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Rat AChE IC5y: 0.62 uM Self-induced A4, aggregation: 69.1% inhibition at 25 IM
EeAChE ICsgy: 0.85 UM Cu?*-induced Af3,.4» aggregation: 85.7% inhibition at 25 UM
HUAChE ICsq: 0.25 uM AChE-induced A/f3.49 aggregation: 62.2% inhibition at 100 1M

Rat BuChE ICsq: 62.0 uM Disaggregation Cu®*-induced Af3.4, aggregation:

Blockade of CAS and PAS of AChE 81.3% disaggregation at 25 UM

ORAC-FL value: 0.84 (Trolox equiv)  Good protective effect against H,O,-induced PC12 cell injury
Cytotoxicity (SH-SY5Y cells): 1Cg5o >100 uM

A series of scutellarei®-alkylamine derivatives were designed, synthesizedl tested as
multifunctional agents for the treatment of Alzheirs disease (AD). Compourdd was shown to

be an interesting multifunctional lead compoundAbrtreatment.
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Abstract

A series of scutellarei@-alkylamine derivatives were designed, synthesized tested as
multifunctional agents for the treatment of Alzhen’s disease (AD). The results showed that most
of these compounds exhibited good multifunctionetivities. Among them, compound6d
demonstrated significant metal chelating propertiesoderate acetylcholinesterase (AChE)
inhibitory and anti-oxidative activity, and exceiteinhibitory effects on self-induced A4,
aggregation, Cu-induced A%:.4» aggregation, human AChE-inducedff, aggregation and
disassembled CGirinduced aggregation of the well-structurefh 4 fibrils. Both kinetic analysis of
AChE inhibition and molecular modeling study sudgdsthat16d binds simultaneously to the
catalytic active site and peripheral anionic st&AGhE. Moreover, compountiéd showed a good
protective effect against J.-induced PC12 cell injury, with low toxicity in SBY5Y cells.
Furthermore, the step-down passive avoidance hestied this compound significantly reversed
scopolamine-induced memory deficit in mice. Thu€d was shown to be an interesting

multifunctional lead compound worthy of further dgyu

Keywords: Alzheimer's disease; Scutellarebralkylamines;  Multifunctional agents;

Acetylcholinesterase inhibitors; Metal-chelatingatg; A5 aggregation inhibitors.



1. Introduction

Alzheimer’s disease (AD), the most common form a@dlaonset dementia affecting more than 44
million people worldwide, is a complex neurodegeatige process occurring in the central nervous
system (CNS), characterized by progressive andversible cognitive impairment, severe
behavioral abnormalities and ultimately causingtlidga]. Current clinical treatment of AD is
mainly focused on the symptomatic aspects. Thesdthgt are currently approved by the FDA
include four acetylcholinesterase inhibitors (ACjhHEacrine (now withdrawdue hepatotoxicity),
donepezil, rivastigmine and galantamine, and dhenethyl-D-aspartate (NMDA) receptor
antagonist, memantine [2]. These agents can inerdhs levels of the neurotransmitter
acetylcholine, which is depleted in AD brains, oeyent aberrant neuronal stimulation. Although
these drugs are beneficial in improving cognitibehavioral, and functional impairments they
cannot prevent, halt, or reverse the progressioth®fdisease. These are just palliative treatment
and do not address the molecular mechanisms tlarlienthe pathogenic processes because of the
multifactorial nature of AD [3]. However, treatmenith a combination of an AChE inhibitor and
memantine appears to produce an additional efesilting in a well-tolerated, effective clinical
strategy that increases the time before patientgiinee nursing home care [4]. Thus, the
development of agents that affect two or more ARwant targets has drawn considerable attention
for their advancement in the treatment of AD [5J8]this regard, the multitarget-directed ligand
strategy (MTDLSs), i.e., single chemical entitiedeato hit different targets involved in the cascade
of AD pathological events, has been applied by nrasgarch groups [7,8], and the results obtained
have been encouraging and convince researchers NIdDLs might present the best
pharmacological option for tackling the multifacedmature of AD and for halting the progression
of the disease. Several MTDLs candidate drugs dislease modifying potential are now in the
pipeline and have reached testing stage in cliticds [9].

Although the etiology of AD is still not completeknown, several factors are considered to play

definitive roles in AD pathogenesis. These incllole levels of acetylcholine (ACh), oxidative



stress and free radical formation, the dyshomesst#dsbiometals ang-amyloid (AS) deposits
[10,11]. These insights have provided the ratioratetherapies directly targeting the molecular
causes of AD. Therefore the discovery of a leadpmmd that can modulate these four factors
simultaneously is a crucial step in the searctafoandidate for the clinical treatment of AD.
Scutellarin (45,6-trihydroxyflavone-7-glucuronide), the majortime component in breviscapine
extracted from the Chinese hdthigeron breviscapugvant.) Hand.-Mazz., possesses a broad range
of pharmacological properties related to neurolalgatisorders, such as anti-inflammatory effect,
metal chelating ability, neuroprotective acti@y; fibril formation inhibition and free radical
scavenging effect [12-14]. However, scutellarinipsolubility, low oral absorption and difficultly
of passing through the blood-brain barrier redrits clinical uses as an anti-AD drug [15,16].
Recent studies have indicated that scutellarin aniy hydrolyzed in the intestinal tract and is
absorbed as aglycone scutellardin This is the real bioactive component and muchemeasily
absorbed [17]. Recently, our group has reportedynéhesis of genistei@-alkylbenzylamines and
discovered a 7;40-modified genistein derivativdl() as a potential multifunctional agent for the
treatment of AD [18]. However, this compound haw lohibitory effects on self-induced /A4
aggregation and human AChE-induce@; 4y aggregation. In this paper, 5,6,7-trimethoxy and
5-hydroxy-6,7-dimethoxy flavonoids were selected twombine with different length
alkylbenzylamine or alkylpiperazine fragments to siga a series of novel
scutellarein©-alkylamine derivatives, to test whether these honelecules might possess more
potency in various multifunctional activities.

In this study, a series of scutellarédalkylamine derivatives were designed based on M3DL
(Figure 1). They were also synthesized and evaluated far thgltifunctional biological activities.
The biological evaluation included anti-oxidativéfeets, AChE and butyrylcholine esterase
(BuChE) inhibition, the kinetics of enzyme inhibmi, metal-chelating properties, effects ofi A
aggregation and disaggregation, protective effgatrst HO,-induced PC12 cell injury, cytotoxic

effects on SH-SY5Y cells, and neuroprotective ¢fféic the mouse scopolamine model of memory



impairment. Finally, molecular modeling studies ev@&iso performed to afford insight into the
binding mode and the structure-activity relatiopshiof the novel scutellarei@-alkylamine
derivatives.
< InsertFigure 1 >

2. Results and discussion
2.1. Chemistry

The synthesis of scutellarefd-alkylamine derivatives 16-18 occurred via the general
pathway, in which 6-hydroxy-2,3,4-trimethoxyacetepbne {) was used as the starting material
(Scheme ). Compounds7a—b and 8a—b were the key intermediates, usually prepared from
condensation of compound [19] with para-methoxymethoxybenzaldehyde?)( [20] or
m-hydroxybenzaldehyde3) in the presence of KOH at room temperature folags to afford the
chalcone intermediated or 6, respectively. Removal of the methoxymethyl etl{stOM)
protection group was then carried out in a 10% agsidydrochloric acid solution at 50°C to obtain
the corresponding’4OH chalcone compound), Subsequently, treatment of compoudnar 6 with
conc.H,SO, and a catalytic amount of Kl in DMSO at 100°C 8345 hours gave the flavonoida
and 7b respectively. Finally, removal of 5-methyl at ftawoid nucleus by anhydrous AlCin
CHsCN at 55-60°C for 1 h gave the corresponding 5-QHitedlarein derivative8a—b [21].
Alkylation of 7a-b or 8a—-b with excessive amounts of 1,3-dibromopropane dibdemobutane or
1,6-dibromohexane in the presence gCRs; in CH;CN at 60—65°C resulted in the intermediates,
10-13[18]. In turn, these intermediates were reacteth whe corresponding secondary amines
14A-F in the presence of anhydrous ,G0O; at 60665°C to provide the final
scutellarein©-alkylamine compounds,15-18 [18]. All new compounds were purified by
recrystallization or chromatography, and the amedytand spectroscopic data confirmed their
structures, as detailed in the experimental section

< InsertScheme 1 >

2.2. Pharmacology



2.2.1. Antioxidant activity

Reactive oxygen species (ROS) have been identdeedmportant mediators of cell structure
damage to lipids, proteins and nucleic acids. R@&been associated with aging, AD and other
neurodegenerative disorders [22]. In normal phggicil conditions the host antioxidant defenses
would control the level of reactive free radicdisit when free radicals have overwhelmed these
defenses, cellular damage occurs [23]. Thus, amxadént might contribute to a therapeutic
strategy that prevents the development of AD ahdrateurodegenerative disorders.

The antioxidant activities of all synthesized sttatein-O-alkylamine derivatives were evaluated
by following the well-established ORAC-FL methodxygen radical absorbance capacity by
fluorescein) [24] and the results were showiTable 1 Trolox, a vitamin E analogue, was used as
the standard, and the results were expressed &sxTequivalents. Scutellarein was also tested,
which has an ORAGL value of 10.0 Trolox equivalents. All the testedmpounds exhibited
potent peroxyl radical absorbance capacities, rapfyjom 0.12 to 0.84-fold of Trolox. As expected,
the introduction of alkylamine group side chaintire flavonoid nucleus decreased the radical
capture capacity but the different tertiary amimét on the side chain has little influence on the
radical capture capacity. Generally, the compouniils 5-hydroxyl at the flavonoid nucleugd§
and 18) exhibited higher radical capture capacity thaat tf 5-methoxyl 15 and17). Compound
16d showed the highest antioxidant activity, with ativaty of 0.84 Trolox equivalents.

2.2.2. AChE and BuUChE Inhibition

To evaluate the potential of the target compoudds-18 for the treatment of AD, their
cholinesterase inhibitory activities were deterndiri®y the modified Ellman method [25] using
AChE from rat cortex homogenatRqtAChE) andelectrophorus electricuEeAChE) and BuChE
from rat serum RaBuChE), with commercially available rivastigmine damlonepezil as the
reference standards. Furthermore, the most potehtepresentative compounds were reevaluated
using human erythrocyte AChEHUAChE). The AChE and BuChE inhibitory activities thfe

synthesized scutellarei@-alkylamine derivatives are listed fable 1 and Table 2, expressed as



ICso values.

<InsertTable 1 >
The tested target compounds displayed signifigaimbitory activity against AChE. Almost all the
compounds exhibited very weak activity against BE@nd showed higher selectivity i@aAChE
over ratBuChE. The results showed that introduction of @alkylamines increased the ChEs
inhibitory capacity and improved the selectivityr il@mtAChE overratBuChE. This selectivity
profile may be a limitation, but this also may kenéficial to diminish peripheral cholinergic side
effects and provide lower toxicity. Because sesde effects of AChE inhibitors, such as tacrine,
have been suggested to be attributed to their gelectivity [26]. As shown iTable 1andFigure
2, the properties of the substitutions at flavonmitleus 5 position had significant effects on AChE
inhibitory activities, 5-methoxy derivativedq¢ 15d, 15i, 15j, 150 15p, 17h, 17i, 17n, 170, 17t
17u) showed higher activity than the 5-hydroxyl anaieg (6a—f, 18a—1f). The 5-methoxy at the
flavonoid nucleus may play a significant role ie #®ChE inhibitory activity.

< InsertFigure 2 >
As shown inTable 1, compounds with different length alkyamino sidaials at 4 positon showed
better AChE inhibitory activities than that df®siton, but the compoundksg 15f, 15k, 15I, 15q,
17d, 17¢ 17), 17k, 17p, 179, 17v) containing two basic centers (methyl piperazinel a
benzylpiperazine group) demonstrated the opposselt This phenomenon revealed that the
alkyamino side chain can interact with catalytit\acsite (CAS) of AChE in different ways. The
screening data also showed that the structurerofinal groups NRR, of side chain affected the
inhibitory activities. The potencies to inhibit AEhwere in the ordeiN-(2-methoxybenzyl)
ethanamine >N-(2-methoxybenzy)methanamine N-benzylpiperazine >N-benzylethanamine >
N-benzyl methanamine > 1-methylpiperazine. In mosidd¢ions compoundsi5b, 15d, 15h, 15j,
15n, 15p, 16b, 16d, 16f, 17b, 17g 17i, 17m, 17q 175 17u, 18b, 18d, 18f) possessing &l-ethyl
group showed better AChE inhibitory activity thaangpounds 15a 15¢ 15g 15i, 15m, 15q 163
16¢ 16e 17a 17¢ 17f, 17h, 171, 17n, 17r, 17t, 183 18¢ 188 with aN-methyl group. The terminal
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groups NRR; containing a methoxyl group showed more potent BCthibitory activity than that
without a methoxyl. In particular, the-(2-methoxybenzyl)ethanaminéyj, ICso = 0.12+0.01M)
at the end of side chain expressed high inhibittvity. As shown inTable 1, with the same
scaffold and terminal groups NR,, AChE inhibitory activity increased with an incseain
methylene chain length, except compoutflg 16c and16d, where the optimal chain length was
four. However, inhibitory activity decreased with mcrease of methylene chain length when the
terminal groups NRR, was 1-benzylpiperazine, for example compountssf, (15, 15q) and
compounds X7e 17k, 17qg, 17v). Finally, compoundl5j showed the most potent inhibition for
RatAChE with an 1G, value of 0.1@aM and a 568.3-fold selectivity for AChE over BuChE.
Furthermore, compount6d also exhibited a good AChE inhibition activity (4> 0.62+0.04M)
and a high selectivity (100.0-fold of inhibition Isetivity for AChE over BuChE). From the
re-evaluated results by additional testing ust@§ChE andHUAChE, it is notable that most of the
tested compounds exhibited a 3—6-fold higher inbirlgi activity towardsRatAChE than towards
EeAChE (Table 1). However, the inhibitory activity of compoundks(, 16d) againstRatAChE is
about 2—4-fold lower than that agaikBiAchE (Table 2).
2.2.3. Kinetic studies of AChE inhibition
To investigate the AChE inhibitory mechanism fonsticlass of scutellarei@-alkylamine
derivatives, a kinetic study was carried out witlhearesentative compouribd using EGAChE
(Figure 3). The Lineweaver—Burk plots exhibited that botlnilmtions had rising slopes and
increasing intercepts at higher concentration, Wwhindicated a mixed-type inhibition. The result
demonstrated that compouddd could bind to both CAS and PAS of AChE, which imikar to
that of donepezil and consistent with the resultsalecular modeling studies.

< InsertFigure 3 >
2.2.4. Molecular modeling study
To explore the possible interacting mode of thedtareinO-alkylamine derivatives witforpedo

californica (Tc)AChE (PDB codelEVE), a molecular modeling study was performed ushmg t



docking program named AUTODOCK 4.2 package withcbvery Studio 2.1 [27]. As shown in
Figure 4, the results indicated tha6d occupied the entire enzymatic CAS, the mid-gortges and
the PAS, and could simultaneously bind to both ¢h&alytic site and the peripheral site thus
providing an explanation for its highly potent ibtiory activity against AChE. In the6d-TCAChE
complex, theN-(2-methoxybenzyl)ethanamine moiety1§d was observed to bind to the CA&
a n-r interaction with Trp84 and potential hydropholmteractions with residues Tyr130, Asn85,
Ser81, Asp72, Glyl23, Glyll7, Glyl18 and Serl2Z Tavonoid moiety occupied the PAS of
AChE, the benzene ring of flavonoid moietylfd binding to the PASia an-r interaction with
Trp279 and the benzene ring at 2-position of flardmucleus could bind to the mid-gorge sies
an-n interaction with Tyr334. The 5-hydroxy and 4-carlbgroup at the flavonoid nucleus could
simultaneously bind to the Arg28a two intermolecular hydrogen bonds, and the 4-clamones
moiety possessed potential hydrophobic interactiotih residues Ser286, Leu282, 1le287 and
Phe290. In addition, the long chain of methyleng e benzene ring at the 2-position of flavonoid
nucleus could fold into a conformation in the gotbat allowed them to interact with Tyr70,
Tyrl21, Phe330 and Phe331 through hydrophobic aotem. The results of the docking also
explained why 5-methoxy substituted derivativeswaob higher AChE inhibition activity than that
5-hydroxyl substituted ones. It might be becauseammino acid residues taking part in hydrogen
bond interaction were different. As shownFig 4, 16d took part in hydrogen bond interaction with
Arg289, while15j formed hydrogen bond interaction with Phe288, iy waportant amino acid of
the acyl pocket of AChE [28]. Another explanatiar this phenomenon, that as with donepezil
which has no direct hydrogen bond interaction, dew&ridged hydrogen bonding may have
occurred under biological circumstances between5Stneethoxy of compound5j and TCAChE
[29].

< InsertFigure 4 >
2.2.5. Metal-chelating properties of compouddsand16d

The complexing ability of compoundsj and 16d toward biometals such as £uFe&”*, zn** and



Al** was studied by UV-visual spectrometry, and theltesre shown iffigure 5. The electronic
spectra ofL6d demonstrated a red shift (the peak at 330 nmeshtti 337 nm) after the addition of
CuCh. The result indicated that compoufifid could interact effectively with the €U Similar
results were also obtained when AJ@las added, the peak in the electronic spectibdfat 330
nm shift to 340 nm. When FeS@nd ZnC} were added, the electronic spectral6él showed no
obvious change. Therefor@6d has the selectivity of metal chelation. Howevehew the same
experiment was performed using compoudig and biometal ions, no significant differences were
observed in the UV spectrum (see Supporting Inféion® suggesting little or no complex
formation betweerl5j with CU**, AlI**, F&* or Zrf*. The results revealed that the 5-hydroxyl and
4-carbonyl group of the flavonoid nucleus may citwiie to the chelation.
The observed selectivity of the compoufid toward C&* compared with F& may have
interesting therapeutic applications. Several swmidiave shown that €ucontributes more to the
formation of senile plaques than iron does becatiggs superior affinity for £;.4> [30]. In addition,
the complex &:.,-CU** produces more reactive oxygen species due to igflseh reduction
potential (500 mV) than the corresponding compleithwe* [31]. Therefore, the selective
complexation of Ctf by the compound.6d could simultaneously stop the formation of amyloid
plaques and relieve oxidative stress.

< InsertFigure 5 >
The stoichiometry of thd6d-Cu** complex was determined using the molar ratio nrothay
preparing the solution of compoudéd with ascending amounts of CyCTThe UV spectra were
recorded and treated by numerical subtraction &€l€and16d at corresponding concentrations at
337nm. As shown ifrigure 6, the absorbance linearly increased initially amehtplateaued. The
two straight lines intersected at a mole fractidnO®5, indicating a 1:1 stoichiometry for the
complex16d-Cu**,

< InsertFigure 6 >

2.2.6. Effects on the self-induce A, aggregation and HUAChE-induce@A, aggregation
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A number of dual binding site AChE inhibitors haween found to exhibit a significant inhibitory
activity on A3 self-aggregation [32,33]. Therefore, some compeuh8fd, 15g 15h, 15i, 15j, 15p,
16b, 16d and 16f) that showed good potency for AChE inhibition weedected to assess their
ability to inhibit self-induced Ai.4> aggregatiorvia the thioflavin T fluorescence method [18],
using curcumin, a known active natural product tinfibits self-induced A aggregation, as a
reference compound. As summarized Table 2, the tested compounds showed moderate
(31.3-37.1%) to good (66.5—-71.4%) inhibitory effecompared with curcumin (43.1%). The
marketed AD drug, donepezil, did not show any digamt inhibitory activity under the same
experimental conditions. The results also indicatet the 5-hydroxy at flavonoid nucleussb,
16d, 16f) showed remarkably higher inhibitory activity thidmat of 5-methoxyl15d, 15g 15h, 15i,

15j and15p), the inhibitory activity increased slightly astkength of the side chain carbon spacer
increased, for examplébd (32.1%) <15j (34.3%) <15p (35.6%);16b (66.5%) <16d (69.1%) <
16f (71.4%), and different tertiary amine units on $ige chain had little influence on the inhibitory
activity. The results revealed that the hydrogendsoare crucial for the interactions between ligand
and proteins. Compouribd also showed a dose-dependent inhibitory effectedhinduced ;.42
aggregation (43.5+0.8% at 1M, 69.1+1.8% at 26M, 87.2+2.6% at 50M).

Numerous studies have revealed that AChE playeidhpaortant role not only in the hydrolysis of
ACh, but also in promoting the aggregation ¢fiAto amyloid fibrils [33]. Furthermore, the PAS of
AChE can bind to A&, accelerating the formation of amyloid fibrils [3& herefore, inhibition of
AChE, particularly the inhibition of PAS of AChE,ay affect A6 aggregation. The kinetic study
showed that compounti6d exhibited a mix-type inhibition and was able to dito both the
catalytic and peripheral site of AChE. Thereforefurther explore the dual action, compoutij
and16d were selected to assess their ability to inhitHUAChE-induced #8;-40 aggregatiorvia

the thioflavin T fluorescence method [18], usingnépezil as the reference compound. As
summarized imable 2 compoundd4d5j and16d (all at 100uM) preventedHuAChE-induced ;.40

aggregation by 37.0% and 62.2%, respectively, whiak higher than that of donepezil (18.8%). It
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revealed thal5] and16d may had higher affinity for PAS than donepezileTiesults also showed
that compound.6d has about two-fold more effective than thatl6f, indicating that 5-hydroxy at
flavonoid nucleus played an important role in bingio PAS of AChE.

< InsertTable 2 >
2.2.7. Effects on CGirinduced ;4> aggregation and disaggregation
To investigate the effects of the derivatives ori"@uduced 464> aggregation, we carried out two
individual studies Table 2): The inhibitory activity of Céi-induced A8:.4> aggregation by the
compounds X5d, 15g 15h, 15i, 15j, 15p, 16b, 16d and16f) and the disaggregation effects of two
representative compound$5{ and 16d) on Cd*-induced A8:.4> aggregation, using Thioflavin T
(ThT) binding assay with curcumin as the referemoenpound [35]. The degree offf\»
aggregation was probed mainly by transmission mactnicroscopy (TEM) [35]. The A.4
peptide (2pM) was first treated with one equivalent of Cdior 2 min at room temperature and
then incubated with or without the testing compaufat 24 h at 37°C. Ciicould accelerate the
aggregation of A. In contrast, the fluorescence was markedly redilge84.8+ 1.1%, 85.7+2.5%,
or 87.2+ 1.7% when A4, was treated with Cii and compound46b, 16d, or 16f, respectively,
which exhibited more potency than that of curcur(®®.0+2.3%). However, the other tested
compounds showed lower inhibition potent than thiaturcumin Table 2). Donepezil did not
show any inhibitory activity under the same expemtal conditions. Structure-activity relationship
analysis indicated that the long carbon chain sltin at flavonoid 4position might increase the
inhibition activity, for examplel5d < 15] < 15p or 16b < 16d < 16f. Moreover, compound6d
significantly inhibited Cé'-induced 4814, aggregation in a concentration-dependent manner
(46.5£3.5% at pM, 64.6£1.2% at 10M and 85.7+2.5% at 284). Interestingly, the rate of
inhibition of 16d showed nearly two-fold greater potency than thdt5) (46.8+1.5%). It revealed
that the 5-hydroxyl and 4-carbonyl at the flavonoigtleus were key structural units to chelate with
CU?*. Further, the results of TEM are consistent witT binding assay results. More well-defined

Ap aggregates were observed in the presence of tBan A8 alone, and fewer A fibrils were
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observed when compouribd was added to the sampldsgure 7). These observations suggest
that the chelating properties of the tested com@sunight be crucial to changing the structural
organization of & aggregation fibrils.

< InsertFigure 7 >
For the disaggregation studies, compo@ibfor 16d (25uM) were added to Afibrils, which were
generated by reacting 4, with one equivalent of Ciifor 24 h at 37°C. The ThT binding assay
showed thatl5j exhibited lower disaggregation potency (41.3£1.78%n that of curcumin
(56.5£2.1%), butléd manifested good disaggregation potency (81.3+3.d%ble 2). The TEM
figures illustrated that the sample of4, alone had aggregated into amyloid fibrils afterh2df
incubation, while only small bulk aggregates weisible and no characteristic fibrils were
observed after adding6d (Figure 8). This suggests that6d could decompose the structure of
Cu**-mediated /8 aggregation fibrils. In summary, we can concluu tompound.6d can inhibit
Cu**-induced A% aggregation and disassemble the well-structuyfibsils.

< InsertFigure 8 >
2.2.8. Cytotoxic effects on SH-SY5Y cells
To examine the cytotoxicity of the representatisenpoundsl5j and16d, human neuronal cell line
SH-SY5Y cells were exposed to the test compoundbrat different concentrations (1, 10 and
10QuM) for 24 h and the cell viability was tested bye tl8-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium (MTT) assays [36]. As showrFigure 9, 15j and16d did not show modified
cell viability up to the concentration of lBI. With increased concentration to 108, 15j or 16d
induced a decrease of cell viability (73% and 8Q.88spectively), it may be that the compound
with a 5-methoxy at flavonoid nucleus exhibited moytotoxicity than that of a 5-hydroxy. These
results showed that the target compounds had a thiel@peutic safety range. Moreover, these
preliminary results should encourage further sttlieelucidate the neuroprotective mechanisms of
15j and16d.

< InsertFigure 9 >
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2.2.9. Cell protective effects on®} induced PC12 cell injury
AD brains exhibit constant evidence of reactivegety species (ROS) and reactive nitrogen species
(RNS) mediated injury. These, like® in the presence of transition metals, such &% Eenerate
hydroxyl radicals (OH which can feed into a self-propagating cascadeeafodegenerative events
[22]. The protective effects d5] and16d against free radicals damage were assessed bynmeas
the ability of the compounds to protect againgDHinjury according to the reported protocol [37].
After 100 uM H,0O, exposure, cell viability as determined by MTT retion was markedly
decreased to 56.1 % (P < 0.04 control), suggesting high sensitivity to,®p-induced injury.
However, compound$5j and 16d showed protective effects in a dose-dependent eraagainst
hydrogen peroxide-induced PC12 cell injurffigure 10). At concentrations of 10.QuM,
compoundsl5j and16d exhibited significantly neuroprotective effectdahe cell viabilities were
60.3% and 75.1%, respectively. When the conceatrasi reduced to 1.0M, these cell viabilities
decreased to 58.7% and 65.9%, respectively. ltestgd the compound with a 5-hydroxy on the
flavonoid nucleus had higher cell survival rati@ththat with a 5-methoxy group. This may be
associated with the ease which the 5-hydroxy catucathe hydroxyl radical, generated byOx

< InsertFigure 10 >
2.2.10. In vivo assay
Scopolamine is a muscarinic receptor antagonistitiebits central cholinergic neuronal activity
and influences the expression of a broad spectrugenés associated with muscarinic receptor
signaling pathways, apoptosis, and cell differdiarain rat brain [38]. Scopolamine-induced
amnesia has been used extensively to evaluate tigbtdrerapeutic agents for treating AD. To
determine whether the treatmentl&fd improve the contextual memory in scopolamine-irlic
mice, we performed the step-down passive avoidteste [39]. As shown iRigure 11, the latency
of mice treated with scopolamine alone (1 mg/katia group) showed no significant differences
compared with vehicle-treated mice (normal grouwgd)en the dose of scopolamine up to 3 mg/kg,

the step-down latency of mice treated with scopalanalone (control group) was significantly
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shorter than that of vehicle-treated mice (nornraug) (p < 0.01). Moreover, we found that the
latency of mice showed no significant differencesaeen the treatment with donepezil group (0.5
mg/kg, positive group) and scopolamine alone (3kigpgtontrol group), while treatment with
donepezil group (5 mg/kg) showed longer latencyetthran the control group with scopolamine (3
mg/kg) (p < 0.01) and clearly reversed the cogaitilficit induced by scopolamine. This was in
agreement with our previous work and other groupsvhich similar doses also increased the
latency time [18, 40]. According to the screenimged treatment with compourdéd (0.66, 2.2, 6.6
and 19.8 mg/kg) increased the latency time in @dlependent manner, but the medium dose group
(6.6 mg/kg) presented the longest latency time .@236c) (p < 0.01) of the four dose groups. The
medium dose (6.6 mg/kg) of compouthd@d showed slightly longer latency time than the mole
equivalent of donepezil (5 mg/kg) (132.8 sec), Wwhias a representative AChE inhibitor and had
been approved by FDA for treating AD. Meanwhileg tatency time of the high dose 16d (19.8
mg/kg) demonstrated slightly shorter (118.2 seentthat of the medium dose and donepezil (5
mg/kg). The reason maybe that the high dose has senrotoxicity, the medium dose may close to
full saturate AChE and would be the optimal dodee Tatency time of the lowest doseldid (0.66
mg/kg) demonstrated no significant differences carag with scopolamine alone (3 mg/kg, control
group). Therefore, the optimal dose Ddd might be 6.6 mg/kg. These results indicated that
compoundl16d might not only have reversed cognitive deficitundd by scopolamine through
increasing brain cholinergic activity due to théibition of AChE but also revealed some other
properties influencing memory processes.

< InsertFigure 11 >

3. Conclusion
In summary, to explore for effective drugs for tineatment of Alzheimer’s disease (AD), a
novel series of scutellare@-alkylamine derivatives15-18 were designed, synthesized and

evaluated as multi-target anti-Alzheimer agentsstid the synthesized compounds were potent in
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inhibiting AChE activityin vitro and displayed high selectivity for AChE over BuCl@®mpound
16d demonstrated a useful inhibitory activity towar€H#E with 1G, value of 0.62+0.0LM. The
kinetic analysis suggested tHad showed mixed-type inhibition, and could bind tatb€AS and
PAS of AChE, which was consistent with the molecutaodeling study. Compountléd also
possessed the modest antioxidant activity (0e§dof Trolox), excellent inhibitory effects on
self-induced #8:.4, aggregation (69.1+1.8%), €uinduced A81.4», aggregation (85.7+2.5%) and
HUAChE-induced #;.40 aggregation (62.2+1.8%). Moreovd6d was found to be able to bind
CU** and AP* and assemble into metal complexes, which disagéedgCa*-induced AB:.4-
aggregation (81.3£3.4%). Furthermord6d had a good neuroprotective effect against
H,0,-induced PC12 cell injury and exhibited a low tatyiagn SH-SY5Y cells. More interestingly,
our in vivo study proved that mice treated witléd (6.6 mg/kg,p.o) displayed slightly longer
step-down latency time than the drug control grdopepezil (5.0 mg/kgp.0) in the step-down
passive avoidance test. The present study indidastd 6d could be considered as an interesting
multi-targeted lead compound for the further stuythe treatment of AD. Further studies to
evaluate compound6d in vivo and to develop structural refinements are underaray will be

reported in due course.

4. Experimental section

4.1. Chemistry

Unless otherwise noted, all materials were obtaiinech commercial suppliers and used without
further purification. The purity of all final compads was determined by high-performance liquid
chromatography (HPLC) analysis to be over 96%. HRInGlysis was carried out on a Shimadzu
LC-10Avp plus system with the use of a Kromasis €olumn (4.6 mm x 250 mm, SuntH and
13C NMR spectra were recorded using TMS as the iatestandard in CDGlor DMSO4ds with a
Varian INOVA spectrometer at 400 and 100 MHz, retipely. Coupling constants were given in

Hz. Multiplicities are given as s (singlet), d (det), dd (double-doublet), t (triplet), g (quadiet),
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m (multiplet), and br (broad signal). MS spectrdaderere obtained on an Agilent-6210 TOF
LC-MS spectrometer. Melting points were recordedY®T-3 melting-point apparatus (China) and
are uncorrected. All the reactions were monitorgdhim-layer chromatography (TLC) using silica
gel GFRs4 plates from Qingdao Haiyang Chemical Co. Ltd. (@hiwith an UV lamp (254nm).
Column chromatography using silica gel (2800 mesh) purchased from Qingdao Haiyang
Chemical Co. Ltd. (China).

4.1.1. (E)-1-(6-Hydroxy-2,3,4-trimethoxyphenyl)43riethoxymethoxyphenyl)-2-propen-1-odg (
To a stirred solution of 6-hydroxy-2,3,4-trimethacxgtophenone (10.0 g, 44.0 mmol) and
4-methoxymethoxybenzaldehyde (8.10 g, 49.0 mmoétinanol (120 mL) was added a solution of
KOH (7.4 g, 0.14 mol) in water (7.4 mL). The reaatimixture was stirred for 72 h at room
temperature and quenched in ice-cold water, aedlifvith 10% HCI, filtered and washed with
water. The crude product was recrystallized wittohbl to afford the title product as yellow solid
(14.9 g, 90% vyield), mp 94.2-94.5 °&{ NMR (400 MHz, CDCJ) 5 13.78 (s,1H, OH), 7.87 (d,=
16.0 Hz, 1H, =CH), 7.81 (dl = 16.0 Hz, 1H, =CH), 7.60 (d, = 8.8Hz, 2H, Ar-H), 7.08 (d] =
8.8Hz, 2H, Ar-H), 6.30 (s, 1H, Ar-H), 5.23 (s, 2BCH,0), 3.93 (s, 3H, OC#), 3.91 (s, 3H,
OCHg), 3.84 (s, 3H, OCH), 3.50 (s, 3H, OCH).

4.1.2. (E)-1-(6-Hydroxy-2,3,4-trimethoxyphenyl)43kydroxyphenyl)-2-propen-1-ones)( To a
solution of compound (3.74 g, 10.0 mmol) and 10%HCI (6.0 mL) in ethaf®0 mL), the mixture
was heated for 4 h at 50 °C, cooled to room tenmiperaThe reaction mixture was poured into
crushed ice. The resulting precipitate was filteaed washed with water. The crude product was
recrystallized with alcohol to give yellow solid.(3g, 91% yield), mp 146.2-147.2 °H NMR
(400 MHz, CDC}) 8 13.79 (s,1H, OH), 7.86 (d,= 16.0 Hz, 1H, Ar-H), 7.81 (d] = 16.0 Hz, 1H,
Ar-H), 7.54 (d,J = 8.4Hz, 2H, Ar-H), 6.88 (d] = 8.4Hz, 2H, Ar-H), 6.30 (s, 1H, Ar-H), 5.41 (brs,
1H, OH), 3.93 (s, 3H, OC#j 3.90 (s, 3H, OCH), 3.84 (s, 3H, OC}H).

4.1.3. (E)-1-(6-Hydroxy-2,3,4-trimethoxyphenyl)3&kydroxyphenyl)-2-propen-1-onet)( To a
stirred solution of 6-hydroxy-2,3,4-trimethoxyagetenone (5.0 g, 22.0 mmol) and
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m-hydroxybenzaldehyde (3.3 g, 26.4 mmol) in ethdA0ImL) was added a solution of KOH (3.7 g,
66.0 mmol) in water (6.0 mL). The reaction mixtuvas stirred for 72 h at room temperature and
guenched in ice-cold water, acidified with 10% H@ltered and washed with water. The crude
product was recrystallized with alcohol to affofe ttitle product as yellow solid (6.1 g, 83.0%
yield), mp 87.8-88.9 °CH NMR (400 MHz, CDC}) & 13.67 (brs,1H, OH), 7.91 (d,= 15.6 Hz,
1H, =CH), 7.75 (dJ = 15.6 Hz, 1H, =CH), 7.29 (§,= 8.0 Hz, 1H, Ar-H), 7.21 (d] = 7.6 Hz, 1H,
Ar-H), 7.11 (s, 1H, Ar-H), 6.88 (dd] = 1.6 Hz, 7.6Hz, 1H, Ar-H), 6.29 (d,= 5.6 Hz, 1H, Ar-H),
5.03 (brs, 1H, OH), 3.92 (s, 3H, OgH3.90 (s, 3H, OCH), 3.83 (s, 3H, OCH).

4.1.4. General procedure for the synthesis of mediates/a-b. Chalcones compourisior 6 (3.6 g
10.8 mmol), potassium iodide (70 mg, 0.42 mmol)enedded to a solution obnc.H,SO, (0.2 mL)

in DMSO (16 mL). The solution was heated to 100f6C3-5 h, and then the reaction mixture was
poured into crushed ice. The resulting precipitates collected and washed with 5% sodium
thiosulfate solution (50 mL) and water. Recrystaltion from 80% ethanol afforded the flavones
compoundra-b, respectively.

4.1.4.1. 4Hydroxy-5,6,7-trimethoxyflavone 7d). Light yellow solid; 84.0 % yield; mp
224-225.4 °C*H NMR (400 MHz, DMSOds) & 10.25 (s, 1H, OH), 7.91 (d,= 8.4 Hz, 2H, Ar-H),
7.19 (s, 1H, Ar-H), 6.92 (d] = 8.4 Hz, 2H, Ar-H), 6.64 (s, 1H, CH), 3.95 (s,,3BICH;), 3.80 (s,
3H, OCH), 3.76 (s, 3H, OCH).

4.1.4.2. 3Hydroxy-5,6,7-trimethoxyflavone7if). Light yellow solid; 90.0 % yield; mp
227-228.8 °C*H NMR (400 MHz, DMSOsdq) & 9.85 (s,1H, OH), 7.48 (d, = 7.6 Hz, 1H, Ar-H),
7.40 (s, 1H, Ar-H), 7.36 (4 = 8.0 Hz, 1H, Ar-H), 7.20 (s, 1H, CH), 6.98 (di= 2.0, 8.0 Hz, 1H,
Ar-H), 6.69 (s, 1H, Ar-H), 3.96 (s, 3H, OGH 3.81 (s, 3H, OCH), 3.77 (s, 3H, OCH).

4.1.5. General procedure for the synthesis of meiates8a-b. Anhydrous AIC} (1.62 g, 12.1
mmol) was added to a solution of compoutadb (2.0 g, 6.1 mmol) in anhydrous acetonitrile (20
mL) at room temperature. The mixture was heatdgbt60 °C for 1 h, then added 10% HCI (20 mL)
and refluxed for 40 min. Then the mixture was pduneto ice water (50 mL). The resulting
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precipitate  was collected and washed with watere Tiesidue was recrystallized with
methoxyethanol to afford compoun8a-b, respectively.

4.1.5.1. 5,4Dihydroxy-6,7-dimethoxyflavone8d). Light yellow solid; 88.0 % vyield; mp
261-262.3 °CH NMR (400 MHz, DMSOds) 5 12.94 (s, 1H, OH), 10.42 (s, 1H, OH), 7.98 {d,
=8.8 Hz, 2H, Ar-H), 6.94 (d] = 8.8Hz, 2H, Ar-H), 6.93 (s, 1H, Ar-H), 6.87 ($4,1CH), 3.93 (s, 3H,
OCHg), 3.74 (s, 3H, OCH).

4.1.5.2. 5,3Dihydroxy-6,7-dimethoxyflavone8ly). Light yellow solid; 85.0 % vyield;, mp
210-211.4 °C*H NMR (400 MHz, DMSO#dg) 8 12.77 (s, 1H, OH), 9.85 (s, 1H, OH), 7.53 Jc;

8.0 Hz, 1H, Ar-H), 7.45-7.42 (m, 1H, Ar-H), 7.38 Jt= 8.0 Hz, 1H, Ar-H), 7.03 (d] = 8.0 Hz, 1H,
Ar-H), 6.94 (s, 1H, CH), 6.90 (s, 1H, Ar-H), 3.9§ BH, OCH), 3.75 (s, 3H, OCH).

4.1.6. General procedure for the synthesis of mestiateslO-13. The appropriate dibromoalkane
derivative 9 (6.6 mmol) was added to a mixture of the interragdva-b or 8a-b (3.0 mmaol),
anhydrous KCO; (430 mg, 3.1 mmol) and Kl (53 mg, 0.32mmol) in LM (30 ml) The reaction
mixture was warmed to 665 °C and stirred for-80 h under an argon atmosphere. After complete
reaction, the solvent was evaporated under redpcessure. Water (30 mL) was added to the
residue and the mixture was extracted with dichteethane (30 mLx3). The combined organic
phases were washed with saturated aqueous sodiondehdried over sodium sulfate, and filtered.
The solvent was evaporated to dryness under redquesdure. The residue was purified on a silica
gel chromatography using petroleum ether/aceto®d ) hs eluent to give the intermediat®s13
4.1.6.1. 4(3-Bromopropoxy)-5,6,7-trimethoxyflavong). Light yellow solid; 68.7 % vyield; mp
142.1-143.2 °C*H NMR (400 MHz, CDCY) & 7.83 (d,J = 8.8 Hz, 2H, Ar-H), 7.02 (d] = 8.8 Hz,
2H, Ar-H), 6.80 (s, 1H, =CH), 6.59 (s, 1H, Ar-H),18 (t,J = 6.0 Hz, 2H, OCH), 3.99 (s, 3H,
OCHg), 3.98 (s, 3H, OCH), 3.92 (s, 3H, OCH), 3.63 (t,J = 6.4 Hz, 2H, ChBr), 2.39-2.34 (m, 2H,
CHy).

4.1.6.2. 4(4-Bromobutoxy)-5,6,7-trimethoxyflavon#0lp). Light yellow solid; 74.3 % vyield; mp
157.3-158.4 °C'H NMR (400 MHz, CDJ) 6 7.82 (d,J = 8.8 Hz, 2H, Ar-H), 6.99 (d] = 8.8 Hz,
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2H, Ar-H), 6.80 (s, 1H, =CH), 6.58 (s, 1H, Ar-H),08 (t,J = 6.0 Hz, 2H, OCH), 3.99 (s, 3H,
OCHg), 3.98(s, 3H, OCH), 3.92(s, 3H, OCH), 3.51(t,J = 6.4 Hz, 2H, CHBr), 2.11-2.07(m, 2H,
CHy,), 2.01-1.97(m, 2H, CH).

4.1.6.3. 4(6-Bromohexyloxy)-5,6,7-trimethoxyflavor®d). Light yellow solid; 72.8 % yield, mp
117.3-118.2 °C*H NMR (400 MHz, CDC}) 5 7.83 (d,J = 8.8 Hz, 2H, Ar-H), 6.99 (d] = 8.8 Hz,

2H, Ar-H), 6.80 (s, 1H, =CH), 6.64 (s, 1H, Ar-H),04 (t,J = 6.4 Hz, 2H, OCH), 3.99 (s, 3H,
OCHg), 3.99 (s, 3H, OCH), 3.92 (s, 3H, OCH), 3.44 (t,J = 6.8 Hz, 2H, CHBr), 1.92-1.88 (m, 2H,
CH,), 1.87-1.83 (m, 2H, C}), 1.56-1.52 (m, 4H, C}).

4.1.6.4. 4(3-Bromopropoxy)-5-hydroxy-6,7-dimethoxyflavoriéaj. Yellow solid; 63.7 % yield;
mp 143.1-144.5 °CtH NMR (400 MHz, CDCJ) & 12.79 (brs, 1H, OH), 7.85 (d,= 8.8 Hz, 2H,

Ar-H), 7.03 (d,J = 9.2 Hz, 2H, Ar-H), 6.59 (s, 1H, =CH), 6.55 ($],JAr-H), 4.20 (t,J = 6.0 Hz, 2H,
OCH,), 3.97 (s, 3H, OCH, 3.93 (s, 3H, OC}H), 3.63 (t,J = 6.4 Hz, 2H, CHBr), 2.39-2.34 (m, 2H,
CHy,).

4.1.6.5. 4(4-Bromobutoxy)-5-hydroxy-6,7-dimethoxyflavoh#h]. Yellow solid; 68.4 % yield; mp
149.1-150.5 °C*H NMR (400 MHz, CDCJ) 5 12.80 (brs, 1H, OH), 7.84 (d,= 9.2 Hz, 2H, Ar-H),

7.00 (d,J = 9.2 Hz, 2H, Ar-H), 6.59 (s, 1H, =CH), 6.55 (34,1Ar-H), 4.09 (t,J = 6.0 Hz, 2H,

OCH,), 3.97 (s, 3H, OCH), 3.93 (s, 3H, OCH), 3.51 (t,J = 6.4 Hz, 2H, CkBr), 2.12-2.08 (m, 2H,
CHy,), 2.02-1.98 (m, 2H, C4).

4.1.6.6. 4(6-Bromohexyloxy)-5-hydroxy-6,7-dimethoxyflavof#c). Yellow solid; 67.4 % vyield;
mp 133.3-134.5 °CtH NMR (400 MHz, CDCJ) & 12.80 (brs, 1H, OH), 7.84 (d,= 8.8 Hz, 2H,

Ar-H), 7.00 (d,J = 8.8Hz, 2H, Ar-H), 6.59 (s, 1H, =CH), 6.55 (s,,14t-H), 4.05 (t,J = 6.4 Hz, 2H,

OCH,), 3.97 (s, 3H, OCH, 3.93 (s, 3H, OC}H), 3.44 (tJ = 6.8 Hz, 2H, CHBr), 1.94-1.90 (m, 2H,
CH,), 1.87-1.83 (m, 2H, CH), 1.56-1.52 (m, 2H, C}).

4.1.6.7. 3(2-Bromoethoxy)-5,6,7-trimethoxyflavon4). Light yellow solid; 67.3 % vyield; mp
94.5-95.9 °C*H NMR (400 MHz, CDC}) & 7.49 (d,J = 8.0 Hz, 1H, Ar-H), 7.43 (] = 8.0 Hz, 2H,

Ar-H), 7.07 (d,J = 8.0 Hz 1H, Ar-H), 6.83 (s, 1H, =CH), 6.66 (s,,1&-H), 4.38 (t,J = 6.0 Hz, 2H,
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OCH,), 4.00 (s, 6H, 2 x OC})l, 3.93 (s, 3H, OC}H}, 3.70 (tI = 6.0 HZ, 2H, CHBFr).

4.1.6.8. 3(3-Bromopropoxy)-5,6,7-trimethoxyflavonil§). Light yellow solid; 70.6 % yield; mp
89.7-90.4 °CH NMR (400 MHz, CDC)) & 7.47 (d,J = 8.0 Hz, 1H, Ar-H), 7.43-7.39 (m, 2H,
Ar-H), 7.06 (dd,J = 1.6, 8.0 Hz, 1H, Ar-H), 6.83 (s, 1H, =CH), 6.8} 1H, Ar-H), 4.19 (tJ = 6.4
Hz, 2H, OCH), 3.99 (s, 6H, 2 x OC¥), 3.92 (s, 3H, OCH), 3.64 (t,J = 6.4 Hz, 2H, ChBIr),
2.39-2.34 (m, 2H, C}).

4.1.6.9. 3(4-Bromobutoxy)-5,6,7-trimethoxyflavon&2¢). Light yellow solid; 67.6 % yield; mp
108.2-109.1 °C'*H NMR (400 MHz, CDCJ) 6 7.45 (d,J = 8.0 Hz, 1H, Ar-H), 7.42 (d] = 8.0 Hz,
1H, Ar-H), 7.40-7.36 (m, 1H, Ar-H), 7.04 (dd,= 1.6, 8.0 Hz, 2H, Ar-H), 6.82 (s, 1H, =CH), 6.67
(s, 1H, Ar-H), 4.08 (tJ = 6.4 Hz, 2H, OCH), 3.99 (s, 6H, 2 x OC#), 3.93 (s, 3H, OC}H), 3.52 (t,J

= 6.4 Hz, 2H, CHBr), 2.13-2.09 (m, 2H, C§), 2.02-1.98 (m, 2H, C}).

4.1.6.10. 3(6-Bromohexyloxy)-5,6,7-trimethoxyflavori2d). Light yellow solid; 71.4 % yield; mp
128.9-130.2 °C*H NMR (400 MHz, CDCY) & 7.45 (d,J = 8.0 Hz, 1H, Ar-H), 7.41 (d] = 8.0 Hz,
2H, Ar-H), 7.04 (dd,) = 1.6, 8.0 Hz, 1H, Ar-H), 6.82 (s, 1H, =CH), 6.69 1H, Ar-H), 4.04 (] =
6.4 Hz, 2H, OCH), 3.99 (s, 6H, 2 x OCH), 3.93 (s, 3H, OCH), 3.45 (t,J = 6.8 Hz, 2H, CHBY),
1.93-1.89 (m, 2H, Ch, 1.87-1.82 (m, 2H, Ch), 1.57-1.53 (m, 4H, CH).

4.1.6.11. 3(3-Bromopropoxy)-5-hydroxy-6,7-dimethoxyflavoddaj. Yellow solid; 68.7 % vyield;
mp 138.8-139.9 °C. 1H NMR (400 MHz, CD{Eb 12.67 (brs, 1H, OH), 7.49-7.42 (m, 3H, Ar-H),
7.09 (ddJ = 1.2, 7.6 Hz, 1H, Ar-H), 6.67 (s, 1H, =CH), 6.688 1H, Ar-H), 4.21 (t) = 5.6 Hz, 2H,
OCH,), 3.98 (s, 3H, OCH, 3.93 (s, 3H, OC}H, 3.65 (t,J = 6.4 Hz, 2H, CHBr), 2.40-2.36 (m, 2H,
CHy,).

4.1.6.12. 3(3-Bromobutoxy)-5-hydroxy-6,7-dimethoxyflavord8&bj. Yellow solid; 63.4 % vyield;
mp 115.5-116.9 °C'H NMR (400 MHz, CDCY)) & 12.67 (brs, 1H, OH), 7.47 (d1,= 1.6, 8.0 Hz,
1H, Ar-H), 7.43 (dJ = 8.0 Hz, 1H, Ar-H), 7.41-7.36 (m, 1H, Ar-H), 7.0dd,J = 1.6, 8.0 Hz, 1H,
Ar-H), 6.66 (s, 1H, =CH), 6.58 (s, 1H, Ar-H), 4.09J = 6.0 Hz, 2H, OCH), 3.98 (s, 3H, OCH),

3.93 (s, 3H, OCH), 3.52 (t,J = 6.4 Hz, 2H, ChBr), 2.14-2.10 (m, 2H, C}), 2.03-1.99 (m, 2H,
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CH,).

4.1.6.13. 3(3-Bromohexyloxy)-5-hydroxy-6,7-dimethoxyflavoh®c). Yellow solid; 69.3 % vyield;
mp 98.4-99.2 °C'H NMR (400 MHz, CDCJ) & 12.68 (brs, 1H, OH), 7.46 (di,= 1.2, 8.0 Hz, 1H,
Ar-H), 7.43 (d,J = 8.0 Hz, 1H, Ar-H), 7.42-7.38 (m, 1H, Ar-H), 7.0dd,J = 1.2, 8.0 Hz, 1H, Ar-H),
6.67 (s, 1H, =CH), 6.57 (s, 1H, Ar-H), 4.05Jt 6.4 Hz, 2H, OCh), 3.98 (s, 3H, OCH}, 3.93 (s,
3H, OCHy), 3.47 (t,J = 6.4 Hz, 2H, CkBr), 1.94-1.90 (m, 2H, C}), 1.88-1.84 (m, 2H, C§),
1.56-1.52 (m, 2H, Ch).

4.1.7. General procedure for the synthesis of deméen-O-alkylamine derivative$5-18 [18]. To a
mixture of the corresponding secondary amihéd—F (0.6 mmol), anhydrous 40Os; (89.7 mg,
0.65 mmol) and KI (8.6 mg, 0.052 mmol) in anhydr@i4CN (12 ml) were added the appropriate
intermediated40-13(0.5 mmol).The reaction mixture was warmed to 60-65 °C arrdestifor 6-10

h under an argon atmosphere. After complete regctice solvent was evaporated under reduced
pressure. The residue was dissolved in water (40 ard the mixture was extracted with
dichloromethane (25 mLx3). The combined organicspeawere washed with saturated agueous
sodium chloride (20 mL), dried over sodium sulfaad filtered. The solvent was evaporated to
dryness under reduced pressure. The residue w#ge@wn a silica gel chromatography using
mixtures of CHCI,/CH3;OH (100:1) as eluerb afford the corresponding scutellar€dalkylamine
derivativesl5-18

4.1.7.1. 4(3-(Benzyl(methyl)amino)propoxy)-5,6,7-trimethtaydne (5a). Light yellow oil,
72.7 % yield, 97.6 % HPLC puritjH NMR (400 MHz, CDCY) & 7.81 (d,J = 8.8 Hz, 2H, Ar-H),
7.29-7.21 (m, 5H, Ar-H), 6.97 (d, = 8.8 Hz, 2H, Ar-H), 6.80 (s, 1H, =CH), 6.59 ($4,1Ar-H),
4.10 (t,J = 6.4 Hz, 2H, OCh), 3.99 (s, 3H, OCH), 3.98 (s, 3H, OCEHJ, 3.92 (s, 3H, OC}H}, 3.54

(s, 2H, CHPh), 2.58 (tJ = 6.8 Hz, 2H, ChN), 2.56 (s, 3H, CEN), 2.06-2.00 (m, 2H, CH);
HR-ESI-MS: Calcd. for gH3,NOg [M+H]*: 490.2230, found: 490.2225.

4.1.7.2. 4(3-(Benzyl(ethyl)amino)propoxy)-5,6,7-trimethoaytine {5b). Light yellow oil, 77.5 %
yield, 98.0 % HPLC purityH NMR (400 MHz, CDC}) 5 7.80 (d,J = 8.8 Hz, 2H, Ar-H), 7.34-7.26
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(m, 5H, Ar-H), 6.95 (dJ = 8.8 Hz, 2H, Ar-H), 6.80 (s, 1H, =CH), 6.59 ($},1Ar-H), 4.07 (t,J =

6.4 Hz, 2H, OCH), 3.99 (s, 3H, OCEHJ, 3.98 (s, 3H, OCH, 3.92 (s, 3H, OCH), 3.62 (s, 2H,
CH,Ph), 2.65 (] = 6.4 Hz, 2H, CkN), 2.56 ( = 6.8 Hz, 2H, CkN), 2.00-1.96 (m, 2H, C}), 1.08

(t, J = 6.4 Hz, 3H, Ch); HR-ESI-MS: Calcd. for GH3NOg [M+H]*: 504.2386, found: 504.2391.
4.1.7.3. 4(3-((2-Methoxybenzyl)(methyl)amino)propoxy)-5,8ifrethoxyflavone 16c). Light

yellow oil, 87.1 % vyield, 98.9% HPLC puritfH NMR (400 MHz, CDCJ) & 7.80 (d,J = 8.8 Hz,
2H, Ar-H), 7.41-7.35 (m, 1H, Ar-H), 7.29 (,= 7.2 Hz, 1H, Ar-H), 6.97 (d] = 8.8 Hz, 2H, Ar-H),
6.92-6.88 (m, 2H, Ar-H), 6.79 (s, 1H, =CH), 6.57 {1, Ar-H), 4.14 (tJ = 6.4 Hz, 2H, OCHh),

3.99 (s, 3H, OCh), 3.98 (s, 3H, OCH), 3.91 (s, 3H, OCH), 3.84 (s, 3H, OCH), 3.81 (s, 2H,
CH,Ph), 2.60-2.54 (m, 2H, GM), 2.43 (s, 3H, CEN), 2.24-2.20 (m, 2H, C§); HR-ESI-MS:

Calcd. for GogHzNO; [M+H]*: 520.2335, found: 520.2342.

4.1.7.4. 4(3-((Ethyl)(2-methoxybenzyl)amino)propoxy)-5,6jimethoxyflavone 16d). Light

yellow oil, 72.6 % yield, 98.6% HPLC puritfH NMR (400 MHz, CDC}) & 7.80 (d,J = 8.8 Hz,
2H, Ar-H), 7.43 (brs, 1H, Ar-H), 7.23 (3,= 6.4 Hz, 1H, Ar-H), 6.96 (d] = 8.8 Hz, 2H, Ar-H), 6.92
(t, J = 7.2 Hz, 1H, Ar-H), 6.86 (dJ = 8.0 Hz, 1H, Ar-H), 6.80 (s, 1H, =CH), 6.58 (${,1Ar-H),

4.10 (t,J = 6.0 Hz, 2H, OCh), 3.99 (s, 3H, OC}H, 3.98 (s, 3H, OCEH), 3.92 (s, 3H, OC}hj, 3.82
(s, 3H, OCH), 3.69 (s, 2H, CkPh), 2.74-2.70 (m, 2H, GiM), 2.65-2.61 (m, 2H, CHN), 2.06-2.02
(m, 2H, CH), 1.14-1.10 (m, 3H, C; HR-ESI-MS: Calcd. for GH3sNO; [M+H]*: 534.2492,
found: 534.2484.

4.1.7.5. 4(3-(4-Benzylpiperazin-1-yl)propoxy)-5,6,7-trimexglavone 15e). Light yellow oil,

76.1 % vyield, 97.8 % HPLC purityH NMR (400 MHz, CDCY) 5 7.81 (d,J = 8.8 Hz, 2H, Ar-H),
7.35-7.31 (m, 5H, Ar-H), 6.99 (d = 8.8 Hz, 2H, Ar-H), 6.80 (s, 1H, =CH), 6.58 ($4,1Ar-H),

4.10 (t,J = 6.0 Hz, 2H, OCH), 3.99 (s, 3H, OCH), 3.98 (s, 3H, OCH), 3.92 (s, 3H, OCH}, 3.55
(s, 2H, CHPh), 2.60-2.56 (m, 10H, GN), 2.07-2.03 (m, 2H, CH; HR-ESI-MS: Calcd. for
CazoH37N206 [M+H]: 545.2652, found: 545.2645.

4.1.7.6. 4(3-(4-Methylpiperazin-1-yl)propoxy)-5,6,7-trimettyflavone {5f). Light yellow oil,
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70.9 % vield, 99.2 % HPLC puritfH NMR (400 MHz, CDC}) & 7.80 (d,J = 8.8 Hz, 2H, Ar-H),
6.99 (d,J = 8.8 Hz, 2H, Ar-H), 6.79 (s, 1H, =CH), 6.57 ($4,1Ar-H), 4.08 (t,J = 6.4 Hz, 2H,
OCH,), 3.98 (s, 3H, OCH), 3.97 (s, 3H, OCH), 3.91 (s, 3H, OCH), 2.58-2.54 (m, 10H, CiN),
2.33 (s, 3H, NCH), 2.03-1.99 (m, 2H, CH; HR-ESI-MS: Calcd. for gH33N,Og [M+H]™
469.2339, found: 469.2336.

4.1.7.7. 4(4-(Benzyl(methyl)amino)butoxy)-5,6,7-trimethcayfine {5g). Light yellow oil,
75.1 % vyield, 97.5 % HPLC puritjH NMR (400MHz, CDC}) & 7.81 (d,J = 8.8 Hz, 2H, Ar-H),
7.33-7.26 (m, 5H, Ar-H), 6.97 (d, = 8.8 Hz, 2H, Ar-H), 6.80 (s, 1H, =CH), 6.58 ($4,1Ar-H),
4.03 (t,J = 6.0 Hz, 2H, OCh), 3.99 (s, 3H, OC}HJ, 3.98 (s, 3H, OCE), 3.92 (s, 3H, OC}H}, 3.56
(s, 2H, CHPh), 2.49 (tJ = 6.8 Hz, 2H, CkN), 2.25 (s, 3H, NCh), 1.89-1.85 (m, 2H, CH),
1.77-1.73 (m, 2H, Ch; HR-ESI-MS: Calcd. for GH3NOg [M+H]*: 504.2386, found: 504.2380.
4.1.7.8. 4(4-(Benzyl(ethyl)amino)butoxy)-5,6,7-trimethoxyfiae (5h). Light yellow oil, 70.7 %
yield, 99.0% HPLC purity*H NMR (400MHz, CDC}) 5 7.81 (d,J = 8.8 Hz, 2H, Ar-H), 7.46-7.42
(m, 2H, Ar-H), 7.36-7.30 (m, 3H, Ar-H), 6.96 (d= 8.8 Hz, 2H, Ar-H), 6.80 (s, 1H, =CH), 6.59 (s,
1H, Ar-H), 4.01 (tJ = 6.4 Hz, 2H, OCH), 3.99 (s, 3H, OCHJ, 3.98 (s, 3H, OCH), 3.92 (s, 3H,
OCHg), 3.79 (s, 2H, CkPh), 2.72-2.68 (m, 4H, GiN), 1.87-1.83 (m, 4H, CH), 1.21 (t,J = 6.4 Hz,
3H, CHs); HR-ESI-MS: Calcd. for gH3sNOs [M+H]*: 518.2543, found: 518.2552.

4.1.7.9. 4(4-((2-Methoxybenzyl)(methyl)amino)butoxy)-5,8iethoxyflavone 16i).  Light
yellow oil, 77.5 % yield, 99.2 % HPLC puritfH NMR (400MHz, CDC}) & 7.81 (d,J = 8.8 Hz,
2H, Ar-H), 7.36 (dJ = 7.6 Hz, 1H, Ar-H), 7.26 (t) = 7.6 Hz, 1H, Ar-H), 6.98 (d] = 8.8 Hz, 2H,
Ar-H), 6.94 (t,J = 7.6 Hz, 2H, Ar-H), 6.88 (d] = 8.0 Hz, 1H, Ar-H), 6.80 (s, 1H, =CH), 6.58 (81,1
Ar-H), 4.05 (t,J = 6.0 Hz, 2H, OCH), 3.99 (s, 3H, OCE#j, 3.98 (s, 3H, OCEHJ, 3.92 (s, 3H, OC}j,
3.83 (s, 3H, OCHh), 3.64 (s, 2H, CkPh), 2.59-2.55 (m, 2H, GMl), 2.31 (s, 3H, NCh), 1.90-1.86
(m, 2H, CH), 1.82-1.78 (m, 2H, Ch; HR-ESI-MS: Calcd. for GHsgNO; [M+H]*: 534.2492,
found: 534.2480.

4.1.7.10. 4(4-((Ethyl)(2-methoxybenzyl)amino)butoxy)-5,6 jirgthoxyflavonel§). Light yellow
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oil, 72.7 % vield, 99.5% HPLC puritiH NMR (400MHz, CDC}) & 7.80 (d,J = 8.8 Hz, 2H, Ar-H),
7.42 (d,J = 7.2 Hz, 1H, Ar-H), 7.20 (t) = 6.8 Hz, 1H, Ar-H), 6.97 (d] = 8.8 Hz, 2H, Ar-H), 6.92
(t, J = 7.2 Hz, 1H, Ar-H), 6.86 (dJ = 8.0 Hz, 1H, Ar-H), 6.80 (s, 1H, =CH), 6.58 ($4,1Ar-H),
4.01 (t,J = 6.4 Hz, 2H, OCH), 3.99 (s, 3H, OCH), 3.98 (s, 3H, OCH), 3.92 (s, 3H, OCH}, 3.82
(s, 3H, OCH), 3.62 (s, 2H, CkPh), 2.57-2.53 (m, 4H, GiN), 1.86-1.84 (m, 2H, C}), 1.71-1.67
(m, 2H, CH), 1.08 (t,J = 6.8 Hz, 3H, Ch); **C NMR (100MHz, CDCJ) & 177.2, 161.4, 161.1,
157.8, 157.5, 154.4, 152.4, 140.2, 131.3, 129.7,512123.6, 120.6, 114.9, 114.8, 112.7, 110.4,
106.9, 96.2, 67.7, 62.1, 61.5, 56.2, 55.4, 52.27 507 .4, 26.8, 22.4, 10.7; HR-ESI-MS: Calcd. for
CasH3gNO7 [M+H] *: 548.2648, found: 548.2657.

4.1.7.11. 4(4-(4-Benzylpiperazin-1-yl)butoxy)-5,6,7-trimetlilavone {(5k). Light yellow oil,
72.8% vyield, 98.3% HPLC puritjH NMR (400MHz, CDC}) & 7.81 (d,J = 8.8 Hz, 2H, Ar-H),
7.33-7.27 (m, 5H, Ar-H), 6.98 (d = 8.8 Hz, 2H, Ar-H), 6.80 (s, 1H, =CH), 6.58 ($4,1Ar-H),
4.06 (t,J = 6.0 Hz, 2H, OCH), 3.99 (s, 3H, OCH), 3.98 (s, 3H, OCH), 3.92 (s, 3H, OCH), 3.54
(s, 2H, CHPh), 2.52-2.48 (m, 10H, GN), 1.85-1.81 (m, 2H, C}), 1.76-1.72 (m, 2H, CH;
HR-ESI-MS: Calcd. for gzHzgN,Os [M+H]*: 559.2808, found: 559.2820.

4.1.7.12. 4(4-(4-Methylpiperazin-1-yl)butoxy)-5,6,7-trimettyfbavone {5l). Light yellow oil,
78.8% vyield, 98.9% HPLC purityH NMR (400MHz, CDC}) & 7.82 (d,J = 8.8 Hz, 2H, Ar-H),
6.99 (d,J = 8.8 Hz, 2H, Ar-H), 6.80 (s, 1H, =CH), 6.58 (3$4,1Ar-H), 4.06 (t,J = 6.0 Hz, 2H,
OCH,), 3.99 (s, 3H, OCH), 3.98 (s, 3H, OCH), 3.92 (s, 3H, OCHJ, 2.70-2.63 (m, 6H, CHN),
2.52 (t,J = 7.2 Hz, 4H, ChN), 2.41 (s, 3H, NCk), 1.88-1.84 (m, 2H, Ch, 1.77-1.73 (m, 2H,
CH,); HR-ESI-MS: Calcd. for &H3sN,0s [M+H]*: 483.2495, found: 483.2490.

4.1.7.13. 4(6-(Benzyl(methyl)amino)hexyloxy)-5,6,7-trimetHi@agone (5m). Light yellow oil,
82.5 % yield, 98.7% HPLC purityH NMR (400MHz, CDC}) & 7.81 (d,J = 8.8 Hz, 2H, Ar-H),
7.35-7.26 (m, 5H, Ar-H), 6.99 (d = 8.8 Hz, 2H, Ar-H), 6.80 (s, 1H, =CH), 6.58 ($4,1Ar-H),
4.02 (t,J = 6.4 Hz, 2H, OCH), 3.99 (s, 3H, OCH), 3.98 (s, 3H, OCH), 3.92 (s, 3H, OCH}, 3.59

(s, 2H, CHPh), 2.49-2.45 (m, 2H, GN), 2.27 (s, 3H, NCH), 1.82-1.78 (m, 2H, C), 1.65-1.61
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(m, 2H, CH), 1.52-1.46 (m, 2H, CH), 1.44-1.40 (m, 2H, CH; HR-ESI-MS: Calcd. for §HzsNOg
[M+H]*: 532.2699, found: 532.2706.

4.1.7.14. 4(6-(Benzyl(ethyl)amino)hexyloxy)-5,6,7-trimethtatydne (5n). Light yellow oil,
76.5 % vyield, 98.6 % HPLC purit§d NMR (400MHz, CDC}) & 7.81 (d,J = 8.8 Hz, 2H, Ar-H),
7.35-7.26 (m, 5H, Ar-H), 6.98 (d = 8.8 Hz, 2H, Ar-H), 6.79 (s, 1H, =CH), 6.58 ($4,1Ar-H),
4.00 (t,d = 6.4 Hz, 2H, OCHh), 3.98 (s, 6H, 2 x OCH), 3.91 (s, 3H, OCH), 3.64 (s, 2H, ChPh),
2.61-2.57 (m, 2H, CHN), 2.53-2.49 (m, 2H, CHN), 1.82-1.78 (m, 2H, C}), 1.58-1.54 (m, 2H,
CH,), 1.52-1.46 (m, 2H, Cp), 1.39-1.35 (m, 2H, Cp), 1.11-1.07 (m, 3H, C§; HR-ESI-MS:
Calcd. for GaHioNOg [M+H] *: 546.2856, found: 546.2848.

4.1.7.15. 4(6-((2-Methoxybenzyl)(methyl)amino)hexyloxy)-56imethoxyflavone 1(50). Light
yellow oil, 71.0 % yield, 97.9 % HPLC puritfH NMR (400MHz, CDC}) & 7.81 (d,J = 8.8 Hz,
2H, Ar-H), 7.38 (dJ = 7.2 Hz, 1H, Ar-H), 7.26 () = 6.8 Hz, 1H, Ar-H), 6.99 (d] = 8.8 Hz, 2H,
Ar-H), 6.94 (t,J = 7.2 Hz, 1H, Ar-H), 6.88 (d] = 8.0 Hz, 1H, Ar-H), 6.80 (s, 1H, =CH), 6.58 (81,1
Ar-H), 4.03 (t,J = 6.8 Hz, 2H, OCH), 3.99 (s, 3H, OCE#j, 3.98 (s, 3H, OCEHJ, 3.92 (s, 3H, OC}j,
3.83 (s, 3H, OCHh), 3.65 (s, 2H, CkPh), 2.54-2.50 (m, 2H, GMl), 2.30 (s, 3H, NCh), 1.85-1.81
(m, 2H, CH), 1.68-1.64 (m, 2H, C§), 1.51-1.47 (m, 2H, Ch), 1.43-1.39 (m, 2H, CH);
HR-ESI-MS: Calcd. for ggH4NO7 [M+H]": 562.2805, found: 562.2799.

4.1.7.16. 4(6-((Ethyl)(2-methoxybenzyl)amino)hexyloxy)-5 @ifiethoxyflavone 15p). Light
yellow oil, 76.5 % yield, 99.0 % HPLC purittH NMR (400MHz, CDC}) & 7.81 (d,J = 8.8 Hz,
2H, Ar-H), 7.52 (brs, 1H, Ar-H), 7.29-7.25 (m, 1Bi-H), 6.98 (d,J = 8.8 Hz, 2H, Ar-H), 6.99-6.94
(m, 1H, Ar-H), 6.88 (dJ = 8.0 Hz, 1H, Ar-H), 6.80 (s, 1H, =CH), 6.58 ($},1Ar-H), 4.02 (t,J =
6.4 Hz, 2H, OCH), 4.00 (s, 3H, OCH), 3.99 (s, 3H, OCH, 3.92 (s, 3H, OCH), 3.84 (s, 3H,
OCHg), 3.82 (s, 2H, ChPh), 2.73-2.69 (m, 2H, G, 2.65-2,61 (m, 2H, CHN), 1.84-1.80 (m, 2H,
CH,), 1.70-1.66 (m, 2H, C}), 1.52-1.48 (m, 2H, Cp), 1.40-1.36 (m, 2H, C}), 1.21-1.17 (m, 3H,
CHz); HR-ESI-MS: Calcd. for gH4oNO; [M+H]": 576.2961, found: 576.2972.

4.1.7.17. 4(6-(4-Benzylpiperazin-1-yl)hexyloxy)-5,6,7-trimetlgflavone 15q). Light yellow oil,
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76.4 vield, 98.0% HPLC purityH NMR (400MHz, CDCY) & 7.79 (d,J = 9.2 Hz, 2H, Ar-H),
7.30-7.22 (m, 5H, Ar-H), 6.96 (d, = 9.2 Hz, 2H, Ar-H), 6.78 (s, 1H, =CH), 6.56 ($4,1Ar-H),
4.00 (t,d = 6.4 Hz, 2H, OCH), 3.97 (s, 3H, OCH), 3.96 (s, 3H, OCH), 3.90 (s, 3H, OCH}, 3.51

(s, 2H, CHPh), 2.53-2.49 (m, 6H, GiN), 2.42-2.38 (m, 4H, CHN), 1.82-1.78 (m, 2H, CH),
1.54-1.50 (m, 2H, Ch), 1.50-1.45 (m, 2H, C}), 1.38-1.34 (m, 2H, C}); HR-ESI-MS: Calcd. for
CasH43N206 [M+H]": 587.3121, found: 587.3120.

4.1.7.18. 5-Hydroxy-43-((2-Methoxybenzyl)(methyl)amino)propoxy)-6,ifetihoxyflavone 16a).
Light yellow oil, 80.6% vyield, 98.5% HPLC purityH NMR (400MHz, CDC}) & 12.80 (s, 1H,
OH), 7.83 (d,J = 8.8 Hz, 2H, Ar-H), 7.32 (d] = 7.6 Hz, 1H, Ar-H), 7.23 (d] = 8.0 Hz, 1H, Ar-H),
7.00 (d,J = 8.8 Hz, 2H, Ar-H), 6.90 (t) = 7.6 Hz, 1H, Ar-H), 6.86 (d] = 8.0 Hz, 1H, Ar-H), 6.59
(s, 1H, =CH), 6.55 (s, 1H, Ar-H), 4.14 = 6.4 Hz, 2H, OCh), 3.97 (s, 3H, OC}J, 3.93 (s, 3H,
OCHg), 3.81 (s, 3H, OCH), 3.58 (s, 2H, ChPh), 2.68-2.62 (m, 2H, Gi), 2.29 (s, 3H, NCH),
2.12-2.08 (m, 2H, CH; **C NMR (100MHz, CDGJ) 5 182.5, 163.9, 162.1, 158.5, 157.6, 153.1,
152.9, 132.4, 130.5, 128.1, 127.8, 126.4, 123.0,112114.9, 110.3, 105.9, 103.8, 90.5, 66.4, 60.7,
56.2, 55.3, 55.2, 53.8, 42.4, 26.9; HR-ESI-MS: @afor GgHz,NO; [M+H]": 506.2179, found:
506.2176.

4.1.7.19. 5-Hydroxy-‘43-((ethyl)(2-Methoxybenzyl) amino)propoxy)-6,mdthoxyflavone 16b).
Light yellow oil, 78.7% vyield, 99.2% HPLC purityH NMR (400MHz, CDC}) & 12.80 (s, 1H,
OH), 7.82 (dJ = 8.4 Hz, 2H, Ar-H), 7.40 (d] = 6.4Hz, 1H, Ar-H), 7.22 () = 7.6 Hz, 1H, Ar-H),
6.98 (d,J = 8.4 Hz, 2H, Ar-H), 6.91 (t) = 7.6 Hz, 1H, Ar-H), 6.85 (d] = 8.0 Hz, 1H, Ar-H), 6.59
(s, 1H, =CH), 6.55 (s, 1H, Ar-H), 4.10 (t= 6.0 Hz, 2H, OCh), 3.97 (s, 3H, OC}, 3.93 (s, 3H,
OCHg), 3.82 (s, 3H, OCH), 3.64 (s, 2H, CkPh), 2.72-2.68 (m, 2H, GM), 2.62-2.58 (m, 2H,
CH,N), 2.04-2.00 (m, 2H, CH), 1.08 (t,J = 7.2 Hz, 3H, CH); **C NMR (100MHz, CDCJ) 5 182.5,
164.0, 162.1, 158.5, 157.5, 153.0, 152.9, 132.4,013127.8, 127.3, 126.7, 123.0, 120.2, 114.8,
110.1, 105.9, 103.7, 90.4, 66.4, 60.7, 56.2, 53123, 49.5, 47.7, 26.7, 11.7; HR-ESI-MS: Calcd.

for CgoHzsNO7 [M+H]": 520.2335, found: 520.2328.
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4.1.7.20. 5-Hydroxy“43-((2-Methoxybenzyl)(methyl)amino)butoxy)-6, 7-etimoxyflavone 16c).
Light yellow oil, 71.2% vyield, 98.2% HPLC purityH NMR (400MHz, CDC}) & 12.79 (s, 1H,
OH), 7.83 (dJ = 8.8 Hz, 2H, Ar-H), 7.37 (d] = 6.0 Hz, 1H, Ar-H), 7.28-7.24 (m, 1H, Ar-H), 6.99
(d,J = 8.8 Hz, 2H, Ar-H), 6.94 (] = 7.6 Hz, 1H, Ar-H), 6.88 (d] = 8.4 Hz, 1H, Ar-H), 6.59 (s, 1H,
=CH), 6.55 (s, 1H, Ar-H), 4.06 (8 = 6.0 Hz, 2H, OCH), 3.97 (s, 3H, OCH}, 3.93 (s, 3H, OCH),
3.83 (s, 3H, OCh), 3.62 (s, 2H, CkPh), 2.59-2.54 (m, 2H, G), 2.31 (s, 3H, NCk), 1.89-1.85
(m, 2H, CH), 1.83-1.79 (m, 2H, Ch); °C NMR (100MHz, CDGJ) & 182.5, 163.9, 162.0, 158.6,
157.7, 153.1, 152.9, 132.4, 130.8, 128.3, 127.5,812123.1, 120.2, 114.8, 110.3, 105.9, 103.8,
90.5, 67.9, 60.7, 56.9, 56.2, 55.3, 55.1, 42.08,2@3.4; HR-ESI-MS: Calcd. for $gH3sNO;
[M+H]*: 520.2335, found: 520.2325.

4.1.7.21. 5-Hydroxy-43-((ethyl)(2-Methoxybenzyl) amino)butoxy)-6,7-efihoxyflavone 16d).
Light yellow oil, 71.5% vyield, 97.9% HPLC purityH NMR (400MHz, CDC}) & 12.80 (s, 1H,
OH), 7.83 (dJ = 8.8 Hz, 2H, Ar-H), 7.44 (d] = 6.8 Hz, 1H, Ar-H), 7.23 (] = 7.2 Hz, 1H, Ar-H),
6.98 (d,J = 8.8 Hz, 2H, Ar-H), 6.93 () = 7.2 Hz, 1H, Ar-H), 6.86 (d] = 8.0 Hz, 1H, Ar-H), 6.59
(s, 1H, =CH), 6.55 (s, 1H, Ar-H), 4.02 @t= 6.4 Hz, 2H, OCH), 3.97 (s, 3H, OCH), 3.93 (s, 3H,
OCHg), 3.83 (s, 3H, OCH), 3.65 (s, 2H, CkPh), 2.60-2.56 (m, 4H, G, 1.87-1.83 (m, 2H,
CH,), 1.74-1.70 (m, 2H, C}), 1.12-1.08 (m, 3H, C#; °C NMR (100MHz, CDCJ) 5 182.5, 164.0,
162.1, 158.6, 157.6, 153.1, 152.9, 132.4, 130.2,812127.6, 126.6, 123.0, 120.2, 114.8, 110.2,
105.9, 103.8, 90.5, 68.0, 60.7, 56.2, 55.2, 52171,547.5, 26.9, 23.2, 11.5; HR-ESI-MS: Calcd. for
CaiHagNO; [M+H] *: 534.2492, found: 534.2489.

4.1.7.22. 5-Hydroxy-43-((2-Methoxybenzyl)(methyl)amino)hexyloxy)-Gmethoxyflavone 1Ge).
Light yellow oil, 72.6% vyield, 98.8% HPLC purityH NMR (400MHz, CDC}) & 12.80 (s, 1H,
OH), 7.84 (dJ = 8.8 Hz, 2H, Ar-H), 7.39 (d] = 7.2 Hz, 1H, Ar-H), 7.26 (] = 7.2 Hz, 1H, Ar-H),
7.00 (d,J = 8.8 Hz, 2H, Ar-H), 6.95 () = 7.6 Hz, 1H, Ar-H), 6.88 (d] = 8.0 Hz, 1H, Ar-H), 6.59
(s, 1H, =CH), 6.55 (s, 1H, Ar-H), 4.04 @t= 6.0 Hz, 2H, OCH), 3.97 (s, 3H, OCH), 3.93 (s, 3H,

OCHs), 3.84 (s, 3H, OCH), 3.66 (s, 2H, CbPh), 2.56-2.52 (m, 2H, GM), 2.32 (s, 3H, NCB),
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1.86-1.82 (m, 2H, CH), 1.71-1.66 (m, 2H, CH), 1.53-1.48 (m, 2H, CH, 1.45-1.40 (m, 2H, CH);
13C NMR (100MHz, CDGJ) 5 182.5, 163.9, 162.1, 158.5, 157.7, 153.0, 15238,4], 131.0, 128.5,
127.8, 125.3, 123.0, 120.2, 114.8, 110.3, 105.8,71®0.4, 68.1, 60.7, 57.3, 56.2, 55.3, 55.0, ,41.9
28.9, 27.0, 26.7, 25.8; HR-ESI-MS: Calcd. fapissNO; [M+H]*: 548.2648, found: 548.2640.
4.1.7.23. 5-Hydroxy-43-((ethyl)(2-Methoxybenzyl) amino)hexyloxy)-6imwethoxyflavone 16f).
Light yellow oil, 77.1% vyield, 98.6% HPLC purityH NMR (400MHz, CDC}) & 12.80 (s, 1H,
OH), 7.83 (dJ = 8.8 Hz, 2H, Ar-H), 7.45 (d] = 6.8 Hz, 1H, Ar-H), 7.23 () = 8.0 Hz, 1H, Ar-H),
6.99 (d,J = 8.8 Hz, 2H, Ar-H), 6.94 (t) = 7.6 Hz, 1H, Ar-H), 6.86 (d] = 8.0 Hz, 1H, Ar-H), 6.59
(s, 1H, =CH), 6.55 (s, 1H, Ar-H), 4.02 t= 6.4 Hz, 2H, OCh), 3.97 (s, 3H, OC}, 3.93 (s, 3H,
OCHg), 3.83 (s, 3H, OCH), 3.66 (s, 2H, CkPh), 2.63-2.58 (m, 2H, Gi), 2.55-2.50 (m, 2H,
CH,N), 1.84-1.79 (m, 2H, C§), 1.61-1.56 (m, 2H, Ch), 1.52-1.48 (m, 2H, C}), 1.43-1.38 (m, 2H,
CH,), 1.10 (t,J = 6.8 Hz, 3H, Ch); *C NMR (100MHz, CDCJ) 5 182.4, 163.8, 162.0, 158.5,
157.5, 152.9, 152.8, 132.3, 130.2, 127.8, 127.6,712122.9, 120.2, 114.7, 110.1, 105.8, 103.6,
90.4, 68.0, 60.6, 56.1, 55.1, 53.0, 51.0, 47.49,287.0, 26.4, 25.7, 11.3; HR-ESI-MS: Calcd. for
CazsH40NO7 [M+H] *: 562.2805, found: 562.2812.

4.1.7.24. 3(3-(Benzyl(methyl)amino)ethoxy)-5,6,7-trimethawydine {7a). Light yellow oil,
75.5% vyield, 97.8% HPLC purityH NMR (400 MHz, CDCY) & 7.44 (d,J = 8.0 Hz, 1H, Ar-H),
7.41-7.26 (m, 7H, Ar-H), 7.03 (dd, = 1.6, 8.0 Hz, 1H, Ar-H), 6.82 (s, 1H, =CH), 6.65 1H,
Ar-H), 4.20 (t,J = 6.0 Hz, 2H, OCH), 3.99 (s, 3H, OCE#j, 3.98 (s, 3H, OCEH}, 3.92 (s, 3H, OC}j,
3.69 (s, 2H, ChPh), 2.92 (tJ = 6.0 Hz, 2H, CkN), 2.41 (s, 3H, NCh); HR-ESI-MS: Calcd. for
CogH3oNOg [M+H] *: 476.2073, found: 476.2062.

4.1.7.25. 3(3-(Benzyl(ethyl)amino)ethoxy)-5,6,7-trimethoxyflae (7b). Light yellow oil, 77.8%
yield, 98.5% HPLC purity"H NMR (400 MHz, CDC}) 5 7.44 (d,J = 8.0 Hz, 1H, Ar-H), 7.40-7.25
(m, 7H, Ar-H), 6.99 (ddJ = 1.6, 8.0 Hz, 1H, Ar-H), 6.82 (s, 1H, =CH), 6.€&, 1H, Ar-H),
4.12-4.07 (m, 2H, OC#), 3.99 (s, 3H, OCH), 3.99 (s, 3H, OCH), 3.92 (s, 3H, OCH}, 3.74 (s, 2H,

CH,Ph), 2.97-2.93 (m, 2H, GM), 2.72-2.68 (m, 2H, CH), 1.14 (t,J = 6.4 Hz, 3H, Ch);
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HR-ESI-MS: Calcd. for GHz,NOs [M+H] " 490.2230, found: 490.2234.

4.1.7.26. 3(3-((2-Methoxybenzyl)(methyl)amino)ethoxy)-5,8ié¢thoxyflavone 1(7c). Light
yellow oil, 74.9% yield, 98.8% HPLC purityH NMR (400 MHz, CDC}) & 7.46-7.38 (m, 4H,
Ar-H), 7.29-7.24 (m, 1H, Ar-H), 7.07 (dd,= 1.6, 8.0 Hz, 1H, Ar-H), 6.96 (8 = 7.2 Hz, Ar-H),
6.89 (d,J = 8.0 Hz, Ar-H), 6.84 (s, 1H, =CH), 6.65 (s, 1H-), 4.28 (t,J =6.0 Hz, 2H, OCH),
3.99 (s, 6H, 2 x OCH), 3.92 (s, 3H, OCH), 3.83 (s, 3H, OCH), 3.79 (s, 2H, ChPh), 3.02-2.98 (m,
2H, CHN), 2.47 (s, 3H, NCh); HR-ESI-MS: Calcd. for g@Hs:NO; [M+H]": 506.2179, found:
406.2188.

4.1.7.27. 3(3-(4-Benzylpiperazin-1-yl)ethoxy)-5,6,7-trimetitcvone (7d). Light yellow oil,
72.3% vyield, 98.3% HPLC purityH NMR (400 MHz, CDC}) & 7.45 (d,J = 7.6 Hz, 1H, Ar-H),
7.42-7.27 (m, 7H, Ar-H), 7.04 (dd, = 1.6, 8.0 Hz, 1H, Ar-H), 6.83 (s, 1H, =CH), 6.65 1H,
Ar-H), 4.22 (t,J = 6.4 Hz, 2H, OCH), 4.00 (s, 3H, OCE#j, 3.99 (s, 3H, OCEHJ, 3.92 (s, 3H, OC}),
3.60 (s, 1H, ChPh), 2.92 (tJ = 6.4 Hz, 2H, CkN), 2.78-2.73 (m, 4H, CHN), 2.65-2.61 (m, 4H,
CH.N); HR-ESI-MS: Calcd. for GHssN,Og [M+H]*: 531.2495, found: 531.2486.

4.1.7.28. 3(3-(4-Methylpiperazin-1-yl)ethoxy)-5,6,7-trimetlyfilavone {7e). Light yellow oil,
78.3% vield, 98.4% HPLC purityH NMR (400 MHz, CDCJ) & 7.46 (d,J = 7.6 Hz, 1H, Ar-H),
7.43-7.38 (m, 2H, Ar-H), 7.05 (dd, = 1.2, 8.0 Hz, 1H, Ar-H), 6.82 (s, 1H, =CH), 6.65 1H,
Ar-H), 4.19 (t,J = 6.0 Hz, 2H, OCH), 4.00 (s, 3H, OCH), 3.99 (s, 3H, OCH}, 3.92 (s, 3H, OCH),
2.89 (t,J = 6.0 Hz, 2H, CHN), 2.77-2.71 (m, 4H, CHN), 2.65-2.60 (m, 4H, CHN), 2.37 (s, 3H,
NCHs); HR-ESI-MS: Calcd. for gH31N2Os [M+H]": 455.2182, found: 455.2180.

4.1.7.29. 3(3-(Benzyl(methyl)amino)propoxy)-5,6,7-trimethtasyydne (7f). Light yellow oil,
76.4% vyield, 98.0% HPLC purityH NMR (400 MHz, CDC}) & 7.45 (d,J = 7.6 Hz, 1H, Ar-H),
7.41 (d,J = 8.0 Hz, 1H, Ar-H), 7.38-7.34 (m, 1H, Ar-H), 7:3228 (m, 5H, Ar-H), 7.02 (dd] = 1.6,
7.6 Hz, 1H, Ar-H), 6.82 (s, 1H, =CH), 6.66 (s, 1At:H), 4.11 (t,J = 6.4 Hz, 2H, OCh), 4.00 (s,
3H, OCH), 3.98 (s, 3H, OCEH), 3.93 (s, 3H, OCH), 3.57 (s, 2H, ChKPh), 2.64-2.60 (m, 2H,
CH,N), 2.28 (s, 3H, NCh), 2.09-2.04 (m, 2H, C}); HR-ESI-MS: Calcd. for @HzNOg [M+H]":
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490.2230, found: 490.2239.

4.1.7.30. 3(3-(Benzyl(ethyl)amino)propoxy)-5,6,7-trimethoayfine (7g). Light yellow oil,
75.3% vield, 98.1% HPLC purityH NMR (400 MHz, CDCJ) & 7.45 (d,J = 8.0 Hz, 1H, Ar-H),
7.40 (d,J = 8.0 Hz, 1H, Ar-H), 7.39-7.35 (m, 2H, Ar-H), 7:3632 (m, 1H, Ar-H), 7.30 (t) = 7.2
Hz, 2H, Ar-H), 7.26-7.22 (m, 1H, Ar-H), 7.00 (ddi= 1.6, 8.0 Hz, 1H, Ar-H), 6.83 (s, 1H, =CH),
6.65 (s, 1H, Ar-H), 4.08 (f] = 6.0 Hz, 2H, OCH), 4.00 (s, 3H, OCH), 3.99 (s, 3H, OCH), 3.93 (s,
3H, OCH), 3.70 (s, 2H, CkPh), 2.77-2.72 (m, 2H, GiN), 2.68-2.63 (m, 2H, CHN), 2.08-2.04 (m,
2H, CH), 1.14 (t,J = 6.4 Hz, 3H, Ch); HR-ESI-MS: Calcd. for GHzNOs [M+H]*: 504.2386,
found: 504.2392.

4.1.7.31. 3(3-((2-Methoxybenzyl)(methyl)amino)propoxy)-5,8ifhethoxyflavone 1(7h). Light
yellow oil, 77.7% yield, 99.0% HPLC purittH NMR (400 MHz, CDC}) & 7.44 (d,J = 8.0 Hz, 1H,
Ar-H), 7.40 (d,J = 8.0 Hz, 1H, Ar-H), 7.39-7.34 (m, 1H, Ar-H), 7.88,J = 7.2 Hz, 1H, Ar-H), 7.23
(d,J=7.2 Hz, 1H, Ar-H), 7.03 (dd} = 1.2, 7.6 Hz, 1H, Ar-H), 6.91 (8,= 7.6 Hz, Ar-H), 6.86 (d)
= 8.4 Hz, Ar-H), 6.83 (s, 1H, =CH), 6.66 (s, 1H-AY, 4.13 (t,J = 6.0 Hz, 2H, OCH), 4.00 (s, 3H,
OCHg), 3.99 (s, 3H, OCEH), 3.93 (s, 3H, OCH, 3.81 (s, 3H, OCH), 3.64 (s, 2H, CkPh),
2.72-2.68 (m, 2H, CHN), 2.33 (s, 3H, NCH), 2.14-2.10 (m, 2H, CH; HR-ESI-MS: Calcd. for
CaoH34NO; [M+H] *: 520.2335, found: 520.2328.

4.1.7.32. 3(3-((Ethyl)(2-methoxybenzyl)amino)propoxy)-5,6jimethoxyflavone 1(7i). Light
yellow oil, 80.2% yield, 98.7% HPLC purityH NMR (400 MHz, CDC}) & 7.45-7.39 (m, 3H,
Ar-H), 7.38-7.34 (m, 1H, Ar-H), 7.21 (8,= 6.8 Hz, 1H, Ar-H), 7.01 (dd} = 1.2, 8.0 Hz, 1H, Ar-H),
6.91 (t,J = 7.2 Hz, 1H, Ar-H), 6.85 (d] = 8.4 Hz, 1H, Ar-H), 6.82 (s, 1H, =CH), 6.66 ($,1Ar-H),
4.10 (t,J = 6.4 Hz, 2H, OCH), 4.00 (s, 3H, OCH), 3.99 (s, 3H, OCH), 3.93 (s, 3H, OCH}, 3.82
(s, 3H, OCH), 3.67 (s, 2H, CkPh), 2.73-2.69 (m, 2H, GiN), 2.63-2.59 (m, 2H, CHN), 2.06-2.02
(m, 2H, CH), 1.13-1.09 (m, 3H, C¥; HR-ESI-MS: Calcd. for GHsgNO; [M+H]*: 534.2492,
found: 534.2496.

4.1.7.33. 3(3-(4-Benzylpiperazin-1-yl)propoxy)-5,6,7-trimetiyélavone {7j). Light yellow oil,
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71.8% yield, 98.9% HPLC purityH NMR (400 MHz, CDCJ) 3 7.44 (d,J = 7.6 Hz, 1H, Ar-H),
7.40 (d,J = 8.0 Hz, 1H, Ar-H), 7.39-7.34 (m, 1H, Ar-H), 7:336 (m, 5H, Ar-H), 7.03 (ddl = 1.6,
7.6 Hz, 1H, Ar-H), 6.82 (s, 1H, =CH), 6.65 (s, 1Af:H), 4.10 (t,J = 6.0 Hz, 2H, OCH), 3.99 (s,
6H, 2 x OCH), 3.92 (s, 3H, OCH), 3.57 (s, 2H, ChPh), 2.68-2.64 (m, 10H, GN), 2.12-2.06 (m,
2H, CHy); HR-ESI-MS: Calcd. for gH3/N,Os [M+H]": 545.2652, found: 545.2646.

4.1.7.34. 3(3-(4-Methylpiperazin-1-yl)propoxy)-5,6,7-trimettyflavone {7k). Light yellow oil,
77.9% vield, 98.2% HPLC purityH NMR (400 MHz, CDC}) & 7.45 (d,J = 7.6 Hz, 1H, Ar-H),
7.41 (d,J = 8.0 Hz, 1H, Ar-H), 7.40-7.35 (m, 1H, Ar-H), 7.0dd,J = 1.6, 8.0 Hz, 1H, Ar-H), 6.82
(s, 1H, =CH), 6.66 (s, 1H, Ar-H), 4.10 @= 6.4 Hz, 2H, OCH), 3.99 (s, 6H, 2 x OC}), 3.93 (s,
3H, OCH), 2.63-2.59 (m, 10H, CHN), 2.37 (s, 3H, NCh), 2.06-2.02 (m, 2H, CH; HR-ESI-MS:
Calcd. for GeH3aN2Og [M+H] ™1 469.2339, found: 469.2350.

4.1.7.35. 3(4-(Benzyl(methyl)amino)butoxy)-5,6,7-trimethcaxyfine {71). Light yellow oil,
77.2% yield, 98.3% HPLC purityH NMR (400MHz, CDC}) & 7.44 (d,J = 7.6 Hz, 1H, Ar-H),
7.40 (d,J = 8.0 Hz, 1H, Ar-H), 7.39-7.35 (m, 1H, Ar-H), 7:3026 (m, 5H, Ar-H), 7.02 (dd] = 1.2,
8.0 Hz, 1H, Ar-H), 6.81 (s, 1H, =CH), 6.65 (s, 1At:H), 4.03 (t,J = 6.0 Hz, 2H, OCH), 3.99 (s,
3H, OCH), 3.98 (s, 3H, OCH), 3.92 (s, 3H, OCH), 3.52 (s, 2H, ChPh), 2.46 (t] = 6.8 Hz, 2H,
CH,N), 2.23 (s, 3H, NCh), 1.87-1.83 (m, 2H, CH), 1.76-1.72 (m, 2H, CH; HR-ESI-MS: Calcd.
for CaoH34NOg [M+H]": 504.2386, found: 504.2385.

4.1.7.36. 3(4-(Benzyl(ethyl)amino)butoxy)-5,6,7-trimethoxyfiae (7m). Light yellow oil, 80.1%
yield, 97.9% HPLC purity'H NMR (400MHz, CDC}) & 7.44 (d,J = 8.0 Hz, 1H, Ar-H), 7.40 (dJ
= 8.0 Hz, 1H, Ar-H), 7.38-7.34 (m, 3H, Ar-H), 7.30 J = 7.2 Hz, 2H, Ar-H), 7.25-7.20 (m, 1H,
Ar-H), 7.00 (dd,J = 1.6, 8.0 Hz, 1H, Ar-H), 6.81 (s, 1H, =CH), 6.5 1H, Ar-H), 4.01 (tJ = 6.0
Hz, 2H, OCH), 4.00 (s, 3H, OCEJ, 3.98 (s, 3H, OCH}, 3.92 (s, 3H, OC}H}, 3.61 (s, 2H, CkLPh),
2.57-2.53 (m, 4H, ChN), 1.87-1.83 (m, 2H, C}), 1.72-1.68 (m, 2H, Ch), 1.08 (t,J = 6.4 Hz, 3H,
CHs); HR-ESI-MS: Calcd. for gH3eNOg [M+H]": 518.2543, found: 518.2547.

4.1.7.37. 3(4-((2-Methoxybenzyl)(methyl)amino)butoxy)-5,8ifthoxyflavone 1(7n). Light
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yellow oil, 78.8% yield, 98.6% HPLC puritfd NMR (400MHz, CDC}) 3 7.44 (d,J = 7.6 Hz, 1H,
Ar-H), 7.40 (d,J = 7.6 Hz, 1H, Ar-H), 7.40-7.36 (m, 1H, Ar-H), 7-3733 (m, 1H, Ar-H), 7.23 (d]
= 7.2 Hz, 1H, Ar-H), 7.03 (ddl = 1.2, 7.6 Hz, 1H, Ar-H), 6.93 (,= 7.6 Hz, Ar-H), 6.87 (dJ = 8.4
Hz, Ar-H), 6.82 (s, 1H, =CH), 6.65 (s, 1H, Ar-H).05 (t,J = 6.0 Hz, 2H, OCH), 3.99 (s, 6H, 2 x
OCHg), 3.92 (s, 3H, OCH), 3.83 (s, 3H, OCH), 3.61 (s, 2H, CbPh), 2.57-2.53 (m, 2H, Gi),
2.29 (s, 3H, NCH), 1.89-1.83 (m, 2H, Cp), 1.82-1.78 (m, 2H, C}; HR-ESI-MS: Calcd. for
Cz1H36NO7 [M+H] : 534.2492, found: 534.2580.

4.1.7.38. 3(4-((Ethyl)(2-methoxybenzyl)amino)butoxy)-5,6 jlethoxyflavone 1(0). Light
yellow oil, 79.3% vyield, 98.0% HPLC purityH NMR (400MHz, CDC}) & 7.44-7.39 (m, 3H,
Ar-H), 7.39-7.34 (m, 1H, Ar-H), 7.21 (8,= 7.2 Hz, 1H, Ar-H), 7.01 (dd] = 1.2, 8.0 Hz, 1H, Ar-H),
6.92 (t,J = 7.6 Hz, 1H, Ar-H), 6.85 (d] = 8.4 Hz, 1H, Ar-H), 6.82 (s, 1H, =CH), 6.65 (#],1Ar-H),
4.01 (t, J = 6.0 Hz, 2H, OGH 3.99 (s, 3H, OC}, 3.98 (s, 3H, OCH), 3.92 (s, 3H, OCEJ, 3.80 (s,
3H, OCH), 3.65 (s, 2H, ChPh), 2.60-2.56 (m, 4H, Gi), 1.86-1.82 (m, 2H, C}), 1.74-1.70 (m,
2H, CH), 1.09 (t,J = 6.8 Hz, 3H, Ch); HR-ESI-MS: Calcd. for GHzsNO; [M+H]*: 548.2648,
found: 548.2644.

4.1.7.39. 3(4-(4-Benzylpiperazin-1-yl)butoxy)-5,6,7-trimethifavone 17p). Light yellow oil,
83.2% vield, 97.6% HPLC purityH NMR (400MHz, CDC}) & 7.45 (d,J = 8.0 Hz, 1H, Ar-H),
7.40 (d,J = 8.0 Hz, 1H, Ar-H), 7.40-7.36 (m, 1H, Ar-H), 7:336 (m, 5H, Ar-H), 7.02 (dd] = 1.6,
8.0 Hz, 1H, Ar-H), 6.84 (s, 1H, =CH), 6.65 (s, 1At:H), 4.07 (t,J = 6.0 Hz, 2H, OCH), 3.99 (s,
6H, 2 x OCH), 3.92 (s, 3H, OCH), 3.58 (s, 2H, ChPh), 2.73-2.69 (m, 10H, GN), 1.89-1.84 (m,
4H, CHp); HR-ESI-MS: Calcd. for gHagN,Og [M+H]*: 559.2808, found: 559.2800.

4.1.7.40. 3(4-(4-Methylpiperazin-1-yl)butoxy)-5,6,7-trimetlydlavone {7q). Light yellow oil,
86.6% yield, 97.8% HPLC purityH NMR (400MHz, CDC}) & 7.45 (d,J = 7.6 Hz, 1H, Ar-H),
7.41 (d,J = 8.0 Hz, 1H, Ar-H), 7.40-7.36 (m, 2H, Ar-H), 7.0dd,J = 1.6, 8.0 Hz, 1H, Ar-H), 6.82
(s, 1H, =CH), 6.65 (s, 1H, Ar-H), 4.06 @= 6.0 Hz, 2H, OCH), 3.99 (s, 6H, 2 x OC¥), 3.93 (s,

3H, OCH), 2.58-2.53 (m, 6H, CHN), 2.48 (t,J = 7.6 Hz, 4H, CHN), 2.34 (s, 3H, NCh),

33



1.88-1.84 (m, 2H, CH, 1.76-1.72 (m, 2H, CH; HR-ESI-MS: Calcd. for §HzsN,Og [M+H]":
483.2495, found: 483.2488.

4.1.7.41. 3(6-(Benzyl(methyl)amino)hexyloxy)-5,6,7-trimetltaxpone (7r). Light yellow oil,
77.2% vyield, 98.5% HPLC purityH NMR (400MHz, CDC}) & 7.45 (d,J = 8.0 Hz, 1H, Ar-H),
7.41 (d,J = 8.0 Hz, 1H, Ar-H), 7.40-7.36 (m, 1H, Ar-H), 7:338 (m, 5H, Ar-H), 7.03 (dd = 1.2,
7.6 Hz, 1H, Ar-H), 6.82 (s, 1H, =CH), 6.66 (s, 1Af:H), 4.02 (t,J = 6.4 Hz, 2H, OCH), 3.99 (s,
3H, OCH), 3.98 (s, 3H, OCH), 3.92 (s, 3H, OCHJ, 3.60 (s, 2H, ChPh), 2.48 (t] = 6.8 Hz, 2H,
CH,N), 2.28 (s, 3H, NCh), 1.85-1.80 (m, 2H, C}), 1.66-1.62 (m, 2H, Cp), 1.51-1.47 (m, 2H,
CHy), 1.43-1.38 (m, 2H, CH; HR-ESI-MS: Calcd. for gHzsNOs [M+H]": 532.2699, found:
532.27009.

4.1.7.42. 3(6-(Benzyl(ethyl)amino)hexyloxy)-5,6,7-trimethtasyydne (7s). Light yellow oil,
85.2% vyield, 99.3% HPLC purittH NMR (400MHz, CDC}) & 7.46-7.26 (m, 8H, Ar-H), 7.03 (dd,
J=1.2, 8.8 Hz, 1H, Ar-H), 6.82 (s, 1H, =CH), 6.65 1H, Ar-H), 4.01 (tJ) = 6.0 Hz, 2H, OCHh),
3.99 (s, 3H, OC#h), 3.98 (s, 3H, OCH}, 3.90 (s, 3H, OCEHJ, 3.74 (s, 2H, CkPh), 2.62-2.58 (m, 4H,
CH,N), 1.85-1.81 (m, 2H, C}), 1.66-1.62 (m, 2H, CH), 1.53-1.48 (m, 2H, C}), 1.35-1.30 (m, 2H,
CH,), 1.17-1.13 (m, 3H, C¥; HR-ESI-MS: Calcd. for GHiNOs [M+H]*: 546.2856, found:
546.2852.

4.1.7.43. 3(6-((2-Methoxybenzyl)(methyl)amino)hexyloxy)-5@methoxyflavone 1(7t). Light
yellow oil, 79.5% yield, 98.0% HPLC puritd NMR (400MHz, CDC}) & 7.44 (d,J = 8.0 Hz, 1H,
Ar-H), 7.41 (d,J = 8.0 Hz, 1H, Ar-H), 7.41-7.36 (m, 2H, Ar-H), 7:328 (m, 1H, Ar-H), 7.03 (dd,
J=1.2, 8.0 Hz, 1H, Ar-H), 6.95 (§, = 7.2 Hz, 1H, Ar-H), 6.88 (d] = 8.0 Hz, 1H, Ar-H), 6.82 (s,
1H, =CH), 6.66 (s, 1H, Ar-H), 4.03 (§,= 6.4 Hz, 2H, OCh), 3.99 (s, 3H, OCH), 3.98 (s, 3H,
OCHg), 3.92 (s, 3H, OCH), 3.84 (s, 3H, OCH), 3.71 (s, 2H, CbPh), 2.59-2.54 (m, 2H, GM),
2.34 (s, 3H, NCh), 1.86-1.82 (m, 2H, C}), 1.72-1.68 (m, 2H, Ch), 1.55-1.50 (m, 2H, C§),
1.45-1.41 (m, 2H, Ch); HR-ESI-MS: Calcd. for ggHioNO; [M+H]": 562.2805, found: 562.2797.
4.1.7.44. 3(6-((Ethyl)(2-methoxybenzyl)amino)hexyloxy)-5 Bimftethoxyflavone 1(7u). Light
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yellow oil, 77.6% yield, 98.1% HPLC purityH NMR (400MHz, CDC}) & 7.45-7.38 (m, 4H,
Ar-H), 7.26-7.21 (m, 1H, Ar-H), 7.03 (dd,= 1.2, 8.0 Hz, 1H, Ar-H), 6.95 (@,= 7.2 Hz, 1H, Ar-H),
6.86 (d,J = 8.0 Hz, 1H, Ar-H), 6.82 (s, 1H, =CH), 6.65 (34,1Ar-H), 4.02 (t,J = 6.4 Hz, 2H,
OCHy), 3.99 (s, 3H, OCH), 3.98 (s, 3H, OCH), 3.92 (s, 3H, OCH), 3.83 (s, 3H, OCH), 3.65 (s,
2H, CH:Ph), 2.59-2.54 (m, 4H, GiN), 1.84-1.80 (m, 2H, C§), 1.64-1.60 (m, 2H, C§), 1.53-1.48
(m, 2H, CH), 1.41-1.38 (m, 2H, C}), 1.14-1.10 (m, 3H, NC¥; HR-ESI-MS: Calcd. for
Cz4H42NO7 [M+H] ™ 576.2961, found: 576.2958.

4.1.7.45. 3(6-(4-Benzylpiperazin-1-yl)hexyloxy)-5,6,7-trimetiiflavone 17v). Light yellow oil,
78.3% vyield, 98.4% HPLC purityH NMR (400MHz, CDC}) & 7.44 (d,J = 7.6 Hz, 1H, Ar-H),
7.41 (d,J = 8.0 Hz, 1H, Ar-H), 7.39-7.34 (m, 1H, Ar-H), 7:3226 (m, 5H, Ar-H), 7.03 (ddl = 1.6,
8.0 Hz, 1H, Ar-H), 6.82 (s, 1H, =CH), 6.65 (s, 1At;H), 4.02 (t,J = 6.0 Hz, 2H, OCH), 3.99 (s,
6H, OCH;), 3.92 (s, 3H, OCH), 3.55 (s, 2H, CkKPh), 2.58-2.54 (m, 10H, GN), 1.85-1.80 (m, 2H,
CH,), 1.66-1.61 (m, 2H, CH, 1.55-1.51 (m, 2H, C}), 1.43-1.39 (m, 2H, C}); HR-ESI-MS:
Calcd. for GsHasN-Og [M+H] *: 587.3121, found: 587.3127.

4.1.7.46. 5-Hydroxy-q3-((2-Methoxybenzyl)(methyl)amino)propoxy)-6,imeihoxyflavone 18a).
Light yellow oil, 81.4% vyield, 98.6% HPLC purityH NMR (400MHz, CDC}) & 12.69 (s, 1H,
OH), 7.45 (dtJ = 1.2, 7.6 Hz, 1H, Ar-H), 7.42 (d,= 7.6 Hz, 1H, Ar-H), 7.42-7.38 (m, 1H, Ar-H),
7.32(d,J = 7.2 Hz, 1H, Ar-H), 7.22 (§ = 7.2 Hz, 1H, Ar-H), 7.07 (ddl = 1.2, 7.6 Hz, 1H, Ar-H),
6.89 (t,J = 7.6 Hz, Ar-H), 6.85 (dJ = 8.4 Hz, Ar-H), 6.67 (s, 1H, =CH), 6.58 (s, 1H-14), 4.13 (t,
J = 6.0 Hz, 2H, OCH), 3.97 (s, 3H, OCH), 3.93 (s, 3H, OCH}, 3.80 (s, 3H, OCH), 3.58 (s, 2H,
CH,Ph), 2.64 (tJ = 6.0 Hz, 2H, ChN), 2.29 (s, 3H, NCh), 2.10-2.06 (m, 2H, CH; **C NMR
(100MHz, CDC}) 6 182.6, 163.7, 159.5, 158.8, 157.7, 153.2, 15232.5 132.4, 130.6, 130.0,
128.1, 126.6, 120.1, 118.3, 117.7, 112.3, 110.8,2.A.05.6, 90.6, 66.4, 60.8, 56.3, 55.4, 55.3),53.
42.5, 27.1; HR-ESI-MS: Calcd. foragH3,NO; [M+H]*: 506.2179, found: 506.2178.

4.1.7.47. 5-Hydroxy-3q3-((ethyl)(2-Methoxybenzyl) amino)propoxy)-6,mdthoxyflavone 18b).

Light yellow oil, 75.8% vyield, 97.9% HPLC purityH NMR (400MHz, CDC}) & 12.70 (s, 1H,
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OH), 7.45 (dtJ = 1.2, 8.0 Hz, 1H, Ar-H), 7.41 (d,= 7.6 Hz, 1H, Ar-H), 7.41-7.37 (m, 1H, Ar-H),
7.37-7.33 (m, 1H, Ar-H), 7.20 (,= 7.6 Hz, 1H, Ar-H), 7.05 (dd} = 1.2, 7.6 Hz, 1H, Ar-H), 6.89 (t,
J=7.6 Hz, Ar-H), 6.84 (dJ = 8.0 Hz, Ar-H), 6.66 (s, 1H, =CH), 6.57 (s, 1H:14), 4.09 (t,J = 6.4
Hz, 2H, OCH), 3.97 (s, 3H, OCEJ, 3.94 (s, 3H, OC}Hj, 3.81 (s, 3H, OC}H}, 3.63 (s, 2H, CkLPh),
2.70-2.66 (m, 2H, CKN), 2.60-2.56 (m, 2H, CHN), 2.03-1.98 (m, 2H, C}), 1.08 (t,J = 6.4 Hz,
3H, NCH); *C NMR (100MHz, CDCJ) & 182.6, 163.8, 159.5, 158.8, 157.6, 153.2, 15239,6]
132.4, 130.0, 127.7, 127.6, 120.2, 118.3, 117.2,411110.1, 106.2, 105.6, 90.6, 66.4, 60.8, 56.3,
55.1, 51.4, 49.6, 47.7, 26.9, 11.8; HR-ESI-MS: @afor GoHz,NO; [M+H]": 520.2335, found:
520.2322.

4.1.7.48. 5-Hydroxy-q3-((2-Methoxybenzyl)(methyl)amino)butoxy)-6, 7-etimoxyflavone 18c).
Light yellow oil, 74.4% vyield, 98.0% HPLC purityH NMR (400MHz, CDC}) & 12.69 (s, 1H,
OH), 7.45 (dtJ = 1.6, 8.0 Hz, 1H, Ar-H), 7.42 (d,= 7.6 Hz, 1H, Ar-H), 7.41-7.38 (m, 1H, Ar-H),
7.35 (d,J = 6.8 Hz, 1H, Ar-H), 7.23 (t) = 7.6 Hz, 1H, Ar-H), 7.06 (ddl = 1.6, 7.6 Hz, 1H, Ar-H),
6.92 (t,J = 7.2 Hz, Ar-H), 6.87 (dJ = 8.0 Hz, Ar-H), 6.66 (s, 1H, =CH), 6.59 (s, 1H:A), 4.06 (t,

J = 6.0 Hz, 2H, OCh), 3.99 (s, 3H, OC}H), 3.93 (s, 3H, OC}H), 3.82 (s, 3H, OC}H, 3.58 (s, 2H,
CH,Ph), 2.55-2.50 (m, 2H, Gi), 2.28 (s, 3H, NCHk), 1.93-1.89 (m, 2H, C}), 1.80-1.76 (m, 2H,
CH,); *C NMR (100MHz, CDGJ) 5 182.5, 163.6, 159.4, 158.8, 157.7, 153.1, 15238,5, 132.3,
130.6, 123.00, 128.1, 126.4, 120.1, 118.3, 1178,31 110.3, 106.1, 105.5, 90.6, 67.9, 60.7, 57.0,
56.2, 55.4, 55.1, 42.2, 26.9, 23.6; HR-ESI-MS: @afor GoHzNO; [M+H]™: 520.2335, found:
520.2330.

4.1.7.49. 5-Hydroxy-q3-((ethyl)(2-Methoxybenzyl) amino)butoxy)-6,7-einoxyflavone 18d).
Light yellow oil, 72.6% vyield, 97.8% HPLC purityH NMR (400MHz, CDC}) & 12.69 (s, 1H,
OH), 7.45-7.38 (m, 4H, Ar-H), 7.21 d,= 7.2 Hz, 1H, Ar-H), 7.04 (ddl = 1.2, 8.0 Hz, 1H, Ar-H),
6.92 (t,J = 7.6 Hz, Ar-H), 6.85 (dJ = 8.0 Hz, Ar-H), 6.66 (s, 1H, =CH), 6.57 (s, 1H:H#), 4.02 (t,
J=6.4 Hz, 2H, OCh), 3.98 (s, 3H, OC}Hj, 3.93 (s, 3H, OC}H}, 3.82 (s, 3H, OC}H}, 3.63 (s, 2H,
CH,Ph), 2.58-2.54 (m, 4H, GiN)), 1.86-1.82 (m, 2H, C}), 1.73-1.68 (m, 2H, C}), 1.08 (tJ = 6.4
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Hz, 3H, CH); B NMR (100MHz, CDCJ) 6 182.6, 163.7, 159.4, 158.8, 157.6, 153.1, 15238,5],
132.3, 130.1, 130.0, 127.7, 127.5, 120.2, 118.3,611112.3, 110.1, 106.1, 105.6, 90.6, 68.0, 60.7,
56.2, 55.2, 52.8, 51.2, 47.5, 27.0, 23.4, 11.7;FER-MS: Calcd. for gH3sNO; [M+H]": 534.2492,
found: 534.2486.

4.1.7.50. 5-Hydroxy-33-((2-Methoxybenzyl)(methyl)amino)hexyloxy)-aGmethoxyflavone18e).
Light yellow oil, 73.7% vyield, 98.3% HPLC purityH NMR (400MHz, CDC}) & 12.68 (s, 1H,
OH), 7.46-7.38 (m, 4H, Ar-H), 7.26 @,= 6.4 Hz, 1H, Ar-H), 7.07 (ddl = 1.6, 7.6 Hz, 1H, Ar-H),
6.95 (t,J = 7.2 Hz, Ar-H), 6.88 (dJ = 8.0 Hz, Ar-H), 6.67 (s, 1H, =CH), 6.58 (s, 1H:#), 4.03 (t,

J = 6.4 Hz, 2H, OCh), 3.98 (s, 3H, OC}Hj, 3.93 (s, 3H, OC}H}, 3.84 (s, 3H, OC}H}, 3.67 (s, 2H,
CH,Ph), 2.56-2.52 (m, 2H, Gi), 2.32 (s, 3H, NCH), 1.84-1.80 (m, 2H, C}), 1.70-1.66 (m, 2H,
CH,), 1.53-1.49 (m, 2H, CH), 1.45-1.40 (m, 2H, CH; **C NMR (100MHz, CDCJ) 5 182.5, 163.6,
159.4, 158.7, 157.7, 153.1, 152.7, 132.4, 132.2,(13129.9, 128.5, 125.0, 120.2, 118.2, 117.5,
112.2, 110.3, 106.0, 105.5, 90.5, 67.9, 60.6, 53622, 55.2, 54.9, 41.8, 29.0, 27.0, 26.6, 25.8;
HR-ESI-MS: Calcd. for gHzgNO; [M+H]": 548.2648, found: 548.2646.

4.1.7.51. 5-Hydroxy-33-((ethyl)(2-Methoxybenzyl) amino)hexyloxy)-6imwethoxyflavone 18f).
Light yellow oil, 80.3% vyield, 98.5% HPLC purityH NMR (400MHz, CDC}) & 12.69 (s, 1H,
OH), 7.46-7.40 (m, 4H, Ar-H), 7.23 d,= 7.2 Hz, 1H, Ar-H), 7.06 (ddl = 1.2, 8.0 Hz, 1H, Ar-H),
6.94 (t,J = 7.2 Hz, Ar-H), 6.86 (dJ = 8.0 Hz, Ar-H), 6.67 (s, 1H, =CH), 6.58 (s, 1H:H#), 4.02 (t,

J = 6.4 Hz, 2H, OCh), 3.98 (s, 3H, OC}Hj, 3.93 (s, 3H, OC}H}, 3.83 (s, 3H, OC}H}, 3.65 (s, 2H,
CH,Ph), 2.56-2.52 (m, 4H, Gi), 1.85-1.80 (m, 2H, C), 1.63-1.59 (m, 2H, C}), 1.52-1.48 (m,
2H, CHp), 1.43-1.39 (m, 2H, C§), 1.12-1.08 (m, 3H, CH; *C NMR (100MHz, CDGJ) 5 182.5,
163.6, 159.4, 158.7, 157.5, 153.1, 152.8, 132.2,313130.3, 123.0, 127.9, 126.5, 120.2, 118.2,
117.5,112.2, 110.1, 106.1, 105.5, 90.5, 68.0,,&b2, 55.2, 53.0, 51.0, 47.4, 29.0, 27.1, 26648,2
11.3; HR-ESI-MS: Calcd. for £8H40NO; [M+H]*: 562.2805, found: 562.2800.

4.2. Biological evaluation.

4.2.1. Antioxidant Activity Assay
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The antioxidant activity was determined by the @tygadical absorbance capacity fluorescein
(ORAC-FL) method with slight modification [18,24All the assays were conducted with 75mM
phosphate buffer (pH 7.4), and the final reactiomtune was 200uL. Antioxidant (20uL) and
fluorescein (12QuL, 150nM final concentration) were placed in thelsvef a black 96-well plate.
The mixture was pre-incubated for 15 min at 37 &Qd then AAPH solution (60L, 12 mM final
concentration) was added rapidly using an autosaimphe plate was immediately placed in a
Varioskan Flash Multimode Reader (Thermo Scientdiad the fluorescence recorded every minute
for 90 min with excitation at 485 nm and emissiorbd5 nm. The plate was automatically shaken
prior to each readinglrolox was used as standard-8uM, final concentration). A blank (FL +
AAPH) using phosphate buffer instead of antioxidamd trolox calibration were carried out in each
assay. The samples were measured at different cwatten (1-10uM). All the reaction mixture
was prepared in duplicate, and at least three smtignt assays were performed for each sample.
Antioxidant curves (fluorescence versus time) weoemalized to the curve of the blank in the
same assay, and then the area under the fluoresdexay curve (AUC) was calculated. The net
AUC of a sample was obtained by subtracting the AbfGhe blank. ORAC-FL values were
expressed as Trolox equivalents by using the stdnmave calculated for each sample, where the
ORAC-FL value ofTrolox was taken as 1, indicating the antioxidant potentythe tested
compounds.

4.2.2. Inhibition Experiments of AChE and BuChE

AChE and BuChE activities were measured by the tepggltotometric method of Ellman with
slight modification using AChE from 5% rat cortexorhogenate or purified AChE from
Electrophorus electricugSigma Co.) and human erythrocytes (Sigma Co.B@ChE from rat
serum [18,37]. The brain homogenate was preincdbdte 5 min with tetraisopropyl
pyrophosphoramideigo-OMPA, selective inhibitor of BuChkg, 4.0 mmol/L) foee use. For rat
AChE or BuChE inhibition assays, a reaction mixt(ir@0 L) containing acetylthiocholine iodide

(Immol/L, 30 pL) §&K Scientific) or butyrylthiocholine iodide (Immol/B0 uL) (TCI Shanghai
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Development), phosphate-buffered solution (0.1 mim@H=7.4, 40 uL), 5% homogenate or 25%
serum (10 uL) and different concentrations of teshpounds (20 pL) was incubated at 37°C for 15
min. Then 5,5-dithiobis-2-nitrobenzoic acid (DTNB,2%, 30 uL) (J&K Scientific) was added to
produce the yellow anion of 5-thio-2-nitro-benzaicid. Changes in absorbance were detected at
405 nm in a Varioskan Flash Multimode Reader (TleBuientific). For Electrophorus electricus
AChE and human AChE inhibition ass&gAChE or HUAChE (0.05 U/mL, final concentration)
was used and the assay was carried out in a phtespbier (0.01 mmol/L, pH=8.0). Changes in
absorbance were detected at 412 nm [18,41]. Ther gthocedure was the same as above.
Compounds inhibiting AChE or BuChE activity wouldduce the color generation. ThussdC
values were calculated as the concentration of oommg that produces 50% AChE or BuChE
activity inhibition. Donepezil was applied as pogtdrug. All samples were assayed in triplicate.
4.2.3. Kinetic Characterization of AChE Inhibition

Kinetic characterization of AChE inhibition was fmemed based on a reported method using
purified AChE fromElectrophorus electricuEeAChE) [18]. The assay solution (1QQ) consists

of 0.1 M phosphate buffer (pH 8.0), with the aduhitiof 30uL of 0.2% DTNB, 10uL of 0.5
units/mLEeAChE, and 2QuL of substrate (acetylthiocholine iodide). Thre#fedent concentrations

of inhibitors were added to the assay solution pretincubated for 15 min at 37°C with the
EeAChE followed by the addition of substrate in diffat concentrations. Kinetic characterization
of the hydrolysis of substrate catalyzed B§AChE was done spectrometrically at 412 nm. The
parallel control experiments were performed withiotiibitor in the assay. The plots were assessed
by a weighted least square analysis that assuneedatimnce of v to be a constant percentage of v
for the entire data set. Slopes of these recipnoloéd were then plotted against the concentratdfon
16din a weighted analysis, ad was determined as the intercept on the negatases.

4.2.4. Molecular Docking

The crystal structure of AChE complexed with doreépeode ID: 1EVE) was obtained from the

Protein Data Bank after eliminating the origindiilmitors and water molecules. The 3D Structure of
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16d was built and performed geometry optimization bglenular mechanics. After addition of
Gasteiger charges, removal of hydrogen atoms, iaddif their atomic charges to skeleton atoms,
and the assignment of proper atomic types, thehdurtpreparation of the inhibitor was
accomplished. Autotors was then used to definedtaable bonds in the ligands. Docking studies
were performed using the AUTODOCK 4.2 program. Byng Autodock Tools (ADT, version
1.5.6), polar hydrogen atoms were added to amind @sidues, and Gasteiger charges were
assigned to all atoms of the enzyme. The resutimgyme structure was used as an input for the
AUTOGRID program. AUTOGRID performed a pre-calcelhtatomic affinity grid maps for each
atom type in the ligand, plus an electrostatics laagh a separate desolvation map presented in the
substrate molecule. All maps were calculated wiBYBA spacing between grid points. The center
of the grid box was placed at the center of doniépeéth coordinatesx = 2.023,y = 63.295,z =
67.062. The dimensions of the active site box veeteat 50 x 50 x 50 A. Flexible ligand docking
was performed for the compounds. Each docked systeas performed by 100 runs of the
AUTODOCK search by the Lamarckian genetic algoritfbGA). Other than the referred
parameters above, the other parameters were adcapwefault. A cluster analysis was performed
on the docking results using a root mean squareSRidlerance of 1.0 and the lowest energy
conformation of the highest populated cluster wedscted for analysis. Graphic manipulations and
visualizations were done by Autodock Tools or Disry Studio 2.1 software.

4.2.5. Metal Binding Studi¢$8,27]

The metal binding studies were carried out in anfaldizu UV-2450 spectrophotometer. To
investigate the metal binding ability of compoutite UV absorption of the tested compourig or

16d, in the absence or presence of GUEESQ, ZnCh, and AICE, was recorded with wavelength
ranging from 200 to 500 nm after incubating forrBh at room temperature. The final volume of
reaction mixture was 1 mL, and the final concerdret of tested compound and metals were 37.5
uM. Numerical subtraction of the spectra of the matane and the compound alone from the

spectra of the mixture gave the difference UV-\pgara due to complex formation. The molar
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ration method was performed to determine the stamchtry of the complex compound-metal by
titrating the methanol solution of tested compounith ascending of CuGl The final concentration
of tested compound was 378, and the final concentration of €uanged from 7.5 to 93.78V.
The UV spectra was recorded and treated by nunhesuddraction of CuGland tested compound
at corresponding concentrations, plotted versusnible fraction of tested compound.

4.2.6. Determination of the Inhibitory Effect o t8elf-induced A .4» Aggregation

In order to investigate the self-induce@:A, aggregation, a Thioflavin T-based flurometric gssa
was performed [18,26,42]. Briefly, A4, (Sigma Co.) was dissolved in HFIP (1 mg/mL) and
incubated for 24 h at room temperature, and solwag evaporated. Then the HFIP pretreated
Aph1-42 was resolubilized in DMSO to a final stock conecatibn of 200uM and was kept frozen at
-80 °C until use. Solutions of test compounds weepared in DMSO in 2.5 mM for storage and
diluted with phosphate buffer solution (pH 7.4)drefuse. For the self-induced assag;-£4(20 uL,
25uM, final concentration) was incubated with 20 of test compounds at different concentrations
ranging from 10-50uM in 50 mM phosphate buffer solution (pH 7.4) at 37 for 24 h. To
minimize evaporation effect the wells were sealgd ltransparent heat-resistant plastic film. After
incubation, 16QuL of 5 uM thioflavin T in 50 mM glycine-NaOH buffer (pH 8.%vas added. Each
assay was run in triplicate. Fluorescence was medson a Varioskan Flash Multimode Reader
(Thermo Scientific) with excitation and emissionwekengths at 446 nm and 490 nm, respectively.
The fluorescence intensities were compared angdheent inhibition due to the presence of the
inhibitor was calculated by the following formula00-1F/IF:*100), where IFFand Ik were the
fluorescence intensities obtained fofi4, in the presence and in the absence of inhibitors,
respectively.

4.2.7. Inhibition of HUAChE-induced?A40 Aggregation

The thioflavin-T (ThT) fluorescence method was uasgbreviously described [18]. HFIP pretreated
Ap1-40 (Sigma Co.) and tested compounds were dissolvéaMBO to obtain 2.3 mM and 1 mM

solutions respectively. For the AChE-induced asséiguots of 2uL of Afi4owere incubated for
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24 h at room temperature in 0.215 mM sodium phaspbaffer (pH 8.0) at a final concentration of
230 puM. For co-incubations experiments, 16 of HUAChE (final concentration of 2.3M,
Ap1.4dAChE molar ration of 100:1) and AChE in the preseof 2uL of the tested inhibitor (final
concentration 10QM) in 0.215 M sodium phosphate buffer (pH 8.0) siolus were added. Blanks
containing AB1.40 alone, human AChE alone, ang34o plus tested inhibitors in 0.215 sodium
phosphate buffer (pH 8.0) were prepared. After ation, 180uL of 5 uM thioflavin T in 50 mM
glycine-NaOH buffer (pH 8.5) was added. Each asgay run in triplicate. The detection method
was the same as above. The percent inhibitioneoAtBhE-induced aggregation due to the presence
of the tested compound was calculated by the fatigviormula: 100-1F1F:*100), where IF-and

IF. were the fluorescence intensities obtained f8mpfiis AChEN the presence and in the absence
of inhibitors, respectively, minus the fluorescemtensities due to the respectively blanks.

4.2.8. Effect of Test Compounds on Metal-inducgtd.sA Aggregation and Disaggregation
Experiments by ThT Method

Solutions of C6* were prepared from standards to concentratiors@iVf using the HEPES buffer
(20 mM, pH 6.6, 150 mM NacCl). For the inhibition obpper-induced Ay.4» aggregation assay
[18,35], the 48142 stock solution was diluted in HEPES buffer (20 np#H 6.6, 150 mM NaCl).
The mixture of the peptide (20L, 25 pM, final concentration) and Gt (20 pL, 25 pM, final
concentration), with or without the tested compoandiifferent concentrations (2Q., 10-35uM,
final concentration) was incubated at 37 °C foh2#fter incubation, 19Q.L of 5 uM thioflavin T

in 50 mM glycine-NaOH buffer (pH 8.5) was addedclEassay was run in triplicate. The detection
method was the same as that of self-inducgd:,pAexperiment.

For the disaggregation of copper-induced #brils experiment, the As.4> stock solution was
diluted in HEPES buffer (20 mM, pH 6.6, 150mM NaQihe mixture of the Aq-42(20 uL, 25uM,
final concentration) with CUi (20 uL, 25 uM, final concentration) was incubated 37 °C for24
The tested compound (20, 25 uM, final concentration) was then added and incubaie37 °C

for another 24 h. To minimize evaporation effece tivells were sealed by a transparent
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heat-resistant plastic film. After incubation, 190 of 5 uM thioflavin T in 50 mM glycine-NaOH
buffer (pH 8.5) was added. Each assay was runghctite. The detection method was the same as
above.

4.2.9. Transmission Electron Microscopy (TEM) Assay

Samples for TEM were prepared by following the poasly reported method [35]. For the
self-induced experiment, thesfstock solution was diluted with 50 mM phosphatédyupH 7.4).
For the copper-induced experiment, the skock solution was diluted with HEPES buffer (2Mm
pH 6.6, 150 mM NacCl). The sample preparation wasstime as for the ThT assay. Aliquots (LD

of the samples were placed on a carbon-coated doippéium grid for 2 min at room temperature.
Excess sample was removed using filter paper fatblwy washing twice with ddi®. Each grid
was negatively stained with 2% phosphomolybdic aotution for 2 min at room temperature.
After the excess of staining solution was drainédog means of a filter paper, the specimen was
transferred for examination using a Hitachi H-6@Mhsmission electron microscope.

4.2.10. Hydrogen Peroxide Induced PC12 Cell Injia7¥]

PC12 cells were propagated in phenol red free [olive modified Eagle’s medium (DMEM from
GIBCO) containing 10% (v/v) fetal calf serum (FG8jclone), 100 U/ml penicillin, and 100 mg/ml
streptomycin (Invitrogen). The cells were grown3@fC in a humidified atmosphere of 5% £0
Neuronal PC12 cells were plated at a density dfc&0s/well on 96-well plates in 1QDof DMEM.
The compoundsl5j and 16d were dissolved with 2% DMSO first, and then ditutevith
phosphate-buffered saline (PBS). The cells werarmmabated with compounds for 24 hours before
H,0O, (100 uM) was added. The cells were treated with or withdsO, for two hours, and then
replaced with fresh DMEM medium. Assays for cellhility were performed 24 h after cultured at
37 °C in fresh medium. The cells were treated \#Bhul MTT (5 mg/ml in PBS) for 4 h at 37°C
and then were lysed in a buffered solution contgm,N-dimethylformamide (pH 4.5, 50% (aq,
v/v)) and sodium dodecyl sulfate (SDS, 20% (w/wemight at room temperature in the dark. The

absorbance (A590nm) was measured using EIx800 piateo reader (Bio-Tek). % inhibition =
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[1-(AsampiéA conto)] ¥ 100.

4.2.11. Step-down Passive Avoidance Test

4.2.11.1 Materials and animals

Donepezil was purchased from Eisai China Inc. Skeopme was purchase from J&K Scientific.
Kunming mice at body weight of 382 g (six weeks old, either gender) were suppligdhz
Center of Experimental Animals of Sichuan AcaderhyChinese Medicine Sciences (eligibility
certification no. SCXK][chuan] 2013-19). Mice wereintained under standard conditions with a 12
h:12 h lightdark cycle, a temperature and humidity controlledi®nment with access to food and
water ad libitum.

4.2.11.2 Assay method

A modification of step-down passive avoidance tgat used to assess learning and memory in
mice [18,43]. The apparatus consisted of a gridrfleith a wooden block placed in the center. The
block served as a shock free zone. The mice unaeitwe separate trials: a training trial and a test
trial 24 h later. For training trial, mice were tially placed on the block and were given an
electrical foot shock (0.5 mA, 2s) through the dgtabr on stepping down. We used a total of 90
mice in the passive avoidance test with 10 miceewssed per treatment. Compouiésl (0.66, 2.2,
6.6 and 19.8 mg/kgy.o) or donepezil (0.5 and 5.0 mg/kg,0) as a positive control were orally
given 1 h before each training trial. After 30 mimemory impairment was induced by
administering scopolamine (3 mg/kigp.). Twenty-four hours after the training trial, mieeesre
placed on the block and the time for the animatép down was measured as latency time for test
trial. An upper cut-off time was set at 300 s.

4.2.11.3 Statistical analysis

All data are expressed as mean + SEM. Differenedwden groups were examined for statistical
significance using one-way ANOVA with Student'dest. AP value less than 0.05 denoted the

presence of a statistically significant difference.
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Table, Scheme, and Figures Legends

Table 1. Oxygen radical absorbance capacity (ORAC, Troloxiveents) and AChE and BuChE

inhibitory activities by scutellarei®-alkylamines, scutellarein, rivastigmine and dorzépe
Table 2. Inhibition of HUAChE, self-induced A4 aggregation, Cli-induced 48, 42 aggregation,

HUAChE-induced 48,40 aggregation and disaggregating “Gimduced A8:.4» aggregation by

selected compounds and reference compounds.
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Table 1.

ICso % SDF (uM ivi
Compd R Posiion N NRR, ORAC’ —— —— 2aBuc:h(; )EQACh = Sejectviy
15a CHs 4 3 A 042 262+0.06 135.7+0.8711.53+0.06 51.8
15b CH; 4 3 B 040 2.04+0.07 81.3#0.26 7.30+0.04  39.9
15¢ CH 4 3 C 018 1.76:0.01 107.6+0.918.60+0.05  61.1
15d CHs 4 3 D 027 017+001 74.2#0.33 0.72+0.01 4365
15e CH 4 3 E 033 1.80+0.07 >500  8.70£0.05  >277.8
15f CH; 4 3 F 0.24  8.30£0.16 >500  34.67+0.23 >60.2
15g CHs 4 4 A 045 1.43:011 85.9:0.68 6.20:0.02  60.1
15h CHs 4 4 B 015 0.80:0.02 40.8£0.19 3.07#0.02  51.0
15i CHs 4 4 C 030 057+0.01 96.2:0.96 2.27+0.04  168.8
15 CHs 4 4 D 021 012:001 68.2t0.56 0.62+0.02  568.3
15k CHs 4 4 E 018 256:0.07 130.8+1.028.53+0.03  51.1
15l CHs 4 4 F 054 1.07+0.03 146.1+1.325.27+0.03  136.5
15m CHy 4 6 A 027 099:0.02 84.6+0.39 540:0.03 855
15n CH; 4 6 B 0.32  0.3410.01 >500 2.83+0.03 >1470.6
150 CHs 4 6 C 044 045:0.01 96.1:0.66 2.23:0.02  213.6
15p CHs 4 6 D 024 021+001 61.2¢0.34 150+0.01  291.4
15q CHs 4 6 E 018 8.07+0.23 >500  26.5:0.14  >62.0
16a H 4 3 C 051 5.00£0.09 >500  31.07+0.20 >100.0
16b H 4 3 D 047 213+0.02 >500  12.00+0.04 >234.7
16¢ H 4 4 C 054 3.43+0.04 >500  14.40+0.02 >145.8
16d H 4 4 D 084 062:001 62.0£0.72 0.85:0.02  100.0
16e H 4 6 C 033 5.07+0.06 >500  22.63+0.17 >98.6
16f H 4 6 D 050 1.1940.02 >500  2.91+0.04  >420.2
17a CH; 3 2 A 036 9.20:0.13 87.9+0.34 3567031 9.6
17b CH; 3 2 B 041 3.37:0.07 79.6:0.28 3.80:0.01  23.6
17¢ CH; 3 2 C 018 3.22:¢0.23 31.4#0.17 2.49+0.04 9.8
17d CH; 3 2 E 0.48  1.18+0.02 >500 2.9140.04  >423.7
17e CHs 3 2 F 027 820+0.18 >500  22.47+0.11 >61.0
17f CHy 3 3 A 039 5.17+0.07 117.3+1.1225.00:0.21 22.7

52



179
17h
17i
17
17k
171
17m
17n
170
17p
179
17r
17s
17t
17u
17v
18a
18b
18c
18d
18e
18f
Scutellarein
Rivastigmine

Donepezil

CHs
CHs
CHs
CHs
CHs
CHs
CHs
CHs
CHs
CHs
CHs
CHs
CHs
CHs
CHs
CHs

I T T T T =T

O OO A A W W OO O 0O 0O 0O b~ b~ b~ DA DA DB~ OO LW 0w 0w

O 0O OO OO mooO wW>» M moOO W > M mOO0 w

0.80
0.36
0.20
0.24
0.41
0.38
0.15
0.12
0.18
0.23
0.27
0.23
0.30
0.23
0.27
0.23
0.77
0.34
0.42
0.69
0.27
0.68
10.0
NT ¢

NT ¢

5.40+0.15 101.2+0.7820.43+0.12  18.7
0.38+0.01 75.4+0.21 1.59+0.02 198.4
0.33+0.02 77.2+0.35 1.78+0.01 233.9
3.12+0.05 148.7+1.351.59+0.02 47.7
7.47+0.16 >500 35.17+0.45 >66.9
4.53+0.09 90.7+0.63 18.43+0.09 20.0
2.35+0.04 63.4#0.42 8.30+0.05 27.0
2.61+0.03 85.0+0.25 12.23+0.04 32.6
0.80+0.01 78.3+0.33 2.37+0.02 97.9
4.03+0.33 108.8+0.7925.27+0.08  27.0
0.25+0.01 >500 1.15+0.01 >2000
2.13+0.02 78.7#0.15 6.13+0.02 36.9
2.03+0.03  52.1+0.26 12.23+0.05 25.7
0.96+0.01 60.7+0.18 4.50+0.03 63.2
0.22+0.01 41.6+0.11 1.30+0.01 189.1
7.33+0.08 >500 21.40+0.06 >68.2
8.10+0.19 354.0+2.2328.57+0.03  43.7
1.58+0.03 240.0+1.474.50+0.03 151.9
7.73+0.11 >500 31.03+0.11 >64.7
2.40+0.03 >500 7.97+0.04 >208.3
1.59+0.05 404.0+2.715.80+0.02 254.1
1.27+0.01 484.0+3.110.77+0.01 381.1
>500 >500 NT
21.0+0.24 13.740.12 NT ¢ 0.65
0.015+0.002 20.7+0.36 0.11+0.003 1380

2 Values are expressed as the mean + standardidewiditthe mean of 3 independent experiments piitete.”

Results are expressed j@d of Trolox equivaleniiM of tested compound. From 5% rat cortex homogena’fe.
BUChE from rat serunf.Fromelectrophorus electricustselectivity index = 1§ (RaBUChE)/IGy (RaAChE).?

NT = not tested.
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Table 2.

% Inhibition of A3 Aggregatior ¢

Comp ICs0 (uM) © Dis:?lggregating
. a 0,
HUAChE Self-induced Clinduced®  HUACHE = (%)
-Induced®
15d 0.20+ 0.01 32.1+2.8 44.7+1.1 NT NT"
15¢ 0.95+ 0.06 35.4+ 1.6 48.2+ 3.2 NT NT"
15h 1.36+0.11 31.3+2.7 43.1+ 1.8 NT NT"
15i 0.50+ 0.02 37.1+1.3 46.2+ 1.3 NT NT"
15i 0.08+0.003 34.3+2.2 46.8+ 1.5 37.0+2.6 41.3+17
15p 0.43+0.02  35.6+1.8 49.2+ 1.2 NT NT"
16b 0.90+0.02 66.5+ 1.1 84.8+1.1 NT NT"
16d 0.25+ 0.03  43.5+0.8 (12.81) 46.5+3.5 (3M) 62.2+1.8 81.3+3.4
69.1+1.8 (25.0M) 64.6x1.2 (1QM)
87.242.6 (50.0M) 85.7+2.5 (25M)
16f 2.00+ 0.08 71.4+ 2.3 87.2+1.7 NT NT"
Curcumin NT" 431+1.1 58.0+2.3 NT 56.5+ 2.1
Donepezil 0.012+0.002 <5.0 <5.0 18.8+1.6 NT

2 From human erythrocyte$ For inhibition of A8 aggregation, the thioflavin-T fluorescence methas used®
Inhibition of self-induced A;.4, aggregation, the concentration of tested compoamdsAS; 4, were 2pM. d
Inhibition of Cuf*-induced A6,.4» aggregation produced by tested compounds at\25° Inhibition of human
AChE-induced #;.40 aggregation. The concentration of tested compowmds A;.40 was 100 and 23@M,
respectively, and the A../HUAChE ratio was equal to 100/1Disaggregating Cikinduced A8;.1» aggregation.
The concentration of tested inhibitors ang, 4 were 2nM. ¢ Data are presented as the mean + SEM of three

independent experimenbeT:not tested.
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Scheme 1. Synthesis of scutellarei@-alkylamines 15-18 Reagents and conditions(a)
p-MOMO-PhCHO @) or m-HO-PhCHO 8), KOH, EtOH, at room temperature (r.t.), for 3 gafb)
10% HCI, ethanol, at 50°C, for 4 h; (c) Klpnc.H,SO,, DMSO, at 100°C, for 3-5 h; (d) anhydrous
AICl3, CHCN, at 55-60°C, for 1 h; (e) Br(GHBTr (9), K.COs, CHsCN, at 60-65 °C for 8-10 h; (f)
RiR;NH (14), K,COs, CHCN, at 60—65°C, for 12-15 h.
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Figure 1. Design strategy for the scutellar€halkylamine derivatives.

Figure 2. Effects of substituted at flavonoid nucleus 5 posibn anti-AChE activities.

Figure 3. Kinetic study on the mechanism BBAChE inhibition by compound.6d. Overlaid
Lineweaver-Burk reciprocal plots of AChE initial lgeity at increasing substrate concentration
(0.1-0.4mM) in the absence of inhibitor and in gresence ol6d are shown. Lines were derived
from a weighted least-squares analysis of datatpolime experimental data are the means + SD of
three independent experiments.

Figure 4. Docking models of the compounds willitAChE (PDB code:1EVE) complex. A)
160d-TCAChE complex. B) 15j-TCAChE complex. Compound (coloured by atom type)raateng
with residues in the binding site ®EAChE, highlighting the protein residues that paptte in the
main interactions with the inhibitor.

Figure 5. The UV spectrum of compouribd (37.5uM, in methanol) alone or in the presence of
CuCb, FeSQ, ZnChk and AICE (37.5uM, in methanol).

Figure 6. Determination of the stoichiometry of compl€x?* by using molar ratio method through
titrating the methanol solution of compoudéd with ascending amounts of CuyCIThe final
concentration of tested compound was 3B and the final concentration of €uanged from 7.5
to 93.75uM.

Figure 7. Visualization of A6 species from inhibition experiments: (top) schevhé¢he inhibition
experiment; (bottom) TEM images of samples.

Figure 8. Visualization of A6 species from disaggregation experiments: (topemseh of the
disaggregation experiments; (bottom) TEM imagesanfiples.

Figure 9. Effects of15j and16d on cell viability in human SH-SY5Y cells. Data anean values +
SEM of three independent experiments.

Figure 10. Protective effects af5 and16d on cell injury induced by hydrogen peroxide (100)
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in PC12 cells™P < 0.01vs control; P < 0.05vs H,O, group and P < 0.01vs H,O, group.

Figure 11. Effects of compound.6d on scopolamine-induced memory deficit in the stepm
passive avoidance test. Compoud@s (0.66, 2.2, 6.6 and 19.8 mg/kmo) or donepezil (0.5 and
5.0 mg/kg,p.0) were orally given 1 h before treatment with sdapone. After 30 min, the mice
were treated with scopolamine (1 and 3 mgikg) and tested in the step-down passive avoidance.
Values are expressed as the mean + SEM (n£#) 0.01vs normal group. P < 0.05 and *P <

0.01vsscopolamine-treated control group.
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Highlights

Novel scutellarein derivatives with carbon spacer-linked alkylamines were synthesized.
Compound 16d exhibited good acetyl cholinesterase inhibitory and antioxidant activity.
Compound 16d exhibited excellent inhibitory effects on Af aggregation.

Compound 16d markedly disassembled the Cu?*-induced A aggregation.

16d showed neuroprotective effects and reversed scopolamine-induced memory deficit in mice.
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