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Sa
ABCBI/Flp-In™-293 KBvin
ICso (aM) RF ICso (nM) RF
Paclitaxel 644.78 = 2.60 1.0 1196.09 + 44.80 1.0
+5a (10 pM) 40.12 + 1.37% 16.1 51.67  0.26* 23.1
Vincristine 823.13 = 15.79 1.0 2867.34 = 142.36 1.0
+5a (10 uM) 39.11 £1.07% 21.0 96.49 = 1.90% 29.7
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ABSTRACT

Multidrug resistance (MDR) is a phenomenon in wigells become resistant to
structurally and mechanistically unrelated drugsd at is one of the emerging
problems in cancer therapy today. The relation betwoverexpression of the ABC
transporter subfamily B member 1 (ABCB1/P-glycopio} and resistant cancers has
been well characterized. In the present study, weeessfully synthesized 52 novel
benzodipyranone analogs and evaluated for theip vgibitory activity in a P-gp
transfected cell lineABCBL/Flp-In™-293. Among these derivativeSa bearing on
the 3-methylphenyl substituent, displayed the npmgent P-gp inhibitory activity,
which can enable the increase of the intracellalesumulation of P-gp substrate
Calcein-AM. 5a exhibited more potency on promoted anticancer slimygotoxicity
by reversing P-gp-mediated drug resistance in B&GB1/Flp-In™-293 and KBvin
cell lines. In particular, the compoubd sensitizedABCBL/Flp-In™-293 cells toward
paclitaxel, vincristine, and doxorubicin by 16.11.2 and 1.6-fold at 1QuM,
respectively. Furtheba dramatically sensitized the resistant cell linevikBtoward
paclitaxel and vincristine by 23.1 and 29.7-foldl8tuM, respectively. It's possible
that its mechanism of MDR inhibition can restore thtracellular accumulation of
drugs and eventually chemosensitize cancer cellantecancer drugs and reduce
ABCB1 mRNA expression level.

Keywords. multidrug resistance, P-glycoprotein, benzodipgran reversal agent.



1. Introduction

One of the critical obstacles related to cancenatberapy is resistance against
anticancer drugs. Therefore, drug resistance isabrtbe major causes of death in
cancer patients. Multidrug resistance (MDR) is amdmenon in which cancer cells
become resistant to structurally and mechanisyiaairelated drugs [1-3]. The most
widely studied mechanisms with known clinical sfgrance are (a) pumping drugs
out of cells via the activation of efflux pumpsgchias ATP-dependent transporters [4];
(b) resistance being mediated by reduced drug aptakich as through cellular
endocytosis [5]; (c) activation of detoxifying peats, such as phase I, II, and Il
metabolic enzymes [6]; (d) cells activating mecbkars that repair drug-induced DNA,
RNA, or protein damage; and (e) disruptions in apop signalling pathways
(especially p53 and Bcl-2) allowing cells to becomasistant to drug-induced cell
apoptosis [7]. Among these mechanisms that have teg®rted to result in MDR, the
most widely studied mechanism is related to therex@ession of P-glycoprotein
(P-gp, also known as MDR1 or ABCB1), belonging b tATP-binding cassette
(ABC) family of transport proteins which use thedihglysis of ATPas the energy
source for extruding chemotherapeutic drugs outedis [8], resulting in lowered
intracellular anticancer drug concentrations anddileg to drug resistance [9].
Identifying the many agents that can modulate tHyp Bransporter that interfere with
P-gp by the competitive or noncompetitive inhihitiof drug efflux has recently been
studied. On the basis of their affinity, specifyciand toxicity, P-gp inhibitors are
classified into three generations. First-generatagents such as verapamil [10],
cyclosporin A [11], reserpine, quinidine [12], taxifen, and trifluoperaziner{gure
1), attempt to block P-gp and have been highly ssgfaéin doing just that. But these
agents often produce disheartening resultgsvo because their low binding affinities
necessitate the use of high doses, resulting in caemable toxicity.
Second-generation P-gp inhibitors include cyclosgo” analogue valspodar [13],
pipecolinate derivative biricodar and verapamil lagae dexverapamil [14], and
these agents have a higher specificity than tis¢ dgeneration inhibitors and are also
less toxic. However, they are confounded by unfeable pharmacokinetic
interactions and interactions with other ABC traorsgr proteins [15]. Finally,
third-generation agents such as anthranilamidgumiar [16], acridonecarboxamide
elacridar [17, 18], and cyclopropyldibenzosuberaosuquidar that specifically and
potently inhibit P-gp function have been developeg using quantitative
structure-activity relationships (QSAR) and combam@l chemistry to conquer the



restrictions of the second generation P-gp inhibitigure 2). One of the most
hopeful third-generation P-gp inhibitors is tarid@s, but its use was discontinued due
to unfavorable toxicity reports in phase Il cliaidrials [19]. Unfortunately, among
these inhibitors, none of them have been approwedihical use [20].

Among the heterocyclic compounds, benzodipyraneafad have rarely been
used for research with current information. Thisssl of compounds is available from
both chemical synthesis or from natural producty.[Blowever, only a few studies
have explored their bioactivity, such as their @targic activity [22]. It is with that in
mind that, we developed an interest in benzodipyman derivatives against
P-gp-mediated MDR. In this study, we synthesizesgti@es of new benzodipyranone
derivatives as P-gp inhibitors. These novel benmodnone analogues were
evaluated for their ability to influence the exmies of ABCB1 mRNA, P-gp function
inhibitory potency and MDR-reversing activity ingp-overexpressing cell lines.

Figure 1 herein

Figure 2 herein

2. Results and discussion

2.1. Chemistry

The preparation of benzodipyranone derivatives Wastrated in Scheme 1.
The synthesis 08 started from the commercial of phloroglucind) &nd appropriate
acetonitrile ) in borontrifluoride etherate (BF Et,O) was purged of HCI gas and
stirred at room temperature for 12-24 h to obtenme intermediate, which was then
hydrolyzed to the correspondir® Subsequently, the preparation 4d-31a and
4b-31b started from the synthesis of a benzodipyranonelena by a
Vilsmeier—Haack reaction that involve8l methanesulfonyl chloride (MsCl), and
N,N-dimethylformamide (DMF) in borontrifluoride ethéeastirred at 126C for 2-4 h
to eventually afford asymmetrical benzodipyranod4dioneda-31a, and symmetrical
benzodipyrano-4,6-diordb-31b of benzodipyranone derivatives.

Scheme 1 herein
2.2. Biological activity

In order to establish the ability of the benzodgnone derivatives to inhibit the
activity of P-gp, all the synthesized analoguesen@raluatedn vitro against MDR



cell lines using the following assays: (a) CalcaM-assay; (b) MDR reversal activity;
and (c)ABCB1 mRNA expression assay.

2.2.1. Enhancement of Calcein-AM uptake into ABCBL/Flp-In™-293 cells

The effect of the analogues on the activities ofjpPwas determined by
evaluating Calcein accumulation in FIp7h293 cells that were transfected
overexpressing the P-gp transporters. The Calcéin-dssay utilized for the
evaluation involved measuring the fluorescent isitignimparted by Calcein, which
accumulated in the cells due to the inhibition ejgPefflux by the benzodipyranone
derivatives. InTable 1 andTable 2, the P-gp inhibition fold is reported for eachtio¢
tested compounds, with verapamil being used aseserece compound for the P-gp
inhibition test. In asymmetrical benzodipyrano-4difne 4a-3la, the activity results
show that the introduction of an electron donagngup, compounda, 5a, 6a, 7a, 9a,
and1la inhibited P-gp function from 1.53 to 2.05 fold%=uM (Table 1). However,
no improved P-gp inhibitory activity was observedamg the 3-methoxypheny8d),
3-hydroxyphenyl 10a), 3,4,5-trimethoxyphenyll@a), and 3,4-methylenedioxyphenyl
(13a) substitution. Furthermore, compoutida-27a were introduced as a series of
electron withdrawing substituents, respectivellyresulting in a decreased inhibition
of P-gp activity. Further, compoun®Ba-3la substituted with thiopen-2-yl28a),
1-naphthyl 29a), phenyl 80a), and cyclopropyl31a), respectively, were lost against
P-gp activity. These results suggest that the gubeth of electron donating groups
plays an important factor in determining P-gp inaity activity.

Table 1 herein

In addition, the symmetrical benzodipyrano-4,6-éidb-31b were investigated
for their P-gp inhibitory activity Table 2). However, all symmetrical
benzodipyranone derivatives were inactive towargpPmodulating effect. These
results illustrate that the benzodipyrano-4,10-dida-31a possibly have a higher
degree of reaching a conformation that is moreablet for matching the P-gp
substrate binding sites than the correspondingdabpyrano-4,6-diondb-31b.

Table 2 herein

2.2.2. Chemo-sensitizing effect of target compounds

The assessment of the ability of a given compoested in our study to enhance
the growth inhibitory effects of the anticancer giupaclitaxel, vincristine, and
doxorubicin in resistant cell lines displaying MRRe to P-gp overexpression proved



useful in the quantification and characterizatio®M@®R reversal by inhibition of the
MDR phenotype. The reversal effects of selectedpmumnds5a, 9a, andl1la on the
MDR phenotype were investigated on the P-gp-tratste cell line
ABCBL/Flp-In™-293 and its parent Flp-1§-293. The MDR reversal effect of
benzodipyranone derivatives was compared by measuhe reversal fold (RF),
defined as the ratio of Kgwithout a modulator to 165 with a modulator. Alone5a,
9a, and11a weakly inhibitedABCB1/FIp-In"™-293 cell growth € 10%) at 8 and 10
uM. Preliminarily, we found thadBCB1/FIp-In""-293 cells were about 1196.9, 137.9
and 9.9-fold more resistant toward paclitaxel, xste, and doxorubicin than their
parental Flp-1i"-293 cells, respectively. Then the MDR-reversalivitgt of the
studied compounds was tested using the same methbeé presence of paclitaxel,
vincristine, or doxorubicin Table 3). For paclitaxel cytotoxicityba (RF = 16.1)
exhibited a higher modulating activity th@a (RF = 8.2) and.1a (RF= 9.5) at 1QM.
For vincristine cytotoxicityba (RF = 21.0) exhibited a greater modulating agtivit
than9a (RF = 1.6) andla (RF= 9.7) at 1QuM. For doxorubicin cytotoxicityba (RF

= 1.6),9a (RF = 1.7) andla (RF= 1.5) at 1QuM were roughly equal in their ability
to reverse doxorubicin resistanceNBCBL/FIp-In™-293 cells.

Table 3 herein

Furthermore, the MDR cancer cell line KBvin and pegental cancer cell line
HeLaS3 were employed in this studyable 4). For paclitaxel cytotoxicity,5a
displayed a potent P-gp modulating activity withR& of 23.1 at 10uM. For
vincristine cytotoxicity,5a displayed a powerful reversal activity with RF24.7 at
10 uM. Additionally, 5a at 10 uM with vincristine co-administered showed a
moderate modulating activity with a RF of 8.8 ie farental cancer cell line HeLaS3.

Table 4 herein

2.2.3. ABCB1 mRNA detected by RT-gPCR

In the ABCB1 mRNA, expression was detected by real-time quativée reverse
transcription PCR Kigure 3). 5a and 1la significantly decreasedBCB1 mRNA
expression in the P-gp-transfected cell KBCB1/Flp-In"™-293.9a showed no effect
on ABCB1 mRNA expression level in both the P-gp-transfecteell line
ABCBL/Flp-In™-293 and its parental cell line FIp¥+293, while little ABCB1 gene
expression was detected in the parental cell lipdF™-293.

Figure 3 herein



2.2.4. Docking interaction of compound 5a and 5b with P-gp.

The compoundba and 5b was docked into the binding site of drug binding
domain (DBD) to provide the interaction between ligand and the receptoFigure
4a, 4b). Docking was done using Discovery Studio 3.1vgafe. Remarkablyba is
stabilized through specific interactions such adrbgen bonding with residues in the
drug binding domain of P-gp and nonspecific inteogrs such as hydrophobig - 7
stacking aromatic interactions. The hydrogen barwkptor oxygen atom at the 1, 5,
and 10-position of the benzodipyrano-4,10-dione ws&t hydrogen bonding
interaction with the side chain of TYR306 and SER72spectively. The hydrogen
bond donor at the 5-position of the hydroxy groupweed hydrogen bonding
interaction with the side chain of the SER725. phenyl rings of the 3r-tolyl group
interacted with PHE71 and PHE728 throughr stacking aromatic interactions.
However, compoundb only generated a hydrogen bond interaction witrRBY6.
These results was verified our SAR deduction tleaizbdipyrano-4,10-diorda-31a
have a higher degree of reaching a conformationishagh affinity for matching the
drug binding sites of P-gp than the correspondiergzbdipyrano-4,6-dionéb-31b.

Figure 4 herein

3. Conclusion

In this study, we synthesized a novel series ozbdipyranone derivatives and
evaluated their inhibitory activity of P-gp by th&BCBL/Flp-In™-293 cell line
fluorescence efflux of a specific P-gp substratéc€la-AM. The structure activity
relationship (SAR) study suggests that asymmetricahzodipyrano-4,10-dione
4a-31a bearing on the R substituents with electron dogagiroup exhibited a better
inhibitory activity of P-gp efflux function (betweael.53 to 2.05 fold) than electron
withdrawing substituents at oM. These results illustrates that the substitudramn
electron donating group play an important factordetermining P-gp inhibitory
activity. However, the symmetrical benzodipyran6-dione 4b-31b were inactive
toward P-gp inhibitory effect. According to the SARd molecule docking results,
the benzodipyrano-4,10-dione derivativda-Bla) have a higher degree of reaching a
conformation that is more suitable for matchinghvtie drug-binding pocket of P-gp
than the corresponding benzodipyrano-4,6-dionevdivies @b-31b). At the higher
dose tested (1@M), 5a, 9a, and 11la were able to significantly (p<0.05) reverse
paclitaxel, vincristine, and doxorubicin resistari@was the most potent compound



in that it significantly sensitized\BCBL/Flp-In™-293 cells to various anticancer
drugs including paclitaxel, vincristine, and doxaiain with nanomolar 16 values
(ICsp ranged from 39.11 to 586.26 nM). In additida,at 10uM was able to sensitize
MDR cell line KBvin toward paclitaxel and vincrisg by 23.1-fold and 29.7-fold,
respectively.

The present study demonstrates that these synthdédvatives of
benzodipyranone derivatives can be employed aste#einhibitors of P-gp mediated
drug resistance in cancer cells, and their mechanfsMDR inhibition is associated
with an increasing intracellular accumulation ofjigen anticancer drug induced by
directly blocking P-gp-mediated drug efflux or rethg ABCB1 mRNA expression
level. In conclusion, we have defined the structotvity relationships of these new
series of P-gp inhibitors and identifi&h as having a good efficacy, which might
prove useful down the line as a lead for the deuaknt of new inhibitors of
P-gp-mediated MDR.

4. Experimental section

4.1. Chemistry
4.1.1. Materials and methods

Reagents and solvents were obtained commerciallly umed without further
purification. Reactions were monitored by TLC, gsMerck plates with fluorescent
indicator (TLC Silica Gel 60 454). Flash column chromatography was performed on
silica gel (Merck Silica Gel 60, 400-630 mesh). g points were determined on a
Yanaco MP-500D melting point apparatus and wereuacted.'H and*C NMR
spectra were obtained on a Bruker Ultrashield 908 pT-NMR Spectrometer (500
MHz) in DMSO-ds. The following abbreviations are used: s, singtgtdoublet; t,
triplet; m, multiplet. EI-HRMS and EIMS were measdrwith a Finnigan/Thermo
Quest MAT 95XL instrument, ESIMS was measured vatkinnigan/Thermo LCQ
ion-trap mass spectrometer. The purity of activempounds was assessed using a
HPLC. The column used was a C18 reverse phase nqiNdCLEODUR C18 HTec,
250 mmx 4.6 mm, 5um) attached to a Jasco 851-AS autosample and Pa$@&80
pump coupled to a Jasco MD-910 photodiode arrayAjRiztector was used. Each
sample was injected at a volume of @f0and eluted with an isocratic mobile phase
(methanol/water), and the flow rate was 1 mL/mirl #sted compounds were
confirmed to be> 97% pure based on the area of the major peak whepared to
the total combined area. Note: compou®d, 21a, 23a, 24a, 25a, 26a, 6b, 9b, 15b,
16b, 18b, 19b, 24b, 25b, and27b difficult to dissolve in DMSO, DMF and pyridine,



so it is unable to obtailiC NMR spectrum.

4.1.2. General procedure for synthesis of benzodipyranone derivatives 4a,b-31a,b

To a solution of phloroglucinoll( 1 mmol) and appropriate acetonitria @.4
mmol) dissolved in borontrifluoride etherate (15 )mas purged HCI gas. The
mixture was stirred at room temperature for 10-1féllowed by the addition of 1 M
HCI (15 mL). The resulting mixture was stirred eflux for 4 h, and after completion
as monitored by TLC, the reaction residue was eiuwith ethyl acetate. The ethyl
acetate layer was then washed with saturated Nat@@eous and brine. The organic
fractions were dried over anhydrous MgSénd evaporated under vacuum. The
residue was purified by flash chromatography onicail gel using ethyl
acetate—dichloromethane as eluent to provide qooreting products.

A mixture of the appropriatg (1 mmol), methanesulfonyl chloride (6 mmol) and
DMF (6 mmol) in borontrifluoride etherate (1 mL) svatirred at 120C for 2-4 h.
After reaction completion as monitored by TLC, tesulting mixture was cooled at
60 °C with vigorous stir, and the reaction mixture vailsited with ethyl acetate, the
suspension was filtered and the solid washed withl @cetate to afford symmetrical
benzodipyrano-4,6-diondb-31b as a solid. Subsequently, the filtrate was then
washed with 1 M HCI and brine. The organic fracsiomere dried over anhydrous
MgSO, and evaporated under vacuum. The residue was ctedhjeto flash
chromatography on silica gel used a mixture of letltgtaten-hexane as eluent to
provide asymmetrical benzodipyrano-4,10-didae31a.

4.1.3. 5-hydroxy-3,9-di-o-tolylpyrano[ 2,3-f] chromene-4,10-dione (4a)

Orange solid. Yield 8%. mp 111.1-117@; *H NMR (500 MHz, DMSO#) &
13.78 (s, 1 H, OH), 8.66 (s, 1 H, 2-H), 8.28 (¢4,18-H), 7.04-7.37 (m, 8 H, ArH),
574 (s, 1 H, 6-H), 2.21 (s, 3 H, @H2.18 (s, 3 H, CH; C NMR (125 MHz,
DMSO-ds) 6 180.3, 172.5, 163.9, 161.5, 156.7, 156.2, 15237.6, 131.5, 130.7,
130.6, 129.8, 129.8, 129.7, 128.7, 128.3, 126.5,7,2125.6, 125.4, 108.8, 106.6,
99.5, 99.5,19.6, 19.5. EIM®/z 410.2 (M). HPLC purity 99.8% Xmax 280 nm).

4.1.4. 5-hydroxy-3,9-di-m-tolyl pyrano[ 2,3-f] chromene-4,10-dione (5a)

Yellow solid. Yield 33%. mp 146.5-147°Z; 'H NMR (500 MHz, DMSO#g) &
13.84 (s, 1 H, OH), 8.78 (s, 1 H, 2-H), 8.40 ($J,18-H), 7.40-7.44 (m, 2 H, 6;, 6"-H),
7.30-7.37 (m, 4 H, 2’, 4, 2", 4"-H), 7.20-7.25 (1&4,H, 5’, 5"-H), 6.97 (s, 1 H, 6-H),
2.36 (s, 3 H, Ch), 2.35 (s, 3 H, CH); **C NMR (125MHz, DMSOds) 5 180.4, 172.6,
163.9, 161.2, 156.0, 155.9, 152.2, 137.4, 137.2,213129.7, 129.6, 129.5, 129.1,
128.6, 128.2, 128.0, 126.1, 126.1, 125.4, 124.8,910L06.5, 99.4, 21.0, 21.0. EIMS



m/z 410.2 (M). HPLC purity 99.6%Xmax 280 nm).

4.1.5. 5-hydroxy-3,9-di-p-tolylpyrano[ 2,3-f] chromene-4,10-dione (6a)

White solid. Yield 19%. mp 202.5-203°C; *H NMR (500 MHz, DMSOds) &
13.85 (s, 1 H, OH), 8.78 (s, 1 H, 2-H), 8.37 ($J,18-H), 7.52 (d) = 8.1 Hz, 2 H, 2,
6'-H), 7.43 (d,J=8.1 Hz, 2 H, 2", 6”-H), 7.27 (d) = 8.0 Hz, 2 H, 3", 5'-H), 7.23 (d,
J=28.0Hz, 2 H, 3", 5"-H), 6.95 (s, 1 H, 6-H), 25 (d,J = 5.3 Hz, 6 H, 4’, 2CHs);
3C NMR (125MHz, DMSOds) & 180.5, 172.7, 163.9, 161.2, 156.0, 155.9, 152.0,
138.0, 137.3, 128.9, 128.9, 128.8, 128.8, 128.8.712128.3, 126.9, 125.2, 124.2,
108.9, 106.5, 99.3, 99.3, 20.8, 20.8, 20.8. EiM3410.1 (M). HPLC purity 99.3%
(Amax 252 nm).

4.1.6. 5-hydroxy-3,9-bis(2-methoxyphenyl ) pyrano[ 2,3-f] chromene-4,10-dione (7a)

Brown powder. Yield 16%. mp 216.8-2176; *H NMR (500 MHz, DMSO#)
8 13.81 (s, 1 H, OH), 8.65 (s, 1 H, 2-H), 8.25 ($4,18-H), 7.38-7.45 (m, 2 H, ArH),
7.32 (ddJ=1.6, 7.5 Hz, 1 H, ArH), 7.24 (dd,= 1.6, 7.4 Hz, 1 H, ArH), 7.13 (d,=
8.2 Hz, 1 H, ArH), 7.09 (d] = 8.1 Hz, 1 H, ArH), 7.00-7.05 (m, 2 H, ArH), 6.68 1
H, 6-H), 3.76 (s, 3 H, OC})l, 3.73 (s, 3 H, OCH); **C NMR (125 MHz, DMSOdg) &
180.2, 172.3, 163.8, 161.4, 157.5, 157.4, 156.8,015152.5, 131.6, 131.5, 130.4,
129.9, 124.0, 122.5, 120.5, 120.3, 120.2, 118.7,51111.3, 108.7, 106.5, 99.5, 55.7,
55.6. EIMSmM/z 442.1 (M). HPLC purity 99.3%Xmax 272 nm).

4.1.7. 5-hydroxy-3,9-bis(3-methoxyphenyl ) pyrano[ 2,3-f] chromene-4,10-dione (8a)

White powder. Yield 23%. mp 185.9-186@; *H NMR (500 MHz, DMSOd) &
13.84 (s, 1 H, OH), 8.84 (s, 1 H, 2-H), 8.43 (H,18-H), 7.37-7.40 (m, 1 H, 5-H),
7.33-7.36 (m, 1 H, 5"-H), 7.21-7.22 (m, 2 H, 2';¥), 7.11-7.14 (m, 2 H, 2", 4’-H),
7.01 (ddJ=2.1,8.3Hz, 1 H, 6'-H), 6.98 (s, 1 H, 6-H), 6.@1d,J = 2.1, 8.3 Hz, 1 H,
6"-H), 3.80 (s, 3 H, OCH), 3.79 (s, 3 H, OCH); **C NMR (125MHz, DMSOdg) &
180.4, 172.5, 164.0, 161.1, 159.1, 159.0, 156.53,95152.5, 132.6, 131.1, 129.4,
129.1, 125.1, 124.1, 121.2, 121.2, 114.6, 114.6,01113.7, 108.9, 106.6, 99.4, 55.1,
55.1. EIMSm/z 442.1 (M).

4.1.8. 5-hydroxy-3,9-bis(4-methoxyphenyl ) pyrano[ 2,3-f] chromene-4,10-dione (9a)

Brown powder. Yield 39%. mp 163.2-1640; *H NMR (500 MHz, DMSO#)
5 13.89 (s, 1 H, OH), 8.78 (s, 1 H, 2-H), 8.37 (¢4,18-H), 7.59 (d,J = 8.5 Hz, 2 H,
2',6-H), 7.50 (d,J=8.5Hz, 2 H, 27, 6”-H), 7.03 (dJ = 8.5 Hz, 2 H, 3’, 5’-H), 7.00
(d,J=8.5Hz, 2 H, 3", 5"-H), 6.96 (s, 1 H, 6-H), 38(s, 3 H, OCH), 3.80 (s, 3 H,
OCHg); *C NMR (125MHz, DMSOds) & 180.6, 172.9, 163.9, 161.2, 159.5, 159.2,



156.0, 155.5, 151.7, 130.3, 130.3, 130.2, 130.5,02123.9, 123.4, 121.9, 113.8,
113.8, 113.6, 113.6, 108.8, 106.6, 99.3, 55.2, .5BIMS mvz 442.1 (M). HPLC
purity 97.6% Kmax 248 nm).

4.1.9. 5-hydroxy-3,9-bis(3-hydroxyphenyl ) pyranol 2,3-f] chromene-4,10-dione (10a)
Pale-yellow crystal. Yield 22%. mp 305.2-306°G; 'H NMR (500 MHz,

DMSO-dg) 6 13.88 (s, 1 H, 5-OH), 9.56, (s, 1 H, 3-OH), 9471 H, 3"-OH), 8.77

(s, 1 H, 2-H), 8.38 (s, 1 H, 8-H), 7.25Jt= 7.9 Hz, 1 H, 5’-H), 7.22 () = 7.9 Hz, 1

H, 5”-H), 7.20-7.27 (m, 2 H, ArH), 6.93-7.06 (mH5 ArH), 6.78-6.84 (m, 2 H, ArH);

3%C NMR (125 MHz, DMSOdg) 6 180.4, 172.6, 164.0, 161.1, 157.1, 157.0, 156.1,

156.0, 152.2, 132.5, 131.0, 129.3, 129.1, 125.4,312119.6, 119.6, , 116.1, 115.5,

115.0, 108.9, 106.6, 99.3, 99.3. EIM#z 414.1 (M).

4.1.10.  3,9-bis(3,4-dimethoxyphenyl)-5-hydroxypyrano| 2,3-f] chromene-4,10-dione
(11a)

Brown solid. Yield 6%. mp 149.1-149°€; *H NMR (500 MHz, DMSOdq) &
13.91 (s, 1 H, OH), 8.84 (s, 1 H, 2-H), 8.40 (¢4,18-H), 7.26 (dJ = 1.5 Hz, 1 H,
2'-H), 7.23 (dd,J = 1.5, 8.3 Hz, 1 H, 5-H), 7.19 (d,= 1.5 Hz, 1 H, 2"-H), 7.11 (dd,
J=1.5,8.3Hz, 1H,5"H), 7.05 (d,= 8.35 Hz, 1 H, 6'-H), 7.01 (d| = 8.3 Hz, 1 H,
6"-H), 6.96 (s, 1 H, 6-H), 3.80 (s, 6 H, OQH3.79 (s, 6 H, OCE); °C NMR (125
MHz, DMSOs) 6 180.6, 172.8, 163.9, 161.1, 155.9, 155.8, 15149.2] 148.8,
148.4, 148.3, 125.0, 124.0, 123.7, 122.2, 121.3,.312112.9, 112.7, 111.7, 111.5,
108.8, 106.5, 99.3, 55.6, 55.6, 55.6, 55.6. EIM$502.2 (M). HPLC purity 99.3%
(Amax 212 nm).

4.1.11. 5-hydroxy-3,9-bis(3,4,5-trimethoxyphenyl)pyrano| 2,3-f] chromene-4,10-dione
(12a)

White solid. Yield 20%. mp 268.0-268°C; *H NMR (500 MHz, DMSOs) 5
13.87 (s, 1 H, OH), 8.89 (s, 1 H, 2-H), 8.46 (34,18-H), 6.98 (s, 3 H, 6, 2', 6'-H),
6.89 (s, 2 H, 2", 6”-H), 3.81 (s, 6 H,x®DCHs), 3.80 (s, 6 H, 20CH;), 3.70 (s, 3 H,
OCHg), 3.69 (s, 3 H, OCHE); *C NMR (125 MHz, DMSOdg) § 180.3, 172.6, 164.0,
161.1, 156.3, 155.9, 152.7, 152.5, 152.5, 152.2,55137.8, 137.5, 126.7, 125.3,
125.1, 124.0, 108.9, 106.6, 106.6, 106.6, 106.6,5.(09.4, 60.0, 60.0, 56.0, 56.0,
55.9, 55.9. EIMS/z 562.1 (M).

4.1.12.
3,9-bis(benzo[ d] [ 1,3] dioxol-5-y1)-5-hydroxypyrano[ 2,3-f] chromene-4,10-dione (13a)
Yellow solid. Yield 64%. mp 350.5-351°C; *H NMR (500 MHz, DMSOsdg) &



13.63 (s, 1 H, OH), 8.70 (s, 1 H, 2-H), 8.30 (¢,18-H), 7.21 (dJ = 1.6 Hz, 1 H,
2'-H), 7.16 (dd,J = 1.6, 8.1 Hz, 1 H, 6'-H), 7.13 (d,= 1.6 Hz, 1 H, 2"-H), 7.06 (dd,
J=1.6,8.0 Hz, 1 H, 6”-H), 6.99 (dl = 8.1 Hz,1 H, 5-H), 6.95 (d] = 8.0 Hz, 1 H,
5"-H), 6.90 (s, 1 H, 6-H), 6.05 (s, 2 H, GH6.04 (s, 2 H, Ch); **C NMR (125 MHz,
DMSO-dg) & 180.1, 172.3, 163.6, 160.9, 155.6, 155.2, 151442, 146.9, 146.8,
146.7, 124.8, 124.6, 123.8, 123.1, 122.4, 122.9.110109.0, 108.6, 107.8, 107.6,
106.3, 100.8, 100.7, 98.9. EIMS8Z 470.0 (M).

4.1.13. 3,9-bis(2-fluorophenyl)-5-hydroxypyrano[ 2,3-f] chromene-4,10-dione (14a)

White solid. Yield 13%. mp 234.3-235°; 'H NMR (500 MHz, DMSOs) 5
13.6 (s, 1 H, OH), 8.83 (s, 1 H, 2-H), 8.45 (s, ,18FH), 7.43-7.55 (m, 4 H, 3’, 5’, 3",
5"-H), 7.27-7.36 (m, 4 H, 4’, 6", 4", 6"-H), 7.065( 1 H, 6-H);"*C NMR (125MHz,
DMSO-dg) 6 179.6, 171.7, 163.9, 161.4, 160.1 Jd; 245.4 Hz, 1 C), 160.0 (d,=
245.1 Hz, 1 C), 157.3, 156.0, 153.4, 132.2, 138,01 € 2.75 Hz, 1 C), 131.1 (d,=
8.1Hz,1C), 130.6 (AJ=8.0Hz,1C), 124.4 (d,=19.6 Hz, 1 C), 124.4 (d,= 19.8
Hz, 1 C), 121.6, 120.3, 119.3 @= 15.5 Hz, 1 C), 117.7 (d,= 15.6 Hz, 1 C), 115.6
(d,J=19.5Hz,1C), 115.4 (d,= 21.3 Hz, 1 C), 108.0, 106.4, 99.8. EIM#z 418.1
(M).

4.1.14. 3,9-bis(3-fluorophenyl)-5-hydroxypyranol 2,3-f] chromene-4,10-dione (15a)

Brown solid. Yield 27%. mp 240.9-241°8; *H NMR (500 MHz, DMSOd) &
13.72 (s, 1 H, OH), 8.89 (s, 1 H, 2-H), 8.51 ($J,18-H), 7.45-7.54 (m, 4 H, 2", 2", 4",
4"-H), 7.40-7.43 (m, 2 H, 6, 6”-H), 7.21-7.30 (®,H, 5', 5"-H), 7.00 (s, 1 H, 6-H);
13C NMR (125 MHz, DMSOdg) 6 180.1, 172.3, 164.0, 161.8 (#l= 241.6 Hz, 1 C),
161.8 (d,J = 241.1 Hz, 1 C), 161.1, 156.7, 155.8, 153.1,83%8,J = 8.6 Hz, 1 C),
132.1 (d,J =85Hz, 1 C), 130.3 (d = 8.4 Hz, 1 C), 130.0 (d =8.4 Hz, 1 C) ,
125.0 (dJ=2.6 Hz, 1 C), 125.0 (d,= 2.1 Hz, 1 C), 124.0, 123.0, 115.8 Jd; 22.4
Hz, 2 C), 115.3 (d) = 20.8, 1 C), 114.8 (d,=20.5 Hz, 1 C), 108.9, 106.5, 99.6, 99.6.
EIMS m/z418.1 (M).

4.1.15. 3,9-his(4-fluorophenyl)-5-hydroxypyranol 2,3-f] chromene-4,10-dione (16a)
Pale-brown solid. Yield 23%. mp 273.8-274%:; 'H NMR (500 MHz,
DMSO-ts) 5 13.77 (s, 1 H, OH), 8.83 (s, 1 H, 2-H), 8.44 ($4,18-H), 7.67-7.70 (m,
2 H, 3", 5-H), 7.58-7.61 (m, 2 H, 3”, 5"-H), 7B(t,J = 8.9 Hz, 2 H, 2’, 6"-H), 7.27
(t, J=8.9 Hz, 2 H, 2", 6”-H), 6.99 (s, 1 H, 6-H}’C NMR (125 MHz, DMSOde) &
180.3, 172.6, 164.0, 162.2 @= 244.8 Hz, 1 C), 162.0 (d,= 243.4 Hz, 1 C), 156.2,
156.0, 152.5, 131.2 (d, 7.8 Hz, 2 C), 131.2)(d,7.9 Hz, 2 C), 127.6 (d,= 2.8 Hz, 1
C), 126.2 (dJ= 2.63 Hz, 1 C), 124.4, 123.4, 115.3J& 21.4 Hz, 2 C), 115.0 (d,=



21.1 Hz, 2 C) 109.0, 106.5, 99.5, 99.5. EIM& 418.0 (M).

4.1.16. 3,9-bis(2-chlorophenyl)-5-hydroxypyrano[ 2,3-f] chromene-4,10-dione (17a)

White powder. Yield 22%. mp 197.9-198@; *H NMR (500 MHz, DMSOds) &
13.58 (s, 1 H, OH), 8.78 (s, 1 H, 2-H), 8.40 (¢4,18-H), 7.61 (dJ = 7.6 Hz, 1 H,
3-H), 7.61 (d,J = 7.7 Hz, 1 H, , 3"-H), 7.42-7.52 (m, 6 H, 4', B, 4", 5", 6"-H),
7.08 (s, 1 H, 6-H)*C NMR (125MHz, DMSOds) & 179.6, 171.7, 163.9, 161.5,
157.3, 156.0, 153.3, 133.9, 133.8, 132.6, 132.5.8,3130.7, 130.2, 129.3, 129.3,
129.2, 127.2, 127.1, 125.0, 123.7, 108.8, 106.8.FIMSm/z 415 (M-36).

4.1.17. 3,9-bis(3-chlorophenyl)-5-hydroxypyrano[ 2,3-f] chromene-4,10-dione (18a)

White solid. Yield 46%. mp 201.5-202°C; *H NMR (500 MHz, DMSO#ds) &
13.68 (s, 1 H, OH),8.88 (s, 1 H, 2-H), 8.51 (s, 18+H), 7.72 (dJ = 0.7 Hz, 1 H,
2’-H), 7.63 (d,J =0.7 Hz, 1 H, 2"-H), 7.59 (m, 1 H, ArH), 7.4852 (m, 3 H, ArH),
7.45-7.46 (m, 2 H, 6', 6”-H), 6.99 (s, 1 H, 6-HYC NMR (125 MHz, DMSOdg) &
180.0, 172.3, 164.0, 161.1, 156.7, 155.9, 153.8.413133.0, 132.7, 132.0, 130.2,
130.0, 128.7, 128.7, 128.4, 127.9, 127.6, 127.8.992123.0, 108.9, 106.4, 99.6.
EIMS mVz 450.0 (M).

4.1.18. 3,9-bis(4-chlorophenyl)-5-hydroxypyrano[ 2,3-f] chromene-4,10-dione (19a)

Pale-brown solid. Yield 18%. mp 306.8-307°6; 'H NMR (500 MHz,
DMSO-dg) 6 13.74 (s, 1 H, OH), 8.87 (s, 1 H, 2-H), 8.48 (${,18-H), 7.68 (dJ = 8.5
Hz, 2 H, 3’, 5’-H), 7.59 (dJ = 8.5 Hz, 2 H, 3", 5"-H), 7.55 (dJ = 8.5 Hz, 2 H, 2,
6'-H), 7.51(d,J =8.5 Hz, 2 H, 2", 6"-H), 7.02 (s, 1 H, 6-H). EI-H#S m/z 450.0070
(M™), calcd for G4H15Cl,0s: 450.0062.

4.1.19. 5-hydroxy-3,9-bis(2-nitrophenyl)pyrano| 2,3-f] chromene-4,10-dione (20a)

White solid. Yield 35%. mp 307.9-308°C; *H NMR (500 MHz, DMSOs) 5
13.25 (s, 1 H, OH), 8.96 (s, 1 H, 2-H), 8.64 (d4,18-H), 8.18 (dJ = 8.1 Hz, 1 H,
3-H), 8.13 (d,J=8.1 Hz, 1 H, 3"-H), 7.84-7.91 (m, 2 H, 5', 5"-H}.71-7.77 (m, 2 H,
4, 4"-H), 7.67 (dJ=7.3Hz, 1 H, 6-H), 7.62 (d] = 7.3 Hz, 1 H, 6"-H), 7.12 (s, 1 H,
6-H); 1°*C NMR (125 MHz, DMSOd) 6 179.1, 171.5, 163.9, 161.6, 156.1, 155.9,
152.2, 149.1, 148.8, 134.2, 133.9, 132.8, 132.9.513130.0, 125.7, 124.8, 124.5,
124.3, 124.3, 123.7, 108.2, 105.8, 100.0. EmI8426.1 (M-46).

4.1.20. 5-hydroxy-3,9-bis(4-nitrophenyl)pyrano[ 2,3-f] chromene-4,10-dione (21a)
Brown solid. Yield 77%. mp 343.7-344°%6; *H NMR (500 MHz, DMSOd) &
13.65 (s, 1 H, OH), 9.03 (s, 1 H, 2-H), 8.66 ($J,18-H), 8.34 (dJ=8.7 Hz, 2 H, 3,



5'-H), 8.31 (d,J = 8.7 Hz, 2 H, 3", 5”-H), 7.96 (dJ = 8.7 Hz, 2 H, 2’, 6"-H), 7.90 (d,
J=8.7Hz, 2 H, 27, 6"-H), 7.11 (s, 1 H, 6-H). EHRMS m/z 472.0546 (M), calcd
for C24H12N209: 472.0543.

4.1.21. 3,9-bis(2-chloro-6-fluorophenyl)-5-hydroxypyrano[ 2,3-f] chromene-4,10-dione
(22a)

Yellow solid. Yield 22%. mp 196.3-197°Z; *H NMR (500 MHz, DMSOsdq) 5
13.65 (s, 1 H, OH), 8.93 (s, 1 H, 2-H), 8.55 ($},18-H), 7.47-7.60 (m, 4 H, 3", 5, 3",
5"-H), 7.35-7.41 (m, 2 H, 4, 4"-H), 7.12 (s, 1 H-H);’*C NMR (125 MHz,
DMSO-dg) 8 179.0, 171.2, 163.9, 161.5, 160.7 Jd;5 246.0 Hz, 1 C), 160.6 (d,=
246.4 Hz, 1 C), 158.6, 156.0, 154.7, 135.0)(d,13.5 Hz, 1 C), 135.0 (d,= 13.5 Hz,
1C), 131.9 (d)=9,5 Hz, 1 C), 131.4 (d,= 9.4 Hz, 1 C), 125.4 (d,= 1.5 Hz, 1 C),
125.2 (d,J = 1.6 Hz,1 C), 118.9 (d,= 19.6 Hz, 1 C), 118.8, 117.6, 117.4 J& 19.4
Hz,1 C), 114.5 (dJ = 21.8 Hz,1 C), 114.4 (&, = 22.0 Hz,1 C), 108.8, 106.4, 100.3.
EIMS mVz 451 (M-36).

4.1.22. 3,9-bis(3,4-dichlorophenyl)-5-hydroxypyranol 2,3-f] chromene-4,10-dione
(23a)

White solid. Yield 8%. mp 326.2-327°C; *H NMR (500 MHz, DMSOdg) &
13.63 (s, 1 H, OH), 8.93 (s, 1 H, 2-H), 8.57 (¢4,18-H), 7.94 (dJ = 2.0 Hz, 1 H,
2'-H), 7.86 (d,J= 2.0 Hz, 1 H, 2"-H), 7.75 (d] = 8.4 Hz, 1 H, 5’-H), 7.71 (d] = 8.4
Hz, 1 H, 5"-H), 7.65 (dd) = 2.0, 8.4 Hz, 1 H, 6'-H),7.58 (dd,= 2.0, 8.4 Hz, 1 H,
6"-H), 7.04 (s, 1 H, 6-H). EI-HRMSwz 517.9286 (M), calcd for G4H1oCl4Os:
517.9282.

4.1.23.

5-hydroxy-3,9-bis(2-(trifluoromethyl ) phenyl ) pyranol 2,3-f] chromene-4,10-dione (24a)
White solid. Yield 26%. mp 118.7-119°6; *H NMR (500 MHz, DMSOs) 5

13.47 (s, 1 H, OH), 8.74 (s, 1 H, 2-H), 8.37 (¢4,18-H), 7.88 (dJ = 7.8 Hz, 1 H,

6'-H), 7.85 (d,J = 7.8 Hz, 1 H, 6"-H), 7.67-7.78 (m, 4 H, 3", 5”,%"-H), 7.56 (d,J

= 7.6 Hz, 1 H, 4-H), 7.48 (d) = 7.6 Hz, 1 H, 4"-H), 7.08 (s, 1 H, 6-H). EI-HRMS

m/z 518.0585 (M), calcd for GgH1,F¢Os: 518.0589.

4.1.24.

5-hydroxy-3,9-bis(3-(trifluoromethyl)phenyl ) pyranol 2,3-f] chromene-4,10-dione (25a)
White crystal. Yield 48%. mp 212.6-213G; *H NMR (500 MHz, DMSO#) &

13.65 (s, 1 H, 5-OH), 8.95 (s, 1 H, 2-H), 8.581(${, 8-H), 8.03 (s, 1 H, 2’-H), 7.95 (s,



1H, 2"-H), 793 (dJ=7.8 Hz, 1 H, 4-H), 7.85 (d] =7.8 Hz, 1 H, 6’-H), 7.80 (d] =
79Hz,1H,6"H), 7.76 (d)=7.8 Hz, 1 H, 4"-H), 7.66-7.73 (m, 2 H, 5, 5"-Hj.04
(S, 1H, 6-H). EI-HRMSnz 518.0583 (M), calcd for GeH12F605: 518.0589.

4.1.25.

5-hydroxy-3,9-bis(4-(trifluoromethyl ) phenyl ) pyrano[ 2,3-f] chromene-4,10-dione (26a)
White solid. Yield 39%. mp 202.6-203°6; *H NMR (500 MHz, DMSOs) 5

13.67 (s, 1 H, OH), 8.93 (s, 1 H, 2-H), 8.55 ($4,18-H), 7.84 (dd,) = 8.5, 9.3 Hz, 4

H, 3,5, 3" 5"-H), 7.78 (s, 4 H, 2’, 6, 2", 6H), 7.02 (s, 1 H, 6-H). EI-HRM&Vz

518.0582 (M), calcd for GgH1,F6Os: 518.0589.

4.1.26.
5-hydroxy-3,9-bis(4-(trifluoromethoxy) phenyl ) pyr ano[ 2,3-f] chromene-4,10-dione
(27a)

Yellow solid. Yield 33%. mp 175.7-176%€; *H NMR (500 MHz, DMSOdq) &
13.70 (s, 1 H, OH), 8.87 (s, 1 H, 2-H), 8.49 ($J,18-H), 7.75 (dJ = 8.8 Hz, 2 H, 3,
5'-H), 7.67 (d,J = 8.7 Hz, 2 H, 3", 5"-H), 7.46 (d) = 8.1 Hz, 2 H, 2’, 6'-H), 7.42 (d,
J=8.1Hz, 2 H, 2", 6™H), 6.99 (s, 1 H, 6-H*C NMR (125 MHz, DMSOds) 5
180.1, 172.3, 164.0, 161.2, 156.5, 155.9, 152.8,.414148.1, 131.0, 131.0, 130.6,
129.1, 124.0, 123.9, 123.9, 123.1, 121.3, 121.8.81(d,J = 255.3 Hz, 1 C), 119.7 (d,
J=232.1Hz,1C), 116.2, 116.2, 108.9, 106.4, 9BIBIS m/z 550.0 (M).

4.1.27. 5-hydroxy-3,9-di (thiophen-2-yl ) pyrano[ 2,3-f] chromene-4,10-dione (28a)

Yellow solid. Yield 40%. mp 222.2-222°€; *H NMR (500 MHz, DMSOdg) &
13.49 (s, 1 H, OH), 9.33 (s, 1 H, 2-H), 8.93 (${,18-H), 7.74 (ddJ = 1.0, 3.8 Hz, 1
H, 3'-H), 7.70 (ddJ = 0.9, 4.9 Hz, 1 H, 3"-H), 7.62-7.63 (m, 2 H, 5"-H), 7.19 (dd,
J=23.8,51Hz 1H, 4-H), 7.13 (dd,= 4.1, 4.9 Hz, 1 H, 4"-H), 7.03 (s, 1 H, 6-H);
13C NMR (125 MHz, DMSOdg) § 178.7, 171.5, 163.7, 160.7, 155.6, 154.7, 151.0,
131.0, 129.7, 128.3, 127.9, 126.7, 126.2, 125.3,202119.5, 118.9, 108.6, 105.9,
99.6. EIMSm/z 394.0 (M).

4.1.28. 5-hydroxy-3,9-di (naphthalen-1-yl)pyrano[ 2,3-f] chromene-4,10-dione (29a)
Orange solid. Yield 10%. mp 170.8-172@& *H NMR (500 MHz, DMSO#ds) &

13.74 (s, 1 H, OH), 8.78 (s, 1 H, 2-H), 8.46 ($J,18-H), 7.98-8.05(m, 4 H, 5, 8", 5",

8"-H), 7.80 (d,J=8.5Hz, 1 H, 4-H), 7.72 (1] = 8.8 Hz, 1 H, 4"-H), 7.47-7.62 (m, 8

H, 2, 3,6, 7,2" 3" 6", 7"-H), 7.11 (s, 1 HB-H); *C NMR (125 MHz, DMSOds)

6 180.8, 173.0, 164.0, 161.7, 157.1, 156.4, 15333,(, 133.0, 132.0, 131.9, 129.7,

129.1, 128.7, 128.5, 128.2, 128.0, 128.0, 128.6,3,2126.1, 126.1, 125.9, 125.8,



125.8, 125.4, 125.4, 125.4, 124.5, 109.0, 106.8.F®MSm/z 482.1 (M).

4.1.29. 5-hydroxy-3,9-diphenyl pyrano[ 2,3-f] chromene-4,10-dione (30a)

White solid. Yield 51%. mp 210.9-211%6; *H NMR (500 MHz, DMSOds) &
13.84 (s, 1 H, OH), 8.83 (s, 1 H, 2-H), 8.43 ($J,18-H), 7.64 (d) = 7.0 Hz, 2 H, 2,
6'-H), 7.71 (d,J = 7.0 Hz, 2 H, 27, 6”-H), 7.38-7.49 (m, 6 H, 3}, 5', 3", 4", 5"-H),
6.99 (s, 1 H, 6-H)*C NMR (125 MHz, DMSOdg) & 180.4, 172.6, 164.0, 161.2,
156.2, 156.2, 156.0, 152.4, 131.3, 129.9, 129.1112829.1, 128.5, 128.3, 128.3,
128.1, 128.1, 125.4, 124.3, 108.9, 106.6, 99.4.FIMS m/z 382.0 (M).

4.1.30. 3,9-dicyclopropyl-5-hydroxypyrano[ 2,3-f] chromene-4,10-dione (31a)

Brown solid. Yield 7%. mp 216.0-216°€; *H NMR (500 MHz, DMSOdg) &
13.78 (s, 1 H, OH), 8.37 (s, 1 H, 2-H), 7.93 ($J,18-H), 6.81 (s, 1 H, 6-H), 1.72-1.83
(m, 2 H, 1’, 1"-H), 0.84-0.86 (m, 2 H, 2'-H), 0.78.80 (m, 4 H, 3, 2"-H), 0.59-0.62
(m, 2 H, 3"-H); **C NMR (125 MHz, DMSOdg) 5 182.0, 174.3, 163.3, 161.2, 155.7,
154.1, 150.0, 126.6, 126.0, 107.7, 105.6, 98.9, 8% 5.6, 5.6, 5.5, 5.5. EIM&/z
310.1 (M).

4.1.31. 5-hydroxy-3,7-di-o-tolyl pyrano[ 3,2-g] chromene-4,6-dione (4b)

Pale-brown powder. Yield 46%. mp 278.3-279@; 'H NMR (500 MHz,
DMSO-ds) & 14.65 (s, 1 H, OH), 8.36 (s, 2 H, 2, 8-H), 7.2957(m, 5 H, ArH),
7.22-7.27 (M, 4 H, ArH), 2.18 (s, 6 HxQHs): °C NMR (125 MHz, DMSOdg)
177.5, 177.5, 164.2, 159.4, 159.4, 154.7, 154.7,6.3137.6, 130.7, 130.7, 130.7,
130.7, 129.8, 129.8, 128.5, 128.5, 125.6, 125.6,0.2125.0, 108.1, 108.1, 95.4, 19.6,
19.6. EIMSm/z 410.2 (M).

4.1.32. 5-hydroxy-3,7-di-m-tolyl pyrano[ 3,2-g] chromene-4,6-dione (5b)

Yellow solid. Yield 34%. mp 262.9-263°C; *H NMR (500 MHz, DMSOsdq) &
14.75 (s, 1 H, OH), 8.46 (s, 2 H, 2, 8-H), 7.316/(M, 6 H, ArH), 7.21-7.24 (m, 3 H,
ArH), 2.35 (s, 6 H, 2CHs); **C NMR (125 MHz, DMSQOdg) § 177.7, 177.7, 164.5,
159.1, 159.1, 154.2, 154.2, 137.3, 137.3, 130.6.613129.6, 129.6, 128.8, 128.8,
128.1, 128.1, 126.1, 126.1, 124.0, 124.0, 108.8,21(05.2, 21.0, 21.0. EIM8vVz
410.2 (M).

4.1.33. 5-hydroxy-3,7-di-p-tolyl pyrano[ 3,2-g] chromene-4,6-dione (6b)

Yellow solid. Yield 48%. mp 330.5-331°C; *H NMR (500 MHz, DMSOdg) &
14.79 (s, 1 H, OH), 8.46 (s, 2 H, 2, 8-H), 7.45Jd, 7.4 Hz, 4 H, ArH), 7.26 (d] =
7.4 Hz, 5 H, ArH), 2.34 (s, 6 HxEZHs). EI-HRMS m/z 410.1162 (M), calcd for



CzeH 1305: 410.1154.

4.1.34. 5-hydroxy-3,7-bis(2-methoxyphenyl)pyrano[ 3,2-g] chromene-4,6-dione (7b)
Brown powder. Yield 8%. mp >39€; *H NMR (500 MHz, DMSOdg) & 7.79 (s,

2 H, 2, 8-H), 7.08-7.12 (m, 2 H, ArH), 6.67 (U5 6.2 Hz, 2 H, ArH), 6.58-6.60 (m, 4

H, ArH), 6.24 (s, 1 H, 10-H), 3.26 (s, 6 HxQCHs); **C NMR (125 MHz, DMSOds)

6 177.8, 177.8, 173.1, 160.9, 160.9, 156.5, 1562,5 152.5, 130.5, 130.5, 128.9,

128.9, 121.3, 121.3, 120.3, 120.3, 119.4, 119.2,211112.2, 110.4, 110.4, 89.8, 54.8,

54.8. EIMSm/z 442.1 (M).

4.1.35. 5-hydroxy-3,7-bis(3-methoxyphenyl)pyrano[ 3,2-g] chromene-4,6-dione (8b)

Yellow solid. Yield 21%. mp 206.1-206°C; *H NMR (500 MHz, DMSOedq) &
14.76 (s, 1 H, OH), 8.51 (s, 2 H, 2, 8-H), 7.36)( 8.2 Hz, 2 H, 5, 5"-H), 7.26 (s, 1
H, 10-H), 7.13-7.14 (m, 4 H, ArH), 6.97-6.99 (mH2 ArH), 3.79 (s, 6 H, 20CH);
3C NMR (125 MHz, DMSOdg) § 177.5, 177.5, 164.5, 159.0, 159.0, 159.0, 159.0,
154.4, 154.4, 131.9, 131.9, 129.2, 129.2, 123.8.71.2121.3, 121.3, 114.7, 114.7,
113.7, 113.7,108.2, 108.2, 95.2, 55.1, 55.1. Em5442.1 (M).

4.1.36. 5-hydroxy-3,7-bis(4-methoxyphenyl)pyrano[ 3,2-g] chromene-4,6-dione (9b)

Brown solid. Yield 27%. mp 309.2-310°C; *H NMR (500 MHz, DMSOd) &
14.81 (s, 1 H, OH), 8.44 (s, 2 H, 2, 8-H), 7.50)¢, 8.6 Hz, 4 H, ArH), 7.24 (s, 1 H,
10-H), 7.01 (d,J = 8.6 Hz, 4 H, ArH), 3.79 (s, 6 H,x®@CH;). EI-HRMS m/z
442.1045 (M), calcd for GgH1g07: 442.1053.

4.1.37. 5-hydroxy-3,7-bis(3-hydroxyphenyl )pyrano[ 3,2-g] chromene-4,6-dione (10b)

Dark-green solid. Yield 18%. mp 303.8-304°C; 'H NMR (500 MHz,
DMSO-ds) 6 14.80 (s, 1 H, OH), 9.50 (s, 2 HxQH), 8.45 (s, 2 H, 2, 8-H), 7.21-7.25
(m, 3 H, ArH), 6.99-6.99 (m, 2 H, ArH), 6.95 @@= 7.7 Hz, 2 H, ArH), 6.79-6.81 (m,
2 H, ArH); **C NMR (125 MHz, DMSOdg) & 177.6, 177.6, 164.5, 159.1, 159.1,
157.1, 157.1, 154.2, 154.2, 131.8, 131.8, 129.2.212123.9, 123.9, 119.6, 119.6,
116.1, 116.1, 115.2, 115.2, 108.2, 108.2, 95.2.%ivr 414.1 (M).

4.1.38. 3,7-bis(3,4-dimethoxyphenyl)-5-hydroxypyrano[ 3,2-g] chromene-4,6-dione
(11b)

Yellow needle crystal. Yield 53%. mp 282.4-283:; 'H NMR (500 MHz,
DMSO-dg) 6 14.83 (s, 1 H, OH), 8.47 (s, 2 H, 2, 8-H), 7.241($1, 10-H), 7.17 (d]) =
1.9Hz,2H, 2, 2"-H), 7.12 (dd) = 1.9, 8.4 Hz, 2 H, 6", 6"-H), 7.02 (d,= 8.4 Hz, 2
H, 5, 5"-H), 3.79 (s, 12 H, 40CHs); *C NMR (125 MHz, DMSOdg) & 177.8,



177.8, 164.5, 159.0, 159.0, 153.8, 153.8, 148.8,914148.3, 148.3, 123.6, 123.6,
123.0, 123.0, 121.5, 121.5, 112.9, 112.9, 111.6,611108.1, 108.1, 95.1, 55.6, 55.6,
55.5, 55.5. EIMSz 502.2 (M).

4.1.39. 5-hydroxy-3,7-bis(3,4,5-trimethoxyphenyl)pyrano[ 3,2-g] chromene-4,6-dione
(12b)

Brown powder. Yield 8%. mp 160.3-161°2; *H NMR (500 MHz, DMSOd) &
14.79 (s, 1 H, OH), 8.52 (s, 2 H, 2, 8-H), 7.281(${, 10-H), 6.89 (s, 4 H, 2’, 6’, 27,
6"-H), 3.81 (s, 12 H, 40CH), 3.70 (s, 6 H, 20CH:); *C NMR (125 MHz,
DMSO-dg) 6 177.7, 177.7, 164.6, 159.0, 159.0, 154.4, 15452.6, 152.6, 152.6,
152.6, 137.6, 137.6, 126.1, 126.1, 123.8, 123.8,110108.1, 106.7, 106.7, 106.7,
106.7, 95.3, 60.1, 60.1, 60.1, 60.1, 56.0, 56.MFEM/z 562.2 (M).

4.1.40. 3,7-bis(2-fluorophenyl)-5-hydroxypyranol 3,2-g] chromene-4,6-dione (14b)

Yellow solid. Yield 42%. mp 280.5-281°C; *H NMR (500 MHz, DMSOedg) &
14.50 (s, 1 H, OH), 8.52 (s, 2 H, 2, 8-H), 7.4527(B, 4 H, ArH), 7.28-7.35 (m, 5 H,
ArH); **C NMR (125 MHz, DMSOdg) & 176.7, 176.7, 164.0, 160.0 (#= 246.0 Hz,
2 C), 159.3, 159.3, 155.4, 155.4, 132.2Xd,2.3 Hz, 2 C), 130.8 (d,= 8.1 Hz, 2 C),
124.3 (d,J = 21.5 Hz, 2 C), 119.9, 119.9, 118,5 Jds 15.5 Hz, 2 C), 115.5 (d,=
21.5 Hz, 2 C), 108.1, 108.1, 95.7. EIM#z 418.1 (M).

4.1.41. 3,7-bis(3-fluorophenyl)-5-hydroxypyranol 3,2-g] chromene-4,6-dione (15b)

Green-yellow solid. Yield 48%. 287.%C sublimation;'H NMR (500 MHz,
DMSO-dg) 6 14.69 (s, 1 H, OH), 8.60 (s, 2 H, 2, 8-H), 7.4B37(m, 2 H, ArH),
7.43-7.46 (m, 4 H, ArH), 7.35 (s, 1 H, 10-H), 7.228 (m, 2 H, ArH). EI-HRMSwz
418.0659 (M), calcd for G4H1,F>0s: 418.0653.

4.1.42. 3,7-bis(4-fluorophenyl)-5-hydroxypyranol 3,2-g] chromene-4,6-dione (16b)

Green-yellow solid. Yield 68%. 283.2C sublimation;'H NMR (500 MHz,
DMSO-ds) § 14.71 (s, 1 H, OH), 8.52 (s, 2 H, 2, 8-H), 7.6637(m, 4 H, ArH),
7.27-7.31 (m, 5 H, ArH). EI-HRMSwz 418.0653 (M), calcd for GsH1-F>Os:
418.0653.

4.1.43. 3,7-bis(2-chlorophenyl)-5-hydroxypyrano[ 3,2-g] chromene-4,6-dione (17b)

Red powder. Yield 16%. mp 284.1-284@; *H NMR (500 MHz, DMSO¢) &
14.45 (s, 1 H, OH), 8.48 (s, 2 H, 2, 8-H), 7.58)d,7.7 Hz, 2 H, ArH), 7.42-7.49 (m,
6 H, ArH), 7.36 (s, 1 H, 10-HYC NMR (125 MHz, DMSOdg) & 176.7, 176.7, 164.0,
159.4, 159.4, 155.3, 155.3, 133.9, 133.9, 132.,6,3130.4, 130.4, 130.0, 130.0,



129.3, 129.3, 127.2, 127.2, 123.4, 123.4, 108.8,11®5.8. EIMSWz 415.0 (M-36).

4.1.44. 3,7-bis(3-chlorophenyl)-5-hydroxypyrano[ 3,2-g] chromene-4,6-dione (18b)

Green-yellow solid. Yield 28%. mp 322.8-323%6; 'H NMR (500 MHz,
DMSO-dg) 6 14.55 (s, 1 H, OH), 8.52 (s, 2 H, 2, 8-H), 7.6677(m, 2 H, 2’, 2"-H),
7.54-7.56 (m, 2 H, ArH), 7.45-7.50 (m, 4 H, ArH)23 (s, 1 H, 10-H). EI-HRM&Vz
450.0067 (M), calcd for G4H1,Cl,0s: 450.0062.

4.1.45. 3,7-bis(4-chlorophenyl)-5-hydroxypyrano[ 3,2-g] chromene-4,6-dione (19b)

Green-yellow solid. Yield 27%. mp 328.8-329°C; 'H NMR (500 MHz,
DMSO-dg) 6 14.68 (s, 1 H, OH), 8.55 (s, 2 H, 2, 8-H), 7.61Xd 8.2 Hz, 4 H, ArH),
7.53 (d,J = 8.2 Hz, 4 H, ArH), 7.31 (s, 1 H, 10-H). EI-HRM8z 450.0068 (M),
calcd for G4H12Cl,0s: 450.0062.

4.1.46. 5-hydroxy-3,7-bis(2-nitrophenyl)pyrano[ 3,2-g] chromene-4,6-dione (20b)

Brown solid. Yield 16%. mp 270.7-271°6; *H NMR (500 MHz, DMSOd) &
14.14 (s, 1 H, OH), 8.69 (s, 2 H, 2, 8-H), 8.1463(th, 2 H, ArH), 7.85-7.88 (m, 2 H,
ArH), 7.72-7.75 (m, 2 H, ArH), 7.62-7.63 (m, 2 HrH), 7.44 (s, 1 H, 10-H)*C
NMR (125 MHz, DMSOdg) § 176.4, 176.4, 164.0, 159.5, 159.5, 154.0, 1548,9,
148.9, 134.0, 134.0, 132.6, 132.6, 130.2, 130.5,.112125.1, 124.4, 124.4, 123.3,
123.3, 107.5, 107.5, 95.0. ESIM®z 473.2 (M+1).

4.1.47. 3,7-bis(2-chloro-6-fluorophenyl)-5-hydroxypyrano| 3,2-g] chromene-4,6-dione
(22b)

Brown solid. Yield 22%. mp 206.5-207°8; *H NMR (500 MHz, DMSOd) &
14.24 (s, 1 H, OH), 8.64 (s, 2 H, 2, 8-H), 7.5387(k, 2 H, 5', 5"-H), 7.49 (dJ =
8.1 Hz, 2 H, 3', 3"-H), 7.43 (s, 1 H, 10-H), 7.3639 (m, 2 H, 4’, 4"-H):**C NMR
(125 MHz, DMSOdg) § 176.2, 176.2, 163.8, 160.7 (@,= 246.4 Hz, 2 C), 159.5,
159.5, 156.7, 156.7, 135.1 @@= 3.0 Hz, 2 C), 131.7 (d,= 9.4 Hz, 2 C), 125.4 (d,
=2.6 Hz, 2 C), 118.2 (d, = 19.6 Hz, 2 C), 117.2, 117.2, 114.5 Jd; 22.4 Hz, 2 C),
108.1, 108.1, 96.3. EIMBYz 451.0 (M).

4.1.48.

5-hydroxy-3,7-bis(2-(trifluoromethyl ) phenyl) pyranol 3,2-g] chromene-4,6-dione (24b)
Light-yellow solid. Yield 16%. mp 192.9-193.%C; 'H NMR (500 MHz,

DMSO-dg) § 14.34 (s, 1 H, OH), 8.45 (s, 2 H, 2, 8-H), 7.86)¢& 7.8 Hz, 2 H, ArH),

7.75-7.78 (m, 2 H, ArH), 7.67-7.70 (m, 2 H, ArH)52 (d,J = 7.5 Hz, 2 H, ArH),

7.37 (s, 1 H, 10-H). EI-HRM&Vz 518.0580 (M), calcd for GeH1oFsOs: 518.0589.



4.1.49.

5-hydroxy-3,7-bis(3-(trifluoromethyl ) phenyl ) pyrano[ 3,2-g] chromene-4,6-dione (25b)
Brown solid. Yield 6%. mp 220.0-221%; *H NMR (500 MHz, DMSOdq) &

14.60 (s, 1 H, OH), 8.65 (s, 2 H, 2, 8-H), 7.95X$, 2", 2"-H), 7.87 (dJ = 7.5 Hz, 2

H, ArH), 7.78 (d,J = 7.7 Hz, 2 H, ArH), 7.68-7.71 (m, 2 H, 5", 5”-HY.35 (s, 1 H,

10-H). EI-HRMSnvz 518.0580 (M), calcd for GgH1.F¢Os: 518.0589.

4.1.50.
5-hydroxy-3,7-bis(4-(trifluoromethoxy) phenyl ) pyrano[ 3,2-g] chromene-4,6-dione
(27b)

Green-yellow solid. Yield 23%. mp 282.9-283°C; 'H NMR (500 MHz,
DMSO-dg) 6 14.66 (s, 1 H, OH), 8.57 (s, 2 H, 2, 8-H), 7.70Xd 8.5 Hz, 4 H, ArH),
7.46 (d,J = 8.5 Hz, 4 H, ArH), 7.33 (s, 1 H, 10-H). EI-HRM8z 550.0482 (M),
calcd for GgH12FsO7: 550.0487.

4.1.51. 5-hydroxy-3,7-di(thiophen-2-yl) pyrano[ 3,2-g] chromene-4,6-dione (28b)

Brown solid. Yield 3%. mp 344.1-344°C; *H NMR (500 MHz, DMSOdg) &
14.51 (s, 1 H, OH), 8.98 (s, 2 H, 2, 8-H), 7.6367(M, 4 H, 3, 5, 3", 5”-H), 7.35 (s,
1 H, 10-H), 7.15 (dd) = 3.8, 4.9 Hz, 2 H, 4", 4”-H)**C NMR (125 MHz, DMSOds)
§ 176.3, 176.3, 164.2, 158.6, 158.6, 152.9, 15239,5], 130.5, 127.8, 127.8, 126.4,
126.4, 124.6, 124.6, 118.1, 118.1, 107.6, 107.6.FMSm/z 393.9 (M).

4.1.52. 5-hydroxy-3,7-di (naphthalen-1-yl)pyrano[ 3,2-g] chromene-4,6-dione (29b)
Orange solid. Yield 31%. mp 231.7-232@& *H NMR (500 MHz, DMSO#ds) &
14.60 (s, 1 H, OH), 8.53 (s, 2 H, 2, 8-H), 7.9933(M, 4 H, ArH), 7.76 (dJ = 8.4 Hz,
2 H, ArH), 7.54-7.61 (m, 4 H, ArH), 7.48-7.52 (mH4 ArH), 7.43 (s, 1 H, 10-H)}°C
NMR (125 MHz, DMSO«dg) § 178.0, 178.0, 164.2, 159.6, 159.6, 155.1, 1553,0,
133.0, 132.0, 132.0, 128.9, 128.9, 128.9, 128.8.412128.4, 128.1, 128.1, 126.2,
126.2, 126.0, 126.0, 125.8, 125.8, 125.4, 125.4,112124.1, 108.2, 108.2, 95.5.
EIMS m/z 482.1 (M).

4.1.53. 5-hydroxy-3,7-diphenyl pyrano[ 3,2-g] chromene-4,6-dione (30b)

Yellow solid. Yield 33%. mp 298.2-299°C; *H NMR (500 MHz, DMSOdq) &
14.77 (s, 1 H, OH), 8.51 (s, 2 H, 2, 8-H), 7.52Jd&; 7.1 Hz, 4 H, 2, 6", 2", 6"-H),
7.44-7.47 (m, 4 H, 3,5, 3", 5"-H), 7.39-7.421(, 2 H, 4’, 4"-H), 7.29 (s, 1 H, 10-H);
13C NMR (125 MHz, DMSOdg) § 177.6, 177.6, 164.5, 159.1, 159.1, 154.3, 154.3,
130.7, 130.7, 129.0, 1290, 129.0, 129.0, 129.0,212828.2, 128.2, 128.2, 128.2,



123.9, 123.9, 108.2, 108.2, 95.2. Elvtx 382.1 (M).

4.1.54. 3,7-dicyclopropyl-5-hydroxypyrano[ 3,2-g] chromene-4,6-dione (31b)

Brown solid. Yield 29%. mp 230.8-231°C; *H NMR (500 MHz, DMSOd) &
14.69 (s, 1 H, OH), 8.02 (s, 2 H, 2, 8-H), 7.041($4, 10-H), 1.71-1.76 (m, 2 H, ArH),
0.78-0.82 (m, 4 H, ArH), 0.61-0.64 (m, 4 H, ArHJC NMR (125 MHz, DMSOdg) &
179.3, 179.3, 163.7, 159.0, 159.0, 152.0, 152.6,0,2.25.0, 107.1, 107.1, 94.8, 6.1,
6.1, 5.3, 5.3, 5.3, 5.3. EIM®/z310.1 (M).

4.2. Biological evaluation
4.2.1. Céll line establishment

FIp-In™-293 cells were cultured in DMEM medium supplemdntéth 10% fetal
bovine serum and selected with 10§kmL zeocin at 37C, 95% humidity and 5%
CO,. The ABCBL/pcDNAS containing full lengttABCB1 cDNA was constructed in
our previous studies [23, 24]. The construcACB1/pcDNA5 plasmid and pOG44
(the Flprecombinase expression plasmid) were atsteated into the Flp-fif-293
cells and were selected on the basis of hygromikciresistance. The protein and
MRNA expressions of P-gp were confirmed by Westdat analysis and real-time
guantitative RT-PCR, respectively, in our previaigdies [23, 24]. Human cervical
carcinoma cell line HeLaS3 was purchased from Bawece Collection and Research
Center (Hsinchu, Taiwan). The multidrug resistanimbn cervical cancer cell line
KBvin was kindly provided by Dr. Kuo-Hsiung Lee (lvarsity of North Carolina,
Chapel Hill, U.S.A) and maintained with vincristimea fixed period.

4.2.2. Calcein-AM uptake assay

For Calcein-AM uptake study, 1x1@ells were placed on 96-well black plates
and cultured overnight. After pre-incubation witlinn Hanks’ balanced salt solution
(HBSS) for 30 min, test compounds were added forn80 in triplicate. Then,
Calcein AM (1uM) was added and incubated for another 30 min.rAftashed by
ice-cold HBSS, Calcein fluorescence generated withe cells was analyzed by the
SpectraMax Gemini XS microplate spectrometer (MalecDevices Co., Sunnyvale,
CA, USA) with the excitation set at 485 nm and #mission set at 535 nm. Each
experiment was performed at least three times, eiciplicate on different days.

4.2.3. Cell viability assay

The effect of test compounds on the cell viabiligf Flp-In"™-293,
ABCBL/Flp-In™-293, HeLaS3, and KBvin cells was determined by S&Bay as
previously described [25]. The influences of conaliions of test compounds and



chemotherapeutic agents on cell proliferation werther evaluated by SRB assay as
well.

4.3. Molecular modeling
4.3.1. Ligand preparation

The structures of the benzodipyrano derivatb@snd5b were built and energy
minimized by Discovery studio 3.1. Full minimizatidool was used to generate low
energy 3D conformers of the minimized structuresfadit settings was used. The
resultant ligand structures were eventually dockediug binding domain of P-gp.

4.3.2. Docking protocol

To determine the probable binding site for compoéadand 5b, the ligand
structure was docked at drug binding domain of Rigipg the “LibDock” mode of
Discovery Studio 3.1 with the default parameterise Protein crystal structure of
mouse P-gp obtained from protein data bank (PDBADRI) [26].
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Table 1. Calcein-AM uptake assay of benzodipyranone devies.

O OH
R | ©
O O~ R
P-gp inhibition fold
CPD R
2.5uM 5 uM
verapamil 2.39+0.18

4a 2-methylphenyl 1.15+0.04 1.53+0.07
5a 3-methylphenyl 1.58+0.06 2.05+£0.06
6a 4-methylphenyl 1.58+0.07 2.04+0.06
7a 2-methoxyphenyl 1.40+0.09 1.56%0.09
8a 3-methoxyphenyl 1.19+0.05 1.28+0.09
%9a 4-methoxylphenyl 1.54+0.04 1.84+0.01
10a 3-hydroxyphenyl 1.01+0.02 0.99+0.02
1lla 3,4-dimethoxyphenyl 1.45+0.03 1.64+0.03
12a 3,4,5-trimethoxyphenyl 0.76x0.08 0.75+0.05
13a 3,4-methylenedioxyphenyl 0.72+0.08 0.70+0.07
1l4a 2-fluorophenyl 0.76+0.06 0.67+0.05
15a 3-fluorophenyl 0.96+0.03 0.82+0.02
16a 4-fluorophenyl 0.92+0.07 0.84+0.08
17a 2-chlorophenyl 0.98+0.05 1.09+0.05
18a 3-chlorophenyl 0.83+0.04 0.82+0.03
19a 4-chlorophenyl 0.76x0.03 0.82+0.02
20a 2-nitrophenyl 0.98%0.02 1.03+£0.01
2la 4-nitrophenyl 0.88+0.02 0.75%0.02
22a 2-chloro-6-fluorophenyl 0.66x0.01 0.64%0.03
23a 3,4-dichlorophenyl 0.80+0.01 0.81+0.01
24a 2-trifluoromethylphenyl 0.76+0.01 0.81+0.01
25a 3-trifluoromethylphenyl 1.10+0.05 1.15+0.04
26a 4-trifluoromethylphenyl 0.87+0.01 0.90+0.01
27a 4-trifluoromethoxyphenyl 0.97x+0.06 1.04+0.08
28a thiophen-2-yl 0.88+0.04 0.83+£0.05
29a 1-naphthyl 0.87+0.02 0.85+0.02
30a phenyl 1.04+£0.11 1.29+0.04
3la cyclopropyl 0.80+0.06 0.63+0.05




Table 2. Calcein-AM uptake assay of symmetrical benzodipgne derivatives.

o o
I |
R R
O OH O
P-gp inhibition fold
CPD R
2.5uM 5uM
verapamil 2.39+0.18
4b 2-methylphenyl 0.8740.05 0.810.02
5b 3-methylphenyl 0.86t0.03 0.930.05
6b 4-methylphenyl 1.62+0.10 1.81+0.12
b 2-methoxyphenyl 0.76t0.02 0.820.05
8b 3-methoxyphenyl 1.00t0.06 0.830.04
9 4-methoxylphenyl 0.8740.06 1.3@0.02
10b 3-hydroxyphenyl 1.33%£0.06 1.19+0.09
11b 3,4-dimethoxyphenyl 0.81+0.01 0.860.02
12b 3,4,5-trimethoxyphenyl 0.80t0.03 0.720.01
14b 2-fluorophenyl 0.92+0.06 0.830.05
15b 3-fluorophenyl 0.60:0.03 0.730.02
16b 4-fluorophenyl 0.85t0.08 1.3@¢0.01
17b 2-chlorophenyl 0.71:0.01 0.830.01
18b 3-chlorophenyl 0.50t0.02 0.8%0.09
19b 4-chlorophenyl 1.06t0.05 1.080.04
20b 2-nitrophenyl 0.85t0.05 0.830.02
22b 2-chloro-6-fluorophenyl 0.95t0.02 1.060.06
24b 2-trifluoromethylphenyl 1.32+0.07 1.36%0.07
25b 3-trifluoromethylphenyl 1.27+0.08 1.184+0.10
27b 4-trifluoromethoxyphenyl 0.62:0.02 0.630.12
28b thiophen-2-yl 0.61+0.04 0.6%0.02
29b 1-naphthyl 0.72:0.03 0.640.02
30b phenyl 1.04+0.08 0.980.05
31b cyclopropyl 0.86t0.02 0.860.03




Table 3. Reversal effect of benzodipyranone derivativesABCB1 substrates in
Flp-In™-293 andABCB1/Flp-In™-293 cell?

Flp-In™-293 ABCB1/Flp-In™-293
ICs0 (NM) RF 1Gso (NM) RF
Paclitaxel 0.5387 + 0.0610 1.0 644.78 + 2.60 1.0
+5a (8 uM) 0.3664 + 0.0045* 1.5 59.6 + 0.72* 10.8
+5a (10 uM) 0.3065 + 0.0149* 1.8 40.12 + 1.37* 16.1
+9a (8 uM) 0.1992 + 0.0656* 2.7 302.78 + 44.35* 2.1
+9a (10 uM) 0.1278 £ 0.0173* 4.2 78.82 + 5.04* 8.2
+11a (8 uM) 0.5352 + 0.0066 1.0 73.14 + 2.83* 8.8
+11a (10 uM) 0.4163 + 0.0074 1.3 67.67 + 3.12* 9.5
Vincristine 5.9705 + 0.1791 1.0 823.13 + 15.79 1.0
+5a (8 uM) 0.7608 + 0.0231* 7.8 52.60 + 0.93* 15.6
+5a (10 uM) 0.6595 + 0.0117* 9.1 39.11 + 1.07* 21.0
+9a (8 uM) 0.9091 + 0.0064* 6.6 577.20 + 11.88* 1.4
+9a (10 uM) 0.8448 + 0.0075* 7.1 499.76 + 19.66* 1.6
+11a (8 uM) 0.7623 + 0.0012* 7.8 203.01 + 29.35* 4.1
+11a (10pM)  0.7324 +0.0062* 8.2 84.95 + 8.72* 9.7
Doxorubicin ~ 92.1164 +13.6856 1.0 914.83 + 15.85 1.0
+5a (8 uM) 76.2722 +3.1190 1.2 664.36 + 35.25* 1.4
+5a (10 uM) 58.0384 + 1.8049* 1.6 586.26 + 11.67* 1.6
+9a (8 uM) 97.5533 + 3.0147 0.9 575.77 + 14.99* 1.6
+9a (10 uM) 43.4454 +1.9503* 2.1 544.21 + 9.30* 1.7
+11a (8 uM) 78.7184 + 2.4492 1.2 597.21 + 5.14* 1.5
+11a (10 uM) 71.0428 + 1.7621 1.3 594.42 + 5.91* 1.5

®RF : Reversal fold of benzodipyranone derivatives. RIEs of anticancer drugs to the cell /sif

combination with benzodipyranone derivatives andicancer drugs. *p< 0.05 compared with

substrate drug transport with tested compounds.



Table 4. Reversal effect of benzodipyranone derivativesABCB1 substrates in

HeLaS3 and KBvin cefi.

KBvin
ICs0 (NM) RF 1Gso (NM) RF
Paclitaxel 4.2482 + 0.0593 1.0 1196.09 + 44.80 1.0
+5a (8 uM) 3.7307 +0.1888 1.1 62.86 + 2.49* 19.0
+5a (10 uM) 3.0093 + 0.3231 1.4 51.67 + 0.26* 23.1
Vincristine 3.5543 + 0.2879 1.0 2867.34 + 142.36 1.0
+5a (8 uM) 0.7596 + 0.0289* 4.7 389.77 + 36.27* 7.4
+5a (10 uM) 0.4031 + 0.0526* 8.8 96.49 + 1.90* 29.7

®RF : Reversal fold of benzodipyranone derivatives. RIEs of anticancer drugs to the cell /sif

combination with benzodipyranone derivatives andicancer drugs. *p< 0.05 compared with

substrate drug transport with tested compounds.



Figure L egends
Figure 1. First-generation of P-gp inhibitors.
Figure 2. Second- and third-generation of P-gp inhibitors

Figure 3. ABCB1 mRNA expression after treating the P-gp-transtéatell line
ABCBL/Flp-In™-293 with benzodipyranone derivatives for 72 hr.tDavere
presented as mean SE of three experiments, each in triplicate.

Figure 4. Docking interaction of compoungh and5b with P-gp. Selected amino
acids are depicted as lines with the atoms colasedarbon, black; hydrogen, white;
nitrogen, blue; oxygen, red; sulfur, yellow. Whexe¢he inhibitor is shown as a stick
model with the same color scheme as above exceportatoms are represented in
purple 6a) and pink §b). Hydrogen bonds are shown as light-green dasdhede
n—n Sstacking aromatic interactions are shown by ordings.
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Figure 3. ABCB1 mRNA expression after treating the P-gp-transtéatell line
ABCBL/FIp-In™-293 with benzodipyranone derivatives for 72 hr.teDavere
presented as mean SE of three experiments, each in triplicate.
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Figure 4. Docking interaction of compourtsh and5b with P-gp. Selected amino
acids are depicted as lines with the atoms colasecharbon, black; hydrogen, white;
nitrogen, blue; oxygen, red; sulfur, yellow. Whesdhe inhibitors is shown as a
stick model with the same color scheme as aboveeptxcarbon atoms are
represented in purpl®ég) and pink §b). Hydrogen bonds are shown as light-green
dashes. While—r stacking aromatic interactions are shown by ordings.



Scheme L egend

Scheme 1. Synthesis of benzodipyranone derivatives.
®Reagents and conditions: (a) ki§;IBFs * Et,O, rt.; (b) 1 M HCI, reflux.; (c) MsClI,
DMF, BF; « Et,0, 120°C.



Scheme 1. Synthesis of benzodipyranone derivatives.

HO OH HO OH
a,b
PN ’
+ R N ——>
[ ; C R/\ﬂj@[ﬂ/\R

OH O OH O
1 2 3
o) OH 0 o)
c l | |
O O~ R O OH O
4a-31a 4b-31b
benzodipyrano-4,10-dione benzodipyrano-4,6-dione

R = substituted aryl or cyclopropyl
®Reagents and conditions: (a) ki§IBF; + ELO, rt.; (b) 1 M HCI, reflux.; (c) MsCl,
DMF, BF; « Et,0, 120°C.



The novel 52 benzodipyranone analogs were synthesized and evaluated for their
P-gp inhibitory activity in a P-gp transfected cell line, ABCB1/Flp-In"™-293.

The compound 5a can enable the increase of the intracellular accumulation of
P-gp substrate Calcein-AM.

The compound 5a exhibited more potency on promoted anticancer drugs
cytotoxicity by reversing P-gp-mediated drug resistance in both
ABCBL1/Flp-In™-293 and KBvin cell lines.

The compound 5a can enhance the sensitization of ABCBL/FIp-In"™-293 and
KBvin resistant cells line toward paclitaxel, vincristine, and doxorubicin.



