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Abstract

A series of hybrids of hydroxypyridinone and coumawrere rationally designed,
synthesized and biologically evaluated for thewnirion chelating and MAO-B
inhibitory activities. Most of the compounds diggd excellent iron ion chelating
effects and moderate to good anti-MAO-B activiti€ampound27a exhibited the
most potent activity against MAO-B, with ansiGralue of 14.7 nM. Importantlg7a
showed good U251 cell protective effect and sigaiftly ameliorated the cognitive
dysfunction of scopolamine-induced AD mice. Morepu@olecular docking was
performed to elucidate the probable ligand-recepiateraction, and the

structure-activity relationships were also summneatiz

Keywords: Alzheimer’s disease; Iron ion chelator; MAO-B ibitor; Coumarin
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1. Introduction

Alzheimer’s disease (AD) is a typical progressivaumodegenerative disorder
characterized by dementia, cognitive impairmend, memory los$§”. Although it has
been discovered more than 100 years, the etioldgdDoremains ambiguous. The
accumulative formation o-amyloid (AB) deposits, hyper-phosphorylategrotein
aggregation, oxidative stress, dyshomeostasis ofmétals, and low levels of
acetylcholine (ACh) are considered to play cruniées in the pathogenesis of A
To date, the therapeutic options for AD patientsrewdimited within one
N-methylD-aspartate (NMDA) receptor antagonist (Memantinefd athree
acetylcholinesterase (AChE) inhibitors (DonepeRilyastigmine and Galantamine).
However, the therapeutic effects are limited duahi® multifactorial and complex
nature of AD®.

In recent years, monoamine oxidases (MAOSs), theortapt enzymes involved



in monoamine neurotransmitters metabolism and dtixelastress, have received
increasing attention for their potential roles fire treatment of AB® ). MAOs are
flavin adenine dinucleotide (FAD)-containing enz@mnat are responsible for the
oxidative deamination of various biogenic and dietamines. MAO-B is one of the
enzymatic isoforms, which accelerates the oxidativdeamination of
B-phenethylamine and benzylamiffe®. MAO-B inhibitors are employed to treat
neurodegenerative diseases. For example, safinamide well-known MAO-B
inhibitor recently approved for Parkinson's therdy The oxidative deamination
catalyzed by MAO-B leads to the higher levels otino¢oxic products, such as
hydrogen peroxide and aldehydes, which promotefdhmation of reactive oxygen
species (ROS) and may contribute to neuronal daffag@ Studies have shown that
MAO-B expression in neuronal tissues increaseddtifothe elderly, and its activity
elevated in brains of AD patients increases the ohineurotransmitters consumption
and neuronal damad®*®. Meanwhile, evidence has shown that MAO-B inhitsito
can significantly improve learning memory deficits animal models due to the
inhibition of the oxidative stress in ABY. Overall, these observations suggest that
MAO-B inhibitors demonstrate great potential foe theatment of AD.

The dyshomeostasis of brain metal-ion is one oirtiortant hallmarks of AD,
related to the formation of both amyloid plaquesl aeurofibrillary tangled™>*",
Recently, studies found that transition metalseegfly for iron and copper ions,
bind to amyloid plaques directly, which suggestat thverloaded metal ions in the
neuropil and plagues of the brain closely assodiafiéh the formation of A plaques
and neurofibrillary tangle§®!. Additionally, the high concentration of redox-aetiv
metal ions might work as a catalyst involved in greduction of reactive oxygen
species (ROS), resulting in oxidative stréSs Thus, chelating agents have been
proposed as a potential therapeutic option forttb&tment of AD by modulating the
level of biometals in the bralf 2%

On the account of the insufficiency of traditiofiahe drug, one target” therapy
methods, the multi-target-directed ligand (MTDL)as¢égy based on the “one

molecule, multiple target” paradigm has been dey&doby acting on multitarget



simultaneously for the efficient treatment of thaltifiaceted diseas® ?2. In view of

the importance of MAO-B, biometals, and oxidatiteess in the treatment of AD,
designing MTDLs with MAO-B inhibition, iron chelamn, and antioxidative ability
received much attention in recent ye&rs ¥, Previously, we reported the rapid
construction of dual-target anti-Alzheimer’'s diseaagents with both iron ion
chelating and MAO-B inhibitory activity by click emistry, and most of the
compounds showed efficient iron ion chelating #piland favorable MAO-B

inhibitory activity 2

. Inspired by these drug design strategies, in wosk, we
designed a novel series of hydroxypyridinone-coumdrybrids as multimodal

monoamine oxidase-B inhibitors and iron chelatesresg AD.

2. Results and discussion
2.1. Design of the hydroxypyridinone-coumarin hybrds

Researchers have demonstrated that coumarin isobriee most privileged
scaffolds of MAO-B, and the structure-activity rdaships (SARsS) of coumarin
derivatives, especially for 3-phenyl, and 7-benxylsubstituted derivatives have
been comprehensively investigatétf®. Therefore, the planar coumarin scaffold was
chosen and the C-7 of coumarin ring was modifiecemhance the anti-MAO-B
efficacy as well as promote the selectivity over OHA 303

Deferiprone is a widely used iron-selective cheldbo the treatment of systemic
iron overload, which can effectively chelate oxidative ifh from the
iron-overloaded tissues without disturbing the ralroytosolic labile iron podt® %!
Coumarin derivatives usually show high lipophifgitresulting in preferable
membrane penetrating ability, but their water sihlyb is poor. While
hydroxypyridinone derivatives possess excellentewatolubility but display low
membrane penetrating ability and bioavailabilifj’). Overall, the rational
combination of hydroxypyridinone and coumarin isp@mising strategy for the
treatment of neurodegenerative diseases.

Based on the multitarget directed ligand strateggovel molecular framework

was rationally designed by integrating the strietunf hydroxypyridin-4-one groups



with C-7 substituted coumarin derivatives.

(Fig. 1)

2.2. Chemistry

The synthesis of the novel hybri8s-c, 13ac, and24-29a-c) are depicted in
Schemes 1o 3. Intermediates3a to 3c were easily prepared from market available
precursors maltol, ethyl maltol, and 5-hydroxy-2thye4H-pyran-4-one,
respectively $cheme ). The protection of hydroxyl groups at the pyraireggs of
la-c provided the methyl or benzyl protected derivai2a-c Subsequently, the ring
oxygen was substituted by nitrogen via reactiorhaitnmonium hydroxide to obtain
the corresponding pyridinone derivativéa-c ®”. Coumarin derivatives were
prepared following the reported methods via reactd propionic anhydride with
benzaldehydd, 9, and14 respectivelyto afford intermediates, 10, and15 ®8. Then,
the 3-methyl moiety was substituted with the broretml group to give
3-bromomethyl coumarif, 11, 16 2%,

According to $heme 2and 3, coumarin-based hybrid&-c, 12ac, 18 a-¢ and
23a-c were synthesized by a nucleophilic substitutioractien between the
pyridin-4(1H)-one @Ba-3c) and 3-bromomethyl coumarin. The desired compounds
8a-c and 13ac were obtained via demethylation @&-c, 12ac by treatment with
boron tribromide (BB4§). In terms of compounds24-29%a-c), the gathered
intermediatesl7a-c were refluxed in 50% acetone-water solution, sgbeetly
treated with propargyl bromide or correspondingzyéromide in the presence of
potassium carbonate to afford the key intermedl&@3(a-c) Then the protecting

group of pyridinone moiety was selectively remoteabtain the final compounds.

(Scheme )
(Scheme 2
(Scheme 3}



2.3. Acid dissociation constants and irof{’ affinity constants test of the hybrids

An automated spectrophotometric titration systera agplied to test thep and
logKeq (FE") values®® “°l The determined iy values and affinity constants for
iron" are presented ifiable 1. Most of the compounds showed the promising®pFe
chelating effect with pF& values around 18. Compoun2&c and28a, displayed the
most potent chelating activity with pFevalues of 18.75 and 18.65, respectively,
superior to that of the reference drug deferiprgpfe® = 17.26). Thus, in general, all
the hybrids inherited the excellent iron chelatiadpility of the deferiprone

pharmacophore.

(Table 1)
(Scheme 4

For all of the synthesized compounds, the UV pesfijielded two K, values.
The lower K4 value (< 3.26) is assigned to the protonationhef4-oxo group and
the higher K2 value in the range of 8.87-9.76 is assigned taltbgociation of 3- (or
5- ) hydroxyl group $cheme ¥ M. Since the acid dissociation constant was
evaluated in a saline system, the detect& palues indicate the remarkable
enhancement of water solubility of the parent caummstructure. The UV profile of
27a over the pH range of 2.0-10.5i¢. 2) yielded two K, values, 3.10 and 9.65,
respectively. When the titration was proceededénpresence of iréf!, over the pH
range of 1.2-8.0, the visible profile was indicatigf three species, Fel, Fgland
Fels (Fig. 3 . Resolution of the spectra of these three speldsto the
determination of the corresponding three affinignstants: log; (14.26), lodK,
(25.32) and loK; (34.25). The pF& value (18.04) was then calculated based on the
above three affinity constants. It is obvious thater most physiological conditions,
the dominant species is the neutral' Ege complex, even when the ifdh and27a
concentrations are below the micromolar |{/8] Comparatively, bothi, values of
the hybrids are lower than the corresponding valugeferiprone, resulting from the

delocalization of the negative charge on 4-oxygenoss the ring to the ring nitrogen



cation Scheme 4.

(Fig. 2)
(Fig. 3)

2.4. Discussion

The MAO-B inhibitory activities of all the targetedompounds were
preliminarily evaluated at 10M and pargyline (a MAO-B inhibitor) was selected as
the reference drug. As shownTiable 2 most of the compounds exhibited significant
MAO-B inhibitory effect at the concentration of 10. Subsequently, compounds
with favorable anti-MAO-B activity (more than 75%hiibition) were submitted to the
following 1C5p test [Table 3). As illustrated inTable 2 and 3, although the
hydroxypyridinone moiety was introduced to the parstructure of coumarin, the
obtained hybrids successfully maintained the irtbrgi activity against MAO-B, and
there are slight differences among the traleemical series diydroxypyridinones. In
general, compounds modified at C-7 of the coumarig exhibited better MAO-B
inhibitory activities, with 1G, values ranging from submicromolar to lower
nanomolar concentrations. Compouith was proved to be the most potent hybrid
displaying the highest MAO-B inhibitory activity@o = 14.7 nM), which was even
more efficient than that of pargyline @€= 85.8 nM). Compound8a-c were
approximately two-fold less potent than that of thethoxyl (3a-9 and propargyl
(24a-9 substituted hybrids at the side chain of C-7. &bwer, it was obvious that
with the lengthen and the substitution group sichenzyloxy resulted in remarkable
potency enhancement. Additionally, after the intrcttbn of electron-withdrawing
groups (Cl and F) at meta- or para-position ofliteezyloxy phenyl ring, the obtained
hybrids exhibited better MAO-B inhibition. Interesgly, compoundl3a showeda

lower IC5g value of 91.9 nM.

(Table 2
(Table 3



2.5.Molecular modeling

In order to elucidate the probable binding modes;kohg simulations were
performed using the CDOCKER program of the Discp\#&udio 2016 software. The
X-ray crystal structure of human MAO-B (PDB entry52) was used acquired from
the PDB!*®. Based on thén vitro inhibitory results, compounds3a and27a were
selected as typical ligands for the evaluation.sAswn inFig. 4, several lipophilic
interactions anchoring the coumarin moiety of tlybrius at the aromatic substrate
cavity of both13aand27a and the hydroxypyridinone moiety was toward tA®F
cofactor. The binding mode showed important intéoas between
hydroxypyridinone moiety and residues around it, iclh indicated that
hydroxypyridinone moiety, not only rendering chelgtability but also worked as a
key fragment in binding with MAO-B. There were twydrogen bonds between
furan-carbonyl oxygen and the residues GLN 206 Bvi 326. These interactions,
in part, might explain the good inhibitory activiof 13a In the case oR7a the
ligand crossed both the entrance and substratdiesaof the enzyme. The C-7
3-F-benzyloxy of compoun@7a occupied the hydrophobic entrance cavity of the
enzyme and interacted with the lipophilic residids 199, ILE 316, LEU 164, PRO
104 and PHE 103. Besides, the fluorine atom estaddi a halogen interaction with
residue PRO102. Moreover, the hydroxyl of pyridiedarmed a hydrogen bond with
residue GLN 206, and Pi-alkyl interaction was obedr between the methyl of
pyridinone and TYR 435 as well as FAD. Those obst@oms might explain the best

activity of the27a

(Fig. 4)

2.6.Cytotoxicity and cytoprotective effects of theompound 27a on U251 cells.
The safety is important for the CNS drugs, so tbtemtial toxic effect oR7a
was investigated on human glioma cell line U251e Tdells were exposed to

compound27aat the concentration of 10 nM,uM, and 100uM respectively for 24



h and the cell viability was determined by the Ma&ay** *°! As shown inFig. 5A,
compound27ashowed no cytotoxicity even at the concentratibhGd pM.

Meanwhile, we evaluated the cytoprotective effeofs compound27a on
H,O.-induced cell damageFig. 5B) **. Treatment with 10QuM H,O, for 1 h
resulting in over 50% death of U251 cells. Wherscptetreated witl27a (100 uM)
for 24 h, the cell viability increased to 57.8 %, close to that of pargyline (1@,
61.5 + 4.7%) or vitamin C (100M, 57.6 + 3.5%) pretreated group. These results

indicated thaR7ahad cytoprotective activity against antagonizim@lative stress.

(Fig. 5)

2.7. Behavioral studies

The improvement of cognitive ability is of greatportance for the development
of anti-AD agents. Based on the multiple evaluaiomentioned above7a showed
the best multipotent activity and was selectedifiorivo behavioral study by using a
Morris water maze te§P.

Scopolamine was selected to build the cognitionaiimgal adult ICR mice animal
model, which was applied for the behavioral evatumof 27a Pargyline (10 mg- K
was used as a reference drug. 30 min before tmapagritoneal administration of
scopolamine (1 mg-Ky or blank solution27aand pargyline were intraperitoneally
injected to the ICR mice for two consecutive wettkadapt the apparatus. The test
included 2 days of learning and memory traininglpfeed by a probe trial on the fifth
day. For all of the groups, the data on the fiffly &vas presented in mean =+ SEM and
are shown imable 4 andFig. 6.

Compared to the control group, scopolamine led teraarkable delay of the
latency to target (15.3 + 1.2 seconds vs. 40.2 5 $@conds’p < 0.05), indicating
that the cognitive impairment mouse model was ssfady built. For the pargyline
treated group, the latency to target reduced tat28 seconds | < 0.05), showing
pargyline could ameliorate the impairment. Comparethe control group, animals

treated with compoun@7aresulted in a significant reduction in the latencyarget



(9.6 £ 3.4 seconds, *p < 0.05), which demonstréteti27a considerably ameliorated
the cognitive impairment of the mice with compaeabfficacy to pargyline. From this
observation, we can roughly conclude thaacould penetrate the blood-brain barrier
(BBB) and target the MAO-B in the central nervoystem (CNS).

The distance of the mice motion track to the taf@able 4 andFig. 6B) and the
the times that mice entered the target quadrdablé 4 and Fig. 6C) were also
analyzed. Compared to the control group, admiristraof scopolamine significantly
led to the extended distance of the mice motiockt{d0.4 £ 1.2 m vs. 5.8 + 0.7 m,
#h < 0.005). Moreover, the enter target quadranesimere markedly decreased (16.5
+ 0.8 vs. 9.0 + 0.8"p < 0.001). Pargyline slightly shortened the distato target
(6.6 + 0.6 m, p < 0.05). When treated with compoutk, the distance to target was
remarkably shortened (4.2 £ 0.6 m, ***p < 0.001pn@pared to the control group,
both pargyline an@7aincreased the times enter target quadrant of tive,neven
close to a normal level (16.3 + 1.5, **p 0.001, 16.6 = 0.8, **g 0.001,
respectively). These results were also supportettdpgctory analysis. As shown in
Fig. 6B, the trajectories of the mice in scopolamine maplelp was very long and in
a muddle, while27a and pargyline groupsF({g. 6C and D) displayed a shortened
track (Fig. 6A). Taken together, these results supported @& remarkably

ameliorated the cognition impairment caused by slaopine.

(Table 4)
(Fig. 6)

3. Conclusion

In summary, a novel series of hydroxypyridinoneroaun hybrids were
designed and prepared by pharmacophore fusion egytat acting as
multi-target-directed agents for the treatment ddh&imer’s disease. The designed
compounds showed promising anti-MAO-B activitiesl dnometal chelating effects
in thein vitro assays. Compoun2i7a was proved to be the most effective MAO-B

inhibitor (ICso = 14.7 nM), superior to that of the reference dpaggyline (IGo =



85.8 nM). The molecular docking analysis demonsttahat27a could bind to both
the entrance cavity and the substrate cavity of MB@\dditionally, compoun®7a
displayed cytoprotective activity against oxidatiggess and could significantly
ameliorate the cognition impairment in a Morris @ataze test model. The present
study indicates tha27ais a promising multifunctional agent with potehtenti-AD
activity, and the design of dual MAO-B inhibitor cariron ion chelator is a useful

strategy for the treatment of AD.

4. Experimental section
4.1. General information

All starting materials and reference compounds vedtained from commercial
sources without further purification. Th#d NMR and **C NMR spectra were
recorded on a Bruker BioSpin GmbH spectrometerK&ruGermany) at 600 and 150
MHz respectively, where CDgl or DMSOds was used as the solvent.
Tetramethylsilane was used as standard and chestidtd are reported in parts per
million (ppm), coupling constant$ are given in Hertz (Hz), and spin multiplicities
are given as singlet (s), broad singlet (br s),btetu(d), doublet of doublets (dd),
doublet of doublets of doublets (ddd), triplet (tpublet of triplets (dt), quartet (q),
and multiplet (m). Electrospray ionization mass ctfmmetry (ESI-MS) was
performed on an amazon speed (Bruker, Germany)sitipe polarity. Data were
listed as mass number ([M+H]and relative intensity (%). High-resolution mass
spectra were obtained using a Shimadzu LCMS-IT-TSs spectrometer. Melting
points (m.p., uncorrected) were determined on ag¥3uchi melting point apparatus
(Buchi, Germany). All the reactions were routinetyonitored by thin layer

chromatography on silica gel and visualized usiMlight (254 nm light source).

4.2. General procedure for the preparation of componds 3a-3c.
A mixture of suitable Maltol (7.56 g, 60 mmol), amhous KCO; (9.12 g, 66
mmol), benzyl bromide (10.78 g, 63 mmol) and acet(b0 mL) was refluxed for 8

h. Once the reaction was completed, the mixture ezeded to room temperature.



After the solvent was removed under reduced pressuater (100 mL) was added
and the mixture was extracted four times with dicbimethane (50 mL). The
combined organic layer was dried over anhydroususodulfate and the solvent was
removed under reduced pressure to afford interreBgsas yellow oil. Intermediates
2b, 2c wasprepared followed the similar procedure2af 2a, 2b or 2c (4.33 g, 40
mmol) was then dissolved in ethanol 45 mL and &% ammonia aqueous solution
(60 mL) was added, and the mixture was refluxedlfdm. Afterward, The solvent
was evaporated off to obtain a pale brown soliddtes which was recrystallized
from acetone/ ethyl acetate, leaving the pure targepound as a pale colored solid.
4.2.1. 3-Methoxy-2-methylpyridin-4(#)-one @a')

Yield: 75%, m.p. = 154.8°CH NMR (600 MHz, Chloroform-d)$ (ppm): 13.50
(s, 1H), 7.52 (dJ = 7.1, 0.9 Hz, 1H), 6.44 (d,= 7.0, 1.1 Hz, 1H), 3.79 (s, 3H), 2.42
(s, 3H).
4.2.2. 3-(Benzyloxy)-2-methylpyridin-4(#)-one 3&)

Yield: 82%, m.p. = 123.1°CH NMR (600 MHz, Chlorofornd), 8 (ppm): 13.38
(s, 1H), 7.42 (dJ = 7.0 Hz, 1H), 7.31 - 7.26 (m, 5H), 6.37 Jc= 6.9 Hz, 1H), 5.03 (s,
2H), 2.16 (s, 3H).
4.2.3. 2-Ethyl-3-methoxypyridin-4(#)-one @bY)

Yield: 73%, m.p. = 148.5°CH NMR (500 MHz, Chloroform-d)$ (ppm): 13.28
(s, 1H), 7.44 (dJ = 7.0 Hz, 1H), 6.36 (d] = 6.8 Hz, 1H), 5.09 (s, 2H), 2.69 (@=
7.2 Hz, 2H), 1.12 (t) = 7.5 Hz, 3H).
4.2.4. 3-(Benzyloxy)-2-ethylpyridin-4(#)-one @b

Yield: 76%, m.p. = 140.7°CH NMR (500 MHz, Chlorofornd), 8 (ppm): 13.20
(s, 1H), 7.44 (dJ = 7.0 Hz, 1H), 7.26 (m, 5H), 6.36 (@= 6.8 Hz, 1H), 5.09 (s, 2H),
2.60 (q,J = 7.5 Hz, 2H), 1.08 (] = 7.5 Hz, 3H).
4.2.5. 5-Methoxy-2-methylpyridin-4(#)-one @c')

Yield: 76%, m.p. = 96.7°C*H NMR (600 MHz, DMSO-d6)$ (ppm): 11.29 (s,
1H), 7.28 (s, 1H), 5.98 (s, 1H), 3.63 (s, 3H), 2A4.73H).
4.2.6. 5-(Benzyloxy)-2-methylpyridin-4(#)-one B¢

Yield: 80%, m.p. = 184.3°GH NMR (400 MHz, DMSO#d), § (ppm): 11.21 (s,



1H), 7.9-7.31 (m, 6H), 6.00 (s, 1H), 4.97 (s, 2B)L6 (s, 3H).

4.3. General procedure for the preparation of componds 5, 10 and 15.

A 250 mL round-bottom flask was charged with appiaip salicylaldehyde (60
mmoL), propionic anhydride (23.43 g, 180 mmol) aadlium propionate (11.53 g,
120 mmol). Triethylamine (6.07 g, 60 mmoL) was thahded, and the recation
mixture was refluxed for 10 h. The resulting bromixture was recrystallized from
ethyl acetate (50 mL) afforded a white solid whstitbsequently was washed by water,
obtaining a white product.

4.3.1. 3-Methyl-2H-chromen-2-oneX)

Yield: 48%, m.p. = 116.5°CH NMR (600 MHz, Chlorofornd), & (ppm): 7.50
(s, 1H), 7.44 (td) = 7.3, 1.3 Hz, 1H), 7.40 (dd,= 7.7, 1.6 Hz, 1H), 7.29 (d,= 8.3
Hz, 1H), 7.24 (td, 1H), 2.20 (s, 3H).

4.3.2. 7-Methoxy-3-methyl-21-chromen-2-onel)

Yield: 45%, m.p. = 117.8°CH NMR (600 MHz, Chlorofornd), & (ppm): 7.45
(s, 1H), 7.30 (dJ = 8.3 Hz, 1H), 6.83 - 6.80 (m, 2H), 3.86 (s, 317 (s, 3H).

4.3.3. 3-Methyl-2-oxo-H-chromen-7-yl propionatelb)

Yield: 56%, m.p. = 127.3°CGH NMR (600 MHz, Chlorofornd), & (ppm): 7.52 -
7.48 (m, 1H), 7.41 (d] = 8.4 Hz, 1H), 7.09 (d] = 2.2 Hz, 1H), 7.01 (dd] = 8.4, 2.2
Hz, 1H), 2.62 (q) = 7.5 Hz, 2H), 2.21 (d] = 1.4 Hz, 3H), 1.28 (1] = 7.5 Hz, 3H).

4.4. General procedure for the preparation of componds 6, 11 and 16.

To a solution of compoun8 (4.65 g, 20 mmol) in 40 mL of C&Llwas added
NBS (3.74 g, 21 mmol) and a trace amount of BPQ €f), and the mixture was
allowed to refluxed for 12 h. After the reactio) L dichloromethane was added,
and the mixture was washed five times with watérr{@.), and the organic layer was
dried by anhydrous sodium sulfate. Subsequentlg, Sdivent was evaporated off to
afford white colored solid, which was re-crystadlizfrom ethyl acetate/ petroleum,
leaving the pure desired product.

4.4.1. 3-(Bromomethyl)-2H-chromen-2-oneq)



Yield: 75%, m.p. = 120°CH NMR (600 MHz, Chloroformd), § (ppm): 7.86 (s,
1H), 7.55 (td, 1H), 7.51 (dd,= 7.8, 1.6 Hz, 1H), 7.35 (dd,= 7.8, 0.6 Hz, 1H), 7.31
(td,J = 7.5, 1.0 Hz, 1H), 4.44 (s, 2HJC NMR (150 MHz, CDGJ), 5 (ppm): 161.46,
153.36, 138.76, 131.53, 128.01, 124.79, 119.22,/8]1®1.27, 29.84.

4.4.2. 3-(Bromomethyl)-7-methoxy42-chromen-2-onel(1)

Yield: 52%, m.p. = 133.0°CH NMR (600 MHz, Chlorofornd), 8 (ppm): 7.79
(s, 1H), 7.39 (dJ = 8.6 Hz, 1H), 6.86 (dd] = 8.6, 2.4 Hz, 1H), 6.82 (d,= 2.4 Hz,
1H), 4.42 (s, 2H), 3.88 (s, 3HFC NMR (150 MHz, CDGJ), & (ppm): 163.32, 160.39,
155.82, 142.31, 129.17, 121.87, 113.17, 112.62,790%5.99, 28.30.

4.4.3. 3-(Bromomethyl)-2-oxo-B-chromen-7-yl propionatel6)

Yield: 95%, m.p. = 118.3°CH NMR (600 MHz, Chloroform-d)§ (ppm): 7.84
(s, 1H), 7.50 (dJ = 8.5 Hz, 1H), 7.13 (d] = 2.2 Hz, 1H), 7.07 (dd] = 8.5, 2.2 Hz,
1H), 4.42 (s, 2H), 2.63 (&, = 7.6 Hz, 2H), 1.28 () = 15.1 Hz, 3H)*C NMR (100
MHz, CDCk), 6 (ppm): 172.19, 159.64, 154.34, 153.55, 141.45,.7198124.82,
118.82, 116.59, 110.28, 27.75, 27.56, 8.92.

4.5. General procedure for the preparation of compends 7a-c, 12a-c, 17a-c.

A mixture of 6 (239 mg, 1.5 mmol)3a’ (139 mg, 1.0 mmol), anhydrous
potassium carbonate (207 mg, 1.5 mmol), and adeter{il5 mL) was refluxed for 6
h, and the progress of the reaction was monitoyed@le (eluent: dichloromethane/
methanol = 15: 1 solvent mixture). The reaction tomi& was concentrated under
reduce pressure to afford yellow solid residue clwhwas purified by chromatography
on silica gel to obtain the desired compound.

4.5.1. 3-(Methyloxy)-2-methyl-1-((2-oxo-8-chromen-3-yl) methyl)
pyridin-4(1H)-one {{a)

Yield: 55%, m.p. = 192.0°CH NMR (600 MHz, DMSO#ds), & (ppm): 7.76 (dd,
J=7.8, 1.5 Hz, 1H), 7.69 (d,= 7.6 Hz, 1H), 7.61 (ddd] = 8.5, 7.4, 1.6 Hz, 1H),
7.48 (s, 1H), 7.43 (d] = 8.3 Hz, 1H), 7.34 (td) = 7.5, 1.0 Hz, 1H), 6.19 (d,= 7.5
Hz, 1H), 5.02 (dJ = 1.5 Hz, 2H), 3.71 (s, 3H), 2.27 (s, 3HC NMR (150 MHz,
DMSO), § (ppm): 172.08, 159.45, 152.68, 146.94, 140.73,040138.83, 131.90,
128.68, 124.68, 124.35, 118.64, 116.37, 116.05%%1.69, 11.76. HRMS m/z: calc.



for C17H1sNO4Na [M+Na]', 320.0893, found 320.0903.
4.5.2. 3-(Methyloxy)-2-ethyl-1-((2-oxo-B-chromen-3-yl) methyl)
pyridin-4(1H)-one {b)

Yield: 33%, m.p. = 193.1°CH NMR (600 MHz, Chlorofornd), & (ppm): 7.56
(ddd,J = 8.6, 7.3, 1.6 Hz, 1H), 7.44 (d#i= 7.7, 1.5 Hz, 1H), 7.36 (d,= 8.3 Hz, 1H),
7.31 (td,J = 7.5, 1.1 Hz, 2H), 7.03 (d,= 1.7 Hz, 1H), 6.52 (d] = 7.5 Hz, 1H), 4.96
(d,J = 1.6 Hz, 2H), 3.96 (s, 3H), 2.68 Jt= 7.5 Hz, 2H), 1.22 (i) = 7.5 Hz, 3H)*°C
NMR (150 MHz, CDCY), 6 (ppm): 173.85, 159.88, 153.26, 147.99, 145.67,039
138.76, 132.54, 128.37, 125.22, 124.40, 118.39,361816.83, 60.01, 51.85, 19.97,
14.03. HRMS m/z: calc. for fgH1gNO4 [M+H] ", 312.1230, found 312.1217.

4.5.3. 5-(Methyloxy)-2-methyl-1-((2-oxo--chromen-3-yl) methyl)
pyridin-4(1H)-one ({7 c)

Yield: 52%, m.p. = 257.1°C'H NMR (600 MHz, Chloroforrd), & (ppm): 7.57
(ddd,J = 8.7, 7.4, 1.6 Hz, 1H), 7.46 (ddi= 7.8, 1.6 Hz, 1H), 7.36 (d,= 8.3 Hz, 1H),
7.32 (tdJ = 7.5, 1.1 Hz, 1H), 7.06 (d,= 1.6 Hz, 1H), 7.01 (s, 1H), 6.39 (s, 1H), 4.93
(d,J = 1.7 Hz, 2H), 3.78 (s, 3H), 2.27 (s, 3£C NMR (150 MHz, CDGJ), 5 (ppm):
172.91, 159.96, 153.27, 150.14, 145.51, 138.71,5¥32128.38, 125.24, 123.77,
122.61, 118.39, 117.52, 56.47, 52.18, 19.16. HRMS8 aalc. for G/HigNO4 [M+H] ",
298.1070, found 298.1074.

4.5.4. 3-(Methyloxy)-1-((7-methoxy-2-oxo042-chromen-3-yl)methyl)-2-methylpyrid
in-4(1H)-one (23

Yield: 48%, m.p. = 174.0°CH NMR (600 MHz, Chlorofornd), & (ppm): 7.33 (dd,
J=8.1, 5.8 Hz, 2H), 7.03 (d,= 1.6 Hz, 1H), 6.87 (dd] = 8.7, 2.4 Hz, 1H), 6.83 (d,
J=2.4 Hz, 1H), 6.49 (d] = 7.5 Hz, 1H), 4.91 (d] = 1.5 Hz, 2H), 3.89 (s, 3H), 3.87
(s, 3H), 2.33 (s, 3H)*C NMR (150 MHz, CDGJ), § (ppm): 173.72, 163.45, 160.31,
155.22, 148.38, 140.60, 139.11, 139.04, 129.31,8b]19118.07, 113.32, 112.02,
100.88, 59.76, 56.03, 52.41, 12.40. HRMS m/z: cébt. CigH1gNOs [M+H]",
328.1179, found 328.1182.

4.5.5. 3-(Methyloxy)-2-ethyl-1-((7-methoxy-2-oxoF2chromen-3-yl)methyl)pyridin
-4(1H)-one(2b)



Yield: 49%, m.p. = 177.4°CH NMR (600 MHz, Chlorofornd), 8 (ppm): 7.34 (d,
J=8.7 Hz, 2H), 7.06 (s, 1H), 6.87 (db= 8.7, 2.4 Hz, 1H), 6.82 (d,= 2.4 Hz, 1H),
6.53 (d,J = 7.5 Hz, 1H), 4.94 (d] = 1.5 Hz, 2H), 3.96 (s, 3H), 3.87 (s, 3H), 2.70q
= 7.5 Hz, 2H), 1.22 (t] = 7.5 Hz, 3H)**C NMR (150 MHz, CDGJ), § (ppm): 173.60,
163.44, 160.32, 155.19, 147.84, 146.07, 139.28,1639129.40, 120.24, 118.10,
113.29, 112.04, 100.87, 60.05, 56.02, 51.88, 1919800. HRMS m/z: calc. for
C1oH20NOs [M+H] *, 342.1336, found 342.1347.

4.5.6. 5-(Methyloxy)-1-((7-methoxy-2-oxo042-chromen-3-yl)methyl)-2-methylpyrid
in-4(1H)-one (20

Yield: 72%, m.p. = 195.3°CH NMR (600 MHz, Chlorofornd), § (ppm): 7.37 (d,
J=8.6 Hz, 1H), 7.14 (s, 1H), 7.11 (s, 1H), 6.88,@= 8.7, 2.4 Hz, 1H), 6.83 (d,=
2.4 Hz, 1H), 6.43 (s, 1H), 4.94 (@= 1.4 Hz, 2H), 3.88 (s, 3H), 3.79 (s, 3H), 2.31 (s
3H). **C NMR (150 MHz, CDGJ), § (ppm): 172.26, 163.50, 160.46, 155.29, 149.85,
145.83, 139.57, 129.44, 123.08, 119.60, 117.30,321312.06, 100.89, 56.63, 56.04,
52.31, 19.334RMS m/z: calc. for gH1gNOs [M+H]", 328.1179, found 328.1167.
4.5.7. 3-((3-(Benzyloxy)-2-methyl-4-oxopyridin-1H&)-yl)methyl)-2-oxo-2H-chrom

en-7-yl propionatel(7a)

Yield: 54%, m.p. = 196.1°CH NMR (600 MHz, Chlorofornd), & (ppm): 7.43 -
7.37 (m, 4H), 7.33 - 7.21 (m, 3H), 7.14 (ds 2.2 Hz, 1H), 7.08 (dd] = 8.5, 2.2 Hz,
1H), 6.88 (s, 1H), 6.53 (d,= 7.5 Hz, 1H), 5.27 (s, 2H), 4.86 {= 1.6 Hz, 2H), 2.63
(q, J = 7.5 Hz, 2H), 2.05 (s, 3H), 1.27 {,= 7.5 Hz, 3H).*C NMR (125 MHz,
Chloroformd), 6 (ppm): 173.68, 172.26, 159.52, 153.80, 153.78,.21816141.10,
139.04, 138.11, 137.39, 129.34, 129.03, 128.41,2828123.12, 119.14, 118.01,
116.05, 110.40, 73.12, 52.43, 27.84, 12.64, 9.0RMB m/z: calc. for gsH24NOs
[M+H] ", 446.1598, found 446.1590.

4.5.8. 3-((3-(Benzyloxy)-2-ethyl-4-oxopyridin-1M)-yl)methyl)-2-oxo-H-chromen
-7-yl propionate 17hb)

Yield: 47%, m.p. = 199.3°CH NMR (600 MHz, Chlorofornd), & (ppm): 7.45 -
7.41 (m, 2H), 7.39 (d] = 8.5 Hz, 1H), 7.31 (dd] = 8.1, 6.6 Hz, 2H), 7.29 - 7.26 (m,
2H), 7.14 (dJ = 2.2 Hz, 1H), 7.07 (dd} = 8.5, 2.2 Hz, 1H), 6.83 (s, 1H), 6.53 {d=



7.5 Hz, 1H), 5.34 (s, 2H), 4.89 (@ = 1.7 Hz, 2H), 2.63 (q] = 7.5 Hz, 2H), 2.50 (q]

= 7.5 Hz, 2H), 1.27 (t) = 7.5 Hz, 3H), 1.02 () = 7.5 Hz, 3H)X*C NMR (150 MHz,

CDCL), & (ppm): 173.94, 172.27, 159.52, 153.74, 146.02,9015139.25, 139.06,

139.02, 137.92, 137.61, 129.04, 128.43, 128.20,7123119.15, 118.26, 116.04,

110.39, 72.93, 51.86, 27.84, 19.94, 13.56, 9.00M8BRM/z: calc. for G/H2NOg

[M+H]", 460.1755, found 460.1748.

4.5.9. 3-((5-(Benzyloxy)-2-methyl-4-oxopyridin-1H&)-yl)methyl)-2-oxo-2H-chrom
en-7-yl propionatel(7¢

Yield: 47%, m.p. = 104.9°CH NMR (400 MHz, Chlorofornd), 8 (ppm): 7.39 (d,
J=8.5Hz, 1H), 7.34 (d] = 6.9 Hz, 2H), 7.22 (] = 7.4 Hz, 2H), 7.18 - 7.09 (m, 2H),
7.07 (dd,J = 8.5, 2.2 Hz, 1H), 7.00 (s, 1H), 6.92 (s, 1H¥16(s, 1H), 5.14 (s, 2H),
4.80 (d,J = 1.5 Hz, 2H), 2.63 (q) = 7.5 Hz, 2H), 2.23 (s, 3H), 1.27 &= 7.5 Hz,
3H). **C NMR (100 MHz, CDGJ), § (ppm): 173.40, 172.23, 159.51, 153.73, 153.67,
147.69, 145.52, 138.45, 136.30, 129.13, 128.49,1828127.88, 127.33, 122.67,
119.01, 118.41, 115.96, 110.26, 71.48, 51.64, 219402, 8.90. HRMS m/z: calc. for
C26H24NOg [M+H] ", 446.1595, found 446.1593.
4.6.General procedure for the preparation of componds 18a-c, 19a-c, 20a-c,

2la-c, 22a-c23a-cC.

K2CO;(415 mg, 3 mmol) was added to the solutiorldé (445 mg, 1 mmol) in 8
mL 50% acetone-water. The mixture was refluxedfdmin. subsequently, propargyl
bromide or corresponding substituted benzyl bronf{id® eq) was added, and then
the mixture was refluxed for another 6h. The salweas removed under reduce
pressure to obtain yellow solid residue, which wasified by chromatography on
silica gel to obtain the corresponding compounds.

4.6.1. 3-(Benzyloxy)-2-methyl-1-((2-oxo-7-(prop-2-yn-1-wWg)-2H-chromen-3-yl)
methyl)pyridin-4(H)-one (8a)

Yield: 55%, m.p. = 155.4°CH NMR (600 MHz, Chlorofornd), 8 (ppm): 7.40 (d,
J=1.6 Hz, 1H), 7.39 - 7.36 (m, 2H), 7.35 - 7.33 @A), 7.31 - 7.26 (m, 1H), 7.25 (d,
J = 8.9 Hz, 1H), 6.94 (m, 2H), 6.57 @ = 7.4 Hz, 1H), 5.26 (s, 2H), 4.90 - 4.84 (m,
2H), 4.76 (dJ = 2.4 Hz, 2H), 2.58 (§J = 2.4 Hz, 1H), 2.16 (s, 2H), 2.08 (s, 3HC



NMR (150 MHz, CDC)), & (ppm): 173.37, 161.09, 160.10, 154.90, 146.18, 441

139.14, 139.00, 137.39, 129.32, 128.42, 128.27,4120117.78, 113.75, 112.66,

102.16, 77.25, 76.90, 73.20, 56.43, 52.53, 31.067QL HRMS m/z: calc. for

C26H22NOs [M+H] ", 428.1492, found 428.1484.

4.6.2. 3-(Benzyloxy)-2-ethyl-1-((2-ox0-7-(prop-2-yn-1-ylgk2H-chromen-3-yl)met
hyl)pyridin-4(1H)-one (L8b)

Yield: 48%, m.p. = 155.4°CH NMR (600 MHz, Chlorofornd), 8 (ppm): 7.45 (d,
J=1.7 Hz, 1H), 7.44 (d] = 1.1 Hz, 1H), 7.35 - 7.24 (m, 6H), 6.96 {dz 2.1 Hz, 1H),
6.85 (s, 1H), 6.58 (d] = 7.5 Hz, 1H), 5.35 (s, 2H), 4.89 (s, 2H), 4.77X& 2.4 Hz,
2H), 2.58 (t,J = 2.4 Hz, 1H), 2.53 (q) = 7.6 Hz, 2H), 1.03 () = 7.5 Hz, 3H)*°C
NMR (100 MHz, DMSO),3 (ppm): 169.18, 156.15, 155.22, 149.92, 141.19,03}1
134.22, 133.60, 132.83, 124.48, 124.16, 123.57,3123116.29, 113.37, 108.83,
107.81, 97.27, 72.42, 72.06, 68.04, 51.56, 46.94)5] 8.70. HRMS m/z: calc. for
C27H24NOs [M+H] ", 442.1654, found 442.1650.

4.6.3. 5-(Benzyloxy)-2-methyl-1-((2-oxo0-7-(prop-2-yn-1-wg)-2H-chromen-3-yl)
methyl)pyridin-4(H)-one (80

Yield: 46%, m.p. = 121.2°CH NMR (600 MHz, Chlorofornd), 8 (ppm): 7.36 (d,
J = 1.5 Hz, 1H), 7.35 (d, 1H), 7.30 (@= 9.3 Hz, 1H), 7.25 - 7.21 (m, 2H), 7.17 -
7.13 (m, 1H), 6.96 - 6.92 (m, 3H), 6.86 (s, 1HR%- 6.37 (M, 1H), 5.16 (s, 2H), 4.77
(d,J = 2.4 Hz, 2H), 4.75 (dl = 1.5 Hz, 2H), 2.58 (] = 2.4 Hz, 1H), 2.23 (s, 3H)°C
NMR (100 MHz, CDC)), & (ppm): 173.35, 160.98, 160.05, 154.81, 147.61,48\5
139.00, 136.44, 129.37, 128.48, 128.08, 127.94,6827120.10, 118.51, 113.59,
112.53, 102.01, 77.15, 76.80, 71.61, 56.32, 51¥104. HRMS m/z: calc. for
C26H22NOs [M+H] ", 428.1492, found 428.1486.

4.6.4. 3-(Benzyloxy)-1-((7-(benzyloxy)-2-oxok2-chromen-3-yl)methyl)-2-methylp
yridin-4(1H)-one (99

Yield: 70%, yellow oil."H NMR (500 MHz, Chlorofornd), & (ppm): 7.43 - 7.35
(m, 7H), 7.35 - 7.26 (m, 3H), 7.26 - 7.20 (m, 3603 (dd,J = 8.7, 2.4 Hz, 1H), 6.84
(d,J = 2.4 Hz, 1H), 6.46 (d] = 7.5 Hz, 1H), 5.23 (s, 2H), 5.10 (s, 2H), 4.79J¢&
1.5 Hz, 2H), 2.03 (s, 3HC NMR (150 MHz, CDGJ), & (ppm): 173.54, 162.14,



159.99, 154.85, 146.08, 140.93, 139.07, 138.80,3437135.52, 129.19, 129.07,

128.71, 128.38, 128.19, 128.01, 127.43, 119.916814113.62, 112.11, 101.68, 72.87,

70.54, 52.17, 12.42. HRMS m/z: calc. forgsNOs [M+H]*, 480.1805, found

480.1808.

4.6.5. 3-(Benzyloxy)-1-((7-(benzyloxy)-2-oxoF2-chromen-3-yl)methyl)-2-ethylpyri
din-4(1H)-one (@9b)

Yield: 37%, yellow oil.'"H NMR (600 MHz, Chlorofornd), § (ppm): 7.45 (d,) =
1.6 Hz, 1H), 7.44 (s, 1H), 7.44 - 7.40 (m, 3H),07(d,J = 0.9 Hz, 1H), 7.41 - 7.25 (m,
6H), 6.95 (dd,) = 8.7, 2.4 Hz, 1H), 6.89 (d,= 2.4 Hz, 1H), 6.82 (s, 1H), 6.55 (@I=
7.4 Hz, 1H), 5.35 (s, 2H), 5.14 (s, 2H), 4.89 S4B, 2H), 2.52 (g = 7.5 Hz, 2H),
1.03 (t,J = 7.5 Hz, 3H)."*C NMR (150 MHz, CDGJ), & (ppm): 173.86, 162.40,
160.21, 155.02, 146.04, 139.03, 138.69, 137.70,6B35129.33, 129.04, 128.93,
128.84, 128.62, 128.44, 128.18, 127.62, 120.60,1818113.92, 112.21, 101.94,
72.99, 70.77, 51.90, 19.95, 13.55. HRMS m/z: dalcCs;H2eNOs [M+H] ", 494.1962,
found 494.1951.

4.6.6. 5-(Benzyloxy)-1-((7-(benzyloxy)-2-oxok2-chromen-3-yl)methyl)-2-methylp
yridin-4(1H)-one 90

Yield: 40%, yellow oil.*H NMR (600 MHz, Chlorofornd), 5 (ppm): 7.44 - 7.27
(m, 9H), 7.22 (tJ = 7.7 Hz, 2H), 7.03 (s, 1H), 6.97 - 6.92 (m, 26188 (d,J = 2.4 Hz,
1H), 6.42 (s, 1H), 5.17 (s, 2H), 5.14 (s, 2H), 4382H), 2.25 (s, 3H}*C NMR (150
MHz, CDCk), & (ppm): 173.11, 162.42, 160.29, 155.13, 147.59,.145139.53,
136.50, 135.61, 129.49, 128.92, 128.61, 128.56,1¥28128.03, 127.91, 127.60,
119.61, 118.45, 113.87, 112.19, 101.88, 71.73,5/®Z.81, 19.17. HRMS m/z: calc.
for CaoH26NOs [M+H] ", 480.1805, found 480.1804.

4.6.7. 3-(Benzyloxy)-1-((7-((3-chlorobenzyl)oxy)-2-oxd-2chromen-3-yl)methyl)-
2-methylpyridin-4(H)-one 0a)

Yield: 38%, yellow oil.'"H NMR (600 MHz, Chlorofornd), § (ppm): 7.42 (d,) =
2.1 Hz, 1H), 7.40 (dJ = 1.7 Hz, 1H), 7.39 - 7.38 (m, 1H), 7.37 - 7.22 @H), 6.94
(dd,J = 8.7, 2.4 Hz, 1H), 6.91 (s, 1H), 6.86 (= 2.4 Hz, 1H), 6.54 (d] = 7.4 Hz,
1H), 5.26 (s, 2H), 5.10 (s, 2H), 4.85 (s, 2H), 2(87 3H).*C NMR (150 MHz,



CDCL), & (ppm): 173.41, 162.00, 160.13, 155.02, 146.16,4411139.15, 139.01,

137.67, 137.37, 134.86, 130.20, 129.45, 129.31,7128128.40, 128.25, 127.52,

125.48, 120.15, 117.77, 113.78, 112.40, 101.8818/3%9.80, 52.49, 12.69. HRMS

m/z: calc. for GgH2sCINOs [M+H] ", 514.1416, found 514.1423.

4.6.8. 3-(Benzyloxy)-1-((7-((3-chlorobenzyl)oxy)-2-oxd-2chromen-3-yl)methyl)-
2-ethylpyridin-4(H)-one @0b)

Yield: 43%, yellow oil."H NMR (600 MHz, Chloroforrd), & (ppm): 7.45 (d, 1H),
7.44 (d,J = 1.8 Hz, 1H), 7.37 (td] = 8.0, 5.8 Hz, 1H), 7.34 - 7.25 (m, 5H), 7.20 -
7.17 (m, 1H), 7.13 (dtJ = 9.5, 2.1 Hz, 1H), 7.04 (td,= 8.5, 2.9 Hz, 1H), 6.94 (dd,
= 8.7, 2.4 Hz, 1H), 6.87 (d,= 2.4 Hz, 1H), 6.83 (d] = 2.4 Hz, 1H), 6.54 (d] = 7.3
Hz, 1H), 5.34 (s, 2H), 5.13 (s, 2H), 4.87 (s, 2M52 (q,J = 7.4 Hz, 2H), 1.03 (] =
7.5 Hz, 3H).X*C NMR (150 MHz, CDGJ), § (ppm): 173.78, 163.84, 161.91, 160.01,
154.86, 145.89, 138.91, 138.49, 138.11, 137.58,4530130.39, 129.30, 128.91,
128.32, 128.06, 122.74, 115.44, 115.30, 114.321¥1413.69, 112.28, 101.82, 72.86,
69.74, 51.76, 19.83, 13.43. HRMS m/z: calc. fgiHz;CINOs [M+H]", 528.15726,
found 528.1587.

4.6.9. 5-(Benzyloxy)-1-((7-((3-chlorobenzyl)oxy)-2-oxd-2chromen-3-yl)methyl)-
2-methylpyridin-4(H)-one Q09

Yield: 42%, yellow oil.'"H NMR (600 MHz, Chlorofornd), § (ppm): 7.43 (d,) =
2.1 Hz, 1H), 7.38 - 7.27 (m, 6H), 7.22 Jt= 7.5 Hz, 2H), 7.13 (1) = 7.4 Hz, 1H),
7.06 (s, 1H), 6.99 (s, 1H), 6.95 (dil= 8.7, 2.4 Hz, 1H), 6.86 (d, = 2.4 Hz, 1H),
6.45 (s, 1H), 5.17 (s, 2H), 5.12 (s, 2H), 4.812), 2.27 (s, 3H)}*C NMR (150
MHz, CDCk), & (ppm): 172.93, 162.06, 160.24, 155.13, 147.55,.825139.63,
137.68, 136.46, 134.90, 130.22, 129.64, 128.75,5828128.19, 128.04, 127.98,
127.54, 125.49, 119.81, 118.39, 113.77, 112.41,88017/1.76, 69.83, 51.87, 19.22.
HRMS m/z: calc. for GgH,sCINOs [M+H] ", 514.1416, found 514.1409.
4.6.10.3-(Benzyloxy)-1-((7-((3-fluorobenzyl)oxy)-2-oxoHchromen-3-yl)methyl)-2

-methylpyridin-4(H)-one @13

Yield: 71%, yellow oil.'"H NMR (600 MHz, Chlorofornd), & (ppm): 7.42 - 7.39

(m, 2H), 7.38 - 7.34 (m, 1H), 7.33 - 7.22 (m, 5AR0 - 7.17 (m, 1H), 7.13 (di,=



9.4, 2.1 Hz, 1H), 7.04 (td] = 8.5, 2.6, 0.9 Hz, 1H), 6.94 (dd= 8.7, 2.4 Hz, 1H),

6.86 (t,J = 2.3 Hz, 2H), 6.51 (d] = 7.5 Hz, 1H), 5.27 (s, 2H), 5.13 (s, 2H), 4.83Xd

= 1.5 Hz, 2H), 2.05 (s, 3H}*C NMR (150 MHz, CDG), § (ppm): 173.65, 163.12 (d,

ek = 244.5Hz), 162.03, 160.11, 155.01, 146.27, 141139.02, 138.74, 138.18 (d,

3Jcr = 7.5 Hz), 137.46, 130.54 (d)cr = 7.5 Hz), 129.39, 129.33, 128.40, 128.23,

122.87 (d*Jcr = 3.0Hz), 120.26, 117.95, 115.48 {dc.r = 22.5Hz), 114.36 (FJcr

= 22.5Hz), 113.81, 112.38, 101.92, 73.11, 69.854K212.64. HRMS m/z: calc. for

CaoH2sFNOs [M+H] ", 498.1711, found 498.1711.

4.6.11.3-(Benzyloxy)-2-ethyl-1-((7-((3-fluorobenzyl)oxy}@xo-2H-chromen-3-yl)m
ethyl)pyridin-4(H)-one @1b)

Yield: 48%, yellow oil."H NMR (600 MHz, Chlorofornd), & (ppm): 7.45 (d, 1H),
7.44 (d,J = 1.8 Hz, 1H), 7.37 (td] = 8.0, 5.8 Hz, 1H), 7.34 - 7.25 (m, 5H), 7.20 -
7.17 (m, 1H), 7.13 (dtJ = 9.5, 2.1 Hz, 1H), 7.04 (td,= 8.5, 2.9 Hz, 1H), 6.94 (dd,
= 8.7, 2.4 Hz, 1H), 6.87 (d,= 2.4 Hz, 1H), 6.83 (d] = 2.4 Hz, 1H), 6.54 (d] = 7.3
Hz, 1H), 5.34 (s, 2H), 5.13 (s, 2H), 4.87 (s, 2M52 (q,J = 7.4 Hz, 2H), 1.03 (] =
7.5 Hz, 3H).2*C NMR (150 MHz, CDGJ), § (ppm): 173.78, 163.02(dJc.r = 246.0
Hz), 161.91, 160.01, 154.86, 145.91, 138.91, 138188.08(d,%Jcr = 7.5 Hz),
137.58, 130.42(d3,JC_F = 7.5 Hz), 129.30, 128.92, 128.32, 128.24, 128122.75(d,
*Jor = 3.0 Hz), 120.73,118.09, 115.37{dcr = 21.0 Hz), 114.24(d)cr = 22.5 Hz),
113.69, 112.28, 101.82, 72.86, 69.73, 51.76, 1918343. HRMS m/z: calc. for
Ca1H27FNOs [M+H] ", 512.1868, found 512.1845.
4.6.12.5-(Benzyloxy)-1-((7-((3-fluorobenzyl)oxy)-2-oxoHchromen-3-yl)methyl)-2

-methylpyridin-4(H)-one @10

Yield: 38%, yellow oil.*H NMR (600 MHz, Chlorofornd), 5 (ppm): 7.39 - 7.33
(m, 3H), 7.31 (dJ = 8.6 Hz, 1H), 7.22 () = 7.6 Hz, 2H), 7.20 - 7.18 (m, 1H), 7.16 -
7.10 (m, 2H), 7.08 - 7.01 (m, 2H), 6.99 (s, 1HYH(dd,J = 8.7, 2.4 Hz, 1H), 6.86 (d,
J=2.4 Hz, 1H), 6.45 (s, 1H), 5.17 (s, 2H), 5.142(d), 4.81 (s, 2H), 2.27 (s, 3HJC
NMR (150 MHz, CDCY), & (ppm): 172.86, 163.14(dJcr = 246.0 Hz), 162.09,
160.24, 155.13, 147.53, 145.83, 139.68, 138.20g; = 7.5 Hz), 136.46, 130.55(d,
3Jcr = 9.0 Hz), 129.63, 128.57, 128.18, 128.05, 128m.87(d,4\lc_|: = 3.0 Hz),



119.78, 118.38, 115.50(Hcr = 21.0 Hz), 114.36(dJcr = 22.5 Hz), 113.79, 112.40,

101.90, 71.77, 69.86, 51.88, 19.21. HRMS m/z: cédc. CyoHosFNOs [M+H]",

498.1711, found 498.1712.

4.6.13.3-(Benzyloxy)-1-((7-((4-fluorobenzyl)oxy)-2-oxoHchromen-3-yl)methyl)-2
-methylpyridin-4(H)-one @23

Yield: 39%, yellow oil.*H NMR (600 MHz, Chlorofornd), 5 (ppm): 7.42 - 7.38
(m, 5H), 7.32 (dJ = 8.7 Hz, 1H), 7.30 - 7.23 (m, 3H), 7.11 - 7.06 @Hl), 6.94 (dd,
= 8.7, 2.4 Hz, 2H), 6.87 (d, = 2.4 Hz, 1H), 6.57 (dJ = 7.4 Hz, 1H), 5.26 (s, 2H),
5.09 (s, 2H), 4.86 (s, 2H), 2.08 (s, 3LC NMR (150 MHz, CDG), § (ppm): 173.26,
162.84 (d,lJC_F = 245.7 Hz), 162.21, 160.19, 155.07, 146.13, 151189.20, 137.34,
131.39 (d*Jcr = 3.3 Hz), 129.58(cFJc.r = 8.3 Hz), 129.43, 129.32, 128.45, 128.42,
128.28, 119.98, 117.69, 115.89 EdG—F = 21.45 Hz), 113.85, 112.29, 101.86, 73.25,
70.06, 52.57, 12.73. HRMS m/z: calc. fogi@sFNOs [M+H]", 498.1711, found
498.1708.
4.6.14.3-(Benzyloxy)-2-ethyl-1-((7-((4-fluorobenzyl)oxy}@xo-2H-chromen-3-yl)m

ethyl)pyridin-4(1H)-one @2b)

Yield: 37%, yellow oil.'"H NMR (600 MHz, Chlorofornd), § (ppm): 7.45 (d,) =
1.6 Hz, 1H), 7.44 (d) = 1.3 Hz, 1H), 7.40 (dd] = 8.6, 5.4 Hz, 2H), 7.34 - 7.27 (m,
5H), 7.09 (t,J = 8.6 Hz, 2H), 6.93 (dd] = 8.7, 2.4 Hz, 1H), 6.88 (d,= 2.4 Hz, 1H),
6.83 (s, 1H), 6.55 (dl = 7.4 Hz, 1H), 5.35 (s, 2H), 5.09 (s, 2H), 4.8724d), 2.52 (q,

J = 7.5 Hz, 2H), 1.03 (1) = 7.5 Hz, 3H).”*C NMR (150 MHz, CDGJ), 5 (ppm):
173.30, 162.74(d1,JC_F = 246 Hz), 162.07, 160.04, 154.88, 145.94, 1381%B.54,
137.57, 131.28(d"Jc.r = 3.0 Hz), 129.46(Jcr = 7.5 Hz), 129.47, 129.26, 128.92,
128.33, 128.07, 120.61, 118.06, 115.7§O&,F = 21.0Hz), 113.73, 112.18, 101.77,
72.88, 69.95, 51.78, 19.83, 13.43. HRMS m/z: céde. CzH/FNOs [M+H]",
512.1868, found 512.1860.
4.6.15.5-(Benzyloxy)-1-((7-((4-fluorobenzyl)oxy)-2-oxoHchromen-3-yl)methyl)-2
-methylpyridin-4(H)-one @20

Yield: 55%, yellow oil.*H NMR (600 MHz, Chlorofornd), 8 (ppm): 7.41 (dd,) =

8.4, 5.3 Hz, 2H), 7.36 (d,= 7.6 Hz, 2H), 7.31 (d] = 8.6 Hz, 1H), 7.22 () = 7.6 Hz,



2H), 7.14 (dJ = 7.5 Hz, 1H), 7.09 () = 8.6 Hz, 2H), 7.06 (s, 1H), 6.99 @= 4.9,
3.7 Hz, 1H), 6.94 (dd) = 8.6, 2.4 Hz, 1H), 6.87 (d, = 2.4 Hz, 1H), 6.44 (s, 1H),
5.17 (s, 2H), 5.10 (s, 2H), 4.80 (s, 2H), 2.273). °*C NMR (150 MHz, CDG)), &
(ppm): 172.96, 163.85(dJc.r = 244.5 Hz), 162.24, 160.27, 155.15, 147.55, 18l5.8
139.69, 136.45, 131.40(d)cr = 3.0 Hz), 129.59, 129.58(d)c.r = 9.0 Hz), 128.57,
128.18, 128.04, 127.97, 119.66, 118.36, 115.9tkg; = 21.0 Hz), 113.81, 112.30,
101.84, 71.76, 70.07, 51.88, 19.4RMS m/z: calc. for HsFNOs [M+H]",
498.1711, found 498.1708.
4.6.16.3-(Benzyloxy)-1-((7-((3,5-difluorobenzyl)oxy)-2-0x2H-chromen-3-yl)meth
yl)-2-methylpyridin-4(H)-one @339

Yield: 69%, yellow oil.'"H NMR (600 MHz, Chlorofornd), 8 (ppm): 7.40 (d,) =
1.6 Hz, 1H), 7.39 (dJ = 1.2 Hz, 1H), 7.33 (d] = 8.7 Hz, 1H), 7.31 (d) = 7.7 Hz,
1H), 7.30 - 7.27 (m, 2H), 7.26 - 7.23 (m, 1H), 6(@dld,J = 8.7, 3.9, 2.1 Hz, 3H),
6.88 (s, 1H), 6.85 (d] = 2.4 Hz, 1H), 6.81 - 6.75 (m, 1H), 6.51 (5 7.5 Hz, 1H),
5.27 (s, 2H), 5.11 (dl = 2.6 Hz, 2H), 4.83 (d] = 1.5 Hz, 2H), 2.06 (s, 3H)Y*C NMR
(150 MHz, CDC4), & (ppm): 173.67, 163.36 (ddJcr = 247.5,°Jcr = 13.5 Hz),
161.67, 160.04, 154.99, 146.29, 141.10, 139.64¢r = 9 Hz), 139.04, 138.71,
137.46, 129.50, 129.32, 128.40, 128.23, 120.48,9617113.68, 112.58, 109.98(dd,
2Jor = 19.5,3)cF = 4.5 Hz), 103.88(Jcr = 25.5 Hz), 101.93, 73.11, 69.26, 52.41,
12.65. HRMS m/z: calc. for H4FNOs [M+H] *, 516.1617, found 516.1614.
4.6.17.3-(Benzyloxy)-1-((7-((3,5-difluorobenzyl)oxy)-2-0x2H-chromen-3-yl)meth

yl)-2-ethylpyridin-4(HH)-one @3b)

Yield: 40%, yellow oil.'"H NMR (600 MHz, Chlorofornd), § (ppm): 7.45 (d,) =
1.6 Hz, 1H), 7.43 (d, 1H), 7.34 - 7.26 (m, 5H),4@dd,J = 8.6, 5.5, 2.3 Hz, 3H),
6.85 (d,J = 2.4 Hz, 1H), 6.83 (s, 1H), 6.78 (&= 8.8, 2.3 Hz, 1H), 6.53 (d,= 7.4
Hz, 1H), 5.34 (s, 2H), 5.11 (s, 2H), 4.87 (s, 252 (q,d = 7.5 Hz, 2H), 1.03 () =
7.5 Hz, 3H).2*C NMR (150 MHz, CDGJ), 8 (ppm): 173.86, 163.37(ddJcr = 249,
3Jcr = 13.5 Hz), 161.66, 160.04, 154.94, 146.04, 145199.65(t,*JcF = 9.0 Hz),
139.03, 138.53, 137.69, 129.51, 129.02, 128.44,1828121.07, 118.19, 113.68,
112.59, 109.98(dfJcr = 19.5,3)c¢ = 4.5 Hz), 103.88(tJcr = 25.5 Hz), 101.94,



72.97, 69.26, 51.86, 19.94, 13.55. HRMS m/z: cédr. C3Ho6FNOs [M+H]™,

530.1774, found 530.1753.

4.6.18.5-(Benzyloxy)-1-((7-((3,5-difluorobenzyl)oxy)-2-0x2H-chromen-3-yl)meth
yl)-2-methylpyridin-4(H)-one @30

Yield: 45%, yellow oil.'"H NMR (600 MHz, Chlorofornd), § (ppm): 7.37 (d,J) =
1.5 Hz, 1H), 7.36 (s, 1H), 7.33 @@= 8.7 Hz, 1H), 7.23 (] = 7.5 Hz, 2H), 7.14 (1]
= 7.4 Hz, 1H), 7.06 (s, 1H), 6.99 (s, 1H), 6.95ddb= 8.6, 4.7, 2.3 Hz, 3H), 6.85 (d,
J=2.4Hz, 1H), 6.78 (tt) = 8.8, 2.4 Hz, 1H), 6.44 (s, 1H), 5.18 (s, 2HLS(s, 2H),
4.81 (s, 2H), 2.26 (s, 3H)*C NMR (150 MHz, CDG)), § (ppm): 172.80, 163.26 (dd,
ek = 247.5%)cF = 13.5 Hz ), 161.61, 160.04, 154.98, 147.45, 1A5189.5 (t2Jcr
= 9.0 Hz), 136.36, 129.60, 128.46, 128.06,127.9%,.94, 127.88, 119.93, 118.30,
113.54, 112.47, 109.87(d&lc.r = 27.0,%Jcr = 6.0 Hz), 103.78(t3Jc.r = 25.5Hz),
101.79, 71.65, 69.15, 51.74, 19.09. HRMS m/z: cédc. CaoH24F2NOs [M+H]",
516.1617, found 516.1621.
4.7.General procedure for the preparation of componds 8a-c, 13a-c.

7awas dissolved in anhydrous gEl, (10 mL) and flushed with nitrogen. After
the flask was cooled to -48 boron tribromide (1M in CKCl,, 1.5eq) was added
slowly, and the reaction mixture was allowed to atiroom temperature for 12 h. The
reaction mixture was eliminated by the additiomadthanol (10 mL) and left to stir
for another 0.5 h. The solvent was then evaporateter reduced pressure, and the
residues were purified by recrystallization fromthamol/ ether to afford the target
compound.
4.7.1. 3-Hydroxy-2-methyl-1-((2-oxo-a-chromen-3-yl)methyl)pyridin-4)-one

hydrobromide 8a)

Yield: 90%, m.p. = 269.9. *H NMR (600 MHz, DMSOds), & (ppm): 10.54 (s, 1H),
8.34 (d,J = 7.1 Hz, 1H), 7.78 (s, 1H), 7.73 (d#i= 7.8, 1.6 Hz, 1H), 7.65 (ddd,=
8.7, 7.3,1.6 Hz, 1H), 7.45 (d,= 8.2 Hz, 1H), 7.37 (td] = 7.5, 1.1 Hz, 1H), 7.20 (d,
J=7.0 Hz, 1H), 5.47 (d] = 1.3 Hz, 2H), 2.54 (s, 3H}*C NMR (150 MHz, DMSO),
& (ppm): 159.39, 159.35, 152.91, 143.16, 142.05,.89}0139.25, 132.31, 128.77,
124.78, 122.12, 118.54, 116.13, 110.83, 54.83, 212HRMS m/z: calc. for



C1H1aNO, [M+H]* 284.0917, found 284.0919.
4.7.2. 2-Ethyl-3-hydroxy-1-((2-oxo-B-chromen-3-yl)methyl)pyridin-4)-one
hydrobromide 8b)

Yield: 85%, m.p. = 219.7. *H NMR (600 MHz, DMSO#g), 5 (ppm): 10.60 (s, 1H),
8.29 (d,J = 7.0 Hz, 1H), 7.77 (s, 1H), 7.74 (dti= 7.8, 1.6 Hz, 1H), 7.65 (ddd,=
8.7, 7.4, 1.6 Hz, 1H), 7.47 (d,= 8.3 Hz, 1H), 7.38 (td] = 7.5, 1.0 Hz, 1H), 7.19 (d,
J=7.0 Hz, 1H), 5.45 (d] = 1.4 Hz, 2H), 2.95 (q] = 7.4 Hz, 2H), 1.15 (] = 7.5 Hz,
3H). *C NMR (150 MHz, DMSO)$ (ppm): 159.67, 159.29, 152.88, 146.11, 143.14,
140.74, 139.05, 132.38, 128.77, 124.87, 122.82501816.17, 111.17, 54.28, 19.88,
11.72. HRMS m/z: calc. for GH1eNO4 [M+H] " 298.1074, found 298.1073.

4.7.3. 5-Hydroxy-2-methyl-1-((2-oxo-a-chromen-3-yl)methyl)pyridin-4{)-one
hydrobromide 8c)

Yield: 73%, m. p. = 257/1. *H NMR (600 MHz, DMSOs), § (ppm): 10.90 (s,
1H), 8.25 (s, 1H), 7.84 (s, 1H), 7.75 (dds 7.8, 1.6 Hz, 1H), 7.65 (ddd,= 8.7, 7.3,
1.6 Hz, 1H), 7.46 (d] = 8.2 Hz, 1H), 7.38 (td] = 7.6, 1.1 Hz, 1H), 7.17 (s, 1H), 5.39
(d, 2H), 2.60 (s, 3H):3C NMR (150 MHz, DMSO)$ (ppm): 161.46, 159.95, 153.43,
149.01, 144.19, 141.61, 132.84, 132.21, 129.29,2825122.56, 119.01, 116.63,
114.69, 54.73, 19.26. HRMS m/z: calc. foie1sNO, [M+H]" 284.0917, found
284.0911.

4.7.4. 3-Hydroxy-1-((7-methoxy-2-oxo+2-chromen-3-yl)methyl)-2-methylpyridin-
4(1H)-one hydrobromidel3a)

Yield: 43%, m.p. = 253.6. *H NMR (600 MHz, DMSO#g), 5 (ppm): 10.53 (s, 1H),
8.33 (d,J = 7.0 Hz, 1H), 7.80 (s, 1H), 7.65 (@= 8.7 Hz, 1H), 7.19 (d] = 6.9 Hz,
1H), 7.05 (dJ = 2.4 Hz, 1H), 6.98 (dd} = 8.7, 2.5 Hz, 1H), 5.42 (d, 2H), 3.86 (s, 3H),
2.54 (s, 3H)*C NMR (150 MHz, DMSO)$ (ppm): 162.80, 159.79, 159.28, 154.93,
143.10, 141.97, 141.76, 139.18, 129.90, 118.02,/61412.06, 110.73, 100.53, 56.06,
54.86, 12.74. HRMS m/z: calc. for11gNOs [M+H] ™ 314.1023, found 314.1025.
4.7.5. 2-Ethyl-3-hydroxy-1-((7-methoxy-2-oxoF2chromen-3-yl)methyl)pyridin-4(

1H)-onehydrobromide 13b)
Yield: 61%, m.p. = 214/9. 'H NMR (500 MHz, Chlorofornd), 8 (ppm): 10.55 (s,



1H), 8.29 (dJ = 7.1, 2.4 Hz, 1H), 7.80 (d,= 2.0 Hz, 1H), 7.66 (d] = 8.8 Hz, 1H),
7.22 - 7.14 (m, 1H), 7.07 (d,= 2.4 Hz, 1H), 6.98 (dd] = 8.7, 2.4 Hz, 1H), 5.41 (s,
2H), 3.86 (s, 3H), 2.96 (g} = 7.5 Hz, 2H), 1.13 () = 7.5 Hz, 3H)*C NMR (100
MHz, DMSO), 6 (ppm): 163.36, 160.32, 160.19, 155.42, 146.32,.6313142.21,
139.46, 130.40, 119.16, 113.34, 112.51, 111.55,00566.57, 54.75, 20.33, 12.18.
HRMS m/z: calc. for GH1gNOs [M+H] " 328.1179, found 328.1173.
4.7.6. 5-Hydroxy-2-methyl-1-((2-oxo-2-chromen-3-yl)methyl)pyridin-4)-one
hydrobromide 130

Yield: 78%, m.p. = 257.1. *H NMR (500 MHz, Chlorofornd), 5 (ppm): 10.89 (s,
1H), 8.23 (s, 1H), 7.86 (s, 1H), 7.67 (= 8.7 Hz, 1H), 7.15 (s, 1H), 7.06 @= 2.4
Hz, 1H), 6.98 (dd,) = 8.7, 2.4 Hz, 1H), 5.34 (d, 2H), 3.86 (s, 3HB®(s, 3H).**C
NMR (150 MHz, DMSO),6 (ppm): 162.84, 160.90, 159.87, 154.98, 148.40,6313
142.09, 131.59, 129.93, 117.98, 114.16, 112.80,0812400.55, 56.07, 54.26, 18.82.
HRMS m/z: calc. for GH14NO4 [M+H] " 284.0917, found 284.0911.
4.8.General procedure for the preparation of componds 24ac, 25ac, 26ac,

27ac, 28ac, 29ac.

18a was dissolved in anhydrous gEl> (10 mL) and flushed with nitrogen.
After the flask was cooled to -48 boron trichloride (1M in CkCl,, 1.5eq) was
added slowly, and the reaction mixture was alloveestir at room temperature for 12
h. The reaction mixture was eliminated by the addibf methanol (10 mL) and left
to stir for another 0.5 h. The solvent was therpevated under reduced pressure, and
the residues were purified by recrystallizatiomirmethanol/ether to afford the target
compound.
4.8.1. 3-Hydroxy-2-methyl-1-((2-oxo-7-(prop-2-yn-1-yloxyH-chromen-3-yl)meth

yh)pyridin-4(1H)-one hydrochloride24a)

Yield: 77%, m.p. = 228.7. *H NMR (600 MHz, DMSO#g), 5 (ppm): 10.55 (s, 1H),
8.35 (d,J = 7.1 Hz, 1H), 7.76 (s, 1H), 7.67 @= 8.7 Hz, 1H), 7.44 (d] = 7.0 Hz,
1H), 7.10 (dJ = 2.4 Hz, 1H), 7.01 (dd} = 8.7, 2.5 Hz, 1H), 5.46 - 5.38 (m, 2H), 4.94
(d, J = 2.4 Hz, 2H), 3.66 (t) = 2.4 Hz, 1H), 2.53 (s, 3H}*C NMR (150 MHz,
DMSO), 6 (ppm): 160.44, 159.66, 159.41, 154.58, 143.08,9611141.36, 139.03,



129.92, 118.62, 113.21, 112.65, 110.78, 101.6199/8/8.42, 56.19, 54.79, 12.72.

HRMS m/z calc. for @H1sNOs [M+H]* 338.1023, found 338.1012.

4.8.2. 2-Ethyl-3-hydroxy-1-((2-oxo-7-(prop-2-yn-1-yloxy)r2chromen-3-yl)methyl
)pyridin-4(1H)-one hydrochloride24b)

Yield: 78%, m.p. = 192/1. 'H NMR (400 MHz, DMSOs), & (ppm): 10.57 (s,
1H), 8.31 (dJ = 7.0 Hz, 1H), 7.79 (s, 1H), 7.71 @@= 8.7 Hz, 1H), 7.36 (d] = 6.9
Hz, 1H), 7.14 (d) = 2.5 Hz, 1H), 7.05 (dd} = 8.7, 2.5 Hz, 1H), 5.42 (s, 2H), 4.98 (d,
J=2.5Hz, 2H), 3.69 (§ = 2.4 Hz, 1H), 2.98 (q] = 7.3 Hz, 2H), 1.17 () = 7.4 Hz,
3H).13C NMR (100 MHz, DMSO0) (ppm): 160.98, 160.41, 160.03, 155.04, 146.26,
143.58, 141.77, 139.32, 130.38, 119.75, 113.75,0r1311.60, 102.13, 79.44, 78.88,
56.67, 54.64, 20.32, 12.16. HRMS m/z calc. fesHzsNOs [M+H]" 352.1179, found
352.1191.

4.8.3. 5-Hydroxy-2-methyl-1-((2-ox0-7-(prop-2-yn-1-yloxyH-chromen-3-yl)meth
yh)pyridin-4(1H)-one hydrochloride24¢

Yield: 65%, m.p. = 200.9. *H NMR (600 MHz, DMSOsdg), & (ppm): 10.90 (s,
1H), 8.26 (s, 1H), 7.79 (s, 1H), 7.69 (= 8.7 Hz, 1H), 7.23 (s, 1H), 7.11 @= 2.4
Hz, 1H), 7.02 (ddJ = 8.7, 2.4 Hz, 1H), 5.31 (s, 2H), 4.95 {d; 2.4 Hz, 2H), 3.67 (t,
J=2.4 Hz, 1H), 2.57 (s, 3H)*C NMR (100 MHz, DMSO)$ (ppm): 162.18, 160.93,
160.22, 155.09, 148.44, 144.45, 141.90, 131.56,4P30119.27, 114.60, 113.72,
113.11, 102.10, 79.48, 78.91, 56.66, 54.48, 19EX-MS m/z calc. for &H16NOs
[M+H] " 338.1023, found 338.1012.

4.8.4. 1-((7-(Benzyloxy)-2-oxo-B-chromen-3-yl)methyl)-3-hydroxy-2-methylpyridi
n-4(1H)-one hydrochloride25a)

Yield: 70%, m.p. = 224.4°CtH NMR (600 MHz, DMSO#dg), & (ppm): 10.52 (s,
1H), 8.32 (dJ = 7.1 Hz, 1H), 7.75 (s, 1H), 7.65 @@= 8.7 Hz, 1H), 7.48 - 7.45 (m,
2H), 7.43 - 7.31 (m, 4H), 7.14 (d= 2.4 Hz, 1H), 7.04 (dd} = 8.7, 2.4 Hz, 1H), 5.42
- 5.37 (m, 2H), 5.23 (s, 2H), 2.52 (s, 3#JC NMR (150 MHz, DMSO)s (ppm):
161.69, 159.75, 159.60, 154.79, 143.14, 141.66,4641139.04, 136.17, 129.94,
128.53, 128.13, 127.91, 118.29, 113.37, 112.26,771A01.45, 69.93, 54.75, 12.69.
HRMS m/z: calc. for gHoo0NOs [M+H] ", 390.1336, found 390.1336.



4.8.5. 1-((7-(Benzyloxy)-2-oxo-B-chromen-3-yl)methyl)-2-ethyl-3-hydroxypyridin
-4(1H)-one hydrochloride2bb)

Yield: 64%, m.p. = 214.7°C'H NMR (600 MHz, DMSOsdg), & (ppm): 10.53 (s,
1H), 8.27 (dJ = 7.1 Hz, 1H), 7.75 (s, 1H), 7.66 (@= 8.7 Hz, 1H), 7.48 - 7.44 (m,
2H), 7.43 - 7.38 (m, 2H), 7.37 - 7.32 (m, 2H), 7(ti5J = 2.4 Hz, 1H), 7.05 (dd] =
8.7, 2.4 Hz, 1H), 5.39 (s, 2H), 5.23 (s, 2H), 2(§5J = 7.4 Hz, 2H), 1.13 () = 7.5
Hz, 3H).*C NMR (150 MHz, DMS0)5 (ppm): 161.75, 159.77, 159.66, 154.77,
145.94, 143.07, 141.42, 138.85, 136.16, 129.94,5828128.14, 127.93, 118.89,
113.44, 112.22, 111.11, 101.48, 69.96, 54.24, 19190/1. HRMS m/z: calc. for
C24H22NOs [M+H] ", 404.1492, found 404.1502.

4.8.6. 1-((7-(Benzyloxy)-2-oxo-B-chromen-3-yl)methyl)-5-hydroxy-2-methylpyridi
n-4(1H)-one hydrochloride25¢

Yield: 72%, m.p. = 254.3.*H NMR (600 MHz, DMSOs), & (ppm): 10.85 (s, 1H),

8.25 (s, 1H), 7.80 (s, 1H), 7.68 (= 8.7 Hz, 1H), 7.47 (d] = 7.1 Hz, 2H), 7.41 (]

= 7.5 Hz, 2H), 7.38 - 7.33 (m, 1H), 7.22 (s, 1H}L5/(d,J = 2.3 Hz, 1H), 7.06 (dd]

= 8.7, 2.4 Hz, 1H), 5.31 (s, 2H), 5.24 (s, 2H),72(5, 3H).**C NMR (150 MHz,

DMSO0), 5 (ppm): 162.21, 162.10, 160.30, 155.31, 148.38,4514142.17, 136.65,

131.62, 130.45, 129.00, 128.60, 128.38, 118.83,6014113.87, 112.72, 101.95,

70.43, 54.51, 19.29. HRMS m/z calc. fora@,NOs [M+H]* 390.1336, found

390.1347.

4.8.7. 1-((7-((3-Chlorobenzyl)oxy)-2-oxo#2-chromen-3-yl)methyl)-3-hydroxy-2-m
ethylpyridin-4(1H)-one hydrochloride264)

Yield: 75%, m.p. = 224/4. *H NMR (600 MHz, DMSO#), 8 (ppm): 10.54 (s, 1H),
8.32 (d,J = 7.1 Hz, 1H), 7.74 (s, 1H), 7.66 (@= 8.7 Hz, 1H), 7.54 (t) = 1.3 Hz,
1H), 7.47 - 7.34 (m, 4H), 7.14 (= 2.4 Hz, 1H), 7.05 (dd] = 8.7, 2.4 Hz, 1H), 5.40
(s, 2H), 5.25 (s, 2H), 2.52 (s, 3HjC NMR (150 MHz, DMSO)5 (ppm): 161.88,
160.20, 160.08, 155.24, 143.62, 142.16, 141.91,5139139.25, 133.64, 130.94,
130.47, 128.50, 127.97, 126.85, 118.90, 113.78,9012411.26, 101.99, 69.40, 55.21,
13.17.HRMS m/z calc. for GgHoo NOs [M+H] " 390.1336, found 390.1336.

4.8.8. 1-((7-((3-Chlorobenzyl)oxy)-2-oxo+2-chromen-3-yl)methyl)-2-ethyl-3-hydro



xypyridin-4(1H)-one hydrochloride26b)

Yield: 84%, m.p. = 214.7. *H NMR (600 MHz, DMSO#g), 5 (ppm): 10.48 (s, 1H),
8.26 (d,J = 7.1 Hz, 1H), 7.74 (s, 1H), 7.67 (@= 8.7 Hz, 1H), 7.54 (d] = 1.9 Hz,
1H), 7.47 - 7.39 (m, 3H), 7.29 (d= 7.0 Hz, 1H), 7.15 (d] = 2.5 Hz, 1H), 7.06 (dd,
J=8.7, 2.4 Hz, 1H), 5.38 (s, 2H), 5.25 (s, 2HR2(q,J = 7.4 Hz, 2H), 1.13 () =
7.5 Hz, 3H).2*C NMR (150 MHz, DMSO)$ (ppm): 161.45, 159.91, 159.63, 154.74,
145.80, 143.10, 141.35, 138.85, 138.77, 133.17,4830129.99, 128.05, 127.54,
126.41, 119.07, 113.39, 112.38, 111.12, 101.53%&%4.19, 19.89, 11.72. HRMS
m/z calc. for GsH2oNOs [M+H] ™ 404.1492, found 404.1502.

4.8.9. 1-((7-((3-Chlorobenzyl)oxy)-2-oxo+2-chromen-3-yl)methyl)-5-hydroxy-2-m
ethylpyridin-4(1H)-one hydrochloride26¢)

Yield: 64%, m.p. = 254.3. *H NMR (600 MHz, DMSO#g), 5 (ppm): 10.60 (s, 1H),
8.16 (s, 1H), 7.76 (s, 1H), 7.68 @ = 8.7 Hz, 1H), 7.54 () = 1.3 Hz, 1H), 7.46 -
7.39 (m, 3H), 7.15 (dJ = 2.4 Hz, 1H), 7.09 (s, 1H), 7.06 (d#i= 8.7, 2.4 Hz, 1H),
5.29 - 5.26 (m, 2H), 5.26 (s, 2H), 2.54 (s, 3. NMR (100 MHz, DMSO)§ (ppm):
162.68, 161.86, 160.23, 155.22, 148.20, 144.58,9841139.21, 133.61, 131.06,
130.90, 130.44, 128.46, 127.93, 126.80, 119.06551413.76, 112.84, 101.97, 69.38,
54.27, 19.21. HRMS m/z calc. fopsE,0NOs [M+H] " 390.1336, found 390.1347.
4.8.10.1-((7-((3-Fluorobenzyl)oxy)-2-oxo#2-chromen-3-yl)methyl)-3-hydroxy-2-m

ethylpyridin-4(1H)-one hydrochloride27a)

Yield: 58%, m.p. = 255.3. *H NMR (600 MHz, DMSOds), 5 (ppm): 10.52 (s, 1H),
8.32 (d,J = 7.1 Hz, 1H), 7.75 (s, 1H), 7.66 (@ = 8.7 Hz, 1H), 7.45 (td] = 7.7, 5.8
Hz, 1H), 7.36 (dJ = 7.0 Hz, 1H), 7.33 - 7.28 (m, 2H), 7.21 - 7.15 (tH), 7.14 (d,)
= 2.5 Hz, 1H), 7.05 (dd] = 8.7, 2.4 Hz, 1H), 5.40 (d, 2H), 5.26 (s, 2HR2(s, 3H).
3C NMR (150 MHz, DMS0)3 (ppm): 162.17(dJc.r = 243 Hz), 161.43, 159.72,
159.56, 154.76, 143.13, 141.72, 141.43, 139.13061; = 7.5 Hz), 139.05, 130.58(d,
3Jcr = 7.5 Hz), 129.97, 123.72(tcr = 3.0 Hz), 118.40, 114.86(tlc.r = 19.5 Hz),
114.42(d,2JC_F =21 Hz), 113.32, 112.39, 110.77, 101.51, 69.40/& 12.68. HRMS
m/z calc. for GsH1gFNOs [M+H] ™ 408.1242, found 408.1244.
4.8.11.2-Ethyl-1-((7-((3-fluorobenzyl)oxy)-2-oxo#2-chromen-3-yl)methyl)-3-hydro



xypyridin-4(1H)-one hydrochlorideZ7b)

Yield: 63%, m.p. = 203.4. *H NMR (600 MHz, DMSO#g), 5 (ppm): 10.49 (s, 1H),
8.25 (d,J = 7.1 Hz, 1H), 7.74 (s, 1H), 7.67 @z= 8.7 Hz, 1H), 7.45 (td) = 7.7, 5.7
Hz, 1H), 7.34 - 7.25 (m, 3H), 7.21 - 7.12 (m, 2AP6 (dd,J = 8.7, 2.5 Hz, 1H), 5.43
- 5.35 (m, 2H), 5.26 (s, 2H), 2.94 @= 7.4 Hz, 2H), 1.13 (1) = 7.5 Hz, 3H).°C
NMR (150 MHz, DMSO),5 (ppm): 162.64(dXJce = 241.5 Hz), 161.94, 160.57,
160.09, 155.20, 143.61, 141.78, 139.580d,- = 7.5 Hz), 139.31, 131.06(d)c.r =
7.5 Hz), 130.44, 124.22, 124.20, 119.55, 115.38g; = 21 Hz), 114.92(Rlcr =
22.5 Hz), 113.85, 112.82, 111.58, 102.01, 69.5(06(}(40.31, 12.19. HRMS m/z calc.
for CosH21FNOs [M+H] " 422.1398, found 422.1408.
4.8.12.1-((7-((3-Fluorobenzyl)oxy)-2-oxo2-chromen-3-yl)methyl)-5-hydroxy-2-m

ethylpyridin-4(H)-one hydrochlorideZ709
Yield: 78%, m. p. = 246./1. *H NMR (600 MHz, DMSOd), § (ppm): 10.52 (s, 1H),
8.12 (s, 1H), 7.74 (s, 1H), 7.68 (ti= 8.7 Hz, 1H), 7.45 (td] = 7.7, 5.9 Hz, 1H), 7.31
(d,J = 1.7 Hz, 1H), 7.30 (d] = 2.6 Hz, 1H), 7.20 - 7.15 (m, 1H), 7.14 {d; 2.4 Hz,
1H), 7.07 - 7.04 (m, 2H), 5.26 (s, 2H), 5.25 (s) 2452 (s, 3H)**C NMR (150 MHz,
DMSO0),5 (ppm): 163.41, 162.66(dJcr = 241.5 Hz), 161.88, 160.27, 155.23,
148.01, 144.83, 141.79, 139.58d:r = 7.5 Hz), 131.06(dJcr = 7.5 Hz), 130.53,
130.45, 124.20(dJe.r = 3.0 Hz), 119.25, 115.34(lcr = 21 Hz), 114.90(Jc.r =
22.5Hz), 114.56, 113.79, 112.87, 101.99, 69.49,5419.24. HRMS m/z calc. for
Co3H1oFNOs [M+H] * 408.1242, found 408.1237.
4.8.13.1-((7-((4-Fluorobenzyl)oxy)-2-oxo2-chromen-3-yl)methyl)-3-hydroxy-2-m

ethylpyridin-4(1H)-one hydrochloride28a)

Yield: 40%, m.p. = 245. *H NMR (600 MHz, DMSO#€), § (ppm): 10.53 (s, 1H),
8.32 (d,J = 7.1 Hz, 1H), 7.75 (s, 1H), 7.65 @ = 8.7 Hz, 1H), 7.54 - 7.51 (m, 2H),
7.36 (d,J = 7.1 Hz, 1H), 7.26 - 7.20 (m, 2H), 7.14 (&= 2.4 Hz, 1H), 7.04 (dd] =
8.7, 2.4 Hz, 1H), 5.40 (s, 2H), 5.21 (s, 2H), 2(52 3H). °C NMR (150 MHz,
DMSO), § (ppm): 161.89(d c.r = 243 Hz), 161.57, 159.73, 159.64, 154.78, 143.15,
141.59, 141.44, 139.03, 132.41{de.r = 3.0 Hz), 130.24(d® )= 9.0 Hz), 129.93,
118.33, 115.36(CF,JC_F= 21 Hz), 113.34, 112.30, 110.77, 101.46, 69.20/$412.68.



HRMS m/z calc. for ggH19FNOs [M+H] ™ 408.1242, found 408.1253.
4.8.14.2-Ethyl-1-((7-((4-fluorobenzyl)oxy)-2-oxo#2-chromen-3-yl)methyl)-3-hydro
xypyridin-4(1H)-one hydrochloride28b)

Yield: 42%, m.p. = 179.6. *H NMR (600 MHz, DMSO#g), 5 (ppm): 10.56 (s, 1H),
8.29 (dd,J = 7.2, 2.0 Hz, 1H), 7.76 (s, 1H), 7.67 {d 8.7 Hz, 1H), 7.56 - 7.51 (m,
2H), 7.39 - 7.33 (m, 1H), 7.27 - 7.22 (m, 2H), 7(#6J = 2.4 Hz, 1H), 7.05 (dd] =
8.7, 2.4 Hz, 1H), 5.40 (s, 2H), 5.22 (s, 2H), 2(§6J = 7.4 Hz, 2H), 1.14 (1 = 7.5
Hz, 3H).*C NMR (100 MHz, DMSO)5 (ppm): 162.39(d c.r= 242 Hz), 162.11,
160.34, 160.12, 155.24, 146.29, 143.57, 141.85,3139132.88(dJc.r = 3.0 Hz),
130.76(d,*Jc.r = 9.0 Hz), 130.41, 119.43, 115.85fdcr = 22 Hz), 113.89, 112.73,
111.58, 101.95, 69.70, 54.68, 20.35, 12.18. ESI-M& calc. for G4H21FNGs
[M+H] " 422.1398, found 422.1419.
4.8.15.1-((7-((4-Fluorobenzyl)oxy)-2-oxo2-chromen-3-yl)methyl)-5-hydroxy-2-m

ethylpyridin-4(1H)-one hydrochloride28¢

Yield: 45%, m.p. = 247. *H NMR (400 MHz, DMSO#g), § (ppm): 10.87 (s, 1H),
8.26 (s, 1H), 7.80 (s, 1H), 7.67 @= 8.7 Hz, 1H), 7.53 (ddd] = 8.6, 5.5, 2.6 Hz,
2H), 7.30 - 7.18 (m, 3H), 7.15 (d= 2.4 Hz, 1H), 7.05 (ddl = 8.7, 2.4 Hz, 1H), 5.31
(s, 2H), 5.21 (s, 2H), 2.58 (s, 3HYC NMR (100 MHz, DMSO)5 (ppm): 161.92(d,
Yer = 242 Hz), 161.62, 161.33, 160.71, 159.84, 1541818.08, 143.87, 141.69,
132.42(d,*Jc.r = 3.0 Hz), 130.28(c®Jc.c= 9.0 Hz), 129.98, 118.36, 115.38¢dc.r=
21 Hz), 114.14, 113.40, 112.28, 101.48, 69.22,441B.81. HRMS m/z calc. for
Ca3H1gFNOs [M+H] " 408.1242, found 408.1243.
4.8.16.1-((7-((3,5-Difluorobenzyl)oxy)-2-oxo+2-chromen-3-yl)methyl)-3-hydroxy-

2-methylpyridin-4(H)-one hydrochloride29a).

Yield: 78%, m.p. = 259.7. *H NMR (600 MHz, DMSOds), 5 (ppm): 10.51 (s, 1H),
8.32 (d,J = 7.0 Hz, 1H), 7.75 (s, 1H), 7.67 @= 8.7 Hz, 1H), 7.38 (ddl = 6.9, 2.5
Hz, 1H), 7.24 - 7.18 (m, 3H), 7.14 (@7 2.4 Hz, 1H), 7.06 (dd] = 8.7, 2.5 Hz, 1H),
5.40 (s, 2H), 5.27 (s, 2H), 2.53 (s, 3HJC NMR (150 MHz, DMSO),5 (ppm):
162.88(dd, Jc.r = 244.5,°3c¢
142.28, 141.87, 141.34&JC_F

13.5 Hz), 161.63, 160.16, 159.97, 155.20, 143.58

10.5 Hz), 139.52, 130.49, 118.99, 113.74, 113.00



111.24, 111.10(dfIcr = 19.5,%Jck = 4.5 Hz), 103.92(f)c.r = 25.5 Hz), 102.03,

68.89, 55.24, 13.17.

HRMS m/z calc. for ggH1gF-NOs [M+H] " 426.1148, found 426.1166.

4.8.17.1-((7-((3,5-Difluorobenzyl)oxy)-2-oxo+2-chromen-3-yl)methyl)-2-ethyl-3-h
ydroxypyridin-4(1H)-one hydrochloride29b)

Yield: 79%, m.p. = 229.0. *H NMR (600 MHz, DMSO#g), 5 (ppm): 10.44 (s, 1H),
8.24 (d,J = 7.1 Hz, 1H), 7.73 (s, 1H), 7.68 (@= 8.7 Hz, 1H), 7.26 (d] = 7.0 Hz,
1H), 7.24 - 7.18 (m, 3H), 7.15 (d= 2.4 Hz, 1H), 7.07 (dd] = 8.7, 2.4 Hz, 1H), 5.37
(d, 2H), 5.27 (s, 2H), 2.93 (d,= 7.4 Hz, 2H), 1.13 () = 7.5 Hz, 3H)*C NMR (150
MHz, DMSO0), s (ppm): 162.88(ddXJcr = 244.5,%)c = 13.5 Hz), 161.67, 160.71,
160.06, 155.16, 143.64, 142.24, 141.68, 141.§2&I; = 9.0 Hz), 139.31, 130.47,
119.72, 113.80, 112.96, 111.59, 111.12(d,r = 19.5,Jcr = 4.5 Hz), 103.93(t,
2Je.r = 25.5 Hz), 102.05, 68.91, 54.55, 20.30, 12.20M%RN/z calc. for G4H21FNOs
[M+H] " 422.1398, found 422.1408.
4.8.18.1-((7-((3,5-Difluorobenzyl)oxy)-2-oxo+2-chromen-3-yl)methyl)-5-hydroxy-

2-methylpyridin-4(H)-one hydrochloride29¢)
Yield: 85%, m.p. = 237.3.*H NMR (600 MHz, DMSOs), & (ppm): 10.90 (s, 1H),
8.27 (s, 1H), 7.80 (s, 1H), 7.68 @= 8.7 Hz, 1H), 7.25 (s, 1H), 7.25 - 7.16 (m, 3H),
7.14 (d,J = 2.4 Hz, 1H), 7.07 (dd] = 8.7, 2.4 Hz, 1H), 5.32 (s, 2H), 5.27 (s, 2H),
2.57 (s, 3H)X*C NMR (151 MHz, DMSO0)3 (ppm): 162.89(ddJc.r = 246,%Jcr =
13.5 Hz), 161.78, 161.68, 160.25, 155.25, 148.44,.37, 142.15, 141.34(%,]@.; =
9.0 Hz), 131.91, 130.53, 119.01, 114.59, 113.78,99, 111.1O(dd2,JC_|: =21.0,9¢
= 6.0 Hz), 103.91(BJc.r = 25.5 Hz), 102.04, 68.91, 54.60, 19.31. HRMS ndl.
for CosH1gFoNOs [M+H] " 426.1148, found 426.1145.

4.9. Spectrophotometry methods for pKa determinatin and pFe’*

The titration was performed by an automated sppbttometry titration system
consisting of an automatic titrator, a luminesceb8s UV-Vis spectrophotometer,
and a pH Meter (Mettler Toledo InLab Expert PRO/tl\ée Toledo InLab Science).

All instruments were interfaced to a computer aodtiolled by a Visual Basic



program. For the measurements, the temperatutegdrbbe solution was maintained
at 25 £ 0.2] by a TP-3A temperature controller. A cuvette datigth of 50 mm was
used and mounted on a spectrophotometer. 0.1 M df&itrolyte was utilized to
maintain the ionic strength, and the solution wasesl vigorously during the titration.
The B and S of the pH Meter were calibrated by threedsted solutions (pH = 4.00,
6.86, 9.18).

For the fKa determination, the cuvette was charged with 45 K@l (0.1 M)
solution and 4QuL of saturated EDTA solution. The initial pH valoé the solution
was acidified to 2.0 with hydrochloric acid (1.5 .Mjhen 20uL of test compound
DMSO solution (30uM/ L) was added. The pH of the probe solution waseased
by 0.1 pH unit by the addition of 0.1 M KOH frometlauto burst. When pH readings
varied by < 0.001 pH unit over a 3 s period, arubation period of 1 min was
adopted. At the end of the equilibrium period, gpmectrum of the solution was
recorded. The cycle was repeated automatically th@idefined end point pH value
was achieved. The pH-dependent UV profile was dexrover the pH range 2.0 -
10.5, and the test results are analyzed by the plgZ®14 program.

For the determination of L&g, the cuvette was charged with 45 mL KCI (0.1 M)
solution, and the initial pH value of the solutias acidified to 2.1 with hydrochloric
acid (1.5 M). Subsequently, 30 DMSO solution of the testing compound and 60
uL acidic solution of FeGI(15.0 mM) were added separately, the ratio of coumps
to iron ion was kept at 1.1: 1 (n/ n). After thesatbance value is stabilized, the pH of
the probe solution was reduced by 0.1 pH unit ey dddition a certain amount of
HCI solution (4 M) from the auto burst. After thgsgem was equilibrated, the spectral
scan was performed once after 20 min. The cyclergjasated automatically until the
defined end point pH value was achieved. the pHeddent UV profile was recorded
over the pH range 0.9-2.1, and the test resultsanedyzed by the HypSpec2014
program.

For the determination of L& and Lod<s, the cuvette was charged with 45 mL
KCI (0.1 M) solution, and the initial pH value dfe solution was acidified to 2.1 with
hydrochloric acid (1.5 M). Afterward, 3@M DMSO solution of the testing



compound and 60L acidic solution of FeGI(15 mM) were added separately, and the
ratio of compounds to iron ion was kept at 5:1 (/ After the system was
equilibrated, the pH of the probe solution was eased by 0.1 pH unit by the
addition of 0.1 M KOH from the auto burst. When padings varied by < 0.001 pH
unit over a 3 s period, an incubation period of ih mas adopted. At the end of the
equilibrium period, the spectrum of the solutiorsweacorded. The cycle was repeated
automatically until the defined end point pH valuas achieved. The pH-dependent
UV profile was recorded over the pH range 2.0-18rf] the test results are analyzed

by the HypSpec2014 program.

4.10. Calculation of pFé*

The values of pFé were calculated by HySS software according topKg,
PKaz logKy, logk, and lod<s determined by the above methods. The ‘ton
hydrolysis constants were set as follows: FeOH.562, Fe(OH) = -6.205, Fe(OH)
=-15.1, Fg(OH), = -2.843, Fg(OH), = -6.059, Fe(OH)=-21.883

4.11. Determination of human MAO-B inhibitory activity

Human MAO-B (5 mg/mL) was purchased from Sigma-Aldrand was
prealiquoted and stored at {80200 uL enzymatic reactions were diluted in 2 mL
microcentrifuge tubes by potassium phosphate b@fesay Buffer pH 7.4) which
have been provided by Sigma-Aldrich Monoamine Os@#ssay Kit. The final
volumes of the reactions were 100 containing 45uL MAO-B (0.0075 mg/mL), 5
uL different concentrations of the testing inhibg&prand 50uL Master Reaction,
p-Tyramine, HRP Enzyme, and Dye Reagent. Stockisaki of the compounds were
prepared in DMSO. The reactions were incubatedlfomin at 37C in a flat-black
bottom 96-well micro test plate in the dark. Thesules were quantified in a
multi-detection microplate fluorescence reader dase the fluorescence generated
(excitation, 535 nm; emission, 585 nm). To calaultte 1Go values, data were
analyzed using GraphPad PRISM 6 using implementedlinear regression fit

“one-site competition®*” 48],



4.12. Molecular modeling studies

Docking simulations were performed using the CDO®KRrogram in the
Discovery Studio 4.5 software (version 4.5, BIOVIASA). The crystal structure of
MAO-B (PDB entry 2V5Z) with co-crystallized ligandsafinamide) and FAD
co-factor was selected as the receptor nitieFAD co-factor and three highly
conserved water molecules in the active site wetained: HOH 1155, 1170, 1351
(MAO-B, A-chain). Any other crystallized water moldes and ligands were deleted
from the protein mode. The chain B in the 2V5Z wateted, and all computations
were performed in chain A. All the parameters foe protein preparation, ligands

minimization, ligand preparation, and docking ruergvset to their default values.

4.13. Cytotoxicity and cytoprotection test.

Cell culture: Human glioma U251 were obtained from Zhejiang @rsity
(Zhejiang, China). Cells were maintained in a hufied incubator with 5% C@at
37°C in Dulbecco’'s modified Eagle's medium (DMEMjpglemented with 10%
heat-inactivated fetal bovine serum (Solarbio, iBgijChina), 100 units/mL penicillin,
and 100ug/mL of streptomycin (Beyotime, Beijing, China).

Cytotoxicity and cytoprotection test: Human glioma cells were seeded in
96-well plates at the density of 3 x*1¢klls/well. The cells were pretreated wiiia
(100 uM) for 24 h and then exposed to 108 H,O, or medium for additional 1 h,
incubation of the cells was continued for 1 h, thes cell viability was measured by
MTS assay according to the manufacturer's insondMTS assay kit, Cell Titer §6
Aqueous One SolutiorPromegaf** ! For the cytotoxicity test, cells were treated
with compounds at concentrations of 10 nM,ul¥) and 100uM. Data were
processed by GraphPad Prism”8p < 0.001 compared to the control, *p < 0.05

compared to bD,-treated cells

4.14. Morris water maze test

Behavioral studies were performed by using adulienf@R mice (8-10 weeks



old, weight 20-25 g) purchased from the Zhejiancademy of Medical Sciences
(Hangzhou, China). Pargyline and Scopolamine hydroile were supplied by
Aladdin Reagents (N159008, S107418, Shanghai, CHiie test agent was prepared
as a clear injection, which consists of 10% DMSO, 0%2
(2-Hydroxypropyl)p-cyclodextrin and phosphate buffered saline.

The mice were divided into four groups as follows: vehicle as the blank
control, (i) scopolamine as the model group, @dmpound27aplus scopolamine as
the test group, (iv) pargyline plus scopolaminetlas positive control. For two
consecutive weeks, 30 min before the intraperitomgaction of scopolamine (1
mg-kg") or blank solution27a and pargyline (10 mg-Ky were intraperitoneally
injected to mice in groups (iii) and (iv) respeelix Cognitive function was evaluated
by the ANY-maze Video Tracking System. In a wellkbom, Morris water maze was
placed. The opaque circular pool (120 cm diamé&@rcm height) was filled with
water (40 cm, depth) and sustained at/29he maze was divided into four equal
guadrants, and an escape platform (10 cm diametes)located in the center of the
fourth quadrant of the maze, which was labeled bsnall flag (5 cm tall).

The behavioral study consists of 2 days learnirdyraemory training, the mice
were trained to find the platform for one trial @ich quadrant, and every quadrant
lasted for 120 s. If the mouse reaches the platfarsuccessful escape) within 120 s,
the time would be recorded. If failed, the test wersninated, and the animal will be
guided to the platform gently. The mice were kaptlee platform for 10 s, no matter
if they could find the platform within the stipuéat time or not.

For the cognitive evaluation, each mouse was iddally evaluated on both
visible-platform (days 3-4) and hidden-platform y{gl&) versions of the water maze.
On the last day (day 5), the platform was removetithe animals were given a probe
trial in which they had 120 s to search for thetfplan. The time of escape latency
and the number of times that animals crossed #gopin location and the number of
times that animals enter the target quadrant wemerded. All the data were recorded

by ANY-maze Video Tracking System and processeGtaphPad Prism 6°.
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Tables, schemes and figures

Table 1. The K, and pF& values of the synthesized compotfhds

Compounds pPKa pKa2 L ogK1 L ogK; L ogK3 pFe
8a 3.07 9.68 14.67 25.93 34.64 18.36
8b 3.03 9.70 14.46 25.60 34.03 17.72
8c 3.14 8.97 13.75 24.38 32.82 18.62
13a 3.13 9.66 14.64 25.88 34.54 18.32
13b 3.09 9.70 14.55 25.67 34.26 17.93
13c 3.15 9.00 13.52 24.28 32.26 18.00
24a 3.11 9.58 14.66 25.66 33.86 17.93
24b 2.95 9.63 14.11 25.26 33.91 17.78
24c 3.07 8.94 13.65 24.04 31.75 17.68
25a 3.11 9.61 14.80 25.46 34.74 18.64
25b 3.11 9.71 14.69 25.61 34.46 18.08
25c 3.12 9.03 15.07 23.26 31.23 16.89
26a 3.17 9.67 14.17 24.95 32.82 16.73
26b 3.10 9.76 15.21 25.27 34.53 17.99
26¢ 3.16 9.07 14.77 24.50 33.25 18.75
27a 3.10 9.65 14.26 25.32 34.25 18.04
27b 3.12 9.69 14.75 25.72 34.65 18.32
27c 3.15 8.99 13.66 24.13 32.71 18.44
28a 3.24 9.51 14.72 25.74 34.47 18.67
28b 3.15 9.62 14.95 25.82 34.27 18.27
28c 3.26 8.87 14.74 24.91 32.50 18.65
29a 3.10 9.54 14.32 23.79 32.71 16.84
29b 3.08 9.70 14.82 25.68 34.83 18.47
29c 3.11 8.95 15.02 24.88 31.67 17.86
Deferiprone 3.65 9.89 15.28 26.31 33.55 17.26



27.66 37.32 20.39
Deferiprone 3.67 9.78 15.03 27.4% 37.35 20.70

#The compounds were tested in DMSO: KCI (0.1 M) 3 2v/ V) to address the solubility issue.
The data were measured in a 0.1 M KClI solution.

“The data from reference tested in a 0.1 M KCI soflt®.

Table 2. The MAO-B inhibitory activities of the targetedrapounds.

Compound Inhibitory rate (%,1QM) Compound Inhibitory rate (%,1QM)

8a 22.4% 26a 21.2%
8b 25.0% 26b 92.5%
8c 6.8% 26¢ 82.0%
13a 94.4% 27a 81.3%
13b 50.7% 27b 91.9%
13c 38.3% 27c 85.8%
24a 47.1% 28a 90.9%
24b 78.1% 28b 91.6%
24c 50.6% 28c 87.6%
25a 89.6% 29a 67.5%
25b 91.9% 29b 91.7%

25¢C 86.5% 29c 68.1%




Table 3. The anti-MAO-B 1G, values of the selected compounds.

Compound 1Go (NM) Compound 1Go (NM)
13a 91.9 27a 14.7
24b 120.9 27b 264.9
25a 335.7 27c 192.6
25b 128.6 28a 301.3
25C 289.9 28b 163.1
26b 424.6 28c 145.1
26¢c 126.5 29b 223.1

Pargyline 85.8

Table 4. Effects of27a (10 mg-kg) on scopolamine-induced memory impairment in ICRem
evaluated by the Morris water maze test. Pargyli@emg-kg') was used as the reference drug. Data
were presented as the mean + SEM (n £p8 0.05,"p< 0.01,"p< 0.001, Control group vs.
scopolamine model group; *p < 0.05, ®¥p0.01, ***p< 0.001, 27a or pargyline group Vvs.

scopolamine model group).

Group Latency to target (s) Distance to target (m)  Target quadrant times
Control 153+1.2 5.8+0.7 16.5+0.8

Model 40.2+105 104 +1.%* 9.0+0.8%

27a 9.6 + 3.4* 4.2 + 0.6*** 16.6 £ 1.1***

Pargyline 5.6 £2.0* 6.6 £ 0.6* 16.3 £ 1.5%**
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Fig. 3. The pH-dependent UV spectra of compodidd. A-1. The pH-dependence of the spectrum of

compound27a in the presence of Feover the pH range 0.9-2.1 in 0.1 M KCl at 25Fe*] = 1.0

uM, [27a] = 1.1puM. A-2. The pH-dependent spectra of compo@d in the presence of Eeover

the pH range 2.1-10.5 in 0.1 M KCl at:25[F€**] = 1.0uM, [27a] = 5.0uM. A-3. Speciation plot of

Fe*'/ 27a as measured by the percentage formation relatiyiean" ] as a function of pH. This

plot was calculated from the affinity constantsamed in Table 1 and the irof” hydrolysis

constants were as follows: FeOH = -2.563, Fe(0#)6.205, Fe(OH)= -15.1, Fg(OH), = -2.843,
Fe3(OH), = -6.059, and Fe(OH ) -21.883.
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group vs. scopolamine model group).



Highlights:

A series of hydroxypyridinone-coumarin hybrids were designed and synthesized;
Most of the hybrids displayed excellent iron ion chelating effects;

Compounds 13a and 27a exhibited significant MAO-B inhibitory activity;
Compound 27a showed good cytoprotective activity on U251 cells;

27a ameliorated the cognitive dysfunction of scopolamine-induced AD mice.



