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Abstract: Drug efflux pumps have emerged as a new drug &fgetthe treatment dfacterial infections in view of its
critical role in promoting multidrug resistance. rei®, novel chromanone andizbenzo[h]chromene derivatives were
designed by means of integrated molecular desigrsaincture-based pharmacophore modeling in amptt®® identify
improved efflux pump inhibitors thaargetEscherichia coli AcrB. The compounds were tested for thedftux inhibitory
activity, ability to inhibit efflux, and the effect on badtrouter and inner membranes. Twenty-three notrektires
were identified that synergized with antibacteritdsted, inhibit Nile red efflux, and acted speeifiy on the AcrB.
Among them,WK2, WL7 and WL10 exhibiting broad-spectrum and high-efficiency efflinhibitory activity were
identified as potential ideal AcrB inhibitors. Molglar modeling further revealed that the strangstacking interactions
and hydrogen bond networks were the major contilsub tight binding of AcrB.

Keywords: 2H-Benzo[h]chromene; Multidrug resistance; AcrB intobs; Efflux inhibitory activity



1. Introduction

The decreasing efficacy of existing antibiotics tiee treatment of infectious diseases caused bigthadhas accelerated
worldwide in recent years [1, 2]. In particular, ltidrug resistance (MDR) in pathogenic Gram-negathacteria,
including Escherichia coli, Pseudomonas aeruginosa, Klebsiella pneumoniae, and Acinetobacter spp., poses aerious
threat to global healths bacteria have acquired resistance mechanismset@r more classes of clinically important
antibiotics [3-6].At present, approximately 700,000 people die oftdyéal infections every yealt is estimated that by
2050 bacterial infections will cause 10 million ttea and kill more people than cancer, if no actmotaken to address
MDR now [7]. Therefore, the discovery of novel &aiiterials, or development of safe adjuvants tlweriate the
activity of existing antibiotics, is urgently neebti® avoid a return to the pre-antibiotic era [8].

Gram-negative bacteria are intrinsically resistartnhany antibiotic classes due to the presencdipbpolysaccharide
rich outer membrane and multidrug efflux pumps10]. The highly impermeable outer membrane effetyivestricts
antibioticsfrom penetrating into bacteria, whilst efflux purmesognize structurally distinct chemicals and @dd¢r them
from the cell before they can reach their intradeH drug targets and exert their antibacteriabvagt{11-14]. As a result,
the development of therapeutic adjuvants that cdmbit the action of efflux pumps is a promisingastgy to
re-empower those antibacterials that are subjeeffblox mechanisms [15-18]. Pharmacological effuxmp inhibitors
(EPIs) have emerged as promising, alternative plieatics that have the potential to improve antidakt potency and
reverse MDR [19, 20].

Over-expression of intrinsic efflux pump compledssa primordial resistance mechanism that periitsteria to
survive when challenged with toxic chemicals [12, 22]. One of the most widely studied and commifimesystems
contributing to MDR in Gram negative bacteria is thipartite AcrAB-TolC pump, which comprises amén membrane
transporter (AcrB), an outer membrastennel protein (TolC), and a periplasmic protéiorf) that connects AcrB and
TolC [23-25]. AcrB catalyses drug/Hntiport and is the subunit responsible for salecubstrate binding and expulsion,
thus playing an essential role in the efflux meddmn[26, 27]. Crystal structures of AcrB in complesth natural
substrates or small molecule EPIs have providedecutdr details into the mechanisms of action artdbition,
respectively, that help to establish AcrB as a iptidé therapeutic target. Structural studies haaeealed that AcrB
assembles as a homotrimer, and substrates arpdréed through the protein using a rotational maigm that requires
co-operation between all three subunits. Compouhds inhibit one AcrB subunit consequentially impetthe entire
efflux machinery [28]. Structural studies have aigentified an important inhibitor binding site, &un as the
hydrophobic trap, which is voluminous, flexible,darich in aromatic amino-acid residues, such aslBePhel78,
Phe610, Phe615, Phe617 and Phe628. The phenykaldctinpocket facilitates binding to a wide variefyhydrophobic
substrates and EPIsvia hydrophobanding ande-n interactions [15, 19, 29-32n addition, certain polar residues, such
as Asn274 and GInl76, provide further opportunifies hydrogen bonding, as do water molecules ptegerihe
substrate binding channel [29, 31]. Over the pasiade, a number of AcrB inhibitors from differetiemical classes
have been discovered, including ff4 NMP, plumbagin and MBX3135 (Fig. 1). Recent taystructures of AcrBn
complex with MBX3135 and its derivatives have highted the citical role of Phe628 and Phel78 initingbition
mechanism and provides valuable information fordhksign of new and more powerful EPIs [15, 19, 3b]date, no
EPIs have entered the clinic for various reasonsh @s low chemical stability, poor selectivity ftve bacterial drug
target or high cytotoxicity. New EPIs with improvparmacology or biological activity would be a w@ihe addition in
the fight against MDR.



<InsertFig. 1>

We have previously reported two novel classes aBAnhibitors, 2-naphthamide derivative&3 and7g) [7, 33] and
nordihydroguaiaretic acid (NDGA) derivativeSPGA andWD®6) (Fig. 1) [34, 35]. These representative compounds
displayed promising activity as antibiotic potetdizd against highly-drug resistaBt coli. Consequently, these EPIs
have emerged as lead compounds due to their effiibitory activity, novel drug-like scaffolds and favourable
biological properties. In the current study wgplied an integrated molecular design strategyetdse the synthesis of
novel chromanone andH2benzo[h]chromenelerivatives by fusing the structures A8, 7g andWD®6. The ability of
these compounds to potentiate the activity of #otiiks, to inhibit AcrB-mediated substrate efflurdato target AcrB
specifically wassystematically evaluated. Moreover, steucture-activity relationships (SARs) and molecuhodeling

were further investigated to explore the possibdemanisms of binding and inhibition against AcrB.

2. Results and discussion

2.1 Molecular design

Our previous docking experiments demonstratedttihaphthalene moiety &3 (Fig. 2a) and one benzene moiety of
WD6 (Fig. 2b) were both oriented parallel to the PlgesiZle chain, resulting in extensiwen stacking interactions. The
second benzene ring D6 wasalsoaccommodated in the hydrophobic pocket throughr atacking interaction with
Phel78 [33-35]. Thus, we proposed that our newsjgsed compounds should contain at least two apiatefy spaced
aromaticgroups to force the necessary interactions with6P8eand Phel78imultaneously, resulting in tight binding
with AcrB. In view of the above structural consiv@, and to build upon our previous findings, twgpdthetic
pharmacophores for new AcrB EPIs were proposeddbapen an integrated molecular design and scaffoloping
strategy (outlined ifrig. 2). We first replaced the naphthalene moietA8fwith a2,2-dimethylchroman-4-one fragment,
and integrated thbenzene moiety ofVD6 to produce novel-structure chromanone derivat(#ég. 2b). The benzene
moiety was then derivatized for further bondingemattions. To verify the possible binding modehaf hew derivatives,
a molecular docking study was performed. As degiatd=ig. 2b, the structure of novel chromanone derivativeinet
the critical binding interactions observedA andWD6, namely (1) two aromatic rings for interactiontwi?he628 and
Phel78 and (2) a gemdimethyl group dolditional hydrophobic interactions with Met573 ayi327.

Subsequently, we substituted the 2,2-dimethylctare-4-one moiety with theH2benzol[h]chromene core with larger
aromatic volume in order to obtain stronger interactions with Phe628. Inspection of the bigdiocket revealed that
a water molecule bound to GIn176 by a hydrogen bmeasl located near the C-5 position of thétkenzo[h]chromene
core. Additionally, there was still sufficient spabetween the F-benzo[h]chromene core and the water molecule to
accommodate larger groups. Therefore, further strat modification could be elaborated by introdoictof certain
polar substituents at the C-5 position of #t¢benzo[h]chromene core to serve as hydrogen booepsars or donors
and form additional hydrogen bonds with AcrB viateramediated interactions. Additionally, the larged flexible
pocket consisting of GIn151, Serl55, Phel78, GlyRI&286, and Ser287, surrounded the benzene titiggaide chain
end of the chromanone oHzbenzo[h]chromene core, provided suitable spacénforducing a variety of groups to the

terminal benzene ring.



On the basis of the proposed binding modes destilbeve, the I2-benzo[h]chromene could be divided into two
functional parts, as shown in Fig. 2c, R sectiorhydrogen-bond-forming hydrophilic groups” and the ‘Rection as
“multi-functional groups”. In the R positions, polgroups (e.g. morpholinylpxadiazolyl, tetrazolyl, carboxyl, and
hydrazide, etc.) that could form hydrogen bond$wésident water were preserved to improve theibindffinity for
AcrB, whilst a variety offunctional groups that could form hydrophobic contacts or bgén bonds with amino acid
residues or water molecules were introduced atRhgositions. To identify more potent AcrB inhibitofsr further
pharmacological evaluation, as well as to veri 8ARs, structural optimization was carried oubtigh three chemical
modifications: (1) hydrophilic modification on th2H-benzo[h]chromene ring (R section), and (2) multidtional
modification on thebenzene ring (Rsection), and (3) scaffold hopping from chromanoaee to M-benzo[h]chromene

core.

<InsertFig. 2>

2.2. Chemistry

The synthesis of a series of the chromanone dersa(WH series) is shown in SchemeFirstly resorcinol {) reacted
with 3-methyl-2-butenoic acid(2) in the presence of zinc chloride in phosphorus bboride to afford
7-hydroxy-2,2-dimethylchroman-4-one  3)( Reaction of 3 with dibromoethane  provided
7-(2-bromoethoxy)-2,2-dimethylchroman-4-ond), ( which was followed by substitution reaction witharious
alkylamines to give chromanone derivatiWe$i1-WH6. Amide 6 was efficiently synthesized from substituted augib
in the presence d&t;N through an acylation reaction of chloroacetyloctde, which was subsequently reacted \itto
yield chromanone derivativé§H7-WH 10.

<InsertScheme 1>

The synthetic route of -benzo[h]chromene-5-carboxylatl8 as key intermediate for theHzbenzo[h]chromene
derivatives is presented in Scheme 2. SalicylaldeHy) as starting material was reacted with benzyl ithoto afford
benzyl protected produét Stobbe condensation reaction8ofiith diethyl succinate gaveondensed produ& and then
further cyclization in acetic anhydride under r&floonditions produced 4-acetoxynaphtho&@ Subsequently, the
acetyl group ofl0 was deprotected with JCO; in methanol,providing 4-hydroxynaphthoat&l, which was then
subjected to the [3+3] cycloaddition reaction wBtmethyl-2-butenall?) to obtain ey intermediatd 3.

<InsertScheme 2>

The synthetic routes of theH2benzol[h]chromene derivatives, encompassing the W, WK and WL series, are
outlined in Scheme 3. THeey intermediatd.3 was hydrolyzed with NaOH to afford2benzo[h]chromene-5-carboxylic
acid (14), which was then subjected émidation reactionith corresponding amines in the presence of TBdldive
amide intermediate$5a-c. Deprotection and double bond reductionldfand 15a-c were carried out with hydrogen
under the catalysis dPd/C, providing hydroxyl intermediatek6a-d, which were then reacted with corresponding

substituted benzyl chloride (or bromide) to obt&ix(2,6-dimethylmorpholinoyl)-R-benzo[h]chromene derivatives



WI11-W19 and 5-(morpholinylalkyl)-BI-benzo[h]Jchromene derivativ®¥L 1-WL 10, respectively.

In addition,13 was also treated with NaBkh tetrahydrofuran (THF) to provide the correspiogdalcoholl?7. Further
bromination of17 by CBr, and PPh in dichloromethane produced brominated intermedi, followed by a
substitution reaction with 1,2,3,4-tetrazole ang-dimethylmorpholine in DMF using potassium carlienas a base to
afford 1,2,3,4-tetrazolyl produd®a and dimethylmorpholinyl produdiOb, respectively. Deprotection and double bond
reduction of19a and 19b and subsequent reaction with corresponding substitbenzyl chloride (or bromide) gave
5-(1,2,3,4-tetrazolylmethyl)+2-benzo[h]chromene derivatives WJ1-WJ10 and
5-(morpholinylalkyl)-H-benzo[h]chromene derivative¥lL 11-WL 13.

Furthermore 13 was successfully converted to hydrazieby hydrazinolysis, and subsequématment with triethyl
orthoformate under reflux conditions generated4tgkadiazole produck2. Catalytic hydrogenation 022 produced
deprotected produc3, which was transformed by treatment with the appate substituted benzyl halide to
5-(1,3,4-oxadiazolyl)-R-benzo[h]chromene derivativé#gK 1-WK 9.

<InsertScheme 3>

2.3. Inherent antibacterial activity

The minimum inhibitory concentration (MIC) of alhmmanone andtbenzo[h]chromene derivatives were initially
determined using an antimicrobial susceptibilitgags This was necessary so that sub-inhibitory eatnations of the
compounds could be investigated in subsequent enleofrd titration assays to measure efflux pumgbitibn without

a direct antibacterial effect. For this purpabe MDR strairE. coli BW25113, expressing AcrB, was assayed alongside
an isotypic strain with AcrB deleted. None of taeget compounds showed any antibacterial actagfginst the wildtype
strain at 512 pg/mL above tested strains, eX@&g7 that was active at 64g/mL.

2.4 Ability to reverse bacterial resistance

The efflux pump inhibitory activity of all compousdvas addressed by assaying their ability to revérs resistance of
certain antibiotics. All chromanone andH-benzo[h]Jchromene derivativesere tested in combination with known
substrates of AcrB, namely erythromycin (ERY), chlophenicol (CAM), tetraphenylphosphonium (TPP) and
levofloxacin (LEV). Standard checkerboard assaystiich the MIC values of a panel of antibiotics eeletermined in
the presence of varying concentrations of the destenpounds were performed [33, 34, 36]. Known ENHSSA and
A3 served as reference compounds. Rifampicin (RIF§ alao included as a negative control as this tsanoAcrB
substrate. Hence, asynergism with RIF would indicate the compound doetsact specifically upon AcrB. Only those
compounds that reduced the MIC values against wifie E. coli BW25113 expressing AcrB for at least one
antimicrobial by 2-fold or more are presented ibl€al and Table 2. Importantly, the absence of antibadtactivity at
the high concentration of 512 pg/mL agaiBstoli BW25113 eliminated the possibility that the ree¢is resistance in
the checkerboard assays below was due to anysitr@mtibacterial activity of the compounds.

In the first stage of optimization, we focused e todification of thearomaticmoiety and linker of chromanone
core to give the chromanone derivatives (WH serigs}his series, only three compoundH3, WH4 and WHS8)
displayed weak or moderate synergism with antibgofTable 1). Among themWH3 (8 pg/mL) andWH4 (32 pg/mL)
potentiated the activity of LEV by 2-fold, whi/H4 and WH8 reduced the MIC values of TPP by 2- and 4-fold at

6



lower concentration than the reference moleculestelgver, WH8 at 64pug/mL increased bacterial sensitivity to CAM
and TPP by 2- and 4-fold, respectivelyowever, none of compounds in this series showetergism with ERY.
Although a limited SARs was provided from the WHisge chromanone derivatives, we could conclude that
chromanone core was not an optimal scaffold foBAiahibitory activity.

An alternative optimization strategy was carried oyt dubstitution of the chromanone core with a large
2H-benzo[h]chromene core because the AcrB inhibifiotency was particularly sensitive to the hydropbaructure
scaffold. On this basis, we introduced 2,6-dimettofpholinoyl and 1,2,3,4-tetrazolylmethylene gro@Bssection) at
the C-5 position of thel2-benzo[h]chromene core and varied the substitummterminal benzene ring (Rection) at the
C-7 position to obtain the 5-(2,6-dimethylmorpholt)-2H-benzo[hlchromene derivatives (WI series) and the
5-(1,2,3,4-tetrazolylmethyl)+2-benzo[h]chromene derivatives (WJ series), respelgti Those compounds that reduced
the MIC by 2-fold or more in the WI and WJ series bisted in Table 1. OnlW17 andWI8 were moderately active with
WI7 increasing sensitivity towards Lev by 2-fold aa@ml andWI8 to both ERY and TPP at the highest concentration
tested at 128g/mL. In stark contrast, the WJ sereghibited improved antibacterial activity, with compound$VJ1,
WJ5, WJ6, WJ7 andWJ10 reversing resistance. Noteworthy wergd YW J5, WJ7 andWJ10 that were active with
two antibiotics in the testing panel. However, Wé series showed a narrow antibacterial spectruimaak synergism.
The lack of biological activity in these two serigas possibly due to the space constraint of tliedphilic binding site
between the R-benzo[h]lchromene core and the resident water mft@ecBulky substituents, such as
2,6-dimethylmorpholinoyl andH-tetrazolylmethylene groups, may not be well accadated by the hydrophilic cavity,

resulting in the absence of necessary hydrogenibgiteractions mediated by water molecule.

<InsertTable 1>

Subsequently, we introduced small polar substigigetg. oxadiazolyl, morpholinylalkyl, carboxyliccid, and
hydrazide) in the R positions, and investigatedetfiects of simultaneous changes of R ahdrRups on the potentiating
capacity of the compounds. These structural maifios led to the 5-(1,3,4-oxadiazolylitbenzo[h]chromene
derivatives (WK) and the 5-(morpholinylalkyl}-2benzo[h]chromene derivatives (WL series). The dditantibacterial
synergism of the WK and WL series are summarizedahle 2. Many compounds containing 1,3,4-oxadidzot
morpholinyl groups in the WK and WL series showednpising antibacterial synergism and broad-spectaativity
with certain exemplars yielding upto 16-fold redootof the MIC values. Noteworthy welK?2, WL1, WL7 and
WL 10 that were broadly active against all antibactsri®imilarly, WK1, WK5, WK7, WL2, WL7 andWL9 were
synergistic with three out of the four antibiotios the screening panel. Moreover, all the activengounds were
inhibitors of ERY efflux, withWK 2, WL7 andWL 10 displaying a desirable combination of potency brahd-spectrum
activity. WL 1 increased bacterial sensitivity @AM and TPP by 8- and 16-fold, showing greater pbtynergistic
activity than reference molecul/K 2 was also an efficient rensitizer as it potentigtemlantimicrobial activity of ERY,
TPP and LEV by 2-fold at the low concentration gi@mL, and synergized with all tested four anttbeals, leading
upto a 16-fold MIC reduction at 128 pg/mL. Howevwaone of the compounds had effect on the MIC valuRIF (16
pg/mL) consistent with the hypothesis that thesemmumds acted as EPIs targeting AcrB.

The chromanone (WH series) and-Benzo[h]chromene derivatives (WI-WL series) comtihiree discrete structural
fragments, which provided an opportunity to estenanimpact of each feature upon bioactivity. Considgrihe

influence of the aromatic core fragments, thé-t&nzo[h]jchromene core (WI-WL series) seem to beenmofitable
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than the chromanone core (WH series). For exanoplg, three compounds possessing the chromanonerctiie WH
series WH3, WH4 andWHS8) displayed weak or moderate synergism actigityhigh doses, while those compounds
with the H-benzo[h]chromene core in the WJ-WL series, sucWid, WK?2, WK5, WL1, WL7 andWL 10, showed
desirable potency and broad-spectrum activity wtdoncentrations. This highlights thél-benzo[h]chromene core as a
promising scaffold for EPI activity. For the hydidlic fragments (R groups) at the C-5 position dfet
2H-benzo[h]chromene core, 1,3,4-oxadiazolyl and melipbyl substituents were optimal to improve théilzarcterial
effect of all four tested antibacterials, whereg@dmethylmorpholinoyl and 1,2,3,4-tetrazolylmdtme groups were
disfavored. As exemplified bW11 andWK 2, replacement of 2,6-dimethylmorpholinoyl group wit}B,4-oxadiazolyl
group resulted in a significant improved synergesttivity, which imply that a small polar group fBris necessary for
the activity. It is possible that the smaller podgoups can be well accommodated in the hydropbilidling site and
form additionalhydrogen bonding interactions with water molecul®sus, the most preferred substituents for EPI
activity are as follows: morpholinoyl > 1,3,4-oxadolyl > carboxyl > 1,23,4-tetrazolylmethylene >
2,6-dimethylmorpholinoyk 2,6-dimethylmorpholinomethylene. Considering thituience of substitution at the benzene
ring (R groups) on the biological activities, it is noti@t 4-methyl WK ?2) and 4-acrylamidoWL 10) groups were the
most favorable. Furthermore, the substituent-frieengl group (WK1, WL1 and WL7) was more beneficial than the
3-methoxyphenyl group/ K4, WL2 andWL 8). In addition, a para-substituent on the benzamgewas favored as well.
For instance WK 3, containing ano-methyl substituted phenyl grouppvK 3 vs WK ?2), showed loss of EPI activity,

possibly due to the absence of hydrophobic contadtse para-position.

<InsertTable 2>

2.5. The effect of the compounds on substrate transport

The bioactive compounds in the checkerboard assagsribed above were then assayed to determimeyf directly
inhibited efflux mediated by AcrB in whole cell kfk assays [36, 37]. The lipophilic fluorescent dyde Red was
employed as it is a known substrate of the AcrABETpump. Nile Red is weakly fluorescent in aqueensironments
but undergoes a significant increase in fluoreseesmce inside the cell [7, 33]. Assays were peréatrmaponE. coli
BW255113 cells and an isogenic AcrB deletion usetidlp establish the specificity of AcrB-mediatedhstrate efflux
and EPI mechanism of action. In this efflux as3&K5, WK7, WJ10, WL8 andWL9 were identified as the most
potent EPIs as they completely inhibited substeftkix to the same level as the AcrB deletion strat the low
concentration of 50 uM (Fig. 3). SimilarpyyH3, W17, W18, WJ1, WJ5, WJ6, WK 1, WK 2, WK 3, WK6, WL1, WL2,
WL7 andWL 10 also showed complete inhibitory activity at 100 ik contrastWH4, WH8, WJ7 and WK 4 were
weakly active, with inhibitory activity only obsexd at much higher concentrations of 100-200 pi.(1S in
Supporting data).

<InsertFig. 3>

2.6. The effect of the compounds on the bacterial outer membrane



The outer membrane of Gram-negative bacteria éctifie at limiting permeation of antibiotics inteetcell. Compounds
that permeabilise this barrier may allow the acclation of antibiotics inside the cells and provisienilar effects as
EPIs [18, 35]. To determine if the active compountéscribed above possessed undesirable off-targetbnane
permeabilisation properties, a nitrocefin hydradyassay was performed on int&ctcoli BW25513. Hydrolysis of the
chromogenid3-lactam nitrocefin by-lactamase produces a red compound that candygétored by spectroscopy. The
rapid hydrolysis of nitrocefin is indicative of &mpneabilised outer membrane that facilitates irsdaliffusion of the
reagent into the bacterial periplasm. The known brame disruptor, polymyxin B (PMBN), served as aifie control.
The results, shown in Fig. 4, demonstrated thaerwrthe bioactive compounds in either the WH-Wiieseaffected the
permeability of the outer membrane at the testatt@atrations, indicating their synergism with aatiterials was not

due to membrane permeabilization.

<InsertFig. 4>

2.7. The effect of the compounds on the bacterial inner membrane

Finally, chemical damage of the inner membrane @msequential perturbation of the proton motivedofpmf) that
drives AcrAB-TolC activity was finally evaluated sAAcrB utilizes the pmf to transport substratessthcompounds that
perturb the pmf across the inner membrane canmathdioit efflux by an indirect, off-target mechani§B8]. To determine
whether the active compounds perturbed the pmfasgessed the ability of those compounds to depel#ne bacterial
transmembrane potentialA{)) by using the membrane potential-sensitive dy&digthyloxacarbocyanine iodide
(DIOC,(3)). DIOC,(3) undergoes a significant increase in fluoreseemace the pmf is established by the addition of
glucose. Following the treatment of cells with theophore and proton decoupler CCCP, Aljewas dissipated and the
fluorescence intensity decreased to the level beftucose stimulation (blue curves representingebicnot treated
with active compound). If a compound disrupteditireer membrane, the fluorescence of DB} was decreased due to
the inability of cells to establish a proton gradieT he results are shown in Fig. 5. Importantyne of the compounds

disrupted the bacterial inner membrane, ex@éptl, at the low concentration of 3&/mL.

<InsertFig. 5>

2.8. In vitro cytotoxicity toward mammalian cells

A crucial parameter for developing antimicrobiakats is their selectivity for bacterial cells oveammalian cells.
Mammalian cells (HepGgells) were used to evaluate the in vitro cytotcediect of the most potent compound& 2
andWL7. Paclitaxel was used as a positive controkf€2.6 nM).As shown inTable 3, when treating wittWK?2 and
WL7 at the concentration of (M, the cell viability rates toward HepG2 cells wé&4% and 98%, respectively, while
the cell inhibition rates were 87% and 66% at ild respectively. The cytotoxicity results demontdathatWK 2 and

WL 7 possessed low cytotoxicity toward mammalian celtsich had a safety profile much better than paxidit.



<InsertTable 3>

2.9. Molecular docking

Molecular docking studies were next performegbtedict the possible binding mode, to explain tA&RS and to guide
future structural optimisation experiments. Thestaystructure of AcrB (PDB code: 5eno) servechaséceptor protein,
and WK2 andWL 10 were selected as representative EPIs for molecideking. As illustrated in Fig. 6AVK2 was
well accommodated in the well-defined hydrophobaptof AcrB. The Bi-benzo[h]chromene core and phenyl groups
were oriented parallel to the aromatic side chainBhe628 andhel78 respectively, resulting in extenstve stacking
interactions. The gemdimethyl group attached atGHe position of the @-benzo[h]Jchromene core was encased by
Try327 and Met573 through hydrophobic interactidviereover, the nitrogen atom of 1,3,4-oxadiazoldup at the C-5
position of the Bl-benzo[h]chromene core formed a hydrogen bond witliater molecule, which, in turn, bound to
GIn176 by hydrogen bonds. The flexible methyl ethieker at the C-7 position of theH2benzo[h]chromene core
induced a conformational flexibility in the moleeuthat allowed optimat-stacking interactions between the two
aromatic rings and side chains of Phe628 and Phélgi@bly, WL 10 adopted similar binding mode WK 2, forming
strongrn-n stacking interactions witRhe628 and Phel78, and hydrogen bond networksGiith76 and water molecule.
Additionally, a critical water molecule bound tcethitrogen atom of 4-acrylamide group wasolved in a hydrogen
bond network withGIn151, Ser155 and Ala286, effectively anchoring Bl to these three amino acid residues (Fig. 6b).
We propose that this extended hydrogen bondingar&teontributes to the potent bioactivity of of thptimal WK and

WL series.

<InsertFig. 6>

Overall, on the basis of an integrated moleculaigtestrategy and molecular modeling, fifty-one Zmshromene and
2H-benzo[h]chromene derivatives were designed, sgimbd and evaluated for their EPI activity. Amortem,
twenty-three compoundddble 4) were found to synergize with at least one antidy@al. Preliminary SARs derived
from this study suggest: (1) the compounds contgitine?H-benzo[h]chromene coneere favorable for enhanced the
EPI activity, whereas those containing the chromanoore were less active; (2) the efflux inhibitagtivity was
dependent upon substituents at the C-5 position2ldfbenzo[hjchromene core with  1,3,4-oxadiazolyl and
morpholinoyl groups preferred; (3) introductionahydrophilic or lipophilic group at thgara position of the terminal
benzene ring are important contributors for agtjvéind the introduction of methyl and acylamidowgr®e were optimal.
In comparison to the lead compourf3 andNDGA, the H-benzo[h]chromene derivatives described here se¢omed
more favorable as they displayed superior efficary possessed significant and desirable EPI ggtividicating a
successful outcome for this structure-guided dragighprogram. More importantly, the above SARs jgles new

insight into the discovery of novel AcrB inhibitors

<InsertTable 4>
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Noteworthy are compounds in the WK and WL seriestaining 1,3,4-oxadiazolyl and morpholinoyl grougtsthe
C-5 position of the B-benzol[h]chromene core, respectively, that generdisplay better efficacy than the other
compounds in the above two series as well as thofee WH, WI and WJ series, which is probably dodorm an
additional hydrogen bond networks, resulting irhteg binding with AcrB. In all five series, exempaVK2, WL1,
WL7 andWL 10 all exhibited broad-spectrum, and high-efficier€R| activity. EspeciallyyWwK 2 was the most efficient
potential EPI as it potentiated the activity of ERYPP and LEV even at the low concentration of 8mlg and
synergized with all four antibacterials testeddieg upto a 16-fold MIC reduction at 128 pg/mL. Mover, WL 1 had
the greatest synergism with CAM and increasedeitsisivity by 8-foldat 128 pug/mL, wherea&K2, WL7 andWL 10
at 128 pg/mL markedly decreased the MIC valuesR¥,HPP and LEV by 8-, 16- and 6-fold, respectivétycontrast,
the compounds in the WH, WI and WJ series only stb& narrow antibacterial spectrum and weak sysw®rgi
Subsequently, twenty-four compounds with synergatiivity were selected to further assess theiitalto inhibit Nile
Red efflux and their effect on inner- and outer rbeane permeabilisation. The results showed thathall active
compounds inhibited AcrB-mediated substrate effitra reasonable concentration, and none of themaadiilised the
inner and outer membrane, exc¥pL 1 that was a strong disruptor of the inner membr&uwnsequentiyVH3, WH4,
WHS8, WI8, WI9, WJ1, WJI5-WJ7, WJ10, WK1-WK7, WL2 and WL7-WL10 were all identified as ideal AcrB

inhibitors using the selection criteria describgd_bmovskaya et al [1, 39].

3. Conclusions

This study illustrates the successful applicatidnan integrated molecular design approach folloviesdchemical
optimizations proposed by silico analyses to confirmt2-benzo[h]Jchromene nucleus as an optimal scaffoldbt@in
novel and potent AcrB inhibitors. Fifty-one compdsnwere designed, synthesized and evaluated forER¢ activity.
Twenty-three compounds were identified as idealRAicthibitors that synergized with at least one lzantierials tested,
leading to 2- to 16-fold MIC reductiol.hey were also able to completely inhibit Nile refflux at 50-200 uM, and
targeted specifically on the AcrB. Among the abadeal EPIs,WK2, WL7 and WL10 exhibited the most
broad-spectrum, and high-efficiency EPI activity.cbnclusion, these newlyH2benzo[h]chromene derivatives display

potent biological activities as a novel class ditscterial adjuvants and have potential for furttievelopment.

4. Experimental

4.1. Chemistry

All reagents and chemicals were commercially abédlaand used without further purification. All réians were
monitored by analytical thin-layer chromatograpfiy.C) using silica gel GF254 plates. Purificationasfide products
was carried out by flash column chromatography aisifica gel 60 (particle size 0.040-0.063 mm).NMR and™*C
NMR spectra were recorded by using Bruker instrunz¢r600 and 100 MHz spectrometgith TMS as an internal
standard. The following abbreviations are usedetmotepeak patterns in NMR spectra: singlet (s), doufdgttriplet (t),
multiplet (m),as well as doublet of doublets (dd). Low-resolutinass spectra (ESI-MS) data were recorded on an API
4000 instrument (Applied Biosystems, ConnecticuBA). The purity of all target compounds was perfedron an
Agilent 1200 Series HPLC system ((Agilent, Santar€ICounty, USA) equipped with diamonil C18olumn (150 x
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4.6 mm, 5um). HPLC conditions: solvent A = @, solvent B = CHOH; flow rate = 1.0 mL/min. All tested compounds
have a purity> 95%.

4.1.1. 7-Hydroxy-2,2-dimethylchroman-4-one (3)

A mixture of resorcinol (10.00 g, 90.82 mmol), 3-methyl-2-butenoic a@y(9.09 g, 90.82 mmol), zinc chloride (13.74
0, 136.22 mmol) and phosphorus oxychloride (139.,2d.91 mol) was heated at 50 °C for 3 h. the reachixture was
then poured into ice water (80 mL), and the resgltprecipitate was filtered off. The residue wasifipd by silica
column chromatography to affoB1(10.27 g, 59%) as brown solid. mp 172-174 °C, ES-M/z calcd for GH13N3 [M

+ H]" 193.1, found 193.4.

4.1.2. 7-(2-Bromoethoxy)-2,2-dimethylchroman-4-one (4)

To a solution of3 (5.00 g, 26.00 mmol) in acetonitrile (50 mL) weadded KCO; (7.19 g, 52.00 mmol) and
dibromoethane (19.55 g, 104.00 mmol). The reaatidture was heated at 75 °C for 8Tthe mixture was concentrated
under reduced pressure and purified by flash colammmatography on silica gel to give yellow 4i(4.53 g, 58%).
ESI-MS m/z calcd for GH1BrOs [M + H]* 299.0, found 299.1.

4.1.3. General methods for the preparation of the chromanone derivatives WH 1-WH6
A solution of4 (150 mg, 0.50 mmol) in DMF (10 mL),,K0; (140 mg, 1.00 mmol) and corresponding alkylamingg0

mmol) were added. The solution was stirred at 781t® h.Upon completion, the reaction mixture was pouredater

(40 mL) and extracted with dichloromethane, washéth brine, and the solvent was removed under vacuthe

residue was purified by flash column chromatografip@M/MeOH) to afford the desired compounds

4.1.3.1. 7-(2-(2,6-Dimethylmor pholino)ethoxy)-2,2-dimethyl chroman-4-one (WH 1)

Colorless oil, yield 45%R;= 0.33 (petroleum ether/EtOAc = 30:1). HPLC puri®100% (A%/B% = 25:75, R= 4.183
min). '"H NMR (400 MHz, DMSOds) & 7.57 (d,J = 8.7 Hz, 1H), 6.52 (dd] = 8.8, 2.3 Hz, 1H), 6.43 (d,= 2.4 Hz, 1H),
4.06 (t,J = 5.7 Hz, 2H), 3.46 (dtd] = 12.3, 6.0, 2.0 Hz, 2H), 2.78-2.69 (m, 2H), 2(632H), 2.58 (tJ = 5.7 Hz, 2H),
1.68-1.58 (m, 2H), 1.31 (s, 6H), 0.96 Jd&& 6.3 Hz, 6H)*C NMR (100 MHz, CDGJ) & 191.03, 165.30, 161.89, 128.26,
114.21, 109.59, 101.78, 79.60, 71.57 (2C), 66.@37% (2C), 56.89, 48.58, 26.71 (2C), 19.15 (2C)I-HBMS m/z
calcd for GgH,gNO, [M + H]*334.2018, found 334.2014.

4.1.3.2. 2,2-Dimethyl-7-(2-((3-mor pholinopropyl)amino)ethoxy)chroman-4-one (WH2)

Colorless oil, yield 59%, & 0.27 (petroleum ether/EtOAc = 30:1). HPLC pufi.30% (A%/B% = 15:85, R 4.619
min). '"H NMR (400 MHz, DMSOds) & 7.58 (d,J = 8.8 Hz, 1H), 6.52 (dd] = 8.8, 2.3 Hz, 1H), 6.42 (d,= 2.3 Hz, 1H),
4.01 (t,J = 5.5 Hz, 2H), 3.47 (1] = 4.6 Hz, 4H), 2.81 ({] = 5.4 Hz, 2H), 2.63 (s, 2H), 2.53 {t= 6.9 Hz, 2H), 2.23 (qd]
=7.4,5.7 Hz, 6H), 1.50 (9,= 6.9 Hz, 2H), 1.31 (s, 6H}°C NMR (100 MHz, CDGJ) & 190.99, 165.28, 161.89, 128.26,
114.25, 109.47, 101.71, 79.60, 67.45, 66.93 (2CTHAH 53.75 (2C), 48.59, 48.54, 48.44, 26.68, 2@Z). ESI-MSn/z
calcd for GgH,gNO,4[M + H]*334.2, found 334.3. ESI-HRM®&/z calcd for GoH3;N,O4[M + H]*363.2284, found 363.
2287.

4.1.3.3. 7-(2-(Isopropylamino)ethoxy)-2,2-dimethyl chroman-4-one (WH3)
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Colorless oil, yield 95%R = 0.38 (petroleum ether/EtOAc = 30:1). HPLC puf$.50% (A%/B% = 15:85, &= 7.804
min). '"H NMR (400 MHz, DMSOds) & 7.58 (d,J = 8.7 Hz, 1H), 6.53 (dd] = 8.8, 2.4 Hz, 1H), 6.41 (d,= 2.4 Hz, 1H),
3.98 (t,J = 5.7 Hz, 2H), 2.78 (1) = 5.7 Hz, 2H), 2.72-2.66 (m, 1H), 2.64 (s, 2HR2L(s, 6H), 0.92 (d] = 6.2 Hz, 6H).
3C NMR (100 MHz, CDGCJ)  191.07, 165.47, 161.90, 128.24, 114.21, 109.58,78) 79.59, 68.01, 48.58 (2C), 46.04,
26.70 (2C), 22.86 (2C). ESI-HRM®&z calcd for GgH,,NO3[M + H] " 278.1756, found 278.1757.

4.1.3.4. 7-(2-(Cyclopentylamino)ethoxy)-2,2-dimethyl chroman-4-one (WH4)

Brown ail, yield 85%, R= 0.37 (petroleum ether/EtOAc = 30:1). HPLC pufif§0.00% (A%/B% = 15:85, R 10.628
min). '"H NMR (400 MHz, DMSOds) & 7.58 (d,J = 8.8 Hz, 1H), 6.52 (dd] = 8.8, 2.3 Hz, 1H), 6.41 (d,= 2.3 Hz, 1H),
3.98 (t,J = 5.7 Hz, 2H), 2.96 (p] = 6.3 Hz, 1H), 2.77 (1 = 5.7 Hz, 2H), 2.63 (s, 2H), 1.70-1.61 (m, 2HL8E1.48 (m,
2H), 1.39 (qdJ = 7.5, 5.4, 2.6 Hz, 2H), 1.31 (s, 6H), 1.21 (bt 8.0, 6.0, 2.6 Hz, 2H}°C NMR (100 MHz, CDGCJ) §
191.04, 165.48, 161.89, 128.21, 114.17, 109.57,71079.56, 68.01, 59.67, 48.57, 47.27, 33.15 (26)%9 (2C), 24.07
(2C). ESI-HRMSz calcd for GgHo6NO3[M + H]*304.1912, found 304.1899.

4.1.3.5. 7-(2-((Furan-2-ylmethyl)amino)ethoxy)-2,2-dimethyl chroman-4-one (WH5)

Brown oil, yield 64%, R= 0.40 (petroleum ether/EtOAc = 30:1). HPLC pufy.28% (A%/B% = 15:85, R= 6.082
min). '"H NMR (400 MHz, DMSOds) & 7.57 (d,J = 8.8 Hz, 1H), 7.49 (d] = 1.8 Hz, 1H), 6.52 (dd] = 8.8, 2.4 Hz, 1H),
6.41 (d,J = 2.3 Hz, 1H), 6.31 (ddl = 3.1, 1.9 Hz, 1H), 6.18 (d,= 3.1 Hz, 1H), 3.99 (] = 5.6 Hz, 2H), 3.66 (s, 2H),
2.78 (t,J = 5.6 Hz, 2H), 2.43 (p] = 1.8 Hz, 2H), 1.31 (s, 6H}C NMR (100 MHz, CDGJ)) § 191.05, 165.38, 161.89,
153.41, 142.00, 128.25, 114.24, 110.15, 109.55,18)7101.72, 79.59, 67.74, 48.58, 47.60, 46.077@§2C).
ESI-HRMSnvz calcd for GgH,,NO,[M + H]*316.1549, found 316.1530.

4.1.3.6. 7-(2-((1H-Benzo[ d] imidazol-2-yl)thio)ethoxy)-2,2-dimethyl chroman-4-one (WH 6)

White solid, yield 50%mp 68-70 °C, R= 0.32 (petroleum ether/EtOAc = 30:1). HPLC pufiB.78% (A%/B% = 15:85,
R, = 7.514 min)."H NMR (400 MHz, DMSOdg) 5 8.26 — 8.19 (m, 1H), 8.12 (d,= 6.2 Hz, 2H), 8.00-7.93 (m, 1H),
7.62 (td,J=6.2, 5.6, 3.4 Hz, 2H), 7.46 (s, 1H), 7.40 (s),1457 (t,J = 5.4 Hz, 2H), 3.99 (t) = 5.3 Hz, 2H), 2.50 (d] =
1.9 Hz, 6H).**C NMR (100 MHz, DMSO) 190.80, 165.01, 161.97, 150.07, 144.05, 132.78,02 122.75, 122.13,
121.59, 117.82, 114.33, 110.82, 109.92, 102.44118067.29, 48.19, 30.20, 26.60 (2C). ESI-RHM® calcd for
C1H2NO5S[M + H]*369.1273, found 369.1262.

4.1.4. General methods for the preparation of amide 6

To a solution of substituted anilirfe(10.00 mmol) in DCM (20 mL) were addeds®Et(20.00 mmol), and chloroacetic
chloride (12.00 mmol) was added at 0 °C slowly. Sbkent was removed in vacuo and the crude resicigepurified
by flash column chromatography on silica gel toeghmides.

4.1.5. General methods for the preparation of the chromanone derivatives WH7-WH 10

The preparation method B8¥H7-WH10 is similar to that o'WH1-WH6.

4.1.5.1. 2-((2,2-Dimethyl-4-oxochroman-7-yl)oxy)-N-(4-nitrophenyl)acetamide (WH7)
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Yellow solid, yield 46%mp 196-198 °C, R= 0.78 (petroleum ether/EtOAc = 10:1). HPLC puf.11% (A%/B% =
15:85, R= 2.532 min)!H NMR (400 MHz, DMSOdg) & 10.75 (s, 1H), 8.25 (dd,= 9.1, 4.5 Hz, 2H), 7.90 (d,= 8.8
Hz, 2H), 7.70 (dJ = 8.7 Hz, 1H), 6.70 (dd] = 8.8, 2.4 Hz, 1H), 6.54 (d,= 2.4 Hz, 1H), 4.89 (s, 2H), 2.73 (#= 6.0
Hz, 2H), 1.39 (s, 6H)*C NMR (100 MHz, DMSOY 190.82, 167.37, 164.59, 161.69, 144.96, 143.08,1%2 126.28,
125.45, 119.74, 115.76, 114.67, 109.84, 102.6238®&7.50, 48.18, 26.57 (2C). ESI-M¥z calcd for GgH1gN,O[M +

H]*371.1, found 371.3.

4.1.5.2. N-(4-Cyano-3-(trifluoromethyl) phenyl)-2-((2,2-dimethyl-4-oxochroman-7-yl Joxy)acetamide (WH8)

White solid, yield 56%mp 176-178 °C, R= 0.75 (petroleum ether/EtOAc = 10:1). HPLC pu9g.72% (A%/B% =
15:85, R = 3.973 min).*H NMR (400 MHz, DMSO«d,) 4 10.87 (s, 1H), 8.31 (d} = 1.9 Hz, 1H), 8.13 (d] = 8.6 Hz,
1H), 8.07 (ddJ = 8.7, 1.9 Hz, 1H), 7.69 (d,= 8.8 Hz, 1H), 6.70 (dd} = 8.8, 2.3 Hz, 1H), 6.55 (d,= 2.3 Hz, 1H), 4.89

(s, 2H), 2.72 (s, 2H), 1.38 (s, 6HJC NMR (100 MHz, DMSO)$ 190.81, 167.84, 164.46, 161.68, 143.40, 137.03,
132.35, 128.15, 124.22, 122.90, 121.50, 117.36,1B16114.73, 109.82, 102.69, 80.23, 67.43, 48.185& (2C).
ESI-HRMSm/z calcd for GyH1gFsN,04 [M + H]7419.1218, found 419.1213.

4.1.5.3. N-(3,4-Dicyanophenyl)-2-((2,2-dimethyl-4-oxochroman-7-yl)oxy)acetamide (WH9)

White solid, yield 67%mp 212-214 °C, R= 0.75 (petroleum ether/EtOAc = 10:1). HPLC puri§0.00% (A%/B% =
15:85, R = 5.073 min)."H NMR (400 MHz, DMSO¢d,)  10.87 (s, 1H), 8.31 (d} = 2.0 Hz, 1H), 8.14-8.01 (m, 2H),
7.69 (d,J = 8.8 Hz, 1H), 6.69 (ddl = 8.8, 2.4 Hz, 1H), 6.54 (d,= 2.4 Hz, 1H), 4.89 (s, 2H), 2.72 (s, 2H), 1.396(4).
3C NMR (100 MHz, DMSOY 190.83, 167.83, 164.46, 161.68, 143.32, 135.68,1% 123.94, 116.52, 115.99, 114.73,
110.26, 109.83, 108.81, 103.29, 102.70, 80.25,%78.18, 26.58 (2C). ESI-HRM®?z calcd for G;H;gNzOs[M + H]*
376.1297, found 393.1292.

4.1.5.4. N-(3-Acetamido-4-fluorophenyl)-2-((2,2-dimethyl -4-oxochroman-7-yl)oxy)acetamide (WH 10)

White solid, yield 68%mp 190-192 °C, R= 0.40 (petroleum ether/EtOAc = 8:1). HPLC purit9.®1% (A%/B% =
15:85, R = 1.835 min).*H NMR (400 MHz, DMSOedg)  10.49 (s, 1H), 8.07 (@l = 4.5 Hz, 1H), 7.72-7.62 (m, 3H),
7.42 (dd,J = 8.5, 1.9 Hz, 1H), 6.69 (dd,= 8.7, 2.4 Hz, 1H), 6.53 (d,= 2.4 Hz, 1H), 4.83 (s, 2H), 2.77 @@= 4.5 Hz,
3H), 2.72 (s, 2H), 1.39 (s, 6HY’C NMR (100 MHz, DMSOY¥ 190.83, 167.05, 164.60, 163.87, 161.69, 161.08.556
142.26, 131.35, 128.14, 115.45, 114.66, 109.86,9804.02.62, 80.24, 67.50, 48.18, 26.76, 26.58.(ES)-HRMSn/z
calcd for GiH»:FN,Os[M + H]*401.1512, found 423.1512.

4.1.6. 2-(Benzyloxy)benzal dehyde (8)

To a suspension of salicylaldehy@€0.00 g, 81.88 mmol) in DMF (40 mL) was added hgichloride (15.55 g, 122.83
mmol) and KCO;(22.63 g, 163.77 mmol), and the mixture was kdptirsg) at 70 °C for 6 h. After the completion okth
reaction, water (30 mL) was addexktracted with EtOAc (3 x 20 mL), washed with brimed dried over anhydrous
N&SQ,. The solvent was removed Yacuo. The residue was purified by column chromatograjghfurnish8 as white
solid (13.52g, 78%). mp 48-50 °C, ESI-M#%z calcd for G4H1:0, [M + H]*213.1, found 213.3.

4.1.7. (E)-4-(2-(Benzyloxy) phenyl)-3-(ethoxycar bonyl)but-3-enoic acid (9)
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Sodium (2.25 g, 98.00 mmol) was dissolved in EtQB0O(mL), which was added portionwise to a stirrellition of 8
(13.00 g, 61.25 mmol) and diethyl succinate (133879.62 mmol) in EtOH (50 mL)'he reaction mixture was then
stirred and refluxed for 4 h. After the reactiomighed, the resulting solution was concentratech@uo. The residuavas
poured into water (300 mL), extracted three timéth \EtOAc, washed with saturated brine and driethwinhydrous
N&SQ,. The organic phase was concentrated and purifiegilica flash chromatography to affo@las brown oil
(15.729, 75%). ESI-M®@Vz calcd for GoH»:05 [M + H]"341.1, found 341.3.

4.1.8. Ethyl 4-acetoxy-8-(benzyl oxy)-2-naphthoate (10)
The above produ@ (15.00 g, 44.07 mmol) and sodium acetate (3.62d)7 mmol) were dissolved in acetic anhydride

(118.18 g, 881.38 mmol). The reaction mixture weftuxed for 6 h.Upon completion of the reactipthe solution was

evaporated to drynes§hen water (300 mL) was added, and extracted withM(3 x 60 mL), washed with saturated
NaCO; and brine. The combined organic layers were canaterd to dryness under vacuum, and recrystallfreh
EtOAc and EfO to afford10 as light yellow solid (14.57 g, 91%). mp 96-98 ESI-MSm/z calcd for G,H,/NOs[M +
NH,4]"382.1, found 382.4.

4.1.9. Ethyl 8-(benzyloxy)-4-hydroxy-2-naphthoate (11)

To a solution of10 (10.00 g, 27.40 mmol) in MeOH (100 mL) at room temgiure was added,&O; (5.70 g, 41.20
mmol) slowly. After stirring for 2 h, the reacti@olution was concentrated to dryness under vacWater (100 mL)
was added, and then acidified with concentrateddgjdoric acid to pH = 6The resulting precipitate was filtered off,
and recrystallized from EtOAc and hexane to obfdiras awhite solid (13.52g, 78%). mp 181-183 °C, ESI-Mtfx
calcd for GoH,,NO,[M + NH4]"340.1, found 340.4.

4.1.10. Ethyl 7-(benzyloxy)-2,2-dimethyl-2H-benzo[ h] chromene-5-carboxylate (13)

A mixture of 11 (5.00 g, 15.51 mmol), 3-methyl-2-buterid (1.57 g, 18.61 mmol), PhB(OK}2.08 g, 17.06 mmaol),
and acetic acid (10 mL) in toluene (120 mL) wasusefd using Dean-Stark trap for 34The resultant reaction solution
was diluted with EtOAc (200 mL), and washed wittusated NaCO; and brine in turn. The organic layer was dried| an
evaporated ivacuo. The resultant residue was purified by silica coluwrhromatography to give3 as yellow solid (3.50
g, 58%).mp 100-102 °C, ESI-MS m/z calcd fopdE,gNO, [M + NH,] " 406.2, found 406.5.

4.1.11. 7-(Benzyloxy)-2,2-dimethyl-2H-benzo[ h] chromene-5-carboxylic acid (14)

To a stirred suspension of NaOH (2.06 g, 51.50 mmahixed solution (MeOH:KD =1:1, 40 mL)was added3 (4.00
g, 10.30 mmol). The mixture was stirred at 70 °C&dn. After the reaction came to end, MeOH was removedauo.
The resultant mixture was acidified with concemtdahydrochloric acid to pH = 1, the resulting ppéteite was filtered
off, and dried to givel4 as yellow solid (3.56 g, 96%). mp 161-163 °C, ES®-M/z calcd for G,H,,0¢[M - H] 359.1,
found 359.3

4.1.12. (7-(Benzyl oxy)-2,2-dimethyl-2H-benzo[ h] chromen-5-y1)(2,6-dimethyl mor pholino)methanone (15a)

To a stirred suspension @# (3.50 g, 9.71 mmol) in C}N (50 mL) was added TBTU (3.12 g, 9.71 mmol). The

mixture was stirred at rt. for 1 h and then 2,6-glinylmorpholine (cis:tran = 1:1) amd| N-diisopropylethylamine (1.12g,

9.71 mmol) were added. The mixture was still stire¢ rt. for another 2 hrhe resulting suspension was evaporated
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under reduced pressure and the residue was tredgtiedIN HCI, 5% NaHCQ and saturated brine, and dried over

anhydrous Nz50,. The organic extracts were concentrated under redgcessure, and was purified by column
chromatography (petroleum ether/EtOAc) to affdbd as yellow solid (3.23g, 77%). mp 160-162 °C, ES$-W/z calcd
for C,gH3:NO,4 [M + H]+ 458.2, found 458.4.

4.1.13. 7-(Benzyloxy)-2,2-dimethyl-2H-benzo[ h] chromene-5-carbohydrazide (15b)
Compound15b was prepared according to the procedure depiatedlFa. Yellow solid, ESI-MS m/z calcd for
Cy3H23NL05 [M + H]+ 375.2, found 375.3.

4.1.14. (7-(Benzyl oxy)-2,2-dimethyl-2H-benzo[ h] chromen-5-yl)(mor pholino)methanone (15c)
Compound15c was prepared according to the procedure depiaediFa. Yellow solid, ESI-MS m/z calcd for
CaH26NO, [M + H]* 430.2, found 430.5.

4.1.15.

(2,6-Dimethyltetrahydro-2H-pyran-4-yl)(7-hydr oxy-2,2-dimethyl-3,4-dihydr o-2H-benzo[ h] chromen-5-yl)methanone

(16a)

To a solution ofl5a (2.50 g, 5.47 mmol) in MeOH (20 mL) was added PA/@0 mg) under an atmosphere of hydrogen.
The mixture was stirred overnighthe resulting solution was filtered off to remove pdilan carbonThe filtrate was
concentrated in vacumo give 16a (2.21g) as white solid, which was used for thetrsap without further purification.
ESI-MSm/z calcd for G,HpsNO4 [M + H]*370.2, found 370.5.

4.1.16. 7-Hydroxy-2,2-dimethyl-3,4-dihydro-2H-benzo[ h] chromene-5-carbohydrazide (16b)
Compound16b was prepared according to the procedure depiotedlBa. white solid, ESI-MS m/z calcd for
Ci6H19N2O3 [M + H]+ 287.1, found 287.3.

4.1.17. (7-Hydroxy-2,2-dimethyl-3,4-dihydro-2H-benzo[ h] chromen-5-yl)(mor pholino)methanone (16c)
Compoundl16c was prepared according to the procedure depiabediBa. Yellow solid, ESI-MS m/z calcd for
CaoH24NO4 [M + H]* 342.2, found 342.1.

4.1.18. 7-Hydroxy-2,2-dimethyl-3,4-dihydro-2H-benzo[ h] chromene-5-carboxylic acid (16d)
Compoundl6d was prepared according to the procedure depictetbh. Yellow solid, ESI-MS m/z calcd for &H150,4
[M-H] 271.1, found 271.5.

4.1.19. General procedure for the preparation of the 5-(2,6-dimethylmorpholinoyl)-2H-benzo[ h] chromene derivatives
WI1-WI9
To a solution ofl5 (0.44 mmol, 1.0 eq) in C¥N (20 mL) was slowly added,KO; (0.88 mmol, 2.0 eq) and substituted
benzyl halide (0.66 mmol, 1.5 eq). The reactiontorix was stirred at 55 °C for 4-8 h and concentr@tevacuo. The
residue was redissolved in EtOAc (30 mL), washeth wrine, dried with Ng&80, and concentrated. Thesidue was
purified by silica gel column chromatography (pégton ether/EtOAc) to yield the target compoumdsl-W1 9 that
were the mixturedis: tran = 1:1).
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4.1.19.1.

(2,2-Dimethyl-7-((4-methyl benzyl)oxy)-3,4-di hydr o-2H-benzo[ h] chromen-5-yl)(2,6-dimethyl-mor pholino)methanon

e (Wl1)

White solid, yield 73%mp 212-214 °C, R= 0.74 (petroleum ether/EtOAc = 10:1). HPLC puri9100% (A%/B% =
5:95, R = 3.749 min)*H NMR (600 MHz, CDC}) ¢ 7.83 (d,J = 8.5 Hz, 1H), 7.70 (d, 1H), 7.45-7.37 (m, 3HR(dd,
J=8.0, 3.0 Hz, 2H), 6.92 (d,= 7.6 Hz, 1H), 5.26-5.16 (t, 2H), 4.70 (dd, 1H)&-3.63 (m, 1H), 3.63-3.45 (m, 1H),
3.43-3.29 (m, 1H), 3.01 (ddt, 1H), 2.75 (ddd, 1B},0-2.58 (m, 1H), 2.58-2.51 (m, 1H), 2.41 (s, 3HY8-1.86 (m,
2H), 1.45 (d,J = 2.3 Hz, 6H), 1.29 (ddj = 6.4, 2.6 Hz, 3H), 1.05 (dl = 6.2 Hz, 3H). ESI-HRMSwz calcd for
CaoH3eNO4 [M + H]"474.2644, found 474.2851.

4.1.19.2.

(7-((4-(Tert-butyl) benzyl ) oxy)-2,2-dimethyl -3,4-dihydro-2H-benzo[ h] chromen-5-y1)(2,6-dimethyl-mor pholino)methanone
(W12)

White solid, yield 49%mp 200-202 °C, R= 0.79 (petroleum ether/EtOAc = 10:1). HPLC pu®.61% (A%/B% =
5:95, R = 5.052 min).*H NMR (600 MHz, CDC}) § 7.84 (d,J = 8.5 Hz, 1H), 7.73 (d, 1H), 7.46 @,= 2.3 Hz, 4H),
7.42—7.37 (m, 1H), 6.96 — 6.91 (m, 1H), 5.21J(% 5.4 Hz, 2H), 4.71 (dd, 1H), 3.79-3.64 (m, 1HB43-3.46 (M, 1H),
3.36 (dd, 1H), 3.01 (ddt, 1H), 2.86-2.69 (m, 1HE&-2.58 (m, 1H), 2.56 (d, 1H), 1.92 (m, 2H), 1(d5J = 2.0 Hz, 6H),
1.38 (s, 9H), 1.29 (&) = 5.6 Hz, 3H), 1.05 (dd] = 6.5, 3.1 Hz, 3H). ESI-HRM&vz calcd for GzHzNO4[M + H]*
516.3114, found 516.3363.

4.1.19.3.

(2,6-Dimethylmor pholino)(7-((3-methoxybenzyl)oxy)-2,2-di methyl - 3,4-dihydro-2H-enzo[ h] -chromen-5-yl)methano
ne (WI3)

White solid, yield 64%mp 176-178 °C, R= 0.71 (petroleum ether/EtOAc = 10:1). HPLC pui®.04% (A%/B% =
5:95, R = 3.216 min)*H NMR (600 MHz, CDC}) J 7.84 (d,J = 8.5 Hz, 1H), 7.69 (s, 1H), 7.37 (dt, 2H), 7.80J =
7.6 Hz, 1H), 7.05 (t) = 1.9 Hz, 1H), 6.93-6.88 (m, 2H), 5.22Jt 5.2 Hz, 2H), 4.71 (dd, 1H), 3.85 (s, 3H), 3.7.463
(m, 2H), 3.38 (dd, 1H), 3.02 (ddt, 1H), 2.77 (dd#), 2.69-2.52 (m, 2H), 1.94 (ddd, 2H), 1.45J¢; 2.6 Hz, 6H), 1.30
(dd,J = 6.6, 3.1 Hz, 3H), 1.05 (dd,= 6.3, 3.8 Hz, 3H). ESI-HRM8Vz calcd for GoH3gNOs[M + H]*490.2590, found
490.3004.

4.1.19.

4.4-(((5-(2,6-Dimethylmor pholine-4-car bonyl)-2,2-dimethyl -3,4-dihydr o-2H-benzo[ h] chromen-7-yl)oxy)methyl )benzonit
rile (W14)

White solid, yield 68%mp 186-188 °C, R= 0.63 (petroleum ether/EtOAc = 10:1). HPLC put9§.94% (A%/B% =
5:95, R = 2.407 min)*H NMR (600 MHz, CDC}) 6 7.87 (d,J = 8.4 Hz, 1H), 7.73 (d] = 8.0 Hz, 2H), 7.68 (d, 1H),
7.62 (d,J = 8.0 Hz, 2H), 7.37 () = 8.0 Hz, 1H), 6.85 (d] = 7.6 Hz, 1H), 5.35-5.27 (m, 2H), 4.74-4.66 (m)1B77-
3.63 (m, 1H), 3.60-3.50 (m, 1H), 3.34 (dd, 1H),13(@dt, 1H), 2.85-2.70 (m, 1H), 2.70-2.60 (m, 1RiK7 (dg, 1H),
1.93 (dt, 2H), 1.45 (s, 6H), 1.30 (d¥iF 6.3, 3.1 Hz, 3H), 1.05 (§,= 6.1 Hz, 3H). ESI-RHM$Wz calcd for GeH3.N,O,4
[M + H] " 485.2440, found 485.2796.
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4.1.195.

(2,6-Dimethylmor pholino)(7-((4-fluor obenzyl)oxy)-2,2-dimethyl-3,4-dihydr o-2H-benzo[ h] -chromen-5-yl)-methanone

(WI5)

White solid, yield 75%mp 194-196 °C, R= 0.67 (petroleum ether/EtOAc = 10:1). HPLC put9§.68% (A%/B% =
5:95, R = 9.416 min)H NMR (600 MHz, CDC}) § 7.85 (d,J = 8.4 Hz, 1H), 7.68 (d, 1H), 7.48 (t,= 6.6 Hz, 2H),
7.42—7.36 (m, 1H), 7.13 @,= 8.3 Hz, 2H), 6.91 (d] = 2.7 Hz, 1H), 5.20 (] = 4.6 Hz, 2H), 4.70 (dd, 1H), 3.70 (dt, 1H),
3.60-3.48 (m, 1H), 3.35 (dd, 1H), 3.01 (ddt, 1HYy,&(dt, 1H), 2.69-2.53 (m, 2H), 1.94 (qd, 2H),51(4, 6H), 1.29 (1)

= 5.3 Hz, 3H), 1.05 (J = 5.4 Hz, 3H). ESI-M3n/z calcd for GgH33FNO, [M + H]* 478.2, found 478.5.

4.1.19.6.

(7-((2,4-Dichlorobenzyl) oxy)- 2,2-dimethyl-3,4-dihydr o-2H-benzo[ h] chromen-5-y1)(2,6-dimethyl -mor pholino)methanone
(W16)

White solid, yield 68%mp 92-94 °C, R= 0.64 (petroleum ether/EtOAc = 10:1). HPLC puf/.31% (A%/B% = 5:95,
R; = 8.184 min)'H NMR (600 MHz, CDC}) 6 7.86 (d,J = 8.5 Hz, 1H), 7.69 (d, 1H), 7.56 @z 8.3 Hz, 1H), 7.47 (1]
= 1.4 Hz, 1H), 7.39 () = 8.1 Hz, 1H), 7.32 (dd] = 8.3, 2.0 Hz, 1H), 6.88 (d,= 7.6 Hz, 1H), 5.30 (d] = 1.8 Hz, 2H),
4.76-4.67 (m, 1H), 3.78-3.63 (m, 1H), 3.62—3.50 ki), 3.37 (ddt, 1H), 3.02 (ddt, 1H), 2.78 (ddd,)1R169-2.60 (m,
1H), 2.60-2.52 (m, 1H), 1.99-1.86 (m, 2H), 1.45)¢, 2.2 Hz, 6H), 1.30 (dd} = 6.3, 2.7 Hz, 3H), 1.05 (3, = 5.9 Hz,
3H). ESI-HRMSm/z calcd for GgH3,CI,NO4[M + H]*528.1708, found 528.1889.

4.1.19.7.

(7-((2,6-Dichlorobenzyl) oxy)-2,2-dimethyl-3,4-di hydro-2H-benzo[ h] chromen-5-y1)(2,6-dimethyl -mor pholino)methanone
(WI7)

White solid, yield 45%mp 112-114 °C, R= 0.68 (petroleum ether/EtOAc = 10:1). HPLC pu®.57% (A%/B% =
5:95, R = 3.824 min).*H NMR (600 MHz, CDC}) & 7.90-7.84 (m, 1H), 7.63-7.53 (m, 1H), 7.47-7.38 %), 7.31
(dd,J = 8.6, 7.6 Hz, 1H), 7.06 (dd,= 7.7, 0.9 Hz, 1H), 5.58-5.36 (m, 2H), 4.67 (dH),13.66 (s, 1H), 3.50 (d, 1H),
3.37 (dd, 1H), 3.16-2.88 (m, 1H), 2.82-2.50 (m, ,3H®1 (dt, 2H), 1.47-1.43 (m, 6H), 1.27 (dds 7.1, 4.2 Hz, 3H),
1.10-1.01 (m, 3H). ESI-HRMB8Vz calcd for GgH3,CLNO, [M + H]*528.1708, found 528.1939.

4.1.19.8.

(7-((4-Bromobenzyl) oxy)-2,2-dimethyl-3,4-di hydro-2H-benzo[ h] chromen-5-yl)(2,6-dimethyl-mor pholino)methanone

(W18)

White solid, yield 54%mp 198-199 °C, R= 0.64 (petroleum ether/EtOAc = 10:1). HPLC pu®.71% (A%/B% =
5:95, R = 3.694 min)*H NMR (600 MHz, CDC}) § 7.85 (d,J = 8.5 Hz, 1H), 7.67 (d, 1H), 7.55 (d= 8.3 Hz, 2H),
7.42-7.36 (m, 3H), 6.87 (d,= 7.6 Hz, 1H), 5.19 (d] = 5.8 Hz, 2H), 4.71 (dd, 1H), 3.68 (dd, 1H), 3.826 (m, 1H),
3.36 (dd, 1H), 3.14-2.90 (m, 1H), 2.86-2.70 (m,, 14y0-2.53 (m, 2H), 1.92 (4,= 7.7 Hz, 2H), 1.45 (s, 6H), 1.30 (d,
J=6.3 Hz, 3H), 1.05 (d] = 6.3 Hz, 3H). ESI-HRM®z calcd for GgH33B,NO4[M + H]*538.1593, found 538.1797.

4.1.19.9.
(2,2-Dimethyl-7-((4-nitrobenzyl) oxy)-3,4-dihydro-2H-benzo[ h] chromen-5-y1)(2,6-dimethyl-mor pholino)methanone (W19)
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Yellow solid, yield 71%mp 182-184 °C, R= 0.62 (petroleum ether/EtOAc = 10:1). HPLC puf8.19% (A%/B% =

10:90, R= 3.694 min)!H NMR (600 MHz, CDC}) & 8.30 (d,J = 8.6 Hz, 2H), 7.88 (d] = 8.4 Hz, 1H), 7.74-7.63 (m,
3H), 7.37 (tJ = 8.1 Hz, 1H), 6.86 (d] = 7.6 Hz, 1H), 5.36 (s, 2H), 4.71 (dd, 1H), 3.7633(m, 1H), 3.61-3.48 (m, 1H),
3.36 (dd, 1H), 3.01 (ddt, 1H), 2.85-2.70 (m, 1HY®2.53 (m, 2H), 1.94 (qd, 2H), 1.46 (s, 6H), 1(8Q = 6.1 Hz, 3H),
1.05 (t,J = 5.1 Hz, 3H). ESI-HRM®Wz calcd for GgH33N,0g [M + H]*505.2338, found 505.2597.

4.1.20. General procedure for the preparation of the 5-(mor pholinylalkyl)-2H-benzo[ h] chromene derivatives WL 1-WL 10
The preparation method @¥L 1-WL 10 is similar to that ofV11-W19.

4.1.20.1. 7-(Benzyl oxy)-2,2-dimethyl-3,4-dihydro-2H-benzo[ h] chromene-5-carboxylic acid (WL 1)

White solid, yield 87%mp 189-191 °C, R= 0.29 (petroleum ether/EtOAc = 5:1). HPLC purity.8% (A%/B% =
25:75, R= 1.603 min)H NMR (600 MHz, CDC}) & 8.76 (d,J = 0.9 Hz, 1H), 7.86 (dt] = 8.5, 0.9 Hz, 1H), 7.57-7.53
(m, 2H), 7.48-7.43 (m, 3H), 7.39-7.36 (m, 1H), 6:830 (m, 1H), 5.31 (s, 2H), 3.29 Jt= 6.8 Hz, 2H), 1.93 (1} = 6.8
Hz, 2H), 1.47 (s, 6H)*C NMR (150 MHz, CDGCJ) § 173.01, 155.14, 149.41, 136.94, 129.20, 128.66,(227.96,
127.92, 127.29 (2C), 125.84, 123.93, 119.10, 115.38.34, 106.01, 74.29, 70.19, 32.73, 26.73 (2CB1. ESI-HRMS
vz calcd for G3HoeNO4[M - H]"361.1440, found 361.1437.

4.1.20.2. 7-((3-Methoxybenzyl ) oxy)-2,2-dimethyl-3,4-dihydro-2H-benzo[ h] chromene-5-carboxylic acid (WL 2)

White solid, yield 76%mp 184-186 °C, R= 0.26 (petroleum ether/EtOAc = 5:1). HPLC puri8. 3% (A%/B% =15:85,
R, = 1.606 min).*H NMR (600 MHz, CDC}) & 8.79 (d,J = 0.8 Hz, 1H), 7.86 (d] = 8.5 Hz, 1H), 7.49-7.43 (m, 1H),
7.36 (t,J = 7.8 Hz, 1H), 7.14-7.10 (m, 2H), 6.94-6.89 (m), 2429 (s, 2H), 3.87 (s, 3H), 3.30 = 6.8 Hz, 2H), 1.94 (t,
J = 6.8 Hz, 2H), 1.47 (s, 6HYC NMR (150 MHz, CDGJ) 5 173.25, 159.88, 155.11, 149.42, 138.59, 129.69,212
128.00, 125.82, 123.94, 119.38, 119.19, 115.43,3p1413.71, 112.39, 106.09, 74.29, 70.09, 55.26/F 26.73 (2C),
21.82. ESI-HRMSw/z calcd for G4H,7NOs[M - H]"391.1546, found 391.1544.

4.1.20.3. 7-((4-Acetamidobenzyl)oxy)- 2,2-dimethyl - 3,4-dihydr o-2H-benzo[ h] chromene-5-carboxylic acid (WL 3)

White solid, yield 77%mp 150-152 °C, R= 0.41 (petroleum ether/EtOAc = 10:1). HPLC put9%.28% (A%/B% =
10:90, R = 3.501 min):H NMR (400 MHz, DMSO#d,) & 10.21 (s, 1H), 9.78 (s, 1H), 8.29 (s, 1H), 7.39J(¢ 8.2 Hz,
2H), 7.08 (dJ = 7.8 Hz, 1H), 6.80 (1] = 7.4 Hz, 3H), 4.51 (s, 2H), 3.01 {t= 6.8 Hz, 2H), 1.98 (s, 3H), 1.67 {t= 6.8
Hz, 2H), 0.97 (s, 6H)°C NMR (100 MHz, DMSQd)  169.30, 168.36, 153.15, 151.03, 138.80, 136.92.713 128.13
(2C), 127.92, 127.44, 125.64, 124.71, 119.06 (2C},76, 115.17, 108.76, 74.26, 41.89, 32.12, 2014, 24.38, 21.81.
ESI-HRMSm/z calcd for GsH,gN,Os[M -H] 418.1655, found 418.1650.

4.1.20.4. 7-(Benzyloxy)-2,2-dimethyl - 3,4-dihydr o-2H-benzo[ h] chromene-5-carbohydrazide (WL 4)

White solid, yield 32% mp 170-172 °C, R= 0.48 (petroleum ether/EtOAc = 10:1). HPLC puf§.56% (A%/B% =
12:88, R= 2.534 min)*H NMR (600 MHz, CDC}) 6 7.89 (s, 1H), 7.85-7.82 (m, 1H), 7.51 (dds 7.3, 1.8 Hz, 2H),
7.47-7.42 (m, 2H), 7.43-7.37 (m, 2H), 7.28 (s, 1891 (d,J = 7.7 Hz, 1H), 5.24 (s, 2H), 4.23-4.11 (s, 2HD13(t,J =
6.7 Hz, 2H), 1.88 (tJ = 6.7 Hz, 2H), 1.45 (s, 6H}’C NMR (150 MHz, CDG)) § 170.72, 154.52, 149.48, 136.84,
131.75, 128.68 (2C), 128.09, 127.78, 127.57 (22,62, 124.16, 114.41, 113.14, 112.38, 106.01,8/46.31, 32.47,
26.87 (2C), 20.62. ESI-MBVz calcd for GsH,sN,O5[M + H]*377.2, found 377.4.
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4.1.20.5. 7-((3-Methoxybenzyl ) oxy)-2,2-dimethyl-3,4-dihydro-2H-benzo[ h] chromene-5-car bohydrazide (WL5)

White solid, yield 73%mp 139-141 °C, R= 0.38 (petroleum ether/EtOAc = 10:HPLC purity 99.58% (A%/B% =
18:82, R = 3.244 min)H NMR (600 MHz, CDC}) § 7.91-7.88 (m, 1H), 7.83 (d,= 8.5 Hz, 1H), 7.43-7.32 (m, 3H),
7.09 (ddJ=7.7, 1.3 Hz, 1H), 7.05 @ = 2.0 Hz, 1H), 6.93-6.87 (m, 2H), 5.21 (s, 2HD24(d, 2H), 3.84 (s, 3H), 3.00 (t,
J = 6.7 Hz, 2H), 1.87 () = 6.7 Hz, 2H), 1.44 (s, 6HYC NMR (150 MHz, CDG)) § 170.70, 159.84, 154.49, 149.47,
138.44, 131.70, 129.75, 127.78, 126.61, 124.15,76519414.43, 113.37, 113.21, 113.16, 112.43, 106868, 70.22,
55.28, 32.46, 26.86 (2C), 20.62. ESI-Mtx calcd for G4H,7N,O4[M + H]*407.2, found 407.4.

4.1.20.6.

N-(4-(((5-(Hydraznecarbonyl)-2,2-dimethyl-3,4-dihydr o-2H-benzo[ h] chromen-7-yl)oxy)methyl ) phenyl)acetamide

(WL6)

White solid, yield 53%mp 225-227 °C, R= 0.27 (petroleum ether/EtOAc = 5:1). HPLC purity.38% (A%/B% =
30:70, R= 8.856 min)'H NMR (600 MHz, DMSOdg) & 10.04 (s, 1H), 9.77 (s, 1H), 9.49 (s, 1H), 7.7013), 7.39 (d,

J = 8.3 Hz, 2H), 7.03 (d] = 7.8 Hz, 1H), 6.79 (d] = 8.0 Hz, 3H), 4.51 (s, 2H), 4.47 (s, 2H), 2.78)(+ 6.9 Hz, 2H),
1.99 (s, 3H), 1.66 () = 6.8 Hz, 2H), 0.98 (s, 6H)’C NMR (150 MHz, DMSOd,) & 168.96, 168.36, 152.65, 150.64,
138.98, 136.92, 133.36, 131.37, 128.10 (2C), 126.28.56, 125.16, 119.07 (2C), 113.57, 113.43,3/)874.47, 41.93,
31.95, 26.14 (2C), 24.38, 20.77. ESI-MS: calcdGaiH3;:N,O4[M + NH,]*451.2, found 451.4.

4.1.20.7. (7-(Benzyl oxy)-2,2-dimethyl-3,4-dihydro-2H-benzo[ h] chromen-5-yl)(mor pholino)methanone (WL 7)

White solid, yield 85%mp 171-172 °C, R= 0.70 (petroleum ether/EtOAc = 10:1). HPLC puri§0.00% (A%/B% =
15:85, R= 6.633 min)'H NMR (400 MHz, DMSOd) & 7.66 (d,J = 8.4 Hz, 1H), 7.52 (d] = 7.1 Hz, 2H), 7.48 (s, 1H),
7.45 —7.33 (m, 4H), 7.08 (d,= 7.7 Hz, 1H), 5.29 (s, 2H), 3.67 (s, 4H), 3.482d), 3.18 (dJ = 5.7 Hz, 2H), 2.70 (d,
2H), 1.88 (s, 2H), 1.38 (s, 6H)>C NMR (100 MHz, CDG)) & 169.92, 154.45, 149.38, 137.00, 133.17, 128.62,(2C
127.99, 127.42 (2C), 126.88, 125.86, 124.82, 114131.56, 110.79, 106.00, 74.70, 70.19, 66.97 (2C)}6, 41.97,
32.33, 26.93, 26.76, 20.21. ESI-HRM%® calcd for G;H3NO4[M + H]"432.2175, found 432.2135.

4.1.20.8. (7-((3-Methoxybenzyl)oxy)-2,2-dimethyl-3,4-dihydr o-2H-benzo[ h] chromen-5-yl)(mor pholino)methanone (WL 8)
White solid, yield 64%, mp 138-140 °C;R0.68 (petroleum ether/EtOAc = 10:1). HPLC pu®§.10% (A%/B% =
15:85, R=5.142 min)"H NMR (600 MHz, CDC}) & 7.83 (d,J = 8.5 Hz, 1H), 7.73 (s, 1H), 7.36 (dt= 12.8, 7.9 Hz,
2H), 7.10 (dJ = 7.5 Hz, 1H), 7.05 () = 2.0 Hz, 1H), 6.94-6.88 (m, 2H), 5.22 (&5 4.1 Hz, 2H), 3.93 — 3.86 (M, 2H),
3.85 (s, 3H), 3.84-3.77 (m, 2H), 3.60 {d+ 33.7 Hz, 2H), 3.34 (d] = 45.6 Hz, 2H), 3.10 — 3.00 (m, 1H), 2.63 Jd;
17.1 Hz, 1H), 1.93 (q] = 8.4, 7.4 Hz, 2H), 1.45 (s, 6H}*C NMR (150 MHz, CDGJ)) § 169.89, 159.83, 154.44, 149.39,
138.62, 133.17, 129.69, 126.88, 125.86, 124.82,6B1914.34, 113.36, 113.00, 111.59, 110.82, 1068770, 70.15,
66.98, 55.28, 47.48, 41.98, 32.34, 32.34, 26.94/2620.22. ESI-MSwz calcd for GgH3,NOsM + H]"462.2, found
462.4.

4.1.20.9.
(2,2-Dimethyl-7-((4-(trifluoromethyl)benzyl)oxy)-3,4-dihydro-2H-benzo[ h] chromen-5-yl)(mor pholino)methanone (WL 9)
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White solid, yield 44%mp 242-244 °C, R= 0.62 (petroleum ether/EtOAc = 10:1). HPLC puri§0.00% (A%/B% =
15:85, R= 5.555 min)!H NMR (600 MHz, CDC}) & 7.86 (d,J = 8.5 Hz, 1H), 7.73-7.67 (m, 3H), 7.63 (ds 8.0 Hz,
2H), 7.37 (tJ = 8.1 Hz, 1H), 6.87 (d] = 7.6 Hz, 1H), 5.30 (s, 2H), 3.89 (@= 5.1 Hz, 2H), 3.86-3.79 (m, 2H), 3.66—
3.53 (m, 2H), 3.41-3.26 (m, 2H), 3.04 (dt= 15.3, 6.8 Hz, 1H), 2.70-2.59 (m, 1H), 1.94J¢; 7.1 Hz, 2H), 1.46 (s,
6H). °C NMR (150 MHz, CDCJ) 5 169.84, 153.99, 149.47, 141.04, 133.49, 127.34,(226.92, 125.75, 125.64,
125.62, 125.59, 125.57, 124.99, 124.73, 114.74,7011110.47, 106.02, 74.79, 69.31, 66.97, 47.498132.30, 26.87,
26.77, 20.21. ESI-M&vz calcd for GgH,gFsNO,[M + H]*500.2, found 500.3.

4.1.20.10.

N-(4-(((2,2-Dimethyl-5-(mor pholine-4-carbonyl)-3,4-dihydr o-2H-benzo[ h] chromen-7-yl)oxy)methyl ) phenyl)acrylamide
(WL10)

White solid, yield 38%mp 128-130 °C, R= 0.27 (petroleum ether/EtOAc = 10:1). HPLC put9§.82% (A%/B% =
15:85, R = 3.294 min)*H NMR (600 MHz, DMSOsdg) § 10.22 (s, 1H), 7.72 (d} = 8.4 Hz, 2H), 7.66 (d] = 8.5 Hz,
1H), 7.50-7.45 (m, 3H), 7.39 @,= 8.1 Hz, 1H), 7.09 (d] = 7.7 Hz, 1H), 6.45 (dd} = 17.0, 10.1 Hz, 1H), 6.28 (dd=
17.0, 1.9 Hz, 1H), 5.78-5.75 (m, 1H), 5.23 (s, 2859 (d,J = 19.8 Hz, 4H), 3.54-3.42 (m, 2H), 3.19 {ds 13.3 Hz,
2H), 2.83-2.55 (m, 2H), 1.87 (4= 6.6 Hz, 2H), 1.38 (s, 6H)°C NMR (150 MHz, DMSOds) & 168.65, 163.62, 154.27,
149.02, 139.24, 134.39, 132.38, 132.29, 128.90,(2€Yy.42, 126.47, 126.31, 124.50, 119.80 (2C), (3,4112.30,
110.09, 107.02, 75.15, 69.87, 66.73, 55.38, 4748384, 31.99, 27.02, 26.81, 20.04. ESI-HRM#z calcd for
CaoH33N,05[M - H]"499.2233, found 499.2243.

4.1.21. (7-(Benzyloxy)-2,2-dimethyl-2H-benzo[ h] chromen-5-yl)methanol (17)

The key intermediatel3 (3.00 g, 7.72 mmol) was dissolved in THF (20 mtp&C. LiAIH,(0.59 g, 15.44 mmol) was
slowly added to the above solutiofhe mixture was stirred for another 2 h. After thaction completedhe mixture
was quenched with water (30 mL), extracted with DG3Vix 35 mL), washed with saturated brine, driethvgiodium
sulphate and concentrated vacuo. The residue was purified via silica gel columrrachatography (petroleum
ether/EtOAC) to givel7 as yellow solid (2.07 g, 77%). mp 96-98 °C, ESI-M& calcd for GsH,¢NO3[M + NH,]*364.2,
found 364.4.

4.1.22. 7-(Benzyl oxy)-5-(bromomethyl)-2,2-dimethyl-2H-benzo[ h] chromene (18)

To a solution ofL7 (2.00 g, 5.77 mmol) and CB(2.11 g, 6.35 mmol) in DCM (15 mL) at 0 °C was addPPh (1.67 g,
6.35 mmol) slowly.The mixturewas stirred for 3 h, and the reaction solvents wereentrated to drynesbhe residue
was purified by flash column chromatography to aff@8 as yellow solid (1.63 g, 69%). mp 89-91 °C, ESI-M&

calcd for GsH,.BrO,[M + H]*409.1, found 409.4.

4.1.23. 1-((7-(Benzyl oxy)-2,2-dimethyl-2H-benzo[ h] chromen-5-yl)methyl)-1H-tetrazole (19a)

A solution 0f18 (3.80 g, 9.28 mmol), ¥CO; (2.57 g, 18.56 mmol) andHttetrazole (0.78 g, 11.14 mmol) in DMF (15
mL) was heated at 75 °C for 5The reaction mixture was then cooled to room teatpee, diluted witlrEtOAc (30 mL),
and washed with water (30 mLYhe organic extract was dried, and the residue pasfied by flash column
chromatography (petroleum ether/EtOAc) to affé@a aswhite solid (2.22 g, 47%). mp 100-102 °C, ESI-M& calcd
for C,4H24Ns0,[M + NH,]*416.2, found 416.5.
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4.1.24. (2S,6R)-4-((7-(Benzyl oxy)-2,2-dimethyl-2H-benzo[ h] chromen-5-yl)methyl)-2,6-di methyl-mor pholine(19b)
Compound19b was prepared according to the procedure depiatedl9a. Colorless oil, ESI-MSnvVz calcd for
CaoHaNO3[M + H]"444.2, found 444.5.

4.1.25. 5-((1H-Tetrazol-1-yl)methyl)-2,2-dimethyl-2H-benzo[ h] chromen-7-ol (20a)
Compound20a was prepared according to the procedure depiabedifa. White solid, ESI-MSm/z calcd for
C17H2oN50, [M + NH4]+3281, found 328.4.

4.1.26. 5-(((2S,6R)-2,6-Dimethyl mor pholino)methyl)-2,2-dimethyl -2H-benzo[ h] chromen-7-ol (20b)
Compound20b was prepared according to the procedure depiatedlBa. Yellow solid, ESI-MSm/z calcd for
CaH3oNO3[M + H] " 356.2, found 356.4.

4.1.27. General procedure for the preparation of the 5-(1,2,3,4-tetrazolylmethyl)-2H-benzo[ h] chromene derivatives
WJ1-WJ10
The preparation method @¥J1-WJ10 was similar to that afvVL 1-WL 10.

4.1.27.1. 1-((7-(Benzyl oxy)-2,2-dimethyl-3,4-dihydro-2H-benzo[ h] chromen-5-yl)methyl)- 1H-tetrazole (WJ1)

White solid, yield 71%, mp 145-147 °C;R0.52 (petroleum ether/EtOAc = 10:1). HPLC pu.61% (A%/B% =
10:90, R = 2.887 min)*H NMR (400 MHz, CDC}) & 8.48 (s, 1H), 7.87 (s, 1H), 7.79 (= 8.4 Hz, 1H), 7.49 (d] =
7.1 Hz, 2H), 7.45-7.39 (m, 2H), 7.39-7.31 (m, 26i186 (d,J = 7.7 Hz, 1H), 5.92 (s, 2H), 5.22 (s, 2H), 2.78)(t 6.7
Hz, 2H), 1.89 (tJ = 6.7 Hz, 2H), 1.37 (s, 6H}*C NMR (100 MHz, CDGCJ) § 154.36, 152.96, 149.52, 137.07, 128.82,
128.60 (2C), 127.92, 127.34 (2C), 127.24, 125.28,.81, 115.57, 114.36, 113.82, 105.99, 74.18, 765814, 32.38,
26.67 (2C), 19.86. ESI-HRM®Vz calcd for G,H,gNsO, [M + H]*401.1899, found 418.1864.

4.1.27.2. 1-((7-((3-Methoxybenzyl ) oxy)- 2,2-dimethyl-3,4-dihydr o-2H-benzo[ h] chromen-5-yl)methyl)-1H-tetrazole (WJ2)
White solid, yield 58%mp 159-161 °C, R= 0.56 (petroleum ether/EtOAc = 8:1). HPLC purity.86% (A%/B% =
18:82, R= 6.277 min)*H NMR (400 MHz, CDC}) & 8.34 (s, 1H), 7.86 (s, 1H), 7.82 @z 8.5 Hz, 1H), 7.40 () =
8.1 Hz, 1H), 7.34 () = 7.9 Hz, 1H), 7.09 — 7.01 (m, 2H), 6.91 (dd; 10.4, 7.0 Hz, 2H), 5.68 (s, 2H), 5.21 (s, 2H323
(s, 3H), 2.56 (t) = 6.7 Hz, 2H), 1.85 (d] = 13.4 Hz, 2H), 1.36 (s, 6H}J'C NMR (100 MHz, CDG)) 5 159.88, 154.26,
150.10, 142.25, 138.43, 129.77, 128.11, 127.46,4626.24.80, 119.70, 115.64, 114.51, 113.37, 113.82.27, 106.38,
74.44, 70.29, 55.30, 51.31, 32.15, 26.64 (2C), 39F5I-HRMSm/z calcd for GsH,/N,Os[M + H]* 431.2083, found
431.1884.

4.1.27.3. 4-(((5-((1H-Tetrazol-1-yl)methyl)-2,2-dimethyl - 3,4-dihydr o-2H-benzo[ h] chromen-7-yl)oxy)-methyl)benzonitrile
(WJ3)

White solid, yield 70%mp 200-202°C, R= 0.50 (petroleum ether/EtOAc = 8:1). HPLC purif}®7 % (A%/B% = 18:82,
R; = 5.070 min)'H NMR (400 MHz, CDC}) § 8.51 (s, 1H), 7.82 (d} = 8.5 Hz, 1H), 7.80 (s, 1H), 7.74 — 7.69 (m, 2H),
7.59 (d,J = 8.0 Hz, 2H), 7.33 () = 8.1 Hz, 1H), 6.79 (d] = 7.7 Hz, 1H), 5.95 (s, 2H), 5.28 (s, 2H), 2.82(t 6.7 Hz,
2H), 1.91 (tJ = 6.7 Hz, 2H), 1.39 (s, 6H)’C NMR (100 MHz, CDGJ)  153.66, 153.00, 149.63, 142.47, 132.48 (2C),
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129.26, 127.49 (2C), 125.78, 124.63, 118.69, 115.00.90, 113.99, 111.79, 106.00, 104.99, 74.31,%%5.29, 32.33,
26.66 (2C), 19.88. ESI-HRM®Vz calcd for GsH,:NgO, [M + H]*426.1930, found 426.1918.

4.1.27.4.

1-((2,2-Dimethyl-7-((4-(trifluoromethyl)benzyl ) oxy)- 3,4-dihydro-2H-benzo[ h] chromen-5-yl)methyl)-1H-tetrazole (WJ4)
White solid, yield 65%mp 158-160°C, R= 0.47 (petroleum ether/EtOAc = 8:1). HPLC puriB.®2% (A%/B% = 10:90,
R; = 4.300 min)'H NMR (400 MHz, CDC}) 6 8.50 (s, 1H), 7.83 (s, 1H), 7.81 @= 8.5 Hz, 1H), 7.68 (d] = 8.1 Hz,
2H), 7.60 (dJ = 8.0 Hz, 2H), 7.34 (1 = 8.1 Hz, 1H), 6.82 (d] = 7.7 Hz, 1H), 5.94 (s, 2H), 5.28 (s, 2H), 2.80& 6.7
Hz, 2H), 1.90 (tJ = 6.7 Hz, 2H), 1.38 (s, 6H)’C NMR (100 MHz, CDGJ) § 153.90, 152.99, 149.60, 141.11, 129.12,
127.29 (2C), 127.25, 125.86, 125.65, 125.61, 125125.54, 124.69, 115.16, 114.80, 113.95, 105.997] 69.33,
55.34, 32.35, 26.66 (2C), 19.88. ESI-HRM& calcd for GsH,7FsNsO,[M +H] *469.1851, found 469.1870.

4.1.275.

1-((2,2-Dimethyl-7-((4-(trifluoromethoxy)benzyl ) oxy)- 3,4-dihydro-2H-benzo[ h] chromen-5-yl)methyl)-1H-tetrazole

(WJ5)

White solid, yield 46%mp 154-156 °C, R= 0.57 (petroleum ether/EtOAc = 8:1). HPLC purity.86% (A%/B% =
10:90, R = 3.538 min)."H NMR (400 MHz, CDC}) & 8.36 (s, 1H), 7.84 (d] = 8.5 Hz, 1H), 7.79 (s, 1H), 7.51 @z
8.5 Hz, 2H), 7.40 () = 8.1 Hz, 1H), 7.28 (d] = 8.1 Hz, 2H), 6.90 (d] = 7.7 Hz, 1H), 5.70 (s, 2H), 5.23 (s, 2H), 2.58 (t
J = 6.7 Hz, 2H), 1.86 () = 6.6 Hz, 2H), 1.37 (s, 6HYC NMR (100 MHz, CDG)) § 153.97, 150.14, 148.98, 142.29,
135.51, 129.03, 128.84 (2C), 128.34, 127.45, 126.38.70, 121.20 (2C), 115.21, 114.77, 113.43,24)674.49, 69.39,
51.24, 32.14, 26.63 (2C), 19.64. ESI-HRM%& calcd for GsH,3FsN,OsNa[M + H] " 485.1800, found 485.1768.

4.1.27.6. 1-((2,2-Dimethyl-7-((4-nitrobenzyl)oxy)-3,4-dihydr o-2H-benzo[ h] chromen-5-yl)methyl)-1H-tetrazol e (WJ6)
Yellow solid, yield 89%mp 150-151 °C, R= 0.49 (petroleum ether/EtOAc = 8:1). HPLC purify.&8% (A%/B% =
10:90, R= 3.375 min).*H NMR (400 MHz, CDC})  8.52 (s, 1H), 8.31-8.24 (m, 2H), 7.87-7.78 (m,,ZH}5 (d,J =
8.4 Hz, 2H), 7.33 (t) = 8.1 Hz, 1H), 6.80 (dl = 7.6 Hz, 1H), 5.95 (s, 2H), 5.33 (s, 2H), 2.82& 6.7 Hz, 2H), 1.91 (t,
J = 6.7 Hz, 2H), 1.39 (s, 6H}*C NMR (100 MHz, CDGJ)) & 153.60, 153.02, 149.64, 147.64, 144.45, 129.32 5B
(2C), 127.26, 125.77, 124.63, 123.91 (2C), 115109,88, 114.03, 106.02, 74.33, 68.91, 55.28, 328%K6 (2C), 19.89.
ESI-MS: calcd for GH,/NgO4[M + NH,] " 463.2, found 463.5.

4.1.27.7.

4-(((5-((1H-Tetrazol-1-yl)methyl)-2,2-dimethyl - 3,4-dihydr o-2H-benzo[ h] chromen-7-yl)oxy)-methyl)-N-methyl benzamide
(WJ7)

White solid, yield 27%, mp 212-214 °C;R0.49 (petroleum ether/EtOAc = 5:1). HPLC purity.®4% (A%/B% =
10:90, R= 3.207 min)*H NMR (400 MHz, CDC}) & 8.39 (s, 1H), 7.82 (dd,= 10.1, 8.2 Hz, 3H), 7.74 (s, 1H), 7.51 (d,
J=8.0 Hz, 2H), 7.39 (] = 8.1 Hz, 1H), 6.88 (d] = 7.7 Hz, 1H), 6.33-6.24 (m, 1H), 5.70 (s, 2HR65(s, 2H), 3.03 (d,
J=4.7 Hz, 3H), 2.61 () = 6.7 Hz, 2H), 1.87 (t) = 6.7 Hz, 2H), 1.37 (s, 6H}°C NMR (100 MHz, CDG)) 5 167.83,
153.96, 150.09, 142.36, 140.24, 134.44, 128.44,3B27127.32 (2C), 127.26 (2C), 126.33, 124.77, 894114.77,
113.30, 106.49, 74.47, 69.79, 51.09, 32.15, 2628%3 (2C), 19.66. ESI-HRM8Vz calcd for GgHgNsO3[M + H]*
458.2222, found 458.2434.
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4.1.27.8.

4-(((5-((1H-Tetrazol-1-yl)methyl)-2,2-dimethyl - 3,4-dihydr o-2H-benzo[ h] chromen-7-yl)oxy) methyl)-N-isopropylbenzamid

e (WJ8)

White solid, yield 59% mp 201-203 °C, R= 0.45 (petroleum ether/EtOAc = 8:1). HPLC puri9.8% (A%/B% =
25:75, R= 4.149min)*H NMR (400 MHz, DMSO#s) & 9.55 (s, 1H), 8.36 (dl = 7.6 Hz, 1H), 7.92-7.89 (m, 2H), 7.69
(d,J = 8.0 Hz, 2H), 7.49 (d] = 8.0 Hz, 2H), 7.42 (s, 1H), 7.16 @z 8.0 Hz, 1H), 5.89 (s, 2H), 5.31 (s, 2H), 4.06)e

6.9 Hz, 1H), 2.69 (t) = 7.0 Hz, 2H), 1.71 (] = 6.9 Hz, 2H), 1.18 (d] = 6.6 Hz, 6H), 0.94 (s, 6H)°C NMR (100 MHz,
DMSO-ds) 6 165.64, 152.71, 150.99, 147.24, 144.99, 140.48,688 132.00, 130.64, 127.94 (2C), 127.70, 127.35,
126.99 (2C), 125.40, 115.22, 106.52, 74.51, 6H9FH8, 41.45, 31.67, 25.92 (2C), 22.84 (2C), 19E™I-MSm/z calcd

for C,gH3NsO5[M + H]* 486.2, found 486.5.

4.1.27.9. N-(4-(((5-((1H-Tetrazol-1-yl)methyl)-2,2-dimethyl - 3,4-dihydro-2H-benzo[ h] chromen-7-yl)oxy)methyl)phenyl)
acetamide (WJ9)

White solid, yield 39%, mp 195-197 °C;®R0.38 (petroleum ether/EtOAc = 8:1). HPLC purit§.28% (A%/B% =
10:90, R = 4.070 min)."H NMR (400 MHz, CDC}) & 8.36 (s, 1H), 7.82 (d] = 8.6 Hz, 1H), 7.77 (s, 1H), 7.55 (@=

8.0 Hz, 2H), 7.47-7.35 (m, 4H), 6.91 (&5 7.7 Hz, 1H), 5.68 (s, 2H), 5.17 (s, 2H), 2.58 & 6.5 Hz, 2H), 2.18 (s, 3H),
1.85 (t,J = 6.6 Hz, 2H), 1.36 (s, 6HY)C NMR (100 MHz, CDGJ)) & 168.40, 154.23, 150.06, 142.32, 137.82, 132.61,
128.42 (2C), 128.19, 127.40, 126.42, 124.82, 12(10), 115.37, 114.51, 113.30, 106.42, 74.43, 7060819, 32.15,
26.63 (2C), 24.59, 19.63. ESI-M8z calcd for GgHgNsO3[M + H]*458.2, found 458.5.

4.1.27.10. N-(4-(((5-((1H-Tetrazol-1-yl)methyl)-2,2-dimethyl-3,4-dihydr o-2H-benzo[ h] chromen-7-yl)oxy)methyl)phenyl)
acrylamide (WJ10)

43%,mp 197-199 °C, R= 0.37 (petroleum ether/EtOAc = 8:1). HPLC purif.®6% (A%/B% = 10:90, R= 6.173 min).
'H NMR (400 MHz, CD White solid, yield GJ 8 8.38 (s, 1H), 7.81 (d} = 8.5 Hz, 2H), 7.75 (s, 1H), 7.64 @@= 8.0 Hz,
2H), 7.44-7.36 (m, 3H), 6.90 (d,= 7.7 Hz, 1H), 6.49-6.39 (m, 1H), 6.30 (dds 16.8, 10.1 Hz, 1H), 5.76 (d,= 10.2
Hz, 1H), 5.66 (s, 2H), 5.15 (s, 2H), 2.58)& 6.6 Hz, 2H), 1.85 (1) = 6.6 Hz, 2H), 1.36 (s, 6H}*C NMR (100 MHz,
CDCly) 6 163.73, 154.20, 150.03, 142.40, 137.74, 132.82,143 128.40 (2C), 128.26, 127.92, 127.37, 126240),(
124.79, 120.26, 115.26, 114.50, 113.29, 106.342{40.02, 51.15, 32.15, 26.63 (2C), 19.63. ESI4#M3 calcd for
CoH2eNsO3[M + H]7470.2, found 470.4.

4.1.28. General procedure for the preparation of the 5-(morpholinylalkyl)-2H-benzo[h]chromene derivatives
WL11-WL13
The preparation method @L 11-WL 13 was similar to that ofVL 1-WL 10.

4.1.28.1.

(25 6R)-4-((7-(Benzyl oxy)- 2,2-dimethyl-3,4-dihydro-2H-benzo[ h] chromen-5-yl)methyl)-2,6-dimethyl mor pholine (WL 11)
White solid, yield 55%mp 132-134 °C, R= 0.61 (petroleum ether/EtOAc = 10:1)] f°p = -153.85 (C=1, CEDH).
HPLC purity 96.23% (A%/B% = 2:98,;R 4.665 min)."H NMR (400 MHz, DMSOsd) § 7.62 (d,J = 7.6 Hz, 2H), 7.53
(d,3=7.0 Hz, 2H), 7.42 (1 = 7.2 Hz, 2H), 7.38-7.33 (m, 1H), 7.30Jt 8.1 Hz, 1H), 7.00 (d] = 7.7 Hz, 1H), 5.29 (s,
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2H), 3.53 (s, 4H), 2.92 (8 = 6.8 Hz, 2H), 2.69 (d] = 10.8 Hz, 2H), 1.85 (f] = 6.7 Hz, 2H), 1.70 () = 10.6 Hz, 2H),
1.35 (s, 6H), 1.03 (dJ = 6.2 Hz, 6H)*C NMR (100 MHz, CDGJ) § 154.16, 148.81, 137.45, 134.07, 128.55 (2C),
127.82, 127.24 (2C), 126.34, 124.63, 124.51, 115118.37, 114.21, 105.56, 73.85, 71.96 (2C), 7061278, 59.52
(2C), 32.73, 26.81 (2C), 19.59, 19.17 (2C). ESI-MScalcd for GeHaNO3[M + H]* 446.3, found 446.5.

4.1.28.2.

(2S,6R)-4-((7-((3-Methoxybenzyl)oxy)-2,2-dimethyl-3,4-dihydr o-2H-benzo[ h] chromen-5-yl)methyl)-2,6-dimethyl mor phol
ine (WL12)

White solid, yield 67%mp 96-98 °C, R= 0.63 (petroleum ether/EtOAc = 10:1)] f°p = -19.40(C=1, CHOH). HPLC
purity 99.05% (A%/B% = 2:98, &= 10.171 min)*H NMR (400 MHz, DMSO€g) § 7.62 (t,J = 4.2 Hz, 2H), 7.31 (di]
=12.9, 7.9 Hz, 2H), 7.12-7.06 (m, 2H), 6.98J¢; 7.7 Hz, 1H), 6.94-6.88 (m, 1H), 5.26 (s, 2HY,73(s, 3H), 3.52 (s,
4H), 2.92 (tJ = 6.7 Hz, 2H), 2.68 (d] = 10.8 Hz, 2H), 1.84 (t] = 6.7 Hz, 2H), 1.69 (] = 10.6 Hz, 2H), 1.34 (s, 6H),
1.02 (d,J =6.2 Hz, 6H).13C NMR (150 MHz, CD(J) 6 159.83, 154.12, 148.82, 139.08, 134.07, 129.56,362 124.63,
124.49, 119.40, 115.79, 114.39, 114.28, 113.29,7212105.54, 73.85, 71.94 (2C), 69.98, 61.86, 59A2), 55.24,
32.73, 26.80 (2C), 19.59, 19.17 (2C). ESI-M& calcd for GoH3gNO,[M + H]*476.3, found 476.4.

4.1.28.3.

(2S,6R)-4-((2,2-Dimethyl - 7-((4-(trifluoromethyl ) benzyl) oxy)-3,4-dihydr o-2H-benzo[ h] chromen-5-yl)methyl)-2,6-dimethyl

mor pholine (WL 13)

White solid, yield 30%mp 150-152 °C, R= 0.66 (petroleum ether/EtOAc = 10:1}] *°p = -25.00 (C=1, CkDH).
HPLC purity 95.35% (A%/B% = 2:98,;R 4.355 min)’H NMR (400 MHz, DMSO«d,) 6 7.79 (d,J = 8.1 Hz, 2H), 7.74
(d,J =8.2 Hz, 2H), 7.63 (d] = 8.7 Hz, 2H), 7.30 () = 8.0 Hz, 1H), 6.99 (d] = 7.7 Hz, 1H), 5.42 (s, 2H), 3.52 @~
12.6 Hz, 4H), 2.94 (1 = 6.7 Hz, 2H), 2.68 (d] = 10.7 Hz, 2H), 1.85 (11 = 6.7 Hz, 2H), 1.71 (f) = 10.6 Hz, 2H), 1.35
(s, 6H), 1.02 (dJ = 6.2 Hz, 6H).*C NMR (150 MHz, CDGJ) & 153.70, 148.90, 141.50, 134.33, 128.31, 127.18,(2C
126.39, 125.55, 125.53, 124.52, 124.38, 115.94,781£C), 113.95, 105.52, 73.93, 71.95 (2C), 696584, 59.51
(2C), 32.70, 26.79 (2C), 19.60, 19.16 (2C). ESI-M3calcd for GoHzsFsNO3[M + H]*514.2, found 514.5.

4.1.29. 7-(Benzyloxy)-2,2-dimethyl-2H-benzo[ h] chromene-5-carbohydrazide (21)
A solution of13 (5.00 g, 12.87 mmol) in hydrazine hydrate (30 migs stirred and refluxed for 8 h. The reaction
solution was concentrated to produce the crudeymtdd as yellow oil (4.87g, 98%), which was used dingdtir the

next step without purification.

4.1.30. 2-(7-(Benzyl oxy)-2,2-dimethyl-2H-benzo[ h] chromen-5-y1)-1,3,4-oxadiazol e (22)

The above crude produ2f (4.87 g, 13.01 mmol) was dissolved in triethylhoformate (9.64 g, 65.05 mmol), which
was refluxed for 12 h. The reaction mixture wasntlt®oled to room temperaturthe solvent was removedghder
reduced pressure, and the residue was purifiethbl Eolumn chromatography (petroleum ether/EtG8@fford 22 as
yellow solid (2.98, 60%)mp 198-200 °C, ESI-M&vVz calcd for G,H,;N,O3[M + H]*385.1, found 385.3.

4.1.31. 2,2-Bimethyl-5-(1,3,4-oxadiazol-2-yl)-3,4-dihydro-2H-benzo[ h] chromen-7-ol (23)
The preparation method &3 was similar to that ofléa. Yellow solid, mp 203-205 °C, ESI-M&vVz calcd for
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Ci7H17N205 [M + H]+2971, found 297.4.

4.1.32. General procedure for the preparation of the 2H-benzo[ h] chromene derivatives WK1-WK9
The preparation method 8K 1-WK9 was similar to that ofvL 1-WL 10.

4.1.32.1. 2-(7-(Benzyl oxy)-2,2-dimethyl-3,4-dihydro-2H-benzo[ h] chromen-5-yl)-1,3,4-oxadiazole (WK1)

White solid, yield 66%mp 150-152 °C, R= 0.57 (petroleum ether/EtOAc = 10:1). HPLC pu®.55% (A%/B% =
2:98, R = 2.819 min).*H NMR (400 MHz, DMSOds)  9.35 (s, 1H), 8.34 (s, 1H), 7.72 @z 8.5 Hz, 1H), 7.59-7.48
(m, 3H), 7.47-7.40 (m, 2H), 7.40-7.33 (m, 1H), 7(dR) = 7.7 Hz, 1H), 5.34 (s, 2H), 3.19 {t= 6.7 Hz, 2H), 1.92 (1
= 6.7 Hz, 2H), 1.41 (s, 6H}°C NMR (100 MHz, CDGCJ) 5 165.20, 154.80, 152.22, 149.70, 136.88, 128.67, (2£8.23,
128.02, 127.46, 127.40 (2C), 124.38, 120.18, 11519@.43, 114.00, 106.17, 74.56, 70.27, 32.58,202C), 22.43.
ESI-HRMSmVz calcd for G4H2aN,03[M + H]*387.1708, found 387.1780.

4.1.32.2. 2-(2,2-Dimethyl-7-((4-methyl benzyl ) oxy)-3,4-dihydr o-2H-benzo[ h] chromen-5-yl)-1,3,4-oxadiazole (WK?2)

White solid, yield 80%mp 120-122 °C, R= 0.60 (petroleum ether/EtOAc = 10:1). HPLC pu®§.73% (A%/B% =
4:96, R = 3.519 min)'H NMR (400 MHz, DMSOde) & 9.34 (s, 1H), 8.32 (s, 1H), 7.71 (= 8.5 Hz, 1H), 7.50 (1] =
8.1 Hz, 1H), 7.43 (d) = 7.7 Hz, 2H), 7.24 (d] = 7.7 Hz, 2H), 7.14 (d] = 7.7 Hz, 1H), 5.28 (s, 2H), 3.19 {tF 6.7 Hz,
2H), 2.33 (s, 3H), 1.92 (@ = 6.7 Hz, 2H), 1.41 (s, 6HYC NMR (100 MHz, CDG)) § 165.20, 154.88, 152.20, 149.68,
137.79, 133.83, 129.33 (2C), 128.22, 127.53 (2€7,47, 124.40, 120.12, 115.96, 114.31, 113.96,18)§4.54, 70.22,
32.58, 26.72 (2C), 22.43, 21.26. ESI-HRM calcd for GsHzsN,O5[M + H]*401.1865, found 401.1862.

4.1.32.3. 2-(2,2-Dimethyl-7-((2-methyl benzyl ) oxy)-3,4-dihydr o-2H-benzo[ h] chromen-5-yl)-1,3,4-oxadiazole (WK?3)

White solid, yield 77%mp 176-178 °C, R= 0.58 (petroleum ether/EtOAc = 10:1). HPLC pu®.67% (A%/B% =
4:96, R = 3.519 min)!H NMR (400 MHz, DMSOdg) & 9.33 (s, 1H), 8.30 (s, 1H), 7.73 @@= 8.5 Hz, 1H), 7.58-7.47
(m, 2H), 7.32—7.18 (m, 4H), 5.32 (s, 2H), 3.19( 6.7 Hz, 2H), 2.39 (s, 3H), 1.92 {t= 6.7 Hz, 2H), 1.41 (s, 6H)*C
NMR (100 MHz, CDC}) § 165.16, 154.92, 152.21, 149.72, 136.87, 134.68,483 128.64, 128.34, 128.23, 127.47,
126.07, 124.37, 120.19, 115.83, 114.41, 114.02,0006/4.56, 68.99, 32.58, 26.73 (2C), 22.43, 19HR-HRMSm/z
calcd for GsH,sN,03[M + H] " 401.1865, found 401.1866.

4.1.32.4. 2-(7-((3-Methoxybenzyl)oxy)-2,2-dimethyl-3,4-dihydr o-2H-benzo[ h] chromen-5-yl)-1,3,4-oxadiazole (WK4)

White solid, yield 81%mp 158-160 °C, R= 0.63 (petroleum ether/EtOAc = 10:1). HPLC pui9§.60% (A%/B% =
4:96, R = 3.221 min)*H NMR (400 MHz, DMSOd) & 9.36 (s, 1H), 8.36 (s, 1H), 7.72 (= 8.5 Hz, 1H), 7.51 (] =
8.1 Hz, 1H), 7.35 () = 7.9 Hz, 1H), 7.16-7.07 (m, 3H), 6.93 (dd; 8.3, 2.5 Hz, 1H), 5.32 (s, 2H), 3.78 (s, 3HLBLt,

J = 6.7 Hz, 2H), 1.93 () = 6.7 Hz, 2H), 1.41 (s, 6HC NMR (100 MHz, CDGJ) 5 165.20, 159.87, 154.76, 152.20,
149.71, 138.50, 129.72, 128.22, 127.46, 124.38,1720.19.54, 115.89, 114.45, 114.00, 113.46, 112.88.22, 74.56,
70.16, 55.26, 32.58, 26.73 (2C), 22.43. ESI-HRMSBcalcd for GsHpsN,O04[M + H] " 417.1814, found 417.1824.

4.1.32.5. 4-(((2,2-Dimethyl-5-(1,3,4-oxadiazol -2-yl)-3,4-di hydro-2H-benzo[ h] chromen-7-yl)oxy)methyl)Benzonitrile
(WK5)
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White solid, yield 53%mp 195-197 °C, R= 0.53 (petroleum ether/EtOAc = 10:1). HPLC pui9§.49% (A%/B% =

4:96, R = 2.381 min)."H NMR (400 MHz, DMSOd,) § 9.37 (s, 1H), 8.36 (s, 1H), 7.95-7.87 (m, 2H),8#7.70 (m,

3H), 7.50 (tJ = 8.1 Hz, 1H), 7.11 (d1 = 7.7 Hz, 1H), 5.48 (s, 2H), 3.19 {t= 6.7 Hz, 2H), 1.93 () = 6.7 Hz, 2H), 1.41
(s, 6H).°C NMR (100 MHz, CDG)) § 165.14, 154.11, 152.28, 149.83, 142.27, 132.55,(228.27, 127.55 (2C),
127.25, 124.21, 120.51, 118.66, 115.48, 115.08,2B14111.88, 106.15, 74.69, 69.19, 32.52, 26.72),(22.40.

ESI-HRMSm/z calcd for GsH,,N3O3[M + H]7412.1661, found 412.1661.

4.1.32.6. 2-(2,2-Dimethyl-7-((4-nitrobenzyl)oxy)- 3,4-dihydr o-2H-benzo[ h] chromen-5-yl)-1,3,4-oxadiazole (WK6)

Yellow solid, yield 58%mp 197-199 °C, R= 0.50 (petroleum ether/EtOAc = 10:1). HPLC pufif§.28% (A%/B% =
10:90, R=2.817 min)*H NMR (600 MHz, CDC}) 5 8.55 (s, 1H), 8.52 (s, 1H), 8.33-8.27 (m, 2H)17®,J = 8.5 Hz,
1H), 7.70 (d,J = 8.7 Hz, 2H), 7.44 (1) = 8.1 Hz, 1H), 6.87 (d] = 7.7 Hz, 1H), 5.40 (s, 2H), 3.35 &= 6.8 Hz, 2H),
1.98 (t,J = 6.7 Hz, 2H), 1.48 (s, 6H}*C NMR (150 MHz, CDG)) § 165.11, 154.06, 152.30, 149.85, 147.67, 144.25,
128.28, 127.62 (2C), 127.24, 124.20, 123.96 (229,34, 115.44, 115.16, 115.08, 114.27, 106.17,0{%68.96, 32.52,
26.72 (2C), 22.40. ESI-HRM®&Vz calcd for GH,,N305[M + H]*431.1559, found 432.1585.

4.1.32.7. 2-(7-((4-Fluorobenzyl)oxy)-2,2-dimethyl -3,4-dihydro-2H-benzo[ h] chromen-5-yl)-1,3,4-oxadiazol e (WK7)

White solid, yield 64%mp 166-168 °C, R= 0.61 (petroleum ether/EtOAc = 10:1). HPLC pu®g.77% (A%/B% =
10:90, R= 4.564 min)!H NMR (600 MHz, CDC}) & 8.53 (s, 1H), 8.50 (s, 1H), 7.89 (®i= 8.5 Hz, 1H), 7.51 (dd] =
8.4, 5.5 Hz, 2H), 7.46 (§ = 8.1 Hz, 1H), 7.13 ({) = 8.7 Hz, 2H), 6.92 (d] = 7.6 Hz, 1H), 5.26 (s, 2H), 3.34 {t= 6.8
Hz, 2H), 1.98 (tJ = 6.8 Hz, 2H), 1.48 (s, 6HYC NMR (150 MHz, CDGJ) § 165.18, 163.36, 161.73, 154.63, 152.23,
149.73, 132.60, 132.58, 129.25, 128.23, 127.39,3624120.26, 115.67, 115.53, 114.60, 114.06, 1067459, 69.64,
32.56, 26.72 (2C), 22.41. ESI-HRMSz calcd for G4H2.FN,O3[M + H]*405.1614, found 405.1650.

4.1.32.8. 2-(7-((2,4-Dichlorobenzyl)oxy)-2,2-dimethyl-3,4-dihydr o-2H-benzo[ h] chromen-5-yl)-1,3,4-oxadiazole (WKS8)
White solid, yield 67%mp 142-144 °C, R= 0.59 (petroleum ether/EtOAc = 10:1). HPLC pui9§.83% (A%/B% =
2:98, R = 10.541 min)*H NMR (600 MHz, CDC}) & 8.55 (s, 1H), 8.53 (s, 1H), 7.91 @z= 8.5 Hz, 1H), 7.58 (d] =
8.3 Hz, 1H), 7.48 (dJ = 2.1 Hz, 1H), 7.45 (1) = 8.1 Hz, 1H), 7.31 (dd] = 8.3, 2.1 Hz, 1H), 6.89 (d,= 7.7 Hz, 1H),
5.35 (s, 2H), 3.35 (t) = 6.8 Hz, 2H), 1.98 () = 6.8 Hz, 2H), 1.49 (s, 6H*C NMR (150 MHz, CDGJ)) 5 165.17,
154.17, 152.27, 149.80, 134.27, 133.33, 133.16,5829.29.36, 128.27, 127.43, 127.36, 124.26, 120.45.62, 114.95,
114.14, 106.28, 74.63, 66.92, 32.55, 26.73(2CYR2ESI-HRMSm/z calcd for GH,;CI,N,O3[M + H]* 455.0929,
found 455.0944.

4.1.32.9. 2-(7-((4-Bromobenzyl)oxy)-2,2-dimethyl - 3,4-dihydro-2H-benzo[ h] chromen-5-y1)-1,3,4-oxadiazole (WK9)

White solid, yield 58%mp 162-164 °C, R= 0.66 (petroleum ether/EtOAc = 10:1). HPLC puri§0.00% (A%/B% =
10:90, R = 6.337 min)H NMR (600 MHz, CDC}) & 8.53 (s, 1H), 8.50 (dl = 0.8 Hz, 1H), 7.91-7.87 (m, 1H), 7.59—
7.55 (m, 2H), 7.45 (ddl = 8.5, 7.7 Hz, 1H), 7.41 (d,= 8.4 Hz, 2H), 6.91-6.88 (m, 1H), 5.24 (s, 2HR53(t,J = 6.8 Hz,
2H), 1.98 (t,J = 6.8 Hz, 2H), 1.48 (s, 6H)YC NMR (150 MHz, CDGJ)) § 165.15, 154.50, 152.24, 149.75, 135.87,
131.82 (2C), 129.07 (2C), 128.23, 127.36, 124.20,96, 120.30, 115.70, 114.69, 114.10, 106.16,0{/48.55, 32.56,
26.72 (2C), 22.42. ESI-HRM®Vz calcd for G,H,,BrN,O3[M + H]*465.0814, found 465.0829.
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4.2. Antibacterial evaluation

4.2.1. Antimicrobial assays

Antimicrobial assays were performed applying the-fald broth dilution method as previously descdt®/ our group
[33, 34].

4.2.2 Checkerboard titration assay

Possible synergism of the tested compounds witimamrbbials were evaluated by checkerboard titratassay as
previously described by our group [33-35].

4.2.3. Nilered efflux assay

Nile red efflux assay was carried out to assessathiity of the tested compounds to inhibit efflas previously
described by our group [33-35].

4.2.4. Nitrocefin uptake assay

The influence of the tested compounds on outer maneb permeability of. coli BW25513 was investigated by
nitrocefin uptake assaas previously described by our group [33, 34].

4.2.5. Measurement of the electrochemical gradient over the inner membrane

The effect of the tested compounds on pmf acrossither-membrane was evaluated by applying the &L

fluorescent method as previously described by oomm[33, 34].
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Fig. 1. Structures of some representative AcrB inhibitors.

Fig. 2. Structure-based design of novel AcrB inhibitors.

Fig. 3. Inhibition of Nile Red efflux. Wild-type resistartgells with active pump (solid black line), (-)AcrB
drug-sensitive cells (grey line) or wild-type ceits the presence of the tested compounds (dottexs)liwere
preloaded with Nile Red before the start of flucerse measurements. Efflux was triggered at 10(gdbe
addition of 0.2% glucose (indicated by arrow). Resentative fluorescent traces are shown for tafdic

experiments with different batches of cells.

Fig. 4. The effect of the tested compounds on outembrane permeabilit§. coli were treated with 10 pM CCCP to
inhibit the efflux of nitrocefin. Nitrocefin was dédd to the cells that received no compound (bluges), cells treated
with the outer membrane permeabilizer polymyxinrBd(squares) or the test compounds (red trianghigocefin
hydrolysis by the periplasmig-lactamase was observed as an increase in abserbad®0 nm. Representative traces

are shown from duplicate experiments performedifiardnt days.

Fig. 5. The effect of the tested compounds on membranengate(Ay) across the inner-membrane. Bacterial
suspensions were either left untreated (solid bhe) or exposed to 8-128g/mL test compounds (broken red line) for
10 min after which the potentiometric probe, DB} was added and the fluorescence monitored iinpilateaued.
Cells were then re-energized with 0.5% glucose thedestablishment of a membrane potential (inselgative) was
measured as an increase in fluorescence untéiéplied. The membrane potential was then disriytélle addition of

the proton ionophore CCCP (observed as a sharpidifbmprescence intensity).

Fig. 6. In silico docking studiesThe molecular interactions of AcrB with (K2 and (b)WL 10.

Scheme 1. Reagents and conditions: (a) ZRPOC}, 50 °C, 3 h; (b) dibromoethane,®0;, CH;CN, 75 °C, 8 h; (c)
corresponding alkylamine, KOs, DMF, 78 °C, 6 h; (d) chloroacetic chloridegEt 0 °C to r.t., 2 h; (e) ¥COs;, DMF,
75 °C, 5 h.

Scheme 2. Reagents and conditions: (a) BhCLQO; DMF, reflux, 4 h; (b) diethyl succinate, EtONa, EtOreflux, 6 h;
(c) (CH;CO),0, NaOAc, r.t.; (d) KCO;, MeOH; (e) PhB(OH) AcOH, toluene, reflux, 34 h.

Scheme 3. Reagents and conditions: (a) NaOH, 70 °C, 6 h¢éiolesponding alkylamine, TBTU, DIEA, GEN, r.t.; (c)

Pd/C, B MeOH/EtOAC, r.t.; (d) substituted benzyl chloridelwmomide, KCOs, CH,CN, 55 °C, 4-8 h (e) LiAlH,4, THF,

0 °C to r.t., 2 h; (f) PPHh CBr, DCM, 0 °C to r.t.,, 3 h; (g) corresponding alkylamirK;CO;, DMF, 70 °C, 6 h; (h)
hydrazine hydrate, reflux, 3 h; (fjethyl orthoformatereflux, 12 h.
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Table 1. The synergistic effect of the active compoundg/id-WJ series with different antibacterials againgt-type drug-resistant strai& coli BW25113
expressing AcrB (indicated as (+)AcrB).

Concentration MIC (pg/mL) Concentration MIC (pg/mL)
Compound Compound
((ng/mL) CAM ERY TPP LEV RIF ((ng/mL) CAM  ERY TPP LEV RIF
8 8 64 1024 0.03 16 8 8 64 1024 0.06 16
16 8 64 1024 0.03 16 16 8 64 1024 0.06 16
WH3 32 8 64 1024 0.03 16 WJ5 32 8 64 1024 0.06 16
64 8 64 1024 0.03 16 64 8 64 1024 0.06 16
128 8 64 1024 0.03 16 128 4 32 1024 0.06 16
8 8 64 512 0.06 16 8 8 64 1024 0.06 16
16 8 64 512 0.06 16 16 8 64 1024 0.06 16
WH4 32 8 64 512 0.03 16 WJ6 32 8 64 1024 0.06 16
64 8 64 512 0.03 16 64 8 64 1024 0.06 16
128 8 64 512 0.03 16 128 8 64 512 0.06 16
8 8 64 1024 0.06 16 8 8 64 1024 0.06 16
16 8 64 1024 0.06 16 16 8 64 1024 0.06 16
WHS8 32 8 64 512 0.06 16 WJ7 32 8 64 1024 0.06 16
64 4 64 256 0.06 16 64 4 64 1024 0.06 16
128 N/D N/D N/D N/D 16 128 4 32 1024 0.06 16
8 8 64 1024 0.03 16 8 8 64 1024 0.06 16
16 8 64 1024 0.03 16 16 8 64 1024 0.06 16
WI7 32 8 64 1024 0.03 16 WJ10 32 4 32 1024 0.06 16
64 8 64 1024 0.03 16 64 4 32 1024 0.06 16
128 8 64 1024 0.03 16 128 4 32 1024 0.06 16
8 8 64 1024 0.06 16 16 8 64 1024 0.06 16
16 8 64 1024 0.06 16 32 8 64 1024 0.06 16
wiI8 32 8 64 1024 0.06 16 NDGA 64 8 64 1024 0.03 16
64 8 64 1024 0.06 16 128 4 64 128 0.03 16
128 8 32 512 0.06 16 256 2 32 64 0.03 16
8 8 64 1024 0.06 16 256 8 64 512 0.06 16
16 8 64 1024 0.06 16 A3 512 4 32 256 0.06 16
wJl 32 8 64 1024 0.06 16 NON#E)AcrB 0 8 64 1024 0.06 16
64 4 64 1024 0.06 16 NONE (-) AcrB 0 2 4 32 4.0 16
128 4 64 1024 0.03 16

CAM = Chloramphenicol; ERY = Erythromycin; TPP =tigghenylphosphonium; LEV = levofloxacin; RIF = &ifipicin
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Table 2. The synergistic effect of the active compoundg\ik and WL series) with different antibacterials exga wild-type drug-resistant straih coli BW25113

expressing AcrB (indicated as (+)AcrB).

Concentration MIC (pg/mL) Concentration MIC (pg/mL)
Compound Compound

((ng/mL) CAM ERY TPP LEV RIF ((ng/mL) CAM  ERY TPP LEV RIF

8 8 64 512 0.06 16 8 8 64 1024 0.06 16
16 8 64 512 0.06 16 16 8 64 1024 0.06 16

WK1 32 4 32 512 0.06 16 WwL1 32 8 64 512 0.06 16
64 4 32 512 0.06 16 64 4 64 256 0.01 16
128 2 16 128 0.06 16 128 1 32 64 0.01 16

8 8 32 512 0.03 16 8 8 64 1024 0.06 16
16 8 32 512 0.03 16 16 8 64 1024 0.06 16
WK2 32 8 32 512 0.03 16 WL2 32 8 32 1024 0.06 16
64 8 16 512 0.03 16 64 4 32 512 0.06 16

128 2 8 64 0.01 16 128 4 16 256 0.06 16

8 8 64 512 0.06 16 8 8 64 512 0.03 16

16 8 64 512 0.06 16 16 4 64 512 0.03 16

WK3 32 8 32 512 0.06 16 WL7 32 4 64 512 0.03 16
64 8 32 512 0.06 16 64 4 16 512 0.03 16

128 8 16 256 0.06 16 128 4 8 64 0.03 16

8 8 64 1024 0.06 16 8 4 64 512 0.06 16

16 8 64 1024 0.06 16 16 4 64 512 0.06 16

WK4 32 8 64 1024 0.06 16 WL8 32 4 32 512 0.06 16
64 8 64 512 0.06 16 64 4 32 256 0.06 16
128 8 32 512 0.06 16 128 2 16 128 0.06 16

8 8 64 1024 0.06 16 8 8 64 512 0.06 16

16 4 64 1024 0.06 16 16 8 64 512 0.06 16

WK5 32 4 64 1024 0.06 16 WL9 32 8 64 512 0.06 16
64 4 64 512 0.06 16 64 8 16 512 0.06 16
128 2 32 512 0.06 16 128 4 16 256 0.06 16

8 8 64 1024 0.06 16 8 4 16 512 0.06 16

16 8 64 1024 0.06 16 16 4 16 512 0.06 16

WK6 32 8 64 1024 0.06 16 WL10 32 4 16 256 0.06 16
64 8 32 1024 0.06 16 64 4 16 128 0.06 16

128 4 32 1024 0.06 16 128 2 8 64 0.01 16

8 8 64 1024 0.06 16 16 8 64 1024 0.06 16

16 8 64 512 0.06 16 32 8 64 1024 0.06 16

WK7 32 8 32 512 0.06 16 NDGA 64 8 64 1024 0.03 16
N/D N/D N/D N/D N/D 16 128 64 128 0.03 16

128 N/D N/D N/D N/D 16 256 2 32 64 0.03 16

NONE (+)AcrB 0 8 64 1024 0.06 16 256 4 32 512 0.06 16
NONE(-)AcrB 0 2 4 32 0.04 16 A3 512 4 16 256 0.06 16

CAM = Chloramphenicol; ERY = Erythromycin; TPP =tieghenylphosphonium; LEV = levofloxacin; RIF = &ifipicin
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Table 3. In vitro cytotoxicity profiles of/WK2 andWL 7 againstHepG2cells.

% Inhibition % Inhibition
Compounds

(10 uM) (100 uM)
WK?2 6 87
WL7 2 66
Paclitaxel IC5=12.6 nM

Table 4. Summary of biological activities of the active ehmanone andi-benzo[h]chromene derivatives.

Compd MIC (pg/mL) Antimicrobial Does not increase Inhibition of  No outer No inner
sensitizing activity antimicrobial AcrB efflux ~ membrane membrane
WT  (-)AcB (vs antibacterials) activity of RIF (UM) damage damage
WH3  >512  >128 L v 100 v v
WH4  >512  >128 T, L v 200 v v
WH8  >512  >128 C, T v 200 v v
wI8 >512  >128 L v 100 v v
wI19 >512  >128 E,T v 100 v v
wJa1 >512  >128 C,L v 100 v v
WJ5 >512  >128 C,E v 100 v v
WJ6 >512  >128 T v 100 v v
wJ7 >512  >128 C,E v 200 v v
WwJi10 >512  >128 C,E v 50 v v
WK1 >512 >128 C,ET v 100 v v
WK2 >512 >128 C,ETL v 100 v v
WK3 >512 >128 E,T v 100 v v
WK4 >512 >128 E, T v >100 v v
WK5 >512  >128 C,.E T v 50 v v
WK6 >512  >128 C,E v 100 v v
WK7 64 64 C,E T v 50 v v
wL1 >512  >128 C,E,TL v 100 v X
WL2 >512  >128 C,.ET v 100 v v
WL7 >512  >128 C,E,TL v 100 v v
WL8 >512  >128 C,.ET v 50 v v
WL9 >512  >128 C,ET v 50 v v
WL10 >512  >128 C,E,TL v 100 v v

C = chloramphenicol, E = erythromycin, L = Levoftmin, T = tetraphenylphosphonium
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Scheme 3
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WI6 R3=2,6-dimethylmorpholinyl, R*= 2 4-dichloro
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WJI0 R’ = 1,2,3,4-tetrazolyl, RY= 4-acrylamido

WLI1 R3 = hydroxyl, R* = hydrogen

WL2 R3 = hydroxyl, R* = 3-methoxyl

WL3 R3 = hydroxyl, R* = 4-acetylamino

WL4 R3 = hydrazinyl, R* = hydrogen

WLS5 R3 = hydrazinyl, R* = 3-methoxyl

WL6 R3 = hydrazinyl, R* = 4-acetylamino

WL7 R3 = morpholinyl, R* = hydrogen

WLS8 R? = morpholinyl, R* = 3-methoxyl

WL R? = morpholinyl, R* = 4-trifluoromethyl

WL10 R? = morpholinyl, R* = 4-acrylamido

WLI11 R’ = 2,6-dimethylmorpholinyl, R* = hydrogen
WLI12 R’ = 2,6-dimethylmorpholinyl , R* = 3-methoxyl
WLI13 R’ =2,6-dimethylmorpholinyl, R* = 4-trifluoromethyl
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> Novel chromanone and 2H-benzo[h]chromene derivatives were designed and synthesized. > They
were evaluated to inhibit AcrB efflux pump. > Twenty-four compounds were found to increase the
efficacy of antibiotics tested. > WK 2, WL7 and WL 10 possessed broad-spectrum and high-efficiency
EPI activity. > Those compounds had favorable properties as potential AcrB inhibitors.



Declar ation of Interest Statement

The authors declare that this study was carried out only with public funding. There is no funding or no

agreement with commercial for profit firms.



