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Abstract

As a continuation of previous research, fifteenemifate derivatives bearing 6,7-dihydro-dibenzo
[c,e]lazepine scaffold were synthesized and evaluate P-gp-medicated multidrug resistance (MDR)
reversal agentsBiological evaluation indicated that compoun€@lls and 9c more potently reversed
P-gp-mediated MDR than bifendate and verapamil (MRPblocking P-gp mediated drug efflux function
and not by decreasing P-gp expression in K562/A@RMells. Interestingly, wound-healing and chamber
migration assay showed th8k and9c could significantly attenuate the migration of MDAB-231 cells.
Notably, 6k and9c could markedly suppress the invasive activity of MBIB-231 cells, thus displayed
potential anti-metastasis activity. Preliminary imagism studies indicated that the anti-metastasigity
of 6k and9c was associated with their inhibitory effect on taivity and expression of MMP-2 and
MMP-9. These results, together with the MDR revierssults indicated that compoun6ls and9c might
be promising leads for developing novel anti-canagents with P-gp and tumor metastasis inhibitory

activities.

Keywords: bifendate; dibenza[elazepine; P-gp inhibitor; multidrug resistance; astasis.

1. Introduction
Multidrug resistance (MDR) is regarded as the legdiause for the failure of chemotherapy in cancer
patients [1-3]. A well-established mechanism undeg MDR phenotype is the overexpression of ATP

binding cassette (ABC) transporter superfamily J4Among these ABC transporters, P-glycoprotein
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(P-gp) is the best known and most important med@itd1DR, which can efflux various chemotherapeutic
drugs out of tumor cells, leading to the decreakentracellular drug levels and consequent drug
insensitivity. Development of P-gp inhibitors isnsidered as a suitable and attractive strategydéoccome
P-gp-mediated MDR [7-10]. As for this aspect, cdasible attempts have been made to exploit P-gp
inhibitor during past decades. However, no drug besn approved in clinic due to the poor potency,
inherent toxicity and/or adverse pharmacokinetieriaction with anticancer drugs. Therefore, thera i
clear and urgent requirement for developing novgpfnhibitors with safety and effective profiles.
Currently, natural products and their derivativesréh been identified as novel and effective P-gp
inhibitors by virtue of their advantages, such aw ltoxicity, few unfavorable pharmacokinetic
interactions, etc [11-13]. Bifendate, an analogfisahisandrin C, can reverse P-gp-mediated MDR in
vitro and in vivo by inhibiting P-gp, and more impamntly, there was little pharmacokinetic interaati
issue between bifendate and co-administered datdeast adriamycin (ADR) [14, 15]. Recently, we
have described a series of bifendate derivativesitgg dibenzaj,elazepine scaffold as novel P-gp
inhibitors [16]. Among the synthesized compounds;1Z42 (Fig. 1) more potently reversed
P-gp-mediated MDR than bifendate and classical ivgipitor verapamil (VRP) through blocking P-gp
efflux function, and persisted long chemo-sensitizeffect. More importantlyZG1142 showed no
stimulation on the P-gp ATPase activity, indicatirtigat it is not a substrate of P-gp [16].
Structure-activity (SAR) relationships showed tthegt third benzene ring (A) was important for thgP-
inhibitory effect, and the length of the linker Wween nitrogen atom and the third benzene could
significantly affect the P-gp inhibitory effects@]L Previously SAR summarized in literatures showed
that potent P-gp inhibitors were characterized with or three aromatic moieties, a linker contagnan
tertiary nitrogen atom, hydrogen-bond acceptors/@ndonors[17-19]. With these in mind and
considering that a variable alkylphenyl linker inporating an amide moiety is benefit for the P-gp
inhibitory activities [20-24], we designed a newisg of moleculesga-l, Fig. 1) where the alkyl moiety
between nitrogen atom and the third benzene ofiquevseries was substituted with alkyl linkers
incorporating an amide bond. In additional, thespree of a reverse-amide-bond (i.e., from NHCO to
CONH) in the molecule may significantly affect thieactivity of the target compound [25, 26]. Toward

this end, three compound®afc, Fig. 1) with a reverse-amide-bond were prepafduis, fifteen



compounds were synthesized, and their ability tercyme P-gp-mediated MDR was subsequently

assessed.
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Figure 1. Chemical structure of ZG1142 and the target camgs 6a-l, 9a-c)
2. Chemistry

The synthetic routes of the target compouéal$ are depicted in Scheme 1. CompouBdmd3 were
prepared starting from bifendate according to diti@re procedures [16]. Treatment of various diasine
with BogO afforded the mono-Boc-protected amines derivatheeb, which were directly reacted with
to produce the corresponding 6,7-dihydro-dibenedézepine intermediatela-b, respectively. After the
deletion of Boc group, compounds-b were subsequently condensed with various aronaaids to

produce the target compourés!, respectively.
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Scheme 1. Synthesis of the target compour@dsl. Reagents and conditions: a) BO¢ CHCE, 0 °C-rt, 24
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h; b) LiAlH4 THF, 0 °C-rt, 4 h; c) methylsulfonyl chloride,s8t CH,Cl,, rt, 6 h; d)1a-b, acetonitrile,

E&N, 40 °C, 6-8 h; e) HCI/EtOH, 0 °C-rt, 12 h; f) RO®I, HATU, EgN, DMF, rt, 6-8 h.

The synthetic routes of compounéla-c are depicted in Scheme 2. Bp@&la was condensed with
various aromatic amines in the presence of HATUafford the Boc-protected intermediat&a-c,
respectively. After the deletion of Boc group, caupds8a-b were subsequently reacted waho afford

the target compounda-c, respectively.
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Scheme 2. Synthesis of the target compouridsc. Reagents and conditions: a) RNHATU, EtNs, DMF,

rt, 6-8 h; b) CECOOH, CHCI,, 0 °C-rt, 4-6 h; cBa-c, acetonitrile, BN, 40 °C, 6-8 h.

3. Reaults and discussion
3.1. Biological evaluation
3.1.1 Effect of the target compounds on Rh123 agtaiion

It is well-known that P-gp transporter can effluxgp substrate chemotherapeutic drugs out of tumor
cells, leading to the decrease of intracellulagdeoncentration and consequent drug insensitivibus,
flow cytometric analysis was firstly employeddssess the inhibitory effect of target compound®-@p
by examining the intracellular accumulation of raodne 123 (Rh123, a P-gp fluorescent substrate) in
P-gp-overexpressing K562/A02 cells. Classical Prgpbitor verapamil (VRP) was used as a positive
control. As shown in Figure 2ARh123 level in K562/A02 cells treated with VRP wsignificantly
increased, for the Rh123 accumulation fold change Ww15. While, bifendate showed much weaker P-gp
inhibitory effect than VRP, which is consistent lwithe previous report [15]. Interestingly, the &irg
compounds, especiall§j, 6k and9c, significantly increased the intracellular Rh12%dl in K562/A02
cells. Clearly, compounéc was the most potent one, and the value of Rhl128naalation fold change
was 9.32, which was even higher than that of pesttontrol VRP and 2G1142.

Subsequently, the dose-response effects of the antge compound§j, 6k, 9c and VRP (10, 3.3, 0.33
uM) on Rh123 accumulatiom K562/A02 and parental sensitive K562 cells wiengher investigated by

flow cytometry. As was expecte€j, 6k, 9c and VRP can significantly augment Rh123 accunaain



K562/A02 cells at a dose-dependent manner, whiteetfiect was not detected in P-gp-negative K563 ce
(Fig. 2B), suggesting that such effect on Rh123 ssmment in K562/A02 cells is likely achieved by
inhibiting P-gp.

10 I K562/A02
I K562

| N K562/A02

Rh 123 accumulation fold change >
Rh 123 accumulation fold change m

Figure 2. The effect of the target compounds (A: at theedafs1OuM; B: at the dose of 10, 3.3 and @8,
respectively) on the intracellular accumulationR#f123 (0.5uM). The relative values were identified by
dividing the fluorescence intensity of each meamemt treated with compound or VRP by that of

incubation with 0.1% DMSO. Data represents mea8d of three independent experiments.

3.1.2 Cytotoxicity assays

Considering that a perfect P-gp inhibitor shoul@éroeme MDR at non-toxic doses [27, 28], we next
determined the intrinsic cytotoxicity of the targgimpounds against K562/A02 (Table 1) and parental
sensitive K562 cells (Table 2) by MTS assay usidgaanycin (ADR) as the positive control. As was
expected, K562/A02 cells overexpressing P-gp weaserisitive to ADR (a substrate of P-gp), for thgIC
value of ADR for K562/A02 was 25.04M (Table 1), which was 64-fold higher than that K862 cells
(0.39 uM, Table 2). As shown in Table 1, most of the targempounds displayed slight intrinsic
cytotoxicity (IGso = 26.24 ~ 72.93IM) against K562/A02 cells imitro, and several compounds exhibited
even higher cytotoxicity (165 = 11.47 ~ 23.31M). While, all the target compounds displayed ieédy
higher intrinsic cytotoxicity in K562 cells thanahin K562/A02 cells (Table 2). Based on thegl@alues
mentioned above, compounds at the concentratimwbi€l;, were selected in the following MDR reversal
experiments.

Table 1. ICsq values of target compounds against K562/A02 cells.



Compounds 1Cs (uM)?  Compounds [Cs, (uM)?®  Compounds ~ 1Cs (uM) ?

6a 26.24 £0.53 69 3447 +1.18 9a 72.93+3.42
6b 28.30 £1.99 6h 28.99 +£0.89 9 43.21 +3.12
6C 31.84 +0.86 6i 63.92 £1.32 9c 69.86 +2.90
6d 23.31+£2.23 6 65.84 £3.21 ADR 25.04 £1.47
6e 18.36 £ 0.97 6k 4722 +2.05 7G1142 >100

6f 11.47 £0.05 6l 28.24 £ 0.63

#|Csp values are expressed as means of triplicate enpets.

Table 2. IC5q values of target compounds against K562 cells.

Compounds I1Cso (uM)?  Compounds 1Cs (uM)?® Compounds  1Cs (uM)?

6a 10.96 £ 3.61 69 13.67 £0.93 9a 23.05+2.64
6b 14.11 +1.89 6h 12.54 +2.25 9 29.82+£3.72
6C 11.82+1.18 6i 15.03 +£3.74 9c 34.78 +1.37
6d 8.18 £1.16 6 30.49£1.74 ADR 0.39+0.04
6e 5.85+1.36 6k 16.87 £2.47 7G1142 51.35+0.42
6f 5.07+1.18 6l 14.44 £2.01

#|Csp values are expressed as means of triplicate ewpets.

3.1.3 MDR reversal effects @ and9c

To confirm whether compoundik and 9c can reverse P-gp mediated MDR, we next determihed
cytotoxicity of ADR against K562/A02 cells in theggsence or absence of the active compoudkisand
9c) at non-toxic concentration (2)M) by MTS assay, and VRP (2{iM) was selected as the positive
control. Meanwhile, ZG1142, a potent P-gp inhibibdbifendate derivative reported by us [16], wiDa
selected as a positive control. As summarized bi€ra, 1G, value of ADR against K562/A02 was 24.44
uM, indicating that ADR alone exhibited poor inhily effect on the survival of K562/A02 cells.
Interestingly, when ADR was combined with compouBls9c and VRP, the Ig values of ADR was
decreased to 6.40, 4.24 and 1348, respectively, indicating that all the compourmsild sensitize

K562/A02 cells to ADR at different levels. Clear®g displayedthe most potent chemo-sensitizing effect.



The reversal fold (RF) ddic was 5.76, which was significantly higher than thigpositive control VRP (RF
=1.82) and ZG1142 (RF = 3.99) at the same dose.

Table 3. Chemo-sensitizing effect of the target compounds

Compound |Cso (M) 2 RF®  Compound  ICs (uM)? RFP

6k + ADR 6.40 + 0.60 3.82 VRP+ADR 13.45+0.87 1.82

9c + ADR 4.24 +0.29 5.76 ADR 24.44 +1.76 /
ZG1142 + ADR 6.13 +1.04 3.99

4The cytotoxicity of ADR against K562/A02 cells inet presence or absence of the target compounds (2.0
uM) was evaluated by MTS assay.
® RF: Reversal fold (RF) refers to fold-change ingsensitivity. RF = (I§ of ADR without target

compound)/(IG of ADR with target compound)

3.1.4 Effect of active compounglsand9c on P-gp expression and function

It is believed that P-gp-mediated MDR can be oveeaither by reducing P-gp expression and/or
inhibiting its function [29]. To understand the gotial molecular mechanisms underlying the actibfko
and 9c, we firstly tested the effect @k and9c on P-gp expression at mMRNA and protein levelsgisin
RT-PCR and Western blot, respectively. Data shotlat treatment witlbk and9c did not significantly
change P-gp expression at mRNA or protein leveK&62/A02 cells (shown in the Supplementary
Material). These data suggested that compo6kdsid9c may exert P-gp-mediated MDR reversal activity

by inhibiting P-gp efflux function and not by deasing P-gp expression.

3.1.5 Anti-migratory and anti-invasive activitiek6x and9c

Besides MDR, migration and invasion are also megurses of mortality in patients with cancer [30, 31
Recent research showed that Schisandrin B (steietas shown in the Supplementary Material), a ahtur
product with alkoxyl biphenyl scaffold, could atterte cancer invasion and metastasis via inhibiting
epithelial-mesenchymal transition [32]. In additiom early studies, sun et al. found that bifendadeld
suppress the invasion of tumor cells [33]. Withstihén mind and considering that active compousids

and9c shared the similar alkoxyl biphenyl scaffold afebdate, we examined whether compoudkiaind



9c could inhibit the migration and invasion of tumoells. Due to the highly metastatic and invasive
capacity, MDA-MB-231 cells (human breast carcinarelis), were selected as models in this study.

Firstly, the effects of compoundk and 9c on the motility properties of MDA-MB-231 cells weer
determined by wound-healing assay and chamber tidgrassay, respectively [34]. As shown in Figure 3
at doses below I§ (ICs values of6k and 9c were shown in th&upplementary Materialbk and 9c
significantly suppressed the migration of MDA-MB222ells across the wounded space in a dose
depended manner. The inhibitory effect on cell riybivas subsequently confirmed by the chamber

migration assay (Fig. 4). Exposuregloand9c led to an obviously delay in cell migration ups®.7% and

54.8%, respectively.
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Figure 3. Inhibitory Effects ofék and 9c on MDA-MB-231 cells migrationn vitro. (A) Compounds
inhibit migration of cells across the wounded sp#&bel monolayer was wounded by a 2d0 pipette tip
followed by treatment with various concentratioBs 15, and 4mM) of compound for 24 h. And distance
of the wound edge was measured before and aftertréaément. Image magnification: x 100. (B)
Quantification of the relative migration. Relatis@gration (%) were identified by dividing the migjcn
distance of MDA-MB-231 cells treated wihk or 9c by that of control group. P < 0.01 represents

significant difference from the control group.
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Figure 4. Effects ofék and9c on the mobility of MDA-MB-231 cellsn vitro. (A) 6k and9c inhibit cell
migration. Cells were cultured with indicated camtcations of compounds for 24 h, and then seeddukin
upside of transwell. After incubation for 4 h, tlewnward side of the membrane was stained withi@rys
violet. Image magnification: x 200. (B) Quantifiat of the migrated cells. Migration cells (% ofntiol)
were identified by dividing the number of the migwa MDA-MB-231 cells treated witlek or 9c by that

of control group. *P < 0.01 represents significant difference fromabatrol group.

Next, the anti-invasive activities @k and9c were determined by invasion assay. In the absehce
compound6ék or 9c, most MDA-MB-231 cells were able to penetrate tigio the matrigel-coated filters,
indicating its high invasive capability. After exquoe toék or 9c, the number of MDA-MB-231 cells able
to penetrate through the matrigel-coated filters wignificantly decreased (Fig. 5), suggestingiriiasive

activity of MDA-MB-231 cells was markedly suppredse
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Figure 5. Effects of6ék and9c on the invasion of MDA-MB-231 cells in vitro. (Ak and9c inhibit cell
invasion. After treatment with different concenivas of 6k and9c for 24 h, the cells were seeded in the
upside of transwell pre-coated with matrigel, andubated for 24 h. Then, the invaded cells were

measured by crystal violet stainingnage magnification: x 200. (B) Quantification detinvaded cells.
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Invasion cells (% of control) were identified byidiing the number of the invasion MDA-MB-231 cells
treated withek or 9c by that of control group. P < 0.01 represents significant difference fromdabatrol

group.

3.1.6 Effect o6k and9c on the activity and protein expression of MMP-2 &tMP-9

It is well-known that matrix metalloproteinases (®8), especially MMP-2 and MMP-9, play critical
roles in invasion and metastasis of malignant ¢8i$. To probe the potential anti-invasive mechanisms,
the effects obk and9c on the activity and protein expression of MMP-21 anMP-9 in MDA-MB-231
cells were determined by gelatin zymography assalyveestern blot, respectively. As shown in Figure 6
6k and9c significantly decreased the gelatinolytic activiy MMP-2 and MMP-9 in a dose dependent
manner (Fig. 6A). Quantification analysis showedtttreatment with6k or 9c, even at the lowest
concentration (M), reduced MMP-2 activity to 59.1% and 52.8%, exdjvely, and MMP-9 activity was
decreased to 58.2% and 52.6%, respectively. Irtiaddbk and9c could significantly suppress the protein
expression of MMP-2 and MMP-9 in a dose dependeainar (Fig. 6B). These data suggested that the
anti-metastatic activity o6k and9c was associated with their inhibitory effect on M¥dRand MMP-9
activity and expression.
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Control 5 15 45 5 15 45 Control 5 15 45 5 15 45
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Figure 6. Effects of6k and9c on the activity and expression of MMP-2 and MM9MDA-MB-231
cells. (A) 6k and 9c inhibit the activity of MMP-2/9 in MDA-MB-231 cedl Cells were treated with

indicated concentrations 6k and9c for 24 h. The culture supernatants were colleaed,then MMP-2/9
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activity was determined by gelatin zymography as¢BYy 6k and9c suppress the protein expression of
MMP-2/9. MDA-MB-231 cell lysates were subjecteditomunoblotting with antibodies against MMP-2

and MMP-9. *P < 0.01 represents significant difference fromabatrol group.

3.2. Structure-Activity Relationships

Based on the results above, structure-activityticelahips (SARs) of the target compounds on P-gp
inhibitory effects could be summarized as followke length of the linker between the benzene rimd) a
nitrogen atom in azepine ring can significantlyeaffP-gp inhibitory effect. Compounds with a fotoras
chain displayed higher inhibitory effect on P-gpritthat with an eight atoms chaéi s 6a, 6j vs 6b, 6k
vs 6c, 6l vs 6d). Interestingly, introducing methoxyl substitutés the third benzene ring could
significantly increase the intensity of P-gp intifm (6k vs. 6j vs.6i, 6¢ vs. 6b vs.6a). P-gp inhibitory
effect can enhanced by changing methoxy or methtd chlorine atom in the third benzene ring,
unfortunately, the intrinsic cytotoxicity was aldocreased @b vs 6f, 6d vs 6€). Notably, when
amide-bond was reversed (from NHCO to CONH) in thelecule, the P-gp inhibitory intensity was
significantly increased9@ vs. 6i, 9c vs. 6j), which was consistent with previously reportedttia
reverse-amide-bond can significantly affect theabiivity of the target compounds. One plausible
explanation is that reverse afmide might affect the affinity between target coonpds with P-gp, and
consequent weak P-gp inhibitory intensity. Howetleg, precise SARs remain further investigation when

more derivatives of this kind will be availableriear future.

4. Conclusions

In summary, fifteen novel bifendate derivatives taiming dibenzaf,elazepine scaffold were
synthesized and evaluated as P-gp-medicated MD&sa&lvagents. Among them, compouBésand 9c
more potently increased the accumulation of P-dystsate in K562/A02 cells than VRP by inhibitinggPp-
efflux function instead by decreasing P-gp protipression levels. Notably, wound-healing and cheamb
migration assay showed théit and9c could significantly attenuate the motility of MDABA231 cells.
More importantly,6k and9c could markedly suppress the invasive activity of MBIB-231 cells, thus

displayed potential anti-metastasis activity. Pnglary mechanism studies indicated that the

12



anti-metastasis activity @k and9c were associated with their inhibitory effect on A and MMP-9
activity and expression. These results, togethtr the MDR reversal results suggested that compo6ind
and 9c might be promising leads for the development nauai-cancer agents with P-gp and tumor

metastasis inhibitory activities.

5. Experimental protocols
5.1. Chemical analysis

All of the synthesized compounds were purified bjumn chromatography on silica gel 60 (200-300
mesh) or thin layer chromatography (TLC) on siligh 60 F254 plates (250 mm; Qingdao Ocean Chemical
Company, China). Melting points were measured ofRI-3 melting point apparatus and uncorrected.
Subsequently, all of them were analyzed by IR (fftedisher Nicolet is10)HNMR and™*C NMR (JEOL,
400 MHz), and MS (Agilent 1290/6460 LC/MSD spectatar) routinely. All solvents were reagent grade

and, when necessary, were purified and dried mdstals methods.

5.2. Synthesis dia-b

Ethane diamine (6 g, 0.1 mol) or hexamethylenedianfl2 g, 0.1 mol) was dissolved in CHC100
mL) and cooled to 0 °C. Bg® (4.6 mL, 0.01 mol) was dispersed in CE@D0 mL) and the mixture was
added to the above reaction solution slowly. Thke,solution was stirred for 24 h at room tempegatu
After the completion of reaction, the mixture was@orated in vacuo and the residue was diluted with
water and extracted with CHLIThe organic layer was washed sequentially witturaged NaHC®
solution and brine then dried with sodium sulfdiiéered and evaporated in vacuo to give correspand

crude compoundsa-b (92%), respectivley, which were used without fartpurification.

5.3. Synthesis &a-b

EtN (1.2 mL, 5eq) was added to the stirred solutiboomnpound3 andla (2eq) in acetonitrile at room
temperature under a nitrogen atmosphere. The ogactixture was stirred and refluxed for 5 h at °
After the completion of reaction, the mixture was@orated in vacuo and the residue was diluted with

water and extracted with ethyl acetate. The orgkyer was washed sequentially with saturated NatiCO
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solution and brine, then dried with sodium sulfdiléered and evaporated in vacuo to give correspamn
crude compounda. And then the Boc-protection group is removed gigigdrochloric acid in ethanol to
afford compoundsa, which was used without further purification. Thide crude compoundb was

obtained starting fror andla.

5.4. General procedure for the preparationcafl

A solution of 5a or 5b, triethylamine and substituted benzoic acid in DM&s stirred at 0 °C, then
HATU was added to the solution. The reaction mixtwas stirred at 0 °C for 1 h, then diluted with
saturated agueous NaHgend extracted with EtOAc. The organic layer waslvea with brine, dried with
anhydrous sodium sulfate, filtered and evaporatedacuum. The crude product was purified by column

chromatography to yield the title compounds, reSpely.

5.4.1.N-(6-(4,10-dimethoxy-6H-[1,3]dioxolo[4',5'4benzo[1,2-c][1,3]dioxolo[4',5":5,6]benzo[1,2-e]a@p
in-7(8H)-yl)hexyl)-2-methoxybenzamifta)

The title compound was obtained starting fréanand 2-methoxybenzoic acid. As a yellow solid, diel
64.2%; mp: 129.8-131.6 °C. Analytical data 6at '"H NMR (CDCk, 400 MHz,5 ppm): 1.42-1.59 (m, 4H),
1.60-1.72 (m, 2H), 1.85-2.00 (m, 2H), 3.03-3.33 @H), 3.39-3.52 (m, 2H), 3.93 (s, 6H, 2 x Ar-OgH
3.98 (s, 3H, Ar-OCH), 4.09-4.24 (m, 2H), 6.05 (d, 2H, -O@B+, J = 1.4 Hz),6.14 (d, 2H, -OCKD-, J =
1.4 Hz),6.85 (s, 2H, 2 x Ar-H), 6.95-7.01 (m, 2H, 2 x Ar;H)43 (m, 1H, Ar-H), 7.91-7.93 (m, 1H, Ar-H),
8.08 (t, 1H, -NH-J = 5.7 Hz);"3C NMR (CDC}, 100 MHz,5 ppm): 24.7, 25.8, 26.0, 29.1, 39.5, 5453 .4,
56.1 (2C, 2 x ArCHN), 57.0 (2C, 2 x OC}hJ, 102.5 (2C, 2 x -OCHD-), 110.2, 111.4, 111.6 (2C, 2 x
Ar-C), 121.1, 121.2 (2C, 2 x Ar-C), 131.7 (2C, 2ArC), 133.2 (2C, 2 x Ar-C), 137.0 (2C, 2 x Ar-C),
143.8 (2C, 2 x Ar-C), 146.4 (2C, 2 x Ar-C), 157186.0 (-CONH-); IR (KBr, cril): v 3398, 2943, 2360,

1644, 1600, 1544, 1496, 1439, 1384, 1311, 114&,11A68, 923, 841; ESI-MS: m/z: 577.2 [M+H]

5.4.2.N-(6-(4,10-dimethoxy-6H-[1,3]dioxolo[4',5'@benzo[1,2-c][1,3]dioxolo[4',5":5,6]benzo[1,2-e]ap

in-7(8H)-ylhexyl)-3,4-dimethoxybenzami@®)
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The title compound was obtained starting fréanand 3,4-dimethoxybenzoic acid. As a yellow solid,
yield: 60.4%; mp: 129.8-131.6 °C. Analytical data 6b: ‘H NMR (CDCk, 400 MHz,5 ppm): 1.39-1.49
(m, 4H), 1.57-1.68 (m, 2H), 1.70-1.90 (m, 2H), 2861 (m, 2H), 3.36-3.54 (m, 4H), 3.87 (s, 3H, QLH
3.88 (s, 3H, OCh), 3.91 (s, 6H, 2 *OCH), 3.97 (s, 1H)4.00 (s, 1H)6.02 (d, 2H, -OCHKD-,J = 1.2 Hz),
6.12 (d, 2H, Ar-OCHO-,J = 1.2 Hz),6.74 (s, 2H, Ar-H)6.83 (d, 1H, Ar-HJ = 8.0 Hz),7.29-7.35 (m, 2H,
Ar-H); **C NMR (CDCE, 100 MHz,8 ppm): 26.7, 26.9, 27.0, 29.5, 40.0, 54.8, 54.9, 2@ OCH), 56.1
(2C, 2 x ArCHN), 56.9 (2C, 2 x OCBHJ, 102.0 (2C, 2 x -OCHD-), 109.7 (2C, 2 x Ar-C), 110.3, 110.5,
110.6 (2C, 2 x Ar-C), 119.3 (2C, 2 x Ar-C), 1272C( 2 x Ar-C), 135.4 (2C, 2 x Ar-C), 143.1 (2C, 2 x
Ar-C), 145.9 (2C, 2 x Ar-C), 149.0, 151.7, 167.8QNH-); IR (KBr, cm'): v 3413,2939, 2360, 2341,

1639, 1617, 1582, 1507, 1437, 1311, 1230, 1147},11@48, 922, 844; ESI-MS: m/z: 607.2 [M+H]

5.4.3.N-(6-(4,10-dimethoxy-6H-[1,3]dioxolo[4',5'@benzo[1,2-c][1,3]dioxolo[4',5":5,6]benzo[1,2-e]ap
in-7(8H)-yhhexyl)-3,4,5-trimethoxybenzamid@e)

The title compound was obtained starting fréanand 3,4,5-trimethoxybenzoic acid. As a yellow éoli
yield: 61.6%; mp: 134.2-136.1 °C. Analytical data 6c: 'H NMR (CDCk, 400 MHz,5 ppm): 1.35-1.50
(m, 4H), 1.55-1.69 (m, 2H), 1.71-1.98 (m, 2H), 22.37 (m, 1H), 3.00-3.13 (m, 1H), 3.20-3.48 (m, 4H)
3.81-3.86 (m, 12H, 4 x Ar -OCH| 3.97 (s, 3H, Ar-OCh), 4.00-4.05 (m, 1H¥.29-4.33 (m, 1H)6.04 (dd,
2H, -OCHO-,J =6.4, 1.2 Hz)6.13 (dd, 2H, -OCkKD-,J = 9.2, 1.2 Hz), 6.81 (d, 2H, 2 x Ar-d= 4.4 Hz),
7.01 (s, 2H, 2 x Ar-H), 8.75 (s, 1H, -NHY'C NMR (CDCk, 100 MHz,8 ppm): 24.2, 25.6, 25.7, 28.5,
40.3, 53.5, 54.3, 54.9, 56.3 (2C, 2 x ArfBh), 56.7, 57.2, 61.0, 102.5 (2C, 2 x -Of£LH), 104.5 (2C, 2 x
Ar-C), 110.0, 110.3, 111.2, 111.8, 120.0, 122.49.02137.1, 137.3, 140.9, 143.7, 143.9, 146.3,6146.
153.2 (2C, 2 x Ar-C), 168.4 (-CONH-); IR (KBr, €M v 3414, 2942, 2360, 2341, 1643, 1617, 1584, 1499,

1437, 1383, 1311, 1235, 1148, 1102, 1058, 922, B84+MS: m/z: 637.2 [M+H]

5.4.4.N-(6-(4,10-dimethoxy-6H-[1,3]dioxolo[4',5'4benzo[1,2-c][1,3]dioxolo[4',5":5,6]benzo[1,2-e]ap
in-7(8H)-yl)hexyl)-4-methylbenzamidéd)
The title compound was obtained starting frbanand 4-methylbenzoic acid. As a yellow solid, yield

50.2%; mp: 101.6-103.2 °C. Analytical data 6o *H NMR (CDCk, 400 MHz,5 ppm): 1.36-1.48 (m, 4H),
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1.56-1.62 (M, 4H), 2.37 (s, 3H, -GH 2.44-2.66 (m, 2H), 3.20 (d, 2H,= 12.4 Hz), 3.41-3.46 (m, 2H),
3.57 (d, 2H,J = 12.8 Hz),3.92 (s, 6H, 2 x Ar-OCH), 5.97 (d, 2H, -OCkKD-, J = 1.2 Hz),6.08 (d, 2H,
-OCH;,0-,J = 1.2 Hz), 6.56 (s, 2H, 2 x Ar-H), 7.20 (d, 2HxAr-H, J = 8.0 Hz),7.64 (d, 2H, 2 x Ar-H]

= 8 Hz);**C NMR (CDC}, 100 MHz,5 ppm): 21.5, 26.9, 27.2, 27.5, 29.66, 40.0, 550, @ x ArCHN),
55.2, 56.8 (2C, 2 x OCH 101.9 (2C, 2 x -OCHD-), 109.4 (2C, 2 x Ar-C), 110.6 (2C, 2 x Ar-C),612
(2C, 2 x Ar-C), 128.4 (2C, 2 x Ar-C), 129.3 (2Cx Ar-C), 131.9, 135.1 (2C, 2 x Ar-C), 141.9, 14RC,

2 x Ar-C), 145.8 (2C, 2 x Ar-C), 167.6 (-CONH-); [RBr, cm"): v 3413, 2931, 2360, 2341, 1639, 1616,

1541, 1506, 1435, 1374, 1306, 1143, 1099, 1050, ®2% ESI-MS: m/z: 561.2 [M+H]

5.4.5.4-chloro-N-(6-(4,10-dimethoxy-6H-[1,3]dioxp1g5":3,4]benzo[1,2-c][1,3]dioxolo[4',5":5,6]ben4d
,2-e]azepin-7(8H)-yl)hexyl)benzami(ie)

The title compound was obtained starting frbanand 4-chlorobenzoic acid. As a yellow solid, yield
52.3%; mp: 75.5-76.8 °C. Analytical data & 'H NMR (CDCk, 400 MHz,5 ppm): 1.39-1.45 (m, 4H),
1.59-1.76 (m, 4H), 2.50-2.74 (m, 2H3.28 (d, 2H,J = 12.5 Hz), 3.39-3.51 (m, 2H3.62 (d, 2HJ = 12.4
Hz), 3.93 (s, 6H, 2 x Ar-OC#), 5.99 (d, 2H, -OCHO-, J = 1.3 Hz),6.09 (d, 2H, -OCHKHD-, J = 1.4 Hz),
6.59 (s, 2H, 2 x Ar-H)7.36-7.41 (m, 2H, 2 x Ar-H), 7.70-7.76 (m, 2H, 2kH); “*C NMR (CDC}, 100
MHz, & ppm): 26.6, 26.9, 27.0, 29.4, 40.0, 54.7 (3C, RGH,), 56.9 (2C, 2 x OCh}, 102.0 (2C, 2 x
-OCH,0-), 109.9 (2C, 2 x Ar-C), 110.5 (2C, 2 x Ar-C),812 (2C, 2 x Ar-C), 128.9 (2C, 2 x Ar-C), 133.1
(2C, 2 x Ar-C), 135.4 (2C, 2 x Ar-C), 137.6, 137143.1 (2C, 2 x Ar-C), 145.9 (2C, 2 x Ar-C), 166.6
(-CONH-); IR (KBr, cni): v 3413, 2932, 2359, 2341, 1638, 1540, 1488, 14344,18806, 1144, 1098,

1051, 925, 846; ESI-MS: m/z: 581.1 [M+H]

5.4.6.3,4-dichloro-N-(6-(4,10-dimethoxy-6H-[1,3]dado[4',5":3,4]benzo[1,2-c][1,3]dioxolo[4',5":5,6]bn
z0[1,2-e]azepin-7(8H)-yl)hexyl)benzamibé)

The title compound was obtained starting freerand 3,4-dichlorobenzoic acid. As a yellow soliiidld:
53.4%; mp: 85.5-88.3 °C. Analytical data f&ft '"H NMR (CDCk, 400 MHz,5 ppm): 1.40-1.53 (m, 4H),
1.62-1.74 (m, 2H), 1.77-1.97 (m, 2H), 2.77-2.96 @H), 3.41-3.52 (m, 4H)3.88 (d, 2H,J = 12.8 Hz),

3.96 (s, 6H, 2 x Ar-OCH), 6.03 (d, 2H, -OCHD-, J = 1.2 Hz),6.13 (d, 2H, -OCHD-, J = 1.2 Hz),6.72 (s,
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2H, 2 x Ar-H),7.49 (d, 1H, Ar-H,J = 8.4 Hz),7.755-7.78 (m, 1H, Ar-H)8.04 (d, 1H, Ar-H,J = 2.0 Hz);

13C NMR (CDCb, 100 MHz,5 ppm): 25.1, 25.9, 26.2, 28.8, 39.8, 53.7, 53.9 @€ ArCHN), 57.1 (2C, 2
x OCHp), 102.3 (2C, 2 x -OCHD-), 110.3 (2C, 2 x Ar-C), 111.0 (2C, 2 x Ar-C),312, 126.6, 129.6 (2C,
2 x Ar-C), 130.5, 132.9, 134.5, 135.6, 136.4 (2&, &r-C), 143.4 (2C, 2 x Ar-C), 146.3 (2C, 2 x A};C
165.5 (-CONH-); IR (KBr, crif): v 3415, 2933, 2360, 2341, 1637, 1540, 1489, 1435418810, 1148,

1100, 1044, 923, 840; ESI-MS: m/z: 615.1 [M+H]

5.4.7.2,4-dichloro-N-(6-(4,10-dimethoxy-6H-[1,3]dmo[4',5":3,4]benzo[1,2-c][1,3]dioxolo[4',5":5,6]bn
z0[1,2-e]azepin-7(8H)-yl)hexyl)benzamitg)

The title compound was obtained starting fréemand 2,4-dichlorobenzoic acid. As a yellow soligld:
49.0%; mp: 70.2-72.3 °C. Analytical data fég: '"H NMR (CDCk, 400 MHz,8 ppm): 1.39-1.52 (m, 4H),
1.61-1.67 (m, 2H), 1.82-1.98 (m, 2H), 2.86-3.01 gH), 3.41-3.46 (m, 4H)3.90 (s, 6H, 2 x Ar-OCH),
4.00-4.08 (m, 2H), 6.01 (d, 2H, -O@®k-, J = 1.6 Hz),6.11 (d, 2H, -OCKD-, J = 1.2 Hz),6.68 (s, 2H,
Ar-H), 7.13-7.18 (m, 1H, Ar-H)7.38 (d, 1H, Ar-H,) = 2.0 Hz),7.54 (s, 1H, Ar-H), 7.56 (s, 1H, Ar-H})*C
NMR (CDCk, 100 MHz,8 ppm): 24.9, 26.0, 26.4, 28.8, 39.8, 53.3, 53.5 @& ArCHN), 57.0 (2C, 2 x
OCH), 102.2 (2C, 2 x -OCHD-), 110.4 (2C, 2 x Ar-C), 111.0 (2C, 2 x Ar-C),61@, 127.5, 129.8, 130.0
(2C, 2 x Ar-C), 130.9, 131.1, 134.0, 136.4 (2C, Ar<C), 143.4 (2C, 2 x Ar-C), 146.3 (2C, 2 x Ar-C),
165.6 (-CONH-); IR (KBr, cril): v 3413, 2936, 2360, 1640, 1616, 1555, 1490, 14363,18809, 1146,

1101, 1046, 923, 845; ESI-MS: m/z: 615.1 [M+H]

5.4.8.N-(6-(4,10-dimethoxy-6H-[1,3]dioxolo[4',5'4benzo[1,2-c][1,3]dioxolo[4',5":5,6]benzo[1,2-e]ap
in-7(8H)-ylhexyl)thiophene-2-carboxamifigh)

The title compound was obtained starting frbanand thiophene-2-carboxylic acid. As a yellow splid
yield: 65.8%; mp: 84.7-86.4 °C. Analytical data 6br. *H NMR (CDCk, 400 MHz,8 ppm): 1.33-1.46 (m,
4H), 1.52-1.67 (m, 4H), 2.40-2.59 (m, 2H), 3.172H,J = 12.4 Hz), 3.42 (m, 2H), 3.51 (d, 2Bi= 12.4
Hz), 3.92 (s, 6H, 2 x Ar-OC#), 5.96 (d, 2H, -OCkKD-, J = 1.4 Hz), 6.07 (d, 2H, -OCG®-, J = 1.4 Hz),
6.54 (s, 2H, 2 x Ar-H), 7.03-7.05 (m, 1H), 7.424 @n, 1H), 7.48-7.50 (m, 1H}*C NMR (CDC}, 100

MHz, & ppm): 26.9, 27.3, 27.7, 29.7, 40.0, 55.0 (2C,A@H,N), 55.1, 56.8 (2C, 2 x OG{ 101.8 (2C, 2
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x -OCH,0-), 109.3 (2C, 2 x Ar-C), 110.7 (2C, 2 x Ar-C),712, 127.9, 129.0, 129.8 (2C, 2 x Ar-C), 134.9
(2C, 2 x Ar-C), 139.3, 142.9 (2C, 2 x Ar-C), 145K, 2 x Ar-C), 162.0 (-CONH-); IR (KBr, ci¥): v
3413, 2932, 2360, 2341, 1637, 1617, 1541, 15062,14373, 1304, 1209, 1142, 1098, 1050, 924, 844;

ESI-MS: m/z: 553.1 [M+H].

5.4.9.N-(2-(4,10-dimethoxy-6H-[1,3]dioxolo[4',5'@benzo[1,2-c][1,3]dioxolo[4',5":5,6]benzo0[1,2-e]ap
in-7(8H)-yl)ethyl)-2-methoxybenzami(ik)

The title compound was obtained starting freimand 2-methoxybenzoic acid. As a yellow solid, giel
59.3%; mp: 74.9-76.3 °C. Analytical data fir ‘H NMR (DMSO, 400 MHz3 ppm ): 2.49-2.51 (m, 2H),
3.14-3.22 (m, 2H), 3.29-3.41 (m, 2H), 3.64-3.83 @h]), 3.90 (s, 6H, 2 x Ar-OC§), 3.92 (s, 3H,
Ar-OCHj), 6.09 (d, 2H, -OCKD-, J = 0.8 Hz),6.13 (d, 2H, -OCKD-, J = 0.8 Hz), 6.96-7.02 (m, 1H,
Ar-H), 7.05-7.09 (m, 1H, Ar-H), 7.17-7.21 (m, 1Hs-N), 7.49-7.55 (m, 1H, Ar-H), 7.84-7.88 (m, 1H,
Ar-H), 8.54-8.57 (m, 1H, Ar-H)**C NMR (DMSO, 100 MHz3 ppm): 35.5, 38.8, 52.9, 56.5 (2C, 2 x
ArCH:N), 57.1 (2C, 2 x OC}}, 102.7 (2C, 2 x -OCHD-), 110.6 (2C, 2 x Ar-C), 112.7 (2C, 2 x Ar-C),
121.1 (2C, 2 x Ar-C), 122.6, 131.2 (2C, 2 x Ar-€33.3 (2C, 2 x Ar-C), 136.7 (2C, 2 x Ar-C), 1432&(

2 x Ar-C), 146.5 (2C, 2 x Ar-C), 157.7, 166.3 (-CB¥ IR (KBr, cmi'): v 3412, 2908, 1643, 1619, 1545,

1496, 1444, 1396, 1312, 1243, 1172, 1107, 1047,83R ESI-MS: m/z: 521.2 [M+H]

5.4.10.N-(2-(4,10-dimethoxy-6H-[1,3]dioxolo[4',543benzo[1,2-c][1,3]dioxolo[4',5":5,6]benzo[1,2-e}
pin-7(8H)-yl)ethyl)-3,4-dimethoxybenzami@g)

The title compound was obtained starting fremand 3,4-dimethoxybenzoic acid. As a yellow solid,
yield: 56.1%; mp: 90.6-92.4 °C. Analytical data &r*H NMR (CDCk, 400 MHz,5 ppm): 2.64-2.96 (m,
2H), 3.27 (d, 2HJ = 12.4 Hz), 3.51-3.60 (m, 2H3,61-3.70 (m, 2H)3.95 (s, 12H, 4 x Ar-OC}), 6.00 (s,
2H, -OCH0-), 6.10 (s, 2H, -OChHD-), 6.57 (s, 2H, 2 x Ar-H)6.88 (d, 1H, Ar-HJ = 7.7 Hz),7.01 (dd, 1H,
Ar-H, J = 1.3, 0.8 Hz), 7.30-7.39 (m, 1H, Ar-H},49 (s, 1H, Ar-H)*C NMR (CDCL, 100 MHz,5 ppm):
37.3,53.8,54.9 (2C, 2 x OGH56.1 (2C, 2 x ArCkN), 56.9 (2C, 2 x OC}hJ, 101.9 (2C, 2 x -OCHD-),
109.3 (2C, 2 x Ar-C), 110.3, 110.7 (2C, 2 x Ar-€)0.8, 119.5, 127.3, 128.6 (2C, 2 x Ar-C), 135Q,(2

x Ar-C), 143.0 (2C, 2 x Ar-C), 145.9 (2C, 2 x Ar;Q49.0, 151.8, 167.3 (-CONH-); IR (KBr, &n v
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3413, 2937, 1639, 1604, 1584, 1544, 1506, 14333,18B805, 1229, 1182, 1097, 1047, 924, &586|-MS:

m/z: 551.2 [M+H].

5.4.11.N-(2-(4,10-dimethoxy-6H-[1,3]dioxolo[4',543benzo[1,2-c][1,3]dioxolo[4',5":5,6]benzo[1,2-eke
pin-7(8H)-ylethyl)-3,4,5-trimethoxybenzamid)

The title compound was obtained starting frbionand 3,4,5-trimethoxybenzoic acid. As a yellow &oli
yield: 53.2%; mp: 122.1-123.8 °C. Analytical data 6k: ‘H NMR (CDCL, 400 MHz,8 ppm): 2.88-3.13
(m, 2H), 3.44 (d, 2H) = 12.8 Hz), 3.73-3.82 (m, 4H), 3.89 (s, 3H, Ar-Ofi13.94 (s, 6H, 2 x Ar-OC}),
3.96 (s, 6H, 2 x Ar-OC}J, 6.02 (s, 2H, -OCkKD-), 6.12 (s, 2H, -OCHD-), 6.65 (s, 2H, 2 x Ar-H)7.22 (s,
2H, 2 x Ar-H); ®*C NMR (CDCk, 100 MHz,8 ppm): 36.5, 54.0, 54.7 (2C, 2 x ArGM), 56.5 (2C, 2 x
OCH), 57.0 (2C, 2 x OCH}, 61.0, 102.2 (2C, 2 x -OGB-), 104.8 (2C, 2 x Ar-C), 110.2 (2C, 2 x Ar-C),
110.5 (2C, 2 x Ar-C), 125.9, 129.4 (2C, 2 x Ar-@35.9 (2C, 2 x Ar-C), 140.9, 143.3 (2C, 2 x Ar-C),
146.2 (2C, 2 x Ar-C), 153.2 (2C, 2 x Ar-C), 167-8QNH-); IR (KBr, cm'): v 3413, 2357, 1639, 1617,

1585, 1538, 1497, 1434, 1335, 1309, 1232, 1126),11@560, 923, 856; ESI-MS: m/z: 581.2 [M+H]

5.4.12N-(2-(4,10-dimethoxy-6H-[1,3]dioxolo[4',543benzo[1,2-c][1,3]dioxolo[4',5":5,6]benzo[1,2-e] @z
pin-7(8H)-yl)ethyl)-3,4,5-trimethoxybenzami@t)

The title compound was obtained starting frbimand 4-methylbenzoic acid. As a yellow solid, yield
52.4%; mp: 94.7-96.6 °C. Analytical data r'H NMR (CDCk, 400 MHz,5 ppm): 2.40 (s, 3H, Ar-C#),
2.62-2.73 (m, 1H), 2.86-2.93 (m, 1H), 3.23-3.29 2H), 3.51-3.58 (m, 2H), 3.62-3.69 (m, 213)95 (s, 6H,
2 x Ar-OCH), 6.00 (d, 2H, -OCHD-, J = 1.4 Hz),6.10 (d, 2H, -OCKD-, J = 1.5 Hz),6.57 (s, 2H, 2 x
Ar-H), 7.23-7.26 (m, 2H, Ar-H), 7.71-7.75 (m, 2Hr-K); **C NMR (CDCE, 100 MHz,8 ppm): 21.6, 37.2,
53.7,54.9 (2C, 2 x ArCi), 56.8 (2C, 2 x OChJ, 101.9 (2C, 2 x -OCHD-), 109.2 (2C, 2 x Ar-C), 110.6
(2C, 2 x Ar-C), 127.1 (2C, 2 x Ar-C), 128.6 (2CxAr-C), 129.3 (2C, 2 x Ar-C), 131.7, 135.1 (2Cx 2
Ar-C), 142.0, 143.0 (2C, 2 x Ar-C), 145.9 (2C, 2kC), 167.7 (-CONH-); IR (KBr, cifl): v 3413, 2940,

2359, 2341, 1638, 1616, 1489, 1435, 1384, 13053,11@08, 1049; ESI-MS: m/z: 505.2 [M+H]

5.5 Synthesis &@a-c
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A solution of Boc-beta-alanine, triethylamine andb&ituted aniline in DMF was stirried at 0 °C, rihe
HATU was added to the solution. The reaction mixtwas stirred at room temperature for 1 h, then
diluted with saturated aqueous NaH{C&hd extracted with EtOAc. The organic layer wastvea with
brine, dried with anhydrous sodium sulfate, filtti@nd evaporated in vacuo to give correspondingecru
compoundra-c, respectively. The crude product was purified blymn chromatography to yield the title
compounds, respectively. And then the Boc-protedgimup is removed using trifluoroacetic acid (THA)

dichloromethane to afford compou8a-c, which was used in the next without other purifmwa.

5.6 Synthesis &fa-c

EN (0.5 mL, 5eq) was added to the stirred solutiboompound3 (100 mg) anda, 8b or 8c (2eq) in
acetonitrile at room temperature under a nitroggnogphere. The reaction mixture was stirred and
refluxed for 5 h at 60 °C. After the completionrefaction, the mixture was evaporated in vacuo aed t
residue was diluted with water and extracted wiltyleacetate. The organic layer was washed seglignti
with saturated NaHC@solution and brine then dried with sodium sulfditered and evaporated in
vacuum. The crude product was purified by colummoctatography to yield the title compound,

respectively

5.6.1.3-(4,10-dimethoxy-6,8-dihydro-7H-[1,3]diox@g5":3,4]benzo[1,2-c][1,3]dioxolo[4',5":5,6]bendad
,2-e]azepin-7-yl)-N-(2-methoxyphenyl)propananifes

The title compound was obtained starting frdmnd 3-amino-N-(2-methoxyphenyl) propanamide. As a
white solid, yield: 55.1%; mp: 190.2-191.8 °C. Aytalal data for9a: *H NMR (CDCk, 400 MHz,5 ppm):
2.52-3.12 (m, 4H), 3.33 (dl = 11.2 Hz, 2H), 3.61 (m, 5H), 3.94 (s, 6H, 2 x @E&Hs), 6.02 (s, 2H,
-OCH,0-), 6.12 (s, 2H, -OChKD-), 6.58 (s, 2H, 2 x Ar-H)6.81-6.89 (m, 1H, Ar-H)6.97-7.03 (m, 2H, 2 x
Ar-H), 8.38-8.48 (m, 1H, Ar-H), 11.11 (s, 1H,-NH3C NMR (CDCE, 100 MHz,8 ppm): 34.0, 51.1, 54.6,
55.7 (2C, 2 x ArCHN), 56.9 (2C, 2 x OC}J, 102.0 (2C, 2 x -OCHD-), 109.4 (2C, 2 x Ar-C), 110.1 (2C,
2 x Ar-C), 110.6 (2C, 2 x Ar-C), 120.3, 121.1, 123128.5 (2C, 2 x Ar-C), 135.1 (2C, 2 x Ar-C), 1&3.
(2C, 2 x Ar-C), 145.9 (2C, 2 x Ar-C), 148.6, 17¢:60NH-); IR (KBr, cm"): v 3413, 2926, 2360, 1641,

1602, 1544, 1489, 1431, 1366, 1305, 1237, 11816,10%4, 918, 832; ESI-MS: m/z: 521.1 [M+H]
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5.6.2.3-(4,10-dimethoxy-6,8-dihydro-7H-[1,3]diox@lg5":3,4]benzo[1,2-c][1,3]dioxolo[4',5":5,6]bendad
,2-e]azepin-7-yl)-N-(4-methoxyphenyl)propananiile)

The title compound was obtained starting frBrand3-amino-N-(4-methoxyphenyl) propanamide. As a
white solid, yield: 70.8%; mp: 77.6-78.5 °C. Anddwl data fordb: 'H NMR (CDCk, 400 MHz,5 ppm):
2.52-2.68 (m, 2H ), 2.75-3.05 (m, 2H), 3.30 (d, 2+ 12.4 Hz),3.59 (d, 2H,J = 8.4 Hz), 3.80 (s, 3H,
Ar-OCHj), 3.95 (s, 6H, 2 x Ar-OC}), 6.02 (d, 2H, -OCKD-, J = 0.8 Hz), 6.12 (d, 2H, -OCG®-,J = 1.2
Hz), 6.56 (s, 2H, 2 x Ar-H), 6.85 (d, 2H, 2 x Ar-Hz= 8.9 Hz), 7.47 (d, 2H, 2 x Ar-H,= 8.9 Hz), 11.07 (s,
1H, -NH-); **C NMR (CDCE, 100 MHz,8 ppm): 33.2, 50.6, 54.2 (2C, 2 x Ar@H), 55.6, 56.9 (2C, 2 x
OCH), 102.0 (2C, 2 x -OCHD-), 109.1 (2C, 2 x Ar-C), 110.6 (2C, 2 x Ar-C)412 (2C, 2 x Ar-C), 121.1
(2C, 2 x Ar-C), 128.4 (2C, 2 x Ar-C), 132.2, 13%2Z, 2 x Ar-C), 143.1 (2C, 2 x Ar-C), 146.0 (2Cx2
Ar-C), 155.9, 170.3 (-CONH-); IR (KBr, c): v 3413, 2939, 1639, 1616, 1548, 1511, 1488, 14384,13

1242, 1142, 1097, 1045, 924, 828; ESI-MS: m/z: B2U+H]".

5.6.3.3-(4,10-dimethoxy-6,8-dihydro-7H-[1,3]diox@g5":3,4]benzo[1,2-c][1,3]dioxolo[4',5":5,6]ben4ad
,2-e]azepin-7-yl)-N-(3,4-dimethoxyphenyl)propanaa{t)

The title compound was obtained starting fr8mnd 3-amino-N-(3,4-dimethoxyphenyl)propanamide aAs
white solid, yield: 85.7%; mp: 166.8-168.6 °C. Aytalal data for9c: *H NMR (CDCk, 400 MHz,5 ppm):
2.57-2.72 (m, 2H), 2.79-3.10 (m, 2H), 3.35 (d, I+ 12.4 Hz),3.63 (d, 2H,J = 12.8 Hz), 3.87 (s, 3H,
Ar-OCHz), 3.89 (s, 3H, Ar-OCHh), 3.95 (s, 6H, 2 x Ar-OCBJ, 6.02 (d, 2H, -OCKD-,J = 1.4 Hz),6.12 (d,
2H, -OCHO-,J = 1.4 Hz),6.59 (d, 2H, 2 x Ar-HJ = 2.3 Hz),6.76-6.81 (m, 1H, Ar-H)6.85-6.88 (m, 1H,
Ar-H), 7.48 (d, 1H, Ar-HJ = 2.3 Hz),11.02 (s, 1H, -NH-)**C NMR (CDC}, 100 MHz,5 ppm): 33.3, 50.5,
54.2 (2C, 2 x ArCHN), 56.0, 56.2, 57.0 (2C, 2 x OGK1102.0 (2C, 2 x -OCyD-), 104.6, 109.5 (2C, 2 x
Ar-C), 110.6 (2C, 2 x Ar-C), 111.2, 111.4, 127.€(2 x Ar-C), 132.7, 135.4 (2C, 2 x Ar-C), 143.Z(2

x Ar-C), 145.4, 146.1 (2C, 2 x Ar-C), 149.1, 170:20NH-); IR (KBr, cm"): v 3413, 2939, 2360, 2341,

1637, 1616, 1558, 1514, 1436, 1304, 1214, 11483,11@63, 924; ESI-MS: m/z: 551.1 [M+H]

5.7. Biological assays
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5.7.1. Cytotoxicity assay

1x10' K562 and K562/A02 cells were seeded in 96-weltgsdn RPMI-1640 and incubated for 24 h.
The exponentially growing cancer cells were incatlatith various concentrations of compounds foh72
at 37 °C (5% CQ 95% humidity). After 72 h of incubation, MTS wadded directly to the cells. After
additional incubation for 3 h at 37 °C, the absadsaat 490 nm was read on a microplate reader ifider
USA). The IG, values of the compounds for cytotoxicity were oidted by GraphPad Prism 3.0 software

from the dose-response curves.

5.7.2. Flow cytometric analysis

1x1¢ K562/A02 or K562 cells in culture were pre-incughtvith different concentrations of the target
compounds, VRP or vehicle control (0.1% DMSO) fdr at 37 °C, followed by addition of OyM Rh123
or ADR and incubation for 30 min, respectively. Teaction was stopped by addition of ice-cold PB& a
centrifugation, washed with ice-cold PBS three #imand subjected analysis by flow cytometry. The
relative values were identified by dividing the dlescence intensity of each measurement by that of

vehicle control.

5.7.3 Wound healing assay

MDA-MB-231 cells were seeded in 6-well plates untihfluence. The monolayer of cells was wounded
by scraping with a sterile 2QQ. pipette tip. After rinsing, each culture twicetwPBS to remove detached
cells and the addition of compoull or 9c (5, 15 and 4M) in DMEM medium containing 10% FBS,
photographs of the wounded area were immediatkbntat the time of wounding and thereafter 24 Inwit
an inverted microscope (Olympus) equipped withgatali camera (Nikon, Japan, Tokyo) to determine the

relative distance of cell migration.

5.7.4 Chamber migration and invasion assay
In chamber migration assay, transwell system (@ornCostar, Cambridge, MA) was utilized.
MDA-MB-231 cells with or without the target compalik or 9c (5, 15, or 45uM, 24 h) were suspended

in serum-free medium, and then seeded into therupmapartment, while the medium containing 10%
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fetal bovine serum was added in the lower compartn#gter incubation for 4 h, the non-migrated saih
the upper side of the membrane were removed witotton swab. The migrated cells on the bottom
surface were fixed with 100% methanol and stainéth @.5% crystal violet. The migrated cells were
guantified by manual counting and three randombysein fields were analyzed for each group.

Invasion assays were performed with chambers agided previously [34]. The assay was performed
essentially as the chamber migration assays ab@apethat transwell chambers were initially coatsith
matrigel (40ug/100uL/chamber) at 37°C for 1 h. After incubation for B4the invaded cells were stained

and analyzed as conducted above.

5.7.5 Gelatin zymography assay

Cells were treated with or without isorhamnetin, (20, or 40uM) in serum-free medium for 24 h, and
then the supernatants were collected. Gelatin zyapty assay was performed according to previous
method [34]. After treatment, enzyme-digested regions were oBseras white bands against blue

background. The zones of enzymatic activity weenses negatively stained bands.

5.7.6. Western blot analysis

Cells were treated with various concentrationskobr 9c (5, 15, or 45uM) for 24 h, then collected and
lysed. Western blot analysis was conducted acogrtiinprevious methods [34]. The membranes were
exposed to BCIP/NBT alkaline phosphatase color ldgugg reagent for 15 min. All blots were stripped

and reprobed with polyclonal anti-GAPDH to verifyual protein loading.
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Highlights

1. Novel bifendate derivatives were synthesized as anti-MDR and anti-metastasis agents.
2. 6k and 9c exhibited high MDR reversal effect by inhibiting P-gp function.

3. 6k and 9c markedly suppressed the migration and invasive activity of tumor cells.

4. 6k and 9c significantly inhibited MMP-2 and MMP-9 activity and expression in vitro.



