéH NMR (400 MHz, CDCY) & 7.24 (dd,J = 7.2,
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7.2 Hz, 1H), 6.72 - 6.82 (m, 5H), 6.58 - 6.64 (rhl),16.26 (br. s, 1H), 4.37 (br. s, 1H), 4.27 -
4.32 (m, 3H), 1.58 - 1.77 (m, 2H), 1.29 (= 7.2 Hz, 3H), 0.97 (t) = 7.2 Hz, 3H):*C NMR
(101 MHz, CDC}) & 163.3 (sCONH,), 158.7, 152.2 (ddlcr = 234, 8.2 Hz, C6), 149.1 (ddsr

= 244, 8.2 Hz, C2), 140.1, 133.7 (didr = 14, 2.7 Hz, C3), 129.8, 119.1, 114.8, 114.6,313
(dd, Jcr = 23, 23 Hz, C1), 112.6 (dder = 23, 23 Hz, C1), 111.1 (ddsr = 22, 3.6 Hz, C5), 75.0,
47.9, 29.2, 19.2, 9.7; LRMS (ESH/z335 (M + H, 100); HRMS (ESI) calcd for gH21N:05F>

(M*+ H) 335.1571, found 335.1570.

3-(([1,1'-Biphenyl]-3-ylmethyl)amino)-2,6-difluorobenzamide (14).This compound (0.16 g,
45%) was prepared from 2,6-difluoro-3-aminobenzamido) (0.18 g, 1.0 mmol), [1,1-
biphenyl]-3-carbaldehyde (0.18 g, 1.0 mma@htoluenesulfonic acid monohydrate (0.02 g, 0.11
mmol), MeOH (10 mL) and sodium cyanoborohydride68g, 10 mmol) according to the
preparation procedure @&fl described abovéH NMR (400 MHz, CDCY) 8 7.53 - 7.67 (m, 4H),
7.42 - 7.52 (m, 3H), 7.31 - 7.42 (m, 2H), 6.81 (d& 8.0, 8.0 Hz, 1H), 6.69 (dd,= 8.0, 8.0.
Hz, 1H), 6.12 (br. s., 1H), 6.06 (br. s., 1H), 4@4. s., 3H);**C NMR (101 MHz, CDGJ) &
162.7 (S,CONHy), 152.3 (ddJcr = 238, 6.1 Hz, C6), 149.9 (dder = 244, 8.1 Hz, C2), 141.9,
140.8, 138.9, 133.9 (ddcr = 13, 2.0 Hz, C3), 129.3, 128.8, 127.5, 127.2,428626.1, 126.0,
113.3 (ddJcr = 10, 5.1 Hz, C4), 113.2 (dder = 24, 20 Hz, C1), 111.5 (dder = 23, 4.0 Hz,
C5); LRMS (ESI)m/z 339 (M + H, 100); HRMS (ESI) calcd for gH1/N,OF (M* + H)

339.1309, found 339.1305.

3-((Benzop]thiophen-2-ylmethyl)amino)-2,6-difluorobenzamide {5). This compound

(0.10 g, 32%) was prepared from 2,6-difluoro-3-ashenzamide 10) (0.17 g, 1.0 mmol),
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benzop]thiophene-2-carbaldehyde (0.16 g, 1.0 mmabtoluenesulfonic acid monohydrate
(0.02 g, 0.11 mmol), MeOH (10 mL) and sodium cyasrohydride (0.63 g, 10 mmol) according
to the preparation procedureXf described abovéH NMR (400 MHz, Acetonel) & 7.86 (d,J

= 7.8 Hz, 1H), 7.76 (dJ = 7.8 Hz, 1H), 7.27 - 7.47 (m, 4H), 7.10 (br. &), 6.75 - 6.89 (m,
2H), 5.74 (d,J = 5.8 Hz, 1H), 4.77 (d) = 5.8 Hz, 2H);**C NMR (101 MHz, Acetonek) &
161.9 (s,CONH,), 150.4 (ddJcr = 238, 8.4 Hz, C6), 146.8 (ddicr = 243, 8.2 Hz, C2), 145.2,
140.0, 132.8 (ddJcr = 14, 2.7 Hz, C3), 139.5, 124.3, 124.0, 123.2,22921.2, 116.3 (ddcr =
9.1, 5.5 Hz, C4), 112.5 (ddgr = 22, 22 Hz, C1), 110.5 (dder = 22, 3.6 Hz, C5), 43.1; LRMS
(ESI) m/z319 (M + H, 100); HRMS (ESI) calcd for H13N,OSR (M*+ H) 319.0717, found

319.0718.

3-((BenzoM]thiazol-2-ylmethyl)amino)-2,6-difluorobenzamide (5). This compound (0.12
g, 38%) was prepared from 2,6-difluoro-3-aminobemde (0) (0.17 g, 1.0 mmol),
benzofl]thiazole-2-carbaldehyde (0.16 g, 1.0 mm@ttoluenesulfonic acid monohydrate (0.02
g, 0.11 mmol), MeOH (10 mL) and sodium cyanoboratdel (0.63 g, 10 mmol) according to
the preparation procedure bf described abovéH NMR (400 MHz, CDCJ) 5 7.99 (d,J = 8.3
Hz, 1H), 7.84 (d,) = 8.3 Hz, 1H), 7.49 (t) = 7.6 Hz, 1H), 7.33 - 7.44 (m, 1H), 6.65 - 6.83 (M
2H), 6.59 (br. s., 1H), 6.26 (br. s., 1H), 4.96. @r 1H), 4.78 (dJ = 6.2 Hz, 2H)*C NMR (101
MHz, CDCk) & 171.5, 162.8 (SCONH,), 153.3, 150.5 (ddjcr = 238, 8.2 Hz, C6), 146.8 (dd,
Jcr = 243, 8.2 Hz, C2), 134.9, 132.6 (ddr = 14, 2.7 Hz, C3), 126.2, 125.2, 122.9, 121.9,316
(dd, Jcr = 9.1, 5.5 Hz, C4), 113.9 (ddgr = 23, 23 Hz, C1), 111.3 (dder = 21, 3.6 Hz, C5),
46.7; LRMS (ESI)m/z 320 (M + H, 90); HRMS (ESI) calcd for €H1-N;OSRE (M* + H)

320.0669, found 320.0672.
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2,6-Difluoro-3-(((3-methylbenzop]thiophen-2-yl)methyl)amino)benzamide  (17) This
compound (0.15 g, 48%) was prepared from 2,6-difit®aminobenzamidelQ) (0.17 g, 1.0
mmol), 3-methylbenzdjthiophene-2-carbaldehyde (0.17 g, 1.0 mmpHpluenesulfonic acid
monohydrate (0.02 g, 0.11 mmol), MeOH (10 mL) andigm cyanoborohydride (0.63 g, 10
mmol) according to the preparation procedurelbfdescribed above’H NMR (400 MHz,
CDCl;) 3 7.79 (d,J = 7.8 Hz, 1H), 7.70 (d] = 7.8 Hz, 1H), 7.38 - 7.45 (m, 1H), 7.31 - 7.38 (m
1H), 6.80 - 6.88 (m, 1H), 6.71 - 6.80 (m, 1H), 6(b4 s., 1H), 6.06 (br. s., 1H), 4.60 (t= 3.9
Hz, 2H), 4.36 (br. s., 1H), 2.45 (s, 3HKJC NMR (101 MHz, CDGJ) & 162.6 (SCONH;), 150.3
(dd, Jce = 238, 8.2 Hz, C6), 146.5 (ddse = 242, 8.2 Hz, C2), 140.7, 138.6, 136.2, 133.9 Jgd
=13, 2.7 Hz, C3), 128.4, 124.4, 124.1, 122.5,82116.3 (ddJce = 9.1, 5.5 Hz, C4), 113.8 (dd,
Jor = 23, 23 Hz, C1), 111.3 (ddgr = 22, 3.6 Hz, C5), 42.2, 11.7; LRMS (E®1)2333 (M + H,

90); HRMS (ESI) calcd for GH1sN,OSF, (M* + H) 333.0873, found 333.0875.

3-(((1H-indol-3-yl)methyl)amino)-2,6-difluorobenzamide (18. This compound (0.16 g,
53%) was prepared from 2,6-difluoro-3-aminobenzan{i®) (0.18 g, 1.0 mmol), H-indole-3-
carbaldehyde (0.15 g, 1.0 mmo})toluenesulfonic acid monohydrate (0.02 g, 0.11 ymo
MeOH (10 mL) and sodium cyanoborohydride (0.63 @,nimol) according to the preparation
procedure o1 described abovéH NMR (400 MHz, Acetonels) & 10.18 (br. s., 1H), 7.73 (d,
= 7.8 Hz, 1H), 7.42 (dJ = 7.8 Hz, 1H), 7.27 - 7.40 (m, 2H), 7.00 - 7.20, @Hi), 6.93 (dd,) =
7.2, 7.2 Hz, 1H), 6.82 (dd,= 7.2, 7.2 Hz, 1H), 5.05 (br. s., 1H), 4.59 J&s 4.8 Hz, 2H):*C
NMR (101 MHz, Acetoneds) & 162.3 (SCONH,), 151.4 (ddJcr = 238, 6.1 Hz, C6), 148.4 (dd,

Jcr = 244, 8.1 Hz, C2), 137.0, 134.0 (dids = 13, 2.0 Hz, C3), 127.0, 123.6, 121.5, 118.9,
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118.7, 112.7, 112.3 (dder = 10, 5.1 Hz, C4), 111.4, 110.7 (ddr = 24, 20 Hz, C1), 110.5 (dd,
Jor = 23, 4.0 Hz, C5); LRMS (ESH/z302 (M + H, 100); HRMS (ESI) calcd for fH14N:0F

(M*+ H) 302.1105, found 302.1101.

3-(((2,3-Dihydrobenzop][1,4]dioxin-6-yl)methyl)amino)-2,6-difluorobenzamide (19) This
compound (0.15 g, 45%) was prepared from 2,6-difit®aminobenzamidel() (0.18 g, 1.0
mmol), 2,3-dihydrobenz0][1,4]dioxine-6-carbaldehyde (0.17 g, 1.0 mmghtoluenesulfonic
acid monohydrate (0.02 g, 0.11 mmol), MeOH (10 rahyl sodium cyanoborohydride (0.63 g,
10 mmol) according to the preparation procedurélotiescribed abovéH NMR (400 MHz,
CDCly) 8 6.62 - 6.87 (m, 4H), 6.62 - 6.68 (m, 1H), 6.13 &rlH), 6.05 (br. s, 1H), 4.27 (s, 7H);
%C NMR (101 MHz, CDGJ) 8 162.7 (SCONH;), 152.3 (dd,Jcr = 238, 8.2 Hz, C6), 148.5 (dd,
Jor = 242, 8.2 Hz, C2), 143.7, 143.0, 134.9 (dg = 13, 2.7 Hz, C3), 131.5, 120.2, 117.5,
116.1, 115.3 (ddjce = 9.1, 5.5 Hz, C4), 113.4 (ddr = 23, 23 Hz, C1), 111.5 (ddge = 22, 3.6
Hz, C5), 64.4, 64.3, 47.4; LRMS (ESH/z 321 (M + H, 100); HRMS (ESI) calcd for

CieH1sNL03F; (M* + H) 321.1051, found 321.1050.

2,6-Difluoro-3-(((1-phenyl-1H-pyrazol-4-yl)methyl)amino)benzamide (20) This compound
(95 mg, 30%) was prepared from 2,6-difluoro-3-arberzamide X0) (0.17 g, 1.0 mmol), 1-
phenyl-H-pyrazole-4-carbaldehyde (0.17 g, 1.0 mm@btoluenesulfonic acid monohydrate
(0.02 g, 0.11 mmol), MeOH (10 mL) and sodium cyasrohydride (0.63 g, 10 mmol) according
to the preparation procedure tf described abovéH NMR (400 MHz, Acetonels) & 8.33 (s,
1H), 7.81 (ddJ = 0.8, 8.8 Hz, 2H), 7.73 (s, 1H), 7.45 - 7.53 @hl), 7.40 (br. s., 1H), 7.26 -

7.33 (m, 1H), 7.14 (br. s., 1H), 6.79 - 6.93 (M)2#40 (s, 2H)**C NMR (101 MHz, Acetone-
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ds) & 162.2 (S,CONH,), 150.4 (ddJcr = 238, 8.2 Hz, C6), 147.0 (dder = 242, 8.2 Hz, C2),
140.4, 140.3, 133.5 (dder = 13, 2.7 Hz, C3), 129.4, 126.0, 125.8, 121.9,3.1816.3 (ddJcr =

9.1, 5.5 Hz, C4), 112.4 (dder = 23, 23 Hz, C1), 110.5 (dder = 22, 3.6 Hz, C5), 37.8; LRMS
(ESI) m/z329 (M + H, 100); HRMS (ESI) calcd for §HisN,OF (M* + H) 329.1214, found

329.1216.

2,6-Difluoro-3-(((5-phenylthiophen-2-yl)methyl)amiro)benzamide (21) This compound
(0.15 g, 42%) was prepared from 2,6-difluoro-3-avbenzamide 10) (0.18 g, 1.0 mmol), 5-
phenylthiophene-2-carbaldehyde (0.19 g, 1.0 mnpetpluenesulfonic acid monohydrate (0.02
g, 0.11 mmol), MeOH (10 mL) and sodium cyanoboratdel (0.63 g, 10 mmol) according to
the preparation procedure bf described abovéH NMR (400 MHz, Acetonels) 5 7.62 (d,J =
7.2 Hz, 2H), 7.26 - 7.41 (m, 5H), 7.08 - 7.09 (1H)26.83 - 6.88 (m, 2H), 5.64 (br, s, 1H), 4.67
(d,J = 6.2 Hz, 2H)*C NMR (101 MHz, Acetonels) 5 162.0 (sCONHZ2), 150.8 (ddJcr = 238,
8.2 Hz, C6), 147.9 (ddce = 242, 8.2 Hz, C2), 143.6, 142.9, 134.4, 133.1 Jdd= 13, 2.7 Hz,
C3), 128.9, 127.3, 126.0, 125.3, 122, 115.3 (dd~ 9.1, 5.5 Hz, C4), 112.6 (ddgr = 23, 23
Hz, C1), 110.5 (ddJcr = 22, 3.6 Hz, C5), 42.6; LRMS (ES#)/z345 (M + H, 100); HRMS

(ESI) calcd for GgH1sN-OSF, (M* + H) 345.0873, found 345.0872.

2,6-Difluoro-3-((4-fluorobenzyl)amino)benzamide (22) and 3-(bis(4-
fluorobenzyl)amino)-2,6-difluorobenzamide (22b) To a well-stirred solution of 2,6-difluoro-
3-aminobenzamidel() (0.40 g, 2.3 mmol) and 4-fluorobenzyl bromide5@g, 2.9 mmol) in
ACN (20 mL), was added 4€0Os (0.40 g, 2.9 mmol). The reaction mixture was hetatereflux

for 4 h. After the complete disappearance of stgnthaterial as indicated from TLC, the reaction
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mixture was subjected to pass through a short gasilioa gel. The obtained filtrate was
evaporated under reduced pressure and the cruderenixas subjected to purification by flash
column chromatography on silica gel with gradiehitien (10 % to 40 % ethyl acetate in
hexane). Both of the titled compoun2a (0.15 g) and2b (0.29 g) were obtained in 23% and
32 % yield respectively.

2,6-Difluoro-3-((4-fluorobenzyl)amino)benzamide (2a). '"H NMR (400 MHz, CDC}) & 7.32
(dd,J = 5.4, 7.8 Hz, 2H), 7.05 (dd,= 8.0, 8.0 Hz, 2H), 6.78 (dd,= 8.0, 8.0 Hz, 1H), 6.58 -
6.63 (m, 1H), 6.48 (br. s., 1H), 6.12 (br. s., 1834 (s, 3H)*C NMR (101 MHz, CDG)) &
162.9 (s,CONH,), 162.4 (dJcr = 246 Hz, C1’), 152.5 (ddlce = 238, 8.2 Hz, C6), 149.0 (dd,
Jor = 254, 8.2 Hz, C2), 134.0 (der = 3.6 Hz, C4'), 133.4 (ddlcr = 11, 2.7 Hz, C3), 128.8 (d,
Jor = 7.3 Hz, C3'), 115.7 (dler = 21 Hz, C27), 113.5 (ddler = 9.1, 5.5 Hz, C4), 112.7 (dder

= 24, 24 Hz, C1), 111.3 (dder = 22, 3.6 Hz, C5), 47.3 (§H.); LRMS (ESI)m/z281 (M + H,
100); HRMS (ESI) calcd for GH1,FsN-O (M*+ H) 281.2531, found 281.2525.
3-(Bis(4-fluorobenzyl)amino)-2,6-difluorobenzamide(22b). *H NMR (400 MHz, Acetone)
57.48 (br. s., 1H), 7.39 (dd,= 8.0, 8.0 Hz, 4H), 7.20 (br. s., 1H), 7.01 - 7(&8 5H), 6.82 (dd,

J = 8.0, 8.0 Hz, 1H), 4.27 (s, 4H}C NMR (101 MHz, Acetonels) 3 161.9 (d,Jcr = 243 Hz,
C1'), 161.7 (sCONH,), 154.3 (ddJcr = 244, 8.2 Hz, C6), 153.0 (dder = 250, 8.2 Hz, C2),
134.7 (ddJce = 12, 2.7 Hz, C3), 134.1 (der = 2.7 Hz, C4), 130.2 (dlce = 7.3 Hz, C3"), 123.5
(dd, Jcr = 9.1, 3.6 Hz, C4), 116.3 (dder = 24, 24 Hz, C1), 114.9 (dce = 22 Hz, C2); 110.6
(dd, Jcr = 23, 3.6 Hz, C5), 55.4 (dcr = 2.0 Hz,CH,); LRMS (ESI)m/z389 (M + H, 100);

HRMS (ESI) calcd for gH17F:N>O (M* + H) 389.3661, found 389.3656.
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748 2,6-Difluoro-3-((3,4-difluorobenzyl)amino)benzamide (23a) and 3-(bis(3,4-
749  difluorobenzyl)amino)-2,6-difluorobenzamide (23b) These two compound@3a (0.20 g, 29%)
750 and23b (0.31 g, 31 %) were prepared from 2,6-difluorom3i@obenzamide 1) (0.40 g, 2.3
751 mmol), 3,4-difluorobenzyl bromide (0.60 g, 2.9 mmACN (20 mL) and KCOs; (0.42 g, 3.0
752 mmol) according to the preparation procedurg2flescribed above.

753 2,6-Difluoro-3-((3,4-difluorobenzyl)amino)benzamide(23a). *H NMR (400 MHz, CDCJ) &
754 7.08 - 7.19 (m, 3H), 6.77 (dd,= 9.2, 9.2 Hz, 1H), 6.50 - 6.58 (m, 2H), 6.16 &r1H), 4.44 (br,
755 s, 1H), 4.34 (dJ = 5.6 Hz, 2H);**C NMR (101 MHz, CDGCJ) & 162.8 (sCONH,), 162.6 (dd,
756 Jor = 246, 20 Hz, C1'), 152.4 (ddce = 238, 8.2 Hz, C6), 150.6 (dder = 246, 20 Hz, C6),
757  149.3 (ddJcr = 254, 8.2 Hz, C2), 148.5 (dgr = 20, 8.2 Hz, C2'), 146.8 (ddck = 20, 8.2 Hz,
758 C5’), 135.6 (ddJcr = 11, 2.7 Hz, C3), 122.8 (dder = 8.2, 2.7 Hz, C3"), 117.7 (dder = 8.2,
759 2.7 Hz, C4’), 113.5 (ddjce = 9.1, 5.5 Hz, C4), 111.5 (dder = 24, 24 Hz, C1), 111.2 (dder =
760 22, 3.6 Hz, C5), 46.9 (£H,); LRMS (ESI)m/z 299 (M + H, 100); HRMS (ESI) calcd for
761  Cy4H11FNoO (M*+ H) 299.0808, found 299.0803.

762 3-(Bis(3,4-difluorobenzyl)amino)-2,6-difluorobenzande (23b) 'H NMR (400 MHz, CDC})
763 56.99 - 7.13 (m, 7H), 6.85 - 6.91 (m, 1H), 6.73,(@¢ 9.2, 9.2 Hz, 1H), 6.39 (br. s, 1H), 4.15
764 (s, 4H);°C NMR (101 MHz, CDGJ) 8 163.0 (s,CONH,), 162.6 (ddJce = 246, 20 Hz, C1)),
765  151.6 (ddJcr = 238, 8.2 Hz, C6), 156.2 (dder = 246, 20 Hz, C6'), 149.1 (ddcg = 254, 8.2
766  Hz, C2), 151.5 (dJce = 20, 8.2 Hz, C2’), 148.4 (ddcr = 20, 8.2 Hz, C5'), 134.6 (dder = 11,
767 2.7 Hz, C3), 124.8 (ddice = 8.2, 2.7 Hz, C3'), 117.3 (ddcr = 8.2, 2.7 Hz, C4’), 117.7 (dder
768 = 9.1, 5.5 Hz, C4), 114.5 (ddce = 24, 24 Hz, C1), 111.3 (dder = 22, 3.6 Hz, C5), 55.6 (s,
769  CH,); LRMS (ESI)m/z 425 (M' + H, 100); HRMS (ESI) calcd for GHisFsN,O (M* + H)

770  425.1089, found 425.1087.
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2,6-Difluoro-3-((2,4-difluorobenzyl)amino)benzamide (24a) and 3-(bis(2,4-
difluorobenzyl)amino)-2,6-difluorobenzamide (24b) These two compoundta(0.15 g, 22%)
and 24b (0.31 g, 31 %) were prepared from 2,6-difluorork@gobenzamide 1) (0.40 g, 2.3
mmol), 2,4-difluorobenzyl bromide (0.60 g, 2.9 mim@ACN (20 mL) and KCO; (0.42 g, 3.0
mmol) according to the preparation procedurgdflescribed above.
2,6-Difluoro-3-((2,4-difluorobenzyl)amino)benzamide(24a). '"H NMR (400 MHz, CDCJ) &
7.28 - 7.33 (m, 1H), 6.76 - 6.86 (M, 3H), 6.60665(m, 2H), 6.20 (br. s, 1H), 4.37 (br. s, 3H);
¥C NMR (101 MHz, CDGJ) 3 163.7 (ddJcr = 246, 6.2 Hz, C5'), 163.0 (§ONH,), 161.2 (dd,
Jcr = 246, 6.2 Hz, C1’), 152.4 (ddce = 238, 8.2 Hz, C6), 150.0 (ddee = 244, 8.2 Hz, C2),
133.3 (ddJcr = 8.2, 8.2 Hz, C3'), 130.0 (dder = 24, 2.7 Hz, C4’), 121.3 (ddce = 24, 2.7 Hz,
C3), 113.4 (ddJcr = 9.1, 5.5 Hz, C4), 112.9 (dder = 24, 20 Hz, C1), 111.5 (dder = 24, 2.7
Hz, C5), 111.3 (ddjce = 22, 3.6 Hz, C2’), 104.3 (der = 24, 24 Hz, C6'), 41.1 (dice = 6.0 Hz,
CH,); LRMS (ESI)m/z 299 (M + H, 100);: HRMS (ESI) calcd for GH1:FN,O (M* + H)
299.0808, found 299.0807.
3-(Bis(2,4-difluorobenzyl)amino)-2,6-difluorobenzande (24b) *H NMR (400 MHz, CDC})
5 7.34 (d,J = 8.0 Hz, 1H), 7.30 (d] = 8.0 Hz, 1H), 6.90 - 6.93 (m, 1H), 6.74 - 6.83 GHi),
6.56 (br. s, 1H), 6.08 (br. s, 1H), 4.27 (s, 4H% NMR (101 MHz, CDGJ) & 163.5 (dd Jcr =
246, 6.2 Hz, C5')162.6 (S,CONH,), 161.0 (ddJcr = 246, 6.2 Hz, C1')156.4 (dd Jcr = 238,
6.1 Hz, C6).153.0 (ddJcr = 244, 8.1 Hz, C2)134.5 (dd Jcr = 8.2, 8.2 Hz, C3'), 131.3 (ddcr
= 24, 2.7 Hz, C4")124.9 (ddJcr = 10, 5.1 Hz, C4)1.20.3 (dd Jer = 13, 2.0 Hz, C3)113.9 (dd,

Jor = 24, 20 Hz, C1)111.4 (ddJcr = 23, 4.0 Hz, C5)111.2 (dd Jer = 22, 3.6 Hz, C2')103.7
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(d, e = 24, 24 Hz, C6'), 49.3 (€H,); LRMS (ESI)m/z425 (M’ + H, 100); HRMS (ESI) calcd

for C21H15F5N20 (M++ H) 425.1089, found 425.1083.

2,6-Difluoro-3-((4-chlorobenzyl)amino)benzamide (28) and 3-(bis(4-
chlorobenzyl)amino)-2,6-difluorobenzamide (25h) These two compoundXsa (0.18 g, 26%)
and25b (0.29 g, 30 %) were prepared from 2,6-difluorom8k@benzamide (0.40 g, 2.3 mmol),
4-chlorobenzyl bromide (0.60 g, 2.9 mmol), ACN (80.) and KCO; (0.42 g, 3.0 mmol)
according to the preparation procedur@®tiescribed above.
2,6-Difluoro-3-((4-chlorobenzyl)amino)benzamide (2&). *H NMR (400 MHz, CDCY) & 7.26
- 7.39 (m, 4H), 6.78 (dd] = 8.0, 8.0 Hz, 1H), 6.56 - 6.60 (m, 1H), 6.22 @r.1H), 6.06 (br. s.,
1H), 4.36 (s, 3H)*C NMR (101 MHz, CDG)) & 162.7 (S,CONH,), 155.2 (ddJcr = 248, 6.4
Hz, C6), 154.6 (ddjcr = 257, 4.5 Hz, C2), 136.8 (s, C1’), 134.9 (dgs = 14, 2.7 Hz, C3),
133.3 (s, C4), 128.9 (s, C2"), 128.4 (s, C3'), M &d,Jcr = 9.1, 5.5 Hz, C4), 114.3 (dder =
24, 24 Hz, C1), 111.2 (ddece = 22, 3.6 Hz, C5), 47.3 (§H.); LRMS (ESI)m/z297 (M + H,
100); HRMS (ESI) calcd for GH1,CIFN,0 (M* + H) 297.7077, found 297.7075.
3-(Bis(4-chlorobenzyl)amino)-2,6-difluorobenzamide(25b). *H NMR (400 MHz, CDCJ) &
7.10 - 7.36 (m, 8H), 6.85 - 6.89 (m, 1H), 6.72 (d& 8.0, 8.0 Hz, 1H), 6.68 (br. s., 1H), 6.12
(br. s., 1H), 4.18 (s, 4H}C NMR (101 MHz, CDGJ) & 162.8 (s,CONH,), 155.0 (dd Jcr =
248, 6.4 Hz, C6), 153.6 (dder = 257, 4.5 Hz, C2), 135.9 (s, C1'), 134.9 (dgk = 14, 2.7 Hz,
C3), 133.1 (s, C4"), 129.6 (s, C2'), 128.6 (s, C324.4 (ddJcr = 9.1, 5.5 Hz, C4), 114.3 (dd,
Jog = 24, 24 Hz, C1), 111.3 (dder = 22, 3.6 Hz, C5), 55.7 (§H,); LRMS (ESI)m/z422 (M’ +

H, 100); HRMS (ESI) calcd for £H17Cl.F2N,O (M + H) 422.2753, found 422.2756.
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2,6-Difluoro-3-(heptylamino)benzamide (26) To a well-stirred solution of 2,6-difluoro-3-
aminobenzamidelQ) (0.70 g, 4.1 mmol) and 1-bromoheptane (0.80 4,rdmol) in ACN (50
mL) was added ¥COs; (0.60 g, 4.4 mmol) and catalytic amount of NaD@g). The reaction
mixture was heated to reflux for 4 h. After the qbate disappearance of starting material as
indicated by TLC, the reaction mixture was subjeédte pass through a short pad of silica gel.
The brown filtrate obtained was evaporated undguged pressure and subjected to purification
by flash column chromatography on silica gel witadient elution (10 % to 40 % ethyl acetate
in hexane) to afford the titled compound (0.40rgB6% yield.'H NMR (400 MHz, CDC}) &
6.85 (dd,J = 8.0, 8.0 Hz, 1H), 6.66 - 6.70 (m, 1H), 6.14 &r.1H), 6.05 (br. s., 1H), 3.12 Jt=
7.2 Hz, 2H), 1.59 - 1.69 (m, 2H), 1.27 - 1.45 (rH))80.91 (t,J = 7.2 Hz, 3H):*C NMR (101
MHz, CDCk) 6 162.9 (s,CONH,), 149.6 (ddJce = 238, 8.2 Hz, C6), 146.8 (ddsr = 243, 8.2
Hz, C2), 134.2 (dd)cr = 14, 2.7 Hz, C3), 116.3 (dder = 9.1, 5.5 Hz, C4), 113.1 (dder = 24,
24 Hz, C1), 111.4 (ddJcr = 22, 3.6 Hz, C5), 43.9, 31.8, 29.3, 29.1, 27D6214.1; LRMS
(ES)m/z271 (M + H, 100), 293 (M + Na, 60); HRMS (ESI) calcd for;@H,:N,OF, (M*+ H)

271.1622, found 271.1612.

2,6-Difluoro-3-(octylamino)benzamide (27) The titled compoun®7 (0.26 g, 39%) was
prepared from 2,6-difluoro-3-aminobenzamid®)((0.40 g, 2.3 mmol), 1-bromooctane (0.45 g,
2.3 mmol), Nal (0.04 g), ACN (20 mL) and,®O; (0.40 g, 2.9 mmol) according to the
preparation procedure @b described abovéH NMR (400 MHz, CDCY)) & 6.83 (dd,J = 8.0,
8.0 Hz, 1H), 6.65 - 6.70 (m, 1H), 6.36 (br. s., 16109 (br. s., 1H), 3.81 (br. s., 1H), 3.06 - 3.17
(m, 2H), 1.59 - 1.69 (m, 2H), 1.23 - 1.43 (m, 108)90 (t,J = 6.60 Hz, 3H);"*C NMR (101

MHz, CDCL) & 163.0 (SCONH,), 151.9 (dd,Jcr = 241, 6.4 Hz, C6), 148.5 (dder = 247, 6.4

43



839

840

841

842

843

844

845

846

847

848

849

850

851

852

853

854

855

856

857

858

859

860

861

Hz, C2), 134.1 (ddJcr = 13, 2.7 Hz, C3), 113.0 (dder = 9.1, 5.4 Hz, C4), 112.5 (ddgr = 24,
24 Hz, C1), 111.3 (ddlcg = 23, 3.6 Hz, C5), 43.9, 31.8, 29.4, 29.3, 29720222.6, 14.1; LRMS
(ESI)m/z285 (M + H, 100), 307 (M + Na, 20); HRMS (ESI) calcd for;gH,3N,0F, (M*+ H)

285.1778, found 285.1773.

2,6-Difluoro-3-(nonylamino)benzamide (28) The titled compoun®8 (0.49 g, 38%) was
prepared from 2,6-difluoro-3-aminobenzamidé@)((0.74 g, 4.3 mmol), 1-bromononane (1.20 g,
5.8 mmol), Nal (0.08 g), ACN (50 mL) and,®O; (1.20 g, 8.7 mmol) according to the
preparation procedure a6 described abovéH NMR (400 MHz, CDCY) 3 6.77 - 6.94 (m, 1H),
6.66 - 6.70 (m, 1H), 6.12 (br. s., 1H), 6.05 (br.1$1), 3.82 (br. s., 1H), 3.12 (= 7.2 Hz, 2H),
1.58 - 1.73 (m, 2H), 1.23 - 1.46 (m, 12H), 0.90)( 7.2 Hz, 3H):*C NMR (101 MHz, CDG))
3 162.8 (SCONH,), 149.5 (ddJcr = 238, 8.2 Hz, C6), 146.7 (ddsr = 243, 8.2 Hz, C2), 134.2
(dd, Jcr = 14, 2.7 Hz, C3), 116.3 (ddee = 9.1, 5.5 Hz, C4), 113.1 (dder = 24, 24 Hz, C1),
111.2 (ddJce = 22, 3.6 Hz, C5), 43.9, 31.9, 29.5, 29.4, 2982227.0, 22.7, 14.1; LRMS (ESI)
m/z299 (M + H, 97), 321 (M + Na, 100); HRMS (ESI) calcd for;gH,4N,OFRNa (M"+ Na)
321.1754, found 321.1756.

A hydrochloride salt of compour2B was prepared by mixing a solution of compo@&dn
DCM and excess concentrated hydrochloric acid ¥t by evaporation under high vacuum to

dryness. This compound was usedifovivo PK and efficacy studies.

3-(Decylamino)-2,6-difluorobenzamide (29) The titled compoun®9 (0.27 g, 37%) was
prepared from 2,6-difluoro-3-aminobenzamid€)((0.40 g, 2.3 mmol), 1-bromodecane (0.56 g,

2.5 mmol), Nal (0.04 g), ACN (20 mL) and,®O; (0.40 g, 2.9 mmol) according to the
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preparation procedure @6 described abovéH NMR (400 MHz, CDCY) & 6.83 (dd,J = 8.0,
8.0 Hz, 1H), 6.67 - 6.71 (m, 1H), 6.29 (br. s., 1610 (br. s., 1H), 3.75 - 3.89 (m, 1H), 3.12)(t,
= 7.2 Hz, 2H), 1.59 - 1.68 (m, 2H), 1.21 - 1.49 (MH), 0.90 (tJ = 7.2 Hz, 3H)*C NMR (101
MHz, CDCh) & 163.0 (S,CONH,), 151.9 (ddJce = 238, 8.2 Hz, C6), 147.0 (ddgr = 242, 8.2
Hz, C2), 134.1 (dd)ce = 13, 2.7 Hz, C3), 116.2 (dder = 9.1, 5.5 Hz, C4), 113.1 (ddgr = 22,
22 Hz, C1), 111.1 (ddicr = 22, 3.6 Hz, C5), 57.9, 43.9, 31.9, 31.9, 29%5229.3, 27.0, 22.7,
14.1; LRMS (ESl)m/z 313 (M" + H, 28), 335 (M + Na, 95); HRMS (ESI) calcd for

Ci7H26N20FRNa (M" + Na) 335.1911, found 335.1923.

2,6-Difluoro-3-(nonan-2-ylamino)benzamide (30) The titled compound0 (0.23 g, 33%)
was prepared from 2,6-difluoro-3-aminobenzamid6) ((0.40 g, 2.3 mmol), 2-bromononane
(0.47 g, 2.3 mmol), Nal (0.04 g), ACN (20 mL) anddO; (0.40 g, 2.9 mmol) according to the
preparation procedure @6 described abovéH NMR (400 MHz, CDCJ) & 6.83 (dd,J = 8.0,
8.0 Hz, 1H), 6.65 - 6.70 (m, 1H), 6.18 (br. s., 16(P5 (br. s., 1H), 3.63 (br. s., 1H), 3.35 - 3.47
(m, 1H), 1.14 - 1.62 (m, 15H), 0.90 Jt= 7.2 Hz, 3H):*C NMR (101 MHz, CDGJ) 5 162.9 (s,
CONH,), 152.0 (ddJcr = 241, 6.4 Hz, C6), 149.0 (ddsr = 247, 6.4 Hz, C2), 134.0 (ddgr =
13, 2.7 Hz, C3), 113.3 (dder = 9.1, 5.4 Hz, C4), 112.4 (ddse = 24, 24 Hz, C1), 111.4 (dder
= 23, 3.6 Hz, C5), 48.8, 37.0, 31.8, 29.6, 29.31282.7, 20.7, 14.1; LRMS (ES1)/z299 (M +

H, 100); HRMS (ESI) calcd for H2sN,0F (M* + H) 299.1935, found 299.1934.

2,6-Difluoro-3-nonanamidobenzamide (31) To a well-stirred solution of 2,6-difluoro-3-
aminobenzamidel(Q) (0.17 g, 1.0 mmol) in DCM (5 mL) and pyridinef.) at C, was added

nonanoyl chloride (0.23 g, 1.3 mmol) dropwise. Téaction mixture was stirred for 4 hr 00
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The reaction was then quenched by pouring intgars¢éing funnel containing 1 M HCI (50 mL)
and extracted with DCM (20 mL x 3). The combinedamic layers was washed with NaH§O
dried over MgSQ filtered and evaporated under reduced pressurgivi® a crude reaction
mixture, which was further subjected to purificatiby flash column chromatography on silica
gel with gradient elution (10 % to 40 % ethyl ateta hexane) to afford the desired compound
(0.11 g, 36%)H NMR (400 MHz, Acetone) 5 8.95 (br. s., 1H), 8.14 - 8.19 (m, 1H), 7.51 (br.
s., 1H), 7.19 (br. s., 1H), 7.02 (dbi= 8.0, 8.0 Hz, 1H), 2.47 (§,= 7.2 Hz, 2H), 1.66 - 1.74 (m,
2H), 1.25 - 1.43 (m, 10H), 0.81 - 0.98 (m, 3£C NMR (101 MHz, Acetonels) 3 171.7, 161.2
(s, CONH,), 151.8 (dd,Jcr = 234, 8.2 Hz, C6), 146.0 (ddsr = 245, 8.2 Hz, C2), 134.1 (ddsr

= 14, 2.7 Hz, C3), 123.6 (ddce = 9.1, 5.5 Hz, C4), 116.8 (dder = 23, 23 Hz, C1), 110.7 (dd,
Jer = 21, 3.6 Hz, C5), 36.3, 31.7, 28.4, 25.3, 22%11118.5, 13.4; LRMS (ESH/z313 (M +

H, 100); HRMS (ESI) calcd for fgH2oN20.Fs (M™ + H) 313.1728, found 313.1726.

3-((4-Butoxybutyl)amino)-2,6-difluorobenzamide (32) The titled compound2 (0.05 g,
17%) was prepared from 2,6-difluoro-3-aminobenzan(i®) (0.17 g, 1.0 mmol), 1-bromo-4-
butoxybutane (0.21 g, 1.0 mmol), Nal (0.03 g), A0 mL) and KCO; (0.15 g, 1.1 mmol)
according to the preparation procedure26fdescribed aboveH NMR (400 MHz, CDCJ) &
6.83 (dd,J = 8.0, 8.0 Hz, 1H), 6.65 - 6.70 (m, 1H), 6.32 @r.1H), 6.09 (br. s., 1H), 3.95 (br. s.,
1H), 3.41 - 3.48 (m, 4H), 3.16 (br. s., 2H), 1.65.76 (M, 4H), 1.53 - 1.61 (m, 2H), 1.32 - 1.44
(m, 2H), 0.93 (tJ = 7.2 Hz, 3H):*C NMR (101 MHz, CDG)) 8 163.0 (s,CONH,), 151.1 (dd,
Jor = 234, 8.2 Hz, C6), 146.7 (ddkr = 243, 8.2 Hz, C2), 134.1 (ddk = 14, 2.7 Hz, C3), 116.2

(dd, Jer = 9.1, 5.5 Hz, C4), 113.0 (dder = 23, 23 Hz, C1), 111.2 (dder = 21, 3.6 Hz, C5),
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70.8, 70.3, 43.7, 31.8, 27.2, 26.2, 19.4, 13.9; ISRMESI)m/z301 (M + H, 40); HRMS (ESI)

calcd for GsH,3N,O.F, (M*+ H) 301.1728, found 301.1716.

(E)-3-((3,7-Dimethylocta-2,6-dien-1-yl)amino)-2,6-ditiorobenzamide (33). The titled
compound33 (0.29 g, 48%) were prepared from 2,6-difluoro-3+amhienzamidel() (0.34 g,
2.0 mmol), geranyl bromide (0.42 g, 2.0 mmol), K&aD4 g), ACN (20 mL) and ¥COs; (0.29 g,
2.1 mmol) according to the preparation procedurgéoflescribed abovéH NMR (400 MHz,
CDCly) & 6.83 (dd,J = 8.0, 8.0 Hz, 1H), 6.65 - 6.70 (m, 1H), 6.48 @r.1H), 6.11 (br. s., 1H),
5.30 (t,J = 6.11 Hz, 1H), 5.03 - 5.13 (m, 1H), 3.83 (br.1#), 3.72 (dJ = 7.2 Hz, 2H), 2.02 -
2.16 (m, 4H), 1.66 - 1.75 (m, 6H), 1.62 (s, 34 NMR (101 MHz, CDGJ) & 163.1 (s,
CONH,), 152.1 (dd,Jcr = 238, 8.2 Hz, C6), 146.8 (ddsr = 243, 8.2 Hz, C2), 139.9, 134.1 (dd,
Jer = 14, 2.7 Hz, C3), 131.8, 123.8, 120.7, 116.3 Jdd= 9.1, 5.5 Hz, C4), 113.4 (ddsr = 24,
24 Hz, C1), 111.4 (ddlcr = 22, 3.6 Hz, C5), 41.8, 39.5, 26.3, 25.7, 176/41LRMS (ESI)m/z
309 (M + H, 100), 321 (M + Na, 6); HRMS (ESI) calcd forGH,3N,0F (M*+ H) 309.1778,

found 309.1779.

(2)-2,6-Difluoro-3-(non-2-en-1-ylamino)benzamide (34)The titled compoun@4 (0.13 g,
44%) were prepared from 2,6-difluoro-3-aminobenziEm{l0) (0.17 g, 1.0 mmol), 4)-1-
bromonon-2-ene (0.21 g, 1.0 mmol), Nal (0.04 g) NA@QO mL) and KCOs; (0.15 g, 1.1 mmol)
according to the preparation procedure26fdescribed abovéH NMR (400 MHz, CDC}) &
6.84 (dd,J = 8.0, 8.0 Hz, 1H), 6.67 — 6.71 (m, 1H), 6.28 @y.1H), 6.08 (br. s., 1H), 5.52 - 5.61
(m, 1H), 5.32 - 5.43 (m, 1H), 3.88 (br. s., 1HPSB- 3.18 (m, 2H), 2.40 (d,= 7.2 Hz, 2H), 2.06

q,=.z,,.-.m,,.l;.z,, Z,
(q,J = 7.2 Hz, 2H), 1.24 - 1.41 (m, 6H), 0.90J& 7.2 Hz, 3H)*C NMR (101 MHz, CDG) &
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162.9 (s,CONH,), 152.0 (dd,Jcr = 238, 8.2 Hz, C6), 149.6 (ddlcr = 243, 8.2 Hz, C2), 133.9
(dd, Jcr = 14, 2.7 Hz, C3), 133.4, 125.4, 116.3 (& = 9.1, 5.5 Hz, C4), 113.3 (dder = 24,
24 Hz, C1), 111.4 (ddJcr = 22, 3.6 Hz, C5), 43.4, 31.5, 29.3, 27.3, 272D5214.0; LRMS
(ESI)m/z297 (M"+ H, 100), 319 (M + Na, 35); HRMS (ESI) calcd forigH23N,0F (M*+ H)

297.1778, found 297.1768.

2,6-Difluoro-3-((3-phenylpropyl)amino)benzamide (3% The titled compound5 (0.16 g,
53%) were prepared from 2,6-difluoro-3-aminobenz#Emi@0) (0.18 g, 1.0 mmol), (3-
bromopropyl)benzene (0.21 g, 1.0 mmol), Nal (0.94A¢N (20 mL) and KCO; (0.15 g, 1.1
mmol) according to the preparation procedure26fdescribed above'H NMR (400 MHz,
CDCl) 8d 7.27 - 7.36 (m, 2H), 7.15 - 7.27 (m, 3H), 6.789 (m, 1H), 6.70 (br. s., 1H), 6.62
(dd,J = 8.0, 8.0 Hz, 1H), 6.18 (br. s., 1H), 3.86 (br.1$), 3.15 (tJ = 7.0 Hz, 2H), 2.75 (§ =
7.0 Hz, 2H), 1.94 - 2.01 (m, 2H*C NMR (101 MHz, CDGJ) & 163.3 (sCONH,), 151.9 (dd,
Jor = 238, 6.1 Hz, C6), 149.2 (dder = 244, 8.1 Hz, C2), 141.3, 133.9 (ddr = 13, 2.0 Hz,
C3), 128.5, 128.4, 126.1, 113.0 (dgs = 10, 5.1 Hz, C4), 112.6 (ddsr = 24, 20 Hz, C1), 111.4
(dd, Jcr = 23, 4.0 Hz, C5), 43.1, 33.1, 30.7; LRMS (EBIz291 (M + H, 100); HRMS (ESI)

calcd for GgH17N.OF, (M* + H) 291.1309, found 291.1308.

2,6-Difluoro-3-(methyl(octyl)amino)benzamide (36) To a well-stirred solution of 2,6-
difluoro-3-(octylamino)benzamide2?) (0.12 g, 0.4 mmol) and dimethyl sulphate (0.2724,
mmol) in ACN (10 mL) was added,KO; (0.30 g, 2.1 mmol). The reaction mixture was heate
to reflux for 14 h. After the complete disappearant starting material as indicated by TLC, the

reaction mixture was subjected to pass througtod glad of silica gel. The filtrate obtained was
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evaporated under reduced pressure and subjectedputdication by flash column
chromatography on silica gel with gradient eluti{d@® % to 40 % ethyl acetate in hexane) to
afford the titled compound (0.03 g) in 24% yield. NMR (400 MHz, CDC}) 4 6.93 - 6.96 (m,
1H), 6.80 - 6.90 (m, 1H), 6.63 (br. s., 1H), 6.bt 6., 1H), 3.04 (t) = 7.2 Hz, 2H), 2.79 (s, 3H),
1.47 - 1.58 (m, 2H), 1.22 - 1.35 (m, 10H), 0.89 7.2 Hz, 3H):*C NMR (101 MHz, CDGJ)

3 163.2 (SCONH,), 154.9 (ddJcr = 236, 8.2 Hz, C6), 152.4 (ddsr = 242, 8.2 Hz, C2), 137.5
(dd, Jcr = 13, 2.7 Hz, C3), 121.1 (dder = 9.1, 5.5 Hz, C4), 113.9 (dder = 22, 22 Hz, C1),
111.1 (ddJce = 22, 3.6 Hz, C5), 55.6, 40.0, 31.8, 29.5, 29732227.0, 22.6, 14.1; LRMS (ESI)
m/z 299 (M" + H, 100), 321 (M + Na, 26); HRMS (ESI) calcd for :@H,sN,OF (M* + H)

299.1935, found 299.1928.

2,6-Difluoro-3-(methyl(nonyl)amino)benzamide (37)The titled compoun@7 (0.03 g, 19%)
were prepared from 2,6-difluoro-3-(nonylamino)bemide @8) (0.15 g, 0.5 mmol), dimethyl
sulphate (0.15 g, 1.2 mmol), acetone (20 mL) ap@@®% (0.15 g, 1.1 mmol) according to the
preparation procedure 86 described abovéH NMR (400 MHz, CDCJ)  6.90 - 7.02 (m, 1H),
6.79 - 6.90 (m, 1H), 6.39 (br. s., 1H), 6.05 (br1#1), 3.00 - 3.08 (M, 2H), 2.79 (s, 3H), 1.53 (br
s., 2H), 1.27 (br. s., 12H), 0.89 (= 6.6 Hz, 3H);*3C NMR (101 MHz, CDCJ) & 163.0 (s,
CONH,), 154.9 (ddJcr = 234, 8.2 Hz, C6), 148.9 (ddsr = 243, 8.2 Hz, C2), 137.6 (ddsr =
13, 2.7 Hz, C3), 121.2 (dder = 9.1, 5.5 Hz, C4), 116.9 (ddsr = 22, 22 Hz, C1), 111.2 (dder
= 22, 3.6 Hz, C5), 55.6, 55.5, 40.0, 31.9, 29.63297.2, 27.0, 22.7, 14.1; LRMS (E$h)z313

(M*+ H, 100); HRMS (ESI) calcd for &H,7N,OF, (M + H) 313.2091, found 313.2083.
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4-Bromo-2,6-difluoro-3-(nonylamino)benzamide (38) To a well-stirred solution of 2,6-
difluoro-3-(nonylamino)benzamid) (0.3 g, 1.0 mmol) in DCM (20 mL) at room temperat
was added excess bromine (1 mL) and stirred foh.1&fter the complete disappearance of
starting material as indicated by TLC, the reactimrture was poured into a separating funnel
containing saturated sodium thiosulfate solutidhif8.) and extracted with ethyl acetate (20 mL
x 3). The combined organic layers were dried ovegySK, filtered and evaporated to give a
crude product which was further subjected to peatfon by flash column chromatography on
silica gel with gradient elution (10 % to 40 % dtlagetate in hexane) to furnish the titled
compound (0.28 g, 74%)H NMR (400 MHz, CDCJ) & 7.11 (dd,J = 1.96, 8.80 Hz, 1H), 6.76
(br. s., 1H), 6.19 (br. s., 1H), 3.74 (br. s., 1818 (t,d = 6.0 Hz, 2H), 1.52 - 1.61 (m, 2H), 1.24
- 1.38 (m, 12H), 0.83 - 0.92 (m, 3HYC NMR (101 MHz, CDGJ) 5 162.5 (S,CONH,), 152.9
(dd, Jor = 234, 8.2 Hz, C6), 148.4 (dder = 243, 8.2 Hz, C2), 133.0 (ddsr = 13, 2.7 Hz, C3),
115.8 (ddJcr = 9.1, 5.5 Hz, C4), 114.9 (dder = 21, 21 Hz, C1), 113.4 (dder = 21, 3.6 Hz,
C5), 47.3, 47.2, 31.9, 31.6, 29.5, 29.2, 26.8, 2P471; LRMS (ESIMm/z377 (M + H, 96), 399

(M* + Na, 16); HRMS (ESI) calcd for;gH2sN,OR:Br (M*+ H) 377.1040, found 377.1049.

3-Azido-2,6-difluorobenzamide (39) To a well-stirred mixture of 2,6-difluoro-3-
aminobenzamidelQ) (2.90 g, 16.8 mmol) in water (5 mL) &t® was added conc. HCI (5 mL)
dropwise and the reaction mixture was stirred formiinutes. After that, a solution of NaNO
(2.30 g, 18.8 mmol) in water (5 mL) was added dnspwio the reaction mixture while keeping
the internal temperature belowW® After the addition of NaN§g the reaction mixture was
stirred for further 30 minutes. Then a solutiorNafN; (1.20 g, 18.4 mmol) in water (2 mL) was

added dropwise to the reaction mixture while keggime internal temperature belowCsand
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stirred for 4 h. The reaction was quenched by mauinto a separating funnel containing 50 mL
water and extracted with ethyl acetate (20 mL xXTBe combined organic layers were dried over
MgSQ,, filtered and evaporated under reduced pressusectade product, which was subjected
to flash column chromatography to afford the tittmmpound (2.61 g, 78 %JH NMR (400
MHz, DMSO-dg) 8 8.19 (br. s., 1H), 7.94 (br. s., 1H), 7.37 - 7(48 1H), 7.14 - 7.28 (m, 1H);
13C NMR (101 MHz, DMSOdg) & 161.1 (S,CONH,), 155.9 (ddJcr = 238, 8.2 Hz, C6), 150.3
(dd, Jcr = 242, 8.2 Hz, C2), 124.4 (ddge = 13, 2.7 Hz, C3), 122.6 (dder = 9.1, 5.5 Hz, C4),
117.7 (dd Jcr = 23, 23 Hz, C1), 113.0 (dder = 22, 3.6 Hz, C5); LRMS (ESth/z221 (M +

Na, 100); HRMS (ESI) calcd for&4N,ORNa (M"+ Na) 221.0251, found 221.0250.

2,6-Difluoro-3-(4-hexyl-1H-1,2,3-triazol-1-yl)benzamide (4Q) To a well stirred solution of
3-azido-2,6-difluorobenzamid&9) (0.26 g, 1.3 mmol) and oct-1-yne (0.16 g, 1.4 MrmoTHF
(20 mL), was added catalytic amount of Cu(p&Br (0.08 g, 0.09 mmol). The reaction mixture
was heated to reflux for 14 h. After the complesagdpearance of starting material as indicated
from TLC, the reaction was subjected to pass thioaigshort pad of silica gel. The obtained
filtrate was evaporated under reduced pressuresabgected to purification by flash column
chromatography on silica gel to afford the titlednpound (0.25 g) was obtained in 62% vyield.
H NMR (400 MHz, CDCJ) & 7.95 - 7.99 (m, 1H), 7.81 (br. s., 1H), 7.13)t 8.3 Hz, 1H),
6.58 (br. s., 1H), 6.40 (br. s., 1H), 2.79)t 6.8 Hz, 2H), 1.67 - 1.78 (m, 2H), 1.24 - 1.45 (m
6H), 0.82 - 0.98 (m, 3H)**C NMR (101 MHz, CDGCJ) & 160.9 (s,CONH,), 157.7, 155.5 (dd,
Jor = 238, 8.2 Hz, C6), 150.3 (ddlcr = 243, 8.2 Hz, C2), 139.0, 127.0 (dide = 14, 2.7 Hz,

C3), 122.6 (ddJcr = 9.1, 5.5 Hz, C4), 117.7 (dder = 23, 23 Hz, C1), 113.9 (dder = 22, 3.6
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Hz, C5), 31.5, 29.1, 28.9, 25.5, 22.5, 14.0; LRNESI) m/z309 (M" + H, 100), 331 (M + Na,

20); HRMS (ESI) calcd for GH19N4OF; (M™ + H) 309.1527, found 309.1531.

2,6-Difluoro-3-(4-heptyl-1H-1,2,3-triazol-1-yl)benzamide (41) This compoundtl (0.28 g,
66%) was prepared from 3-azido-2,6-difluorobenzam@b) (0.26 g, 1.3 mmol), non-1-yne
(0.18 g, 1.4 mmol), THF (20 mL) and catalytic amboh Cu(PPh)sBr (0.08 g, 0.09 mmol)
according to the preparation procedure4bfdescribed aboveH NMR (400 MHz, CDCY) &
7.89 - 8.04 (m, 1H), 7.78 (br. s., 1H), 7.13J(t 8.8 Hz, 1H), 6.57 (br. s., 1H), 6.40 (br. s.)1H
2.79 (t,J = 7.6 Hz, 2H), 1.65 - 1.77 (m, 2H), 1.37 (br.8H), 0.90 (tJ = 6.4 Hz, 3H)*C NMR
(101 MHz, CDC}) 5 160.9 (SCONH,), 157.8, 155.5 (ddlcr = 234, 8.2 Hz, C6), 151.3 (ddcr
= 240, 8.2 Hz, C2), 138.4, 127.0 (dl§¢ = 14, 2.7 Hz, C3), 122.7 (dder = 9.1, 5.5 Hz, C4),
117.7 (ddJcr = 23, 23 Hz, C1), 113.0 (dder = 22, 3.6 Hz, C5), 31.7, 29.2, 29.1, 29.0, 25.5,
22.6, 14.0; LRMS (ESIm/z 323 (M' + H, 100), 345 (M + Na, 20); HRMS (ESI) calcd for

Ci6H21N4OF, (M* + H) 323.1683, found 323.1697.

2,6-Difluoro-3-(4-octyl-1H-1,2,3-triazol-1-yl)benzamide (42) This compound42 (0.30 g,
68%) was prepared from 3-azido-2,6-difluorobenzam@d) (0.26 g, 1.3 mmol), dec-1-yne
(0.20 g, 1.4 mmol), THF (20 mL) and catalytic amboh Cu(PPh)sBr (0.08 g, 0.09 mmol)
according to the preparation proceduré®fescribed abovéH NMR (400 MHz, DMSOedg) &
8.33 (s, 1H), 8.27 (br., s, 1H), 8.01 (s, 1H), 7(8d,J = 8.0, 8.0 Hz, 1H), 7.41 (dd,= 8.0, 8.0
Hz, 1H), 2.72 (tJ = 7.2 Hz, 1H), 1.65 - 1.67 (m, 2H), 1.26 - 1.32 (@H), 0.86 (tJ = 7.2 Hz,
3H); °C NMR (101 MHz, DMSOds) 8 160.7 (S,CONH,), 159.8 (ddJcr = 234, 8.2 Hz, C6),

152.6 (dd, Jor = 240, 8.2 Hz, C2), 148.2, 127.6 (dds = 14, 2.7 Hz, C3), 123.9, 122.3 (¢
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1043 =9.1, 5.5 Hz, C4), 117.7 (ddge = 23, 23 Hz, C1), 113.3 (dder = 22, 3.6 Hz, C5), 31.7, 29.2,
1044 29.2, 29.1, 29.0, 25.3, 22.5, 14.4; LRMS (E®Iz 337 (M" + H, 100); HRMS (ESI) calcd for
1045  C37H23N4OF; (M™+ H) 337.1840, found 337.1839.

1046

1047 3-(Nonylamino)benzamide (44a)To a well-stirred solution of 3-aminobenzamid&d) (0.20
1048 ¢, 1.4 mmol) and 1-bromononane (0.32 g, 1.5 mmmoACN (20 mL) was added KOs (0.23 g,
1049 1.6 mmol). The reaction mixture was heated to refar 4 h. After the complete disappearance
1050  of starting material as indicated by TLC, the reacimixture was subjected to pass through a
1051  short pad of silica gel. The filtrate obtained veaaporated under reduced pressure and subjected
1052  to purification by flash column chromatography diica gel. The titled compound (0.15 g) was
1053  obtained in 39% yieldH NMR (400 MHz, CDC}) 5 7.23 (ddJ = 7.8, 7.8 Hz, 1H), 7.11 (d,=
1054 1.9 Hz, 1H), 7.03 (dJ = 7.3 Hz, 1H), 6.75 (dd] = 2.2, 7.6 Hz, 1H), 6.15 (br. s., 1H), 5.99 (br.
1055  s., 1H), 3.15 (tJ = 7.2 Hz, 2H), 1.63 (quin] = 7.2 Hz, 2H), 1.25 - 1.45 (m, 12H), 0.84 - 0.95
1056  (m, 3H); *C NMR (101 MHz, CDGJ) 5 170.2, 148.8, 134.4, 129.3, 116.1, 115.3, 1113®,4
1057  31.9, 29.6, 29.4, 29.3, 27.1, 22.7, 14.1; LRMS JESE 263 (M + H, 100), 285 (M + Na, 8);
1058  HRMS (ESI) calcd for gHo7N.O (M*+ H) 263.2123, found 263.2122.

1059

1060 2-Fluoro-5-(nonylamino)benzamide (44h) To a well-stirred solution of 2-fluoro-5-
1061  aminobenzamide4@b) (0.20 g, 1.3 mmol) and 1-bromononane (0.30 g,mMmol) in ACN (20
1062 mL) was added ¥CO; (0.25 g, 1.8 mmol). The reaction mixture was hedtereflux for 4 h.
1063  After the complete disappearance of starting maitas indicated by TLC, the reaction mixture
1064 was subjected to pass through a short pad of sijgaThe filtrate obtained was evaporated

1065 under reduced pressure and subjected to purifitdtyoflash column chromatography on silica
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gel. The titled compound (0.11 g) was obtained 0863yield. '"H NMR (400 MHz, CDC}) &
7.23 -7.34 (m, 1H), 6.94 (d,= 8.8 Hz, 1H), 6.76 (s, 1H), 6.62 - 6.71 (m, 16(R8 (br. s., 1H),
3.70 (br. s., 1H), 3.11 (8,= 7.0 Hz, 2H), 1.61 (quir] = 7.0 Hz, 2H), 1.22 - 1.44 (m, 12H), 0.89
(t, J = 6.6 Hz, 3H);}*C NMR (101 MHz, CDG)) 3 165.6 (s,CONH,), 153.7 (d Jcr = 232 Hz,
C2), 145.4 (dJcr = 2.0 Hz, C5), 120.1 (dicr = 26 Hz, C1), 117.4 (dlcr = 9.1 Hz, C4), 116.5
(dd, Jcr = 12 Hz, C3), 114.3 (dicr = 9.1 Hz, C6), 44.4, 31.9, 29.5, 29.4, 29.3, 2227, 14.1;
LRMS (ESI)m/z281 (M + H, 100), 303 (M + Na, 50); HRMS (ESI) calcd for:gH,6N,OF

(M + H) 281.2029, found 281.2033.

2,4-Difluoro-5-(nonylamino)benzamide (44c) To a well-stirred solution of 2,4-difluoro-5-
aminobenzamide4@c) (0.20 g, 1.1 mmol) and 1-bromononane (0.28 g,nmmol) in ACN (20
mL) was added ¥CO; (0.23 g, 1.7 mmol). The reaction mixture was heatereflux for 4 h.
After the complete disappearance of starting mates indicated by TLC, the reaction mixture
was subjected to pass through a short pad of gijgdaThe obtained filtrate was evaporated
under reduced pressure and subjected to purifitdtyoflash column chromatography on silica
gel. The titled compound (0.09 g) was obtained 6862yield: '"H NMR (400 MHz, CDCY) &
7.54 - 7.34 (m, 1H), 6.75 - 6.92 (m, 1H), 6.607%(m, 1H), 6.23 (br. s., 1H), 3.79 (br. s., 1H),
3.45 - 3.09 (m, 2H), 1.56 - 1.71 (m, 2H), 1.19441(m, 14H), 0.80 - 0.96 (m, 3H)’C NMR
(101 MHz, CDC}) 3 164.9 (SCONH,), 154.0 (dd,Jce = 238, 8.2 Hz, C4), 151.4 (ddce = 242,
8.2 Hz, C2), 133.3 (ddicr = 14, 2.7 Hz, C5), 118.0 (dder = 22, 3.6 Hz, C1), 113.3 (ddgr =
23, 23 Hz, C3), 110.3 (ddcr = 9.1, 5.5 Hz, C6), 43.8, 40.1, 31.9, 29.5, 2992, 27.0, 22.7,
14.1; LRMS (ESI)m/z 299 (M + H, 100), 321 (M + Na, 85); HRMS (ESI) calcd for

Ci6H25N0F, (M* + H) 299.1935, found 299.1939.
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3-(Methyl(nonyl)amino)benzamide (45a) To a well stirred solution of 3-
(nonylamino)benzamide44a (0.09 g, 0.3 mmol) and dimethyl sulfate (0.060g; mmol) in
ACN (10 mL) was added ££Os; (0.06 g, 0.4 mmol). The reaction mixture was he:ditereflux
for 12 h. After the complete disappearance of istgitnaterial as indicated by TLC, the reaction
mixture was diluted with ethyl acetate (20 mL) autbjected to pass through a short pad of silica
gel. The filtrate obtained was evaporated undemced pressure and subjected to purification by
flash column chromatography on silica gel. Theetittompound (0.04 g) was obtained in 42%
yield: *H NMR (400 MHz, CDC}) 5 7.23 - 7.32 (m, 1H), 7.21 (s, 1H), 6.99 Jd5 7.3 Hz, 1H),
6.84 (dd,J = 2.4, 8.3 Hz, 1H), 6.15 (br. s., 1H), 5.95 (br.1H), 3.30 - 3.41 (m, 2H), 2.96 (s,
3H), 1.53 - 1.64 (m, 2H), 1.22 - 1.37 (m, 12H),3:80.95 (m, 3H):*C NMR (101 MHz,
CDCl) 6 170.5, 149.5, 134.3, 129.2, 115.3, 113.8, 11R17,88.4, 31.9, 29.6, 29.5, 29.3, 27.1,
26.7, 22.7, 14.1; LRMS (ESH/z277 (M'+ H, 100), 299 (M + Na, 7); HRMS (ESI) calcd for

Ci7H29NL0 (M*+ H) 277.2280, found 277.2271.

2,6-Difluoro-3-(nonylamino)benzonitrile (47a).A round-bottom flask was charged with 3-
amino-2,6-difluorobenzonitril¢46) (1.0 g, 6.5 mmol), 1-bromononane (1.6 g, 7.7 mmoiO5
(1.4 g, 10.1 mmol), KI (1.1 g, 6.6 mmol) and DM@ mL). The reaction mixture was stirred
at 110°C for 14 h. After cooling to room temperature, teaction was quenched by addition of
water (50 mL). The mixture was extracted with ethgtate (20 mL x 3). The combined organic
layers were washed twice with brine and dried amrydrous MgS® The organic layer was
filtered, concentrated in vacuum and subjectedutdfipation by flash column chromatography

on silica gel with gradient elution (hexane/ethgketmte from 200:1 to 50:1) to obtain the
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unreacted starting material (0.73 g) and desirediyt (0.39 g) as pale yellow oil in 79%
recovery yieldH NMR (400 MHz, DMSO#dg) & 7.13 - 7.18 (m, 1H), 7.01 - 7.07 (m, 1H), 5.86
(t, J = 4.8 Hz, 1H), 3.06 (q] = 6.8 Hz, 2H), 1.53 (quin] = 7.0 Hz, 2H), 1.24 - 1.28 (m, 12H),
0.85 (t,J = 6.4 Hz, 3H);**C NMR (101 MHz, DMSOds) & 152.1 (ddJce = 245, 4.0 Hz, C2),
150.0 (dd Jcr = 254, 4.0 Hz, C6), 134.8 (ddkr = 8.1, 6.1 Hz, C4), 117.3 (ddsr = 19, 4.0 Hz,
C3), 112.5 (ddJcr = 19, 4.0 Hz, C5), 110.7 (der = 2.0 Hz,CN), 90.7 (ddJcr = 20, 17 Hz,
Cl), 43.1, 31.8, 29.4, 29.3, 29.1, 28.7, 26.9, 22464, LRMS (ESI)m/z281 (M + H, 100);

HRMS (ESI) calcd for @HasFN, (M* + H) 281.1824, found 281.1833.

2,6-Difluoro-3-(methyl(nonyl)amino)benzonitrile (44). A 35 mL Ace pressure tube was
charged with 2,6-difluoro-3-(nonylamino)benzonéri#t7a) (0.59 g, 2.12 mmol), $¥C0O; (0.59 g,
4.24 mmol), DMF (5.0 mL) and Mel (1.20 g, 8.48 mindlhe pressure tube was sealed and the
reaction mixture was stirred at 60 for 24 h. When TLC indicated complete consumptibthe
starting material, water (20 mL) was added to theture and extracted with ethyl acetate (20
mL x 3). The combined organic layer was washeddwiith brine and dried over anhydrous
MgSQ,. The organic layer was evaporated in vacuum andestdg) to purification by flash
column chromatography on silica gel with gradielntien (hexane/ethyl acetate from 200:1 to
100:1) to afford the desired product (0.34 g) asnbor oil in 54% yield."H NMR (400 MHz,
DMSO-dg) 8 7.35 - 7.39 (m, 1H), 7.23 - 7.28 (m, 1H), 3.08)( 7.3 Hz, 2H), 2.78 (s, 3H), 1.45
- 1.49 (m, 2H), 1.22 (br. s., 12H), 0.83 - 0.86 @Hl); °C NMR (101 MHz, DMSOdg) & 155.5
(dd, Jor = 251, 4.0 Hz, C2), 153.8 (dder = 259, 4.0 Hz, C6), 137.4 (ddsr = 19, 4.0 Hz, C3),

125.4 (ddJce = 9.1, 6.1 Hz, C4), 112.5 (ddge = 19, 4.0 Hz, C5), 110.4 (EN), 92.0 (ddJor =
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21, 19 Hz, C1), 54.7, 54.7, 31.7, 29.4, 29.2, 29619, 26.7, 22.5, 14.3; LRMS (ES1)/z295

(M™ + H, 100); HRMS (ESI) calcd for@H,sFN> (M* + H) 295.1980, found 295.1985.

2,6-Difluoro-N'-hydroxy-3-(nonylamino)benzimidamide (48a).A round-bottom flask was
charged sequentially with 2,6-difluoro-3-(nonylawijibenzonitrile(47g (0.42 g, 1.50 mmol),
EtN (0.76 g, 7.50 mmol), MeOH (4 mL), THF (1 mL) ahgdroxylamine hydrochloride (0.42
g, 6.06 mmol). The reaction mixture was stirre@@tC for 5 h. When TLC indicated complete
consumption of the starting material, the mixturaswcooled and the organic solvents were
removed in vacuum. Addition of water (30 mL) folled by extraction with ethyl acetate (20 mL
x 3) to give an organic layer, which was washedéwwith brine and dried over anhydrous
MgSQO, The organic layer was concentrated in vacuum aijested to purification by flash
column chromatography on silica gel with gradidaotien (DCM/MeOH from 100:1 to 10:1) to
afford the desired product (0.24 g) as pale yelvin 51% yield.'*H NMR (400 MHz, CDC})
56.81 (ddJ = 8.2, 8.2 Hz, 1H), 6.61 - 6.69 (m, 1H), 4.97 &r.1H), 1.60 - 1.67 (m, 2H), 1.51 -
1.58 (m, 2H), 1.28 (br. s., 12H), 0.88 - 0.91 (1H);3"°C NMR (101 MHz, CDGJ) & 163.5 (s,
HON=CNH,), 151.6 (ddJcr = 241, 5.1 Hz, C6), 148.5 (ddr = 246, 8.1 Hz, C2), 144.5 (dd,
Jce = 24, 3.6 Hz, C3), 133.9 (ddgr = 23, 4.0 Hz, C5), 112.3 (dder = 9.1, 5.1 Hz, C4), 111.0
(dd, Jcr = 23, 23 Hz, C1), 62.9, 44.0, 32.7, 31.9, 31.81225.7, 22.6, 14.1; LRMS (ESh)/z

314 (M" + H, 100); HRMS (ESI) calcd forgH26FNzO (M*+ H) 314.2038, found 314.2045.

2,6-Difluoro-N'-hydroxy-3-(methyl(nonyl)amino)benzimidamide (48b) This compound
48b (0.24 g, 77%) was prepared from 2,6-difluoro-3-(my#nhonyl)amino)benzonitrilg47b)

(0.28 g, 0.95 mmol), BN (0.48 g, 4.77 mmol), MeOH (1 mL), THF (4 mL) ahgdroxylamine

57



1157

1158

1159

1160

1161

1162

1163

1164

1165

1166

1167

1168

1169

1170

1171

1172

1173

1174
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1176

1177
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hydrochloride (0.26 g, 3.82 mmol) according to fireparation procedure @f8a described
above.*H NMR (400 MHz, DMSOsdg) 8 9.51 (s, 1H), 6.95 - 7.06 (m, 2H), 5.91 (s, 1HY72-
3.02 (m, 2H), 2.71 (s, 3H), 1.47 (br. s., 2H), 1(B6 s., 12H), 0.86 (1] = 6.8 Hz, 3H)*C NMR
(101 MHz, DMSOe¢) 6 162.4 (s, HONENH,), 154.7 (ddJcr = 242, 6.1 Hz, C6), 153.1 (dd,
Jer = 251, 6.1 Hz, C2), 137.2 (ddsr = 13, 2.0 Hz, C3), 120.3 (ddsr = 10, 5.1 Hz, C4), 113.1
(dd, Jcr = 22, 4.0 Hz, C5), 110.9 (dder = 22, 20 Hz, C1), 55.3, 55.2, 31.7, 29.5, 29.4129
27.1, 27.0, 22.6, 14.4; LRMS (ES1)/z328 (M + H, 100); HRMS (ESI) calcd for gH2gFN3O

(M*+ H) 328.2195, found 328.2201.

2,6-Difluoro-3-(nonylamino)benzimidamide (49a). To a well-stirred solution of 2,6-
difluoro-N'-hydroxy-3-(nonylamino)benzimidamidd8a) (0.12 g, 0.38 mmol) in acetic acid (1.0
mL), was added acetic anhydride (0.16 g, 1.53 mmain(°C and stirred for 12 h. The mixture
was diluted with water (30 mL) and extracted withye acetate (20 mL x 3). The organic layer
was dried over anhydrous Mgg&nd concentrated in vacuum to furnish a crude poiofdu next
step. Then the crude product was dissolved in MéDhiL) and 10% Pd/C (30 mg) was added
into the mixture. The mixture was stirred underdogeen atmosphere for 12 h. The mixture was
filtered to remove the Pd catalyst and the obtaifileéte was added conc. HCI (1 mL). The
mixture was stirred at reflux for 12 h. The reactiwas quenched by addition of saturated
NaCO; solution and extracted with ethyl acetate (20 mR) xThe organic layer was dried over
anhydrous MgSg@) filtered and evaporated to give a crude mixtuvbjch was subjected to
purification by flash column chromatography oncsiligel with gradient elution (DCM/MeOH
from 100:1 to 10:1) to afford the desired prodi8# (ng) as a pale yellow oil in 30%4 NMR

(400 MHz, DMSO¢k) 6 6.90 (ddJ = 8.0, 8.0 Hz, 1H), 6.70 — 6.64 (m, 1H), 5.361¢4), 3.01 -
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3.06 (M, 2H), 1.52 — 1.55 (m, 2H), 1.26 (br. sH)20.86 (t,J = 8.0 Hz, 3H);*C NMR (101
MHz, DMSO-ds) & 156.8 (s, HNENH,), 149.2 (ddJor = 236, 6.1 Hz, C6), 146.7 (dder =
244, 7.1 Hz, C2), 134.3 (dder = 13, 3.0 Hz, C3), 115.1 (dder = 9.1, 6.1 Hz, C4), 111.5 (dd,
Jer = 22, 3.0 Hz, C5), 111.2 (dder = 23, 19 Hz, C1), 43.31, 31.8, 29.5, 29.4, 2989227.0,
22.6, 14.4; LRMS (ESI/z298 (M + H, 100); HRMS (ESI) calcd for igHagFNs (M* + H)

298.2095, found 298.2099.

2,6-Difluoro-3-(methyl(nonyl)amino)benzimidamide (®b). To a well-stirred solution of
2,6-difluoroN'-hydroxy-3-(methyl(nonyl)amino)benzimidamidéd8b) (0.10 g, 0.30 mmol) in
DCM (1.0 mL) was added 2-chloroacetyl chloride 40d) 0.37 mmol) at OC and stirred for 12
h. Addition of water (30 mL) followed by extractiamth DCM (20 mL x 3) to give the organic
layer, which was washed twice with brine and dioedr anhydrous MgS£OThe organic layer
was concentrated in vacuum to obtain a crude ptoftucnext step. The crude product was
dissolved in MeOH (2 mL) and 10% Pd/C (20 mg) wadeal. The reaction mixture was stirred
under hydrogen atmosphere for 12 h. The mixturefiltased to remove the Pd catalyst and the
filtrate was concentrated in vacuum. The crude pecbavas subjected to purification by flash
column chromatography on silica gel with gradidaotien (DCM/MeOH from 100:1 to 15:1) to
afford the desired product (18 mg) as a pale yel@in 19% vyield.'H NMR (400 MHz,
DMSO-dg) 3 9.69 (br. s., 3H), 7.17 - 7.27 (m, 2H), 3.03 -63(M, 2H), 2.76 (s, 3H), 1.49 (br. s.,
2H), 1.25 (br. s., 12H), 0.84 - 0.87 (m, 3HJC NMR (101 MHz, DMSOds) 3 158.5 (s,
HN=CNH,), 152.2 (dd,Jce = 245, 4.0 Hz, C6), 150.7 (ddsr = 253, 6.1 Hz, C2), 137.5 (ddr

= 10, 6.1 Hz, C3), 122.8 (dder = 9.1, 6.1 Hz, C4), 111.9 (ddr = 21, 4.0 Hz, C5), 109.6 (dd,
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Jer = 19, 19 Hz, C1), 55.1, 55.0, 31.7, 29.5, 29.41297.1, 26.9, 22.6, 14.4; LRMS (E$tyz

312 (M' + H, 100); HRMS (ESI) calcd for gHasFNs (M* + H) 312.2246, found 312.2251.

2,4-Difluoro-N-nonyl-3-(1H-tetrazol-5-yl)aniline (50). To a mixture of 2,6-difluoro-3-

(nonylamino)benzonitrile47a) (0.18 g, 0.64 mmol), sodium azide (0.10 g, 1.6fhat), zinc(ll)
chloride (0.11 g, 0.77 mmol) in DMF (2.0 mL) andtera(2.0 mL), was stirred at reflux for 12 h.
The reaction mixture was then cooled and acidifeedH 2 by using 3M hydrochloric acid. The
reaction mixture was then extracted with ethyl ateefor 3 times. The combined organic layers
were washed with brine, dried over anhydrous MgSiered and evaporated to give a crude
mixture, which was subjected to purification bysfiacolumn chromatography on silica gel with
ethyl acetate as eluent to obtain the desired pta@ul1 g) as pale yellow oil in 53% vyieftH
NMR (400 MHz, DMSO#€) 8 7.12 - 7.17 (m, 1H), 6.90 - 6.96 (m, 1H), 5.651(d), 3.10 (tJ =
13.2 Hz, 2H), 1.53 - 1.60 (m, 2H), 1.25 (s, 12HBH(t,d = 13.2 Hz, 3H)**C NMR (101 MHz,
DMSO-ds) 8 149.6 (ddJcr = 238, 6.1 Hz, C6), 148.0 (ddsr = 244, 8.1 Hz, C2), 134.8 (ddkr

= 13, 2.0 Hz, C3), 114.2 (ddee = 10, 5.1 Hz, C4), 112.2 (dder = 24, 20 Hz, C1), 111.9 (dd,
Jer = 23, 4.0 Hz, C5), 102.9, 43.2, 31.8, 29.5, 298], 28.8, 27.0, 22.6, 14.4; LRMS (ES&i)z

324 (M’ + H, 100); HRMS (ESI) calcd for gH24FNs (M*+ H) 324.1994, found 324.2006.

2,4-Difluoro-N-nonylaniline (52). The titled compoun82 (0.09 g, 35%) were prepared from
2,4-difluoroaniline 1) (0.13 g, 1.0 mmol), 1-bromononane (0.21 g, 1.0atpyNal (0.04 g),
ACN (20 mL) and KCO; (0.15 g, 1.1 mmol) according to the preparatioacpdure of26
described abovéH NMR (400 MHz, CDCJ) & 6.74 - 6.82 (m, 2H), 6.59 - 6.65 (m, 1H), 3.67

(br, s, 1H), 3.12 (t) = 7.2 Hz, 2H), 1.58 - 1.69 (m, 2H), 1.30 - 1.44 (@AH), 0.91 (tJ) = 7.2 Hz,
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3H); *C NMR (101 MHz, CDGJ) 5 155.2 (dd Jcr = 238, 6.1 Hz, C2), 152.9 (ddgr = 238, 6.1
Hz, C4), 133.6 (dd)cr = 24, 2.0 Hz, C1), 111.8 (dder = 6.1, 6.1 Hz, C6), 110.6 (ddsr = 24,
2.0 Hz, C5), 103.3 (ddlcr = 24, 24 Hz, C3), 44.1, 31.9, 29.5, 29.5, 29.43297.1, 22.7, 14.1;
LRMS (ESI)m/z173 (M + H, 100); LRMS (ESIm/z256 (M + H, 100); HRMS (ESI) calcd for

CisH24FN (M* + H) 256.1877, found 256.1874.

Antimicrobial (MIC) testing

MIC of BLAs and compounds alone, as well as différeombinations of BLAs and
compounds, were determined by using the broth milkeriion method according to guidelines of
the Clinical and Laboratory Standards Institiftéll compounds were dissolved in DMSO for
MIC testing as previously describ&>° All tests were performed in duplicate and inhibitiof

bacterial growth was determined by naked eyes.

Cytotoxicity (1Gsp) testing
Standard MTS assay was employed to determine tmosycity of each compound towards
the L929 cells as previously describ&dAll experiments were performed in triplicates and

results were presented as the average of theitidependent measurements.

Time-kill assay
A single colony ofS. aureuBBAA-41 was picked from TSB agar plate and inocedlain 5 mL
of CA-MH broth at 37C with shaking at 250 rpm for 16 h. This culturesvéluted 100-fold in
5 mL fresh CA-MH broth and the cells were furthecubated to achieve mid-log phase with

ODxsgs of 0.8. The cell culture was diluted to a standamtulum of 5 x 10 CFU/mL in a fresh
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CA-MH broth and then transferred into incubatiomdas. Compoun®8, PC190723 1) and
combination of ME with28 or 1 were added at concentrations of 1x, 2x, 4x, 8x HdMIC.
Control experiment was conducted in the presenc®MSO. The bacterium-antibacterial
compound mixtures were incubated at °87 with shaking at 250 rpm. The inoculum was
sampled at 0, 2.5, 5, 7.5, 21 and 24 h. The samptes diluted with the appropriate fractions
and then sub-cultured on the CA-MH agars withouibacterial compounds and the agars were
further incubated at 3T for 24 h. Colony counting was carried out by imggsystem with

Quantity One® 1-D Analysis Software.

In vivo efficacy study

The animal study was conducted in full compliandwhe standard protocol approved by the
animal research ethics committee of the Nationsfitite for Communicable Disease Control
and Prevention (ICDC), Chinese Center for Diseasati@l and Prevention. Five-week-old
BALB/C male mice were used in this study. All mmere housed under constant temperature
(22 °C) and relative humidity (60%). They were kept iprootoperiod of 12 h light/dark cycle
and a constant supply of drinking water along vgtain-supplemented standard rodent pellets.
MRSA ATCC 43300 was grown overnight at 37°C in braeart infusion broth. The overnight
culture was diluted 1:100 using fresh TSB mediurd arcubated at 37°C with shaking (200
rpm) for 3 h. Log phase cells were collected, wdshigh phosphate-buffered saline (PBS) twice
and suspended in PBS for further use. Mice weréamaty divided into groups with 10 mice per
group. To establish the infection, mice were irgelclV via the lateral tail vein at a lethal dose of
MRSA ATCC 43300 suspended in PBS. A solution of pound 28 hydrochloride salt was

freshly prepared in the formulation of 5% Cremojtigr 5% ethanol, 90% saline at a
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concentration of 2 mg/mL. Different treatment greumcluding vehicle (5% CremophorEL, 5%
ethanol, 90% saline), compou28& alone (50 mg/kg), CX alone (25 mg/kg), a combmatof
compound28 (50 mg/kg) and CX (25 mg/kg), were administeredvite a day after bacterial
challenge. A group of mice received vancomycin@tr8)/kg twice a day post-infection was use
a positive control. Death of mice was recordedzah Interval for 4 days after infection. Survival
curves were plotted and analyzed by using a noanpetric Log-rank (Mantel-Cox) test. P

values less than 0.05 were considered statistisghyificant.

Frequency of resistance (FOR) study

To evaluate the frequency of resistance to comp@&mut CX-compound®8 combination that
arises spontaneously in a tested organism, an linocof 16 S. aureusATCC 1717 were plated
on Muller-Hinton agar (MHA) containing compou28 or a combination of CX-compouriB
at a concentration of 4- and 16-fold of MIC. Thatpk were incubated at 37°C for 48 hr. FOR
was calculated by dividing the number of coloniesagng on the agar plates over the number of

the initial inoculation.

Isolation of compoun@8 resistant mutants for sequencing

Cells of S. aureusATCC 29213 were cultured in LB with constant singkat 250 rpm at 37°C.
Cells were initially grown in medium without additi of compound8. Then, 50uL of cell
culture in the stationary-phase was transferrea 3ninL of LB broth in the absence or presence
of compound28 at a final concentration of half the MIC and cudtdi for 20 h with shaking at
250 rpm to obtain 2 samples T(0) and T(1) respebtivi he regrown bacterial cells in T(1) were

thereafter transferred to a broth containing al@-tmncentration o28 and cultured as above
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method. If the bacterial cells could not grow irL)[(bacterial cells in T(0) were transferred to
another fresh T(1) culture until the bacterial edbuld grow in T(1). The experiments were
repeatedly conducted with an escalating conceatratif 28 from 1 ug/mL to 128 pug/mL.
compound28 resistant mutants at MIC values of g@/mL (Mutant32), 64ug/mL (Mutant64)
and 128ug/mL (Mutant128) along with wild typé&s. aureusATCC 29213 were obtained
respectively for subsequent DNA isolation and wkgdaome NDA sequencing using the
lllumina NextSeq platform (NextSeq 500/550 Kits ¥®2x 151 cycles). Reference sequence of
the ftsz gene was downloaded from NCBI GenBank. The geneawiences were BLAST
against thdtszgene using CLC workbench software. Relative seceewere extracted from the
genome sequences and were aligned against theemeédtsz gene sequence to locate the

difference.

Docking study

CLC Drug Discovery Workbench (Version 2.5, QIAGEBDftware was used for docking
study. The 2D structures of compou8 was generated from SIMLES and imported into the
software. The X-ray crystal structure ®f aureud=tsZ in complex withl (PDB ID: 4DXD) was
downloaded from Protein Data Bank (https://www.ros@y) and used directly for docking
without any changes. Using the software functioriFafid Binding Pockets”, the software was
able to identify two potential binding pockets s@shGDP binding site and compouh@inding
site. The identification of ligand binding modessadone iteratively by evaluating 10,000 ligand
conformations and estimating the binding energtheir interactions with these binding pockets.

The binding pose with the top 5% highest scoregeweturned for further visual inspection. The
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highest scores positioned compowzlinto the binding site ol with potential binding pose

shown inFigure 3B (lower part).

S. aureud-tsZ Protein purification

S. aureusttsZ protein was expressed and purified accortirayr previous reports: ©

Light scattering assay and GTPase activity assay

These two assays were performed as previouslyidedéf

Bacterial morphology and microscopic studies
TEM studies of FtsZ filaments were performed asviotsly described® The bacterial
morphology studies and Z-ring visualization stucé8. subtilisandS. aureusvere performed

as previously describéd®*

PK studies of compounzi8

The animal study was conducted in full compliandthwhe standard protocol approved by the
Animal Subjects Ethics Sub-committee (ASESC) of Hmng Kong Polytechnic University
(ASESC Case No. 14-15/16-ABCT-R-GRF). Male Sprafaey (SD) rats (body weight
250-280 g) were obtained from the Centralised Ahiraeilities of The Hong Kong Polytechnic
University. Animals were kept in a temperature andidity-controlled environment with 12 h
light-dark cycle with standard diet and water. Riglgular vein cannulation was preformed one
day in advance of the experiment. Animals wereethsivernight and given free access to water

throughout the experiment. A solution of compo@&hydrochloride salt was freshly prepared
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in the formulation of 5% CremophorEL, 5% ethan@%®saline at a concentration of 2 mg/mL.
This solution was prepared on the day of use amd @er animal study within 0.5 h. In the
current study, compoun@®8 was administered through passive oral feeding Yoead
intravenous (IV) injection respectively. Blood sdew (approx. 500 pL) were collected in
heparinzied tubes (20 units of heparin salt/tuba)jwgular vein at 5, 10, 30, 45, 60, 120, 240
and 420 minutes post administration for 1V studyr &ral study, plasma samples were collected
at 2, 10, 30, 45, 60, 120, 240, 480 and 600 minié&sd plasma samples were obtained by
centrifugation at 16,100 G for 10 minutes. Plasramse were stored at -ZD until further
analysis. One hundred (100 pL) of plasma was ketdefor quantification. For all plasma
samples 300 uL of methanol was added for protegtipitation. The supernatant was filtered
using 0.22 uM syringe filter and 10 pL was injected UPLC-MS/MS analysis. The UPLC-
MS/MS system consists of an Acquity Waters UPLrifisiced with triple quadrupole mass
spectrometer (Micromass model Quattro Ultima) epegowith an electrospray ionization source
in positive mode. Chromatographic separation watopeed on ACQUITY UPLC BEH C18
1.7 pm (2.1 x 50 mm) column. The mobile phase st®f methanol + 0.1% formic acid
(solvent B) and Milli-Q water + 0.1% formic acido{sent A). Multiple reaction monitoring
(MRM) was set to monitor the transition for compd@8 [M + H]" at 299m/zto 142m/z The
collision energy, cone voltage, source temperatigsolvation temperature and capillary voltage
are 25, 30, 156C, 350°C and 3 Kv respectively. The flow rates of theegas and desolvation
gas were 150 L/h and 600 L/h respectively. PK patars were generated from the plasma
concentration-time profile using non-compartmengadalysis (PK Solutions 2.0, Summit
Research Services, Montrose, CO, USA). The PK patens determined include maximal

plasma concentration &), time to reach maximal plasma concentratiop.g volume of
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distribution {/y), clearance (Cl), half-lifet{,;), area under the concentration-time curve (AUC

and oral bioavailabilityF).
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MRSA, methicillin-resistant Staphylococcus aureusBLAs, B-lactam antibiotics; FtsZ,
filamenting temperature-sensitive mutant Z; GTRyrgsine triphosphate; PK, pharmacokinetic;
ACN, acetonitrile; p-TsOH, p-toluenesulfonic acid; THF, tetrahydrofuran; MICsyinimal
inhibitory concentrations; Sl, selectivity indexAR, structure-activity relationships; ME,
methicillin; CL, cloxacillin; AM, amoxicillin; CX, cefuroxime; MR, meropenem; FIC index,
fractional inhibitory concentration index; IP, iaperitoneally; FOR, frequency of resistance;
TEM, transmission electron microscopy; IV, intragas injection; PO, oral administration; ClI,

clearanceVy, volume of distributionf, oral bioavailability; AUC, area under the curve.
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Highlights

» A focused compound library of 3-aminobenzamide derivatives was designed and
synthesized.

» Compound 28 was found to exhibit strong synergistic activity in vitro and in vivo when
combined with various anti-MRSA B-lactam antibiotics.

* Compound 28 is likely to interact with the S, aureus FtsZ at the T7-loop binding pocket
and inhibit polymerization of FtsZ protein, resulting in extensive delocalization of Z-ring
and morphological changes.



