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Abstract

Multidrug resistance (MDR) is a tendency in whichkll€ become resistant to
structurally and mechanistically unrelated drugliclv is mediated by P-glycoprotein
(P-gp). It is one of the noteworthy problems in a@ntherapy. As one of the most
important drugs in cancer therapy, doxorubicin has good effectiveness if used
independently. So targeting the P-gp protein isafribe key points to solve the MDR.
Three series of furan derivatives containing tetdabquinoline  or
tetrahydroisoquinoline were designed and synthdsageP-gp inhibitors in this paper.
Compound5m containing 6,7-dimethoxy-1,2,3,4-tetrahydroiso@liime possessed
good potency against P-gp (&G 0.89+0.11uM). The preliminary structure—activity
relationship and docking studies demonstrated tbatpound5m would be great
promise as a lead compound for further study. Mestthy of mention is drug
combination of doxorubicin ansim displayed antiproliferative effect of about 97.8%.
This study provides highlighted P-gp inhibitor feithstanding malignant tumor cell
with multidrug resistance especially doxorubicirsiséance setting the basis for

further studies.

Keywords: tetrahydroquinoline; inhibitors; P-glycoprotein; hidrug resistance;

structure-activity relationship
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1. Introduction

The overexpression of some transmembrane proteéhsnging to the ABC (ATP
Binding Cassette) transporter family, led to Muitig resistance (MDR) [1]. ABC
transporters consumed the energy from the ATP Iysisoto efflux xenobiotics out
of cells. The overexpression of ABC transportertgirs in tumor cells caused MDR
that is the main reason for the failure of antidasjic treatment, because ABC
transporters efflux chemotherapeutic agents outiwfor cells [2.3]. P-glycoprotein
(P-gp), multidrug resistance-associated proteiMRFP1) and breast cancer resistance
protein (BCRP) are the key ABC transporter protewlsich are mostly involved in
MDR [4,5]. The development of P-gp modulators ige of the considerable strategies
approached to overcome MDR in cancer therapy [6-1I8¢ P-gp inhibitors could be
applied in co-administration with the antineoplastiugs to restore drug sensitivity to
tumor cells [14.15].

The most potent P-gp modulators, tariquidar andrielar Figure 1), subjected to
clinical trials, showed high P-gp inhibition butgrcselectivity due to their interaction
with other ABC transporters such as MRP1 and BCRPRecently PET (positron
emission tomography) studies using the correspondi-radiolabelled ligand
showed that both inhibitors demonstrated high #gtitowards P-gp, as well as
moderate activity towards BCRP [16-18].

Based on these lead compounds, some other P-gpt potelulators [19-26] such
as MC18 [19,20], MC70 [21,22], MC113 [21,23], andCRB6 [19,20] Figure 1)

bearing a tetrahydroisoquinoline fragment, wereettgped for improving the P-gp
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selectivity. Among them, MC18 and MC70 were fouadé€ P-gp inhibitors, whereas
MC113 and MC266 were P-gp substrates.

Considering these findings, new P-gp ligands wigttdy binding affinities and
higher selectivity with respect to that of the leedmpound are needed to be
developed and discovered. In continuation of owseaech on the synthesis of
biological heterocyclic compounds [27-33], a seaétetrahydroquinoline derivatives
containing 5-phenyl-2-furan moiety were synthesjzadd their P-gp potency and
selectivity were evaluated. The SAR (structurevdtgtirelationship) study and the
docking research were discussed in this papertf@dhoice of substituents such as
fluorine atoms or methoxy groups was made for thditeonal purpose of developing
useful tools with easy radiolabeling points for vivo PET (Positron Emission
Computed Tomography'C or*®F) analysis to check P-gp activity and expression.
2. Resultsand discussion
2.1. Chemical synthesis

The  synthetic route of  title compounds 3a-30  (containing
1,2,3,4-tetrahydroquinolinega-4o0 (containing 1,2,3,4-tetrahydroisoquinoline) and
5a-50 (containing 6,7-dimethoxy-1,2,3,4-tetrahydroisoaquime) was described in
Scheme 1. The key intermediates(the different carboxylic acid®) were synthesized
from substituted aniline by Meerwein arylation ré@t according to the reported
procedure [31.33]Then a mixture of 5-substitutedphenyl-2-furancascxacid 2
and thionyl chloride was refluxed in anhydrous évle for 3.5 h to afford the various

5-phenyl-2-furancarbonyl chloride, which was addeatb tetrahydroquinoline in
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anhydrous dichloromethane to react and obtainitleecompounds3 (3a-30). With
the different carboxylic acids2 and 1,2,3,4-tetrahydroisoquinoline or
6,7-dimethoxy-1,2,3,4-tetrahydroisoquinoline, thetoupling reaction was then
performed in the presence of EDCI and HOBt to ptewthe different title compounds
4 (4a-40) or 5 (5a-50), respectively.
2.2. X-raydiffraction

X-ray single crystals of compoun8b and4d were obtained as described below in
this section. In the case, well-shaped -crystals ewebtained by interfacial
crystallization ofn-hexane and dichloromethane. A summary of the éxgertal and
crystallography data for compoun8b and 4d were given inTable S1 to S3 (see
Supplementary materialgnd molecular structure of compound@s and 4d are
depicted inFigure 2. Crystallographic data were collected at 113(2)rKa Rigaku
XtaLAB P200 using a X-ray source Madkradiation £=0.71073 A). The structure
was solved by the direct method with SHELXS-97 334,and refined by the
full-matrix least-squares method on F2 data usindeEISXL-97 [34,35]. All
non-hydrogen atoms were refined with anisotropsgpldicement parameters. H atoms
were finally included in their calculated positior@rystallographic data (excluding
structure factors) for the structures in this papere been deposited at the Cambridge
Crystallographic Data Centre with CCDC numbers D8053b) and 15050094d),
respectively. Copies of the data can be obtainest 6f charge, on application to
CDC, 12 Union Road, Cambridge CB2 1EZ, UK.

2.3. Biological evaluation and SAR studies.
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In this paper, three series of benzene substifutgtiderivatives were studied, and
all the derivatives displayed good bioactive poteitvitro data for the inhibition of
P-gp andPapp (apparent permeability) was reportedTiable 1. Cyclosporin A and
verapamil were chosen as the positive contidtsdepicted inTable 1, compounds
with substituent apara-position of benzene ring exerted better bioagtiagainst
P-gp (EGo< 10 uM) than the other two substituents in benzene risgggesting the
position of benzene ring played a key role in bindty. As shown inTable 1,
compoundsm containing 6,7-dimethoxy-1,2,3,4-tetrahydroisoqliime and methoxyl
group atpara-position of benzene ring showed the best bioagtagainst P-gp (Efs
= 0.89uM) among all the title compounds, which displayedtér activity than both
cyclosporin A and verapamil (E€= 83.68 uM and 20.54uM against P-gp,
respectively) and the similar to the MC113 [21,28halysis of three series of
potential inhibitors revealed that5 (containing 6,7-dimethoxy-1,2,3,4-
tetrahydroisoquinoline) displayed stronger bioattithan both3 (containing 1,2,3,4-
tetrahydroquinoline) and (containing 1,2,3,4-tetrahydroisoquinoline). Fostance,
compound5m showed better bioactivity (Eg= 0.89 uM against P-gp) thadm
(ECso= 5.48 uM against P-gp) an@m (ECso= 6.82 uM against P-gp). Similarly,
compoundbj displayed better bioactivity (Eg= 9.23uM against P-gp) tha#j (ECso
= 12.45uM against P-gp) an@®j (ECsp= 15.46 uM against P-gp). These results
indicated that the moiety of 6,7-dimethoxy-1,2,8t&ahydroisoquinoline has a
crucial influence on the inhibitory activity agair?-gp. Like the best inhibitdsm,

compoundsbl and5d also exhibited strong inhibition against P-gp §é£€4.34uM
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and 3.27uM, respectively). What is more, all the compoubds 5 and5d showed
greater Ppp values more than 2, which displayed better sefiégticompared to
verapamil, suggesting that they could be potemtigp inhibitors. In addition, it was
observed that electron-donating group (methoxyupgyand the halogen substituents
(bromine atom and chlorine atom) a&ra-position of benzene ring are excellent
options for future designs of P-gp inhibitor.

Doxorubicin resistance is one of the thorniest f@ols in tumor therapy. As shown
in Table 2, the simultaneous treatment with Doxorubicin ahd title compounds
increased Doxorubicin accumulation in overexpressitgp MCF-7/ADR cells.
Compoundsm displayed an increased Doxorubicin cell accumaiadf 9.2- fold at
20 uM in the cells Table 2). Compounds5d and 5| increased Doxorubicin
accumulation 6.8- and 5.0- fold, respectivelyalfle 2). At 20 uM the positive
references Cyclosporin A and Verapamil showed amease of Doxorubicin cell
accumulation of 5.4- and 3.6- fold, respectivelfieTantiproliferative effect indicated
that Doxorubicin cell accumulation induced by thke tcompounds improved that of
the chemotherapeutic. At 5uM, Doxorubicin itself demonstrated a low
antiproliferative effect (5.3%) as listed ihable 2. In the presence of 2QM
compound5m, Doxorubicin inhibited cell growth of about 97.8%doreover, high
antiproliferative effect was induced by Doxorubicimmpound$d and5l (89.6% and
79.8%). Mixed Cyclosporin A or Verapamil with Doxdnicin displayed good to
moderate increase of antiproliferative effect (84.2and 52.5%). The results of

Doxorubicin antiproliferative effect as drugs comdtion with the title compounds
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are well correlate with the increased Doxorubictotuamulation. These findings
suggested that the drugs combination of Doxorubagth the title compounds could
improve Doxorubicin antiproliferative effect in MEFADR tumor cells.

Moreover, title compound®d, 51 and 5m were evaluated in the absence of
Doxorubicin for the cytotoxicity effects at 24 ad#l h, respectively. The cytotoxicity
of tested compounds at 1Q@M, checked in cell medium after treatment, was
negligible (< 15% for each tested compound). Furgtady will be undergoing to
evaluate in vivo bioactivity using some suitable animal models, hswas the
established patient-derived orthotopic xenograR@X) nude mouse models where
both efficacy and toxicity of the title compoundsutd be detected [36-39].

2.4. Docking study

Considering the inhibitory activity of title compads, it was of interest to explore
the binding to the active site of P-gp. Dockingutessrevealed that compouisd was
well located within P-gp. Binding models of compdum and Cyclosporin A were
depicted inFigure 3. Generally, a key hydrogen bond interaction cdagdobserved
betweenO of the furan ring and thiel at amine of GIn721 (distance: 2.59A). At the
active site, the docking showed molecular skeletioape from X-ray single crystal
diffraction is folded. 2-Phenyl-furane moiety and2,B,4-tetrahydroisoquinoline
moiety have good site in this dockigure 3). The bending angle of amide bond
revealed vital linking effect for those crucial pimacophores. The hydrophobic effect
of three paramethoxy groups (-OMe) at benzene ring and

1,2,3,4-tetrahydroisoquinoline to enhance the Ibigdiffinity with the enzyme. Such
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orientations and interactions would form the fouma for inhibition of
P-glycoprotein and increase Doxorubicin intracaltuhccumulation in MCF-7/ADR
cells.
3. Conclusion

In this study, three series of 2,5-disubstitutedchfiuderivatives were synthesized
and evaluated as P-glycoprotein inhibitors in Dokdcin resistance MCF-7/ADR
cells. Theirin vitro activities for the inhibition of P-gp arfel,, (apparent permeability)
were evaluated, and the results showed that congisooontaining 6,7-dimethoxy-
1,2,3,4-tetrahydroisoquinoline (seriép exhibited the best bioactivity among these
three series of compounds. The primary structuteicrelationship (SAR) study
showed that substituents para-position of benzene ring in the molecule were
favored to the bioactivity. Compounsin showed the highest inhibitory activity,
which increased Doxorubicin accumulation 9.2- fal®0uM in overexpressing P-gp
MCF-7/ADR cells. The docking results revealed iat#ions of compounds within
P-gp protein where a key hydrogen bond interaatimuid be observed betweénof
the furan ring and thE at amine of GIn721.
4. Experimental procedure
4.1. Chemistry
4.1.1. Materials and methods

All solvents and reagents were obtained from coroiakesources without further
purification. 'H NMR and**C NMR spectra were recorded on Bruker Avance DRX

spectrometer at 600 and 150 MHz or 400 and 100 MHemical shifts are reported
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aso values in parts per million (ppm), while tetramdsgilgne (TMS) was used as an
internal standard. Peak multiplicities are expréssefollows: s, singlet; d, doublet; t,
triplet; g, quartet; dd, doublet of doublets; tdplet of doublets; ddd, doublet of
doublet of doublets; brs, broad singlet; m, muitipCoupling constantd {alues) are
given in hertz (Hz). Compounds were dissolved in 3MAs. Mass spectra were
recorded on a Q-TOF Global mass spectrometer. Hi&ihanalysis was carried out
with a Flash EA 1112 elemantal analyzer. All thdtmg points were determined with
a Cole-Parmer melting point apparatus while therntleeneter was uncorrected.
Thin-layer chromatography (TLC) was performed usMgrck 60 F254 silica gel
plates. Column chromatography was performed usihiigasgel (200-300 mesh,
Qingdao, China) with a linear solvent gradient.
4.1.2. General synthesis of compouBds30

A mixture of 5-substituted phenyl-2-furancarboxydicid2 (100 mmol) and thionyl
chloride (500 mmol) was refluxed in anhydrous beezér 3.5 h. The excess of
thionyl chloride and the solvent were distilled,adhd the residue was dissolved in
anhydrous dichloromethane. The solution of 5-stlistil phenyl-2-furancarboxylic
chloride in anhydrous dichloromethane was added tetrahydroquinoline (110
mmol). The mixture was stirred and refluxed for.4Affter cooling, the solvent was
evaporated off under reduced pressure, and the wels recrystallized from ethanol
to obtain compound3a-3o.
4.1.2.1. (5-Phenylfuran-2-yl)(3,4-dihydroquinolif2H)-yl)-Methanone Ba ). yellow

liquid, yield 92.3%H NMR (600 MHz, DMSOdg) & 7.43 (d,J = 7.5 Hz, 2H), 7.37
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(t, J = 7.6 Hz, 2H), 7.33-7.27 (m, 2H), 7.11 (ti= 7.4, 1.1 Hz, 1H), 7.05-6.98 (m,
4H), 3.86 (t,J = 6.5 Hz, 2H), 2.80 (J = 6.5 Hz, 2H), 1.96 (p] = 6.5 Hz, 2H):}°C
NMR (151 MHz, DMSOdg) & 159.09, 154.61, 147.27, 139.23, 132.28, 129.66,
129.31, 129.00, 128.73, 126.09, 125.10, 124.50,462419.17, 107.77, 44.65, 26.58,
24.16. ESIMS(/2): 304.1330 [M + H].

4.1.2.2. [5-(2-Chlorophenyl)-2-furanyl](3,4-dihydyainolin-1(2H)-yl)-Methanone
( 3b ). light yellow solid, yield 88.7%, m.p. 146-148 °¢H NMR (600 MHz,
DMSO-0g) 6 7.54 (dd,J = 8.0, 1.0 Hz, 1H), 7.35 (td,= 7.7, 1.7 Hz, 1H), 7.31-7.28
(m, 2H), 7.18 (dJ = 3.6 Hz, 1H), 7.16 (d] = 7.5 Hz, 1H), 7.12 (td] = 7.4, 0.9 Hz,
1H), 7.05-7.02 (m, 2H), 6.97 (d,= 8.0 Hz, 1H), 3.86 () = 6.5 Hz, 2H), 2.80 () =
6.5 Hz, 2H), 1.97 (pJ = 6.5 Hz, 2H);"*C NMR (151 MHz, DMSOds) 5 158.98,
150.66, 147.55, 139.16, 132.46, 131.22, 130.33,0830128.80, 128.60, 127.93,
127.83, 126.25, 125.22, 124.42, 118.60, 112.78534426.56, 24.13. Anal. Calcd. (%)
for Coo0H16CINO,: C, 71.24; H, 4.61; N, 4.38. Found: C, 7%.14, 4.77; N, 4.15.
4.1.2.3. [5-(3-Chlorophenyl)-2-furanyl](3,4-dihydyainolin-1(2H)-yl)-Methanone
( 3c ). light yellow solid, yield 92.7%, m.p. 153-155 °¢H NMR (600 MHz,
DMSO-dg) § 7.47-7.40 (m, 4H), 7.28 (d,= 7.5 Hz, 1H), 7.11 (m, 2H), 7.05-6.96 (m,
3H), 3.86 (t,J = 6.5 Hz, 2H), 2.80 (t) = 6.5 Hz, 2H), 1.96 (p] = 6.5 Hz, 2H);**C
NMR (151 MHz, DMSOdg) 6 158.82, 152.80, 147.76, 139.18, 134.23, 132.60,
131.55, 131.23, 128.64, 128.62, 126.09, 125.27,5824124.01, 122.99, 119.18,
109.12, 44.55, 26.57, 24.16. Anal. Calcd. (%) fegHzsCINO,: C, 70.99; H, 4.89; N,

3.98. Found: C, 71.31H, 4.77; N, 4.15.
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4.1.2.4. [5-(3-Chlorophenyl)-2-furanyl](3,4-dihydyainolin-1(2H)-yl)-Methanone
( 3d ). white solid, yield 90.1%, m.p. 159-160 % NMR (600 MHz, DMSOds) 5
7.42-7.34 (m, 3H), 7.33 — 7.28 (m, 2H), 7.17J&; 3.6 Hz, 1H), 7.13 (t) = 7.4 Hz,
1H), 7.05 (dJ = 3.6 Hz, 1H), 7.02 () = 7.4 Hz, 1H), 6.95 (d] = 8.0 Hz, 1H), 3.85
(t, J = 6.5 Hz, 2H), 2.80 (] = 6.5 Hz, 2H), 1.97 (p] = 6.5 Hz, 2H);"*C NMR (151
MHz, DMSO-dg) 6 158.98, 153.40, 147.52, 139.13, 133.46, 132.38,411 128.74,
128.51, 126.12, 126.08, 125.17, 124.51, 119.15,410814.67, 26.57, 24.15. Anal.
Calcd. (%) for GoH16CINO,: C, 71.34; H, 4.47; N, 4.40. Found: C, 71.H, 4.77; N,
4.15.

4.1.2.5. [5-(2-Fluorophenyl)-2-furanyl](3,4-dihydgainolin-1(2H)-yl)-Methanone
( 3e). white solid, yield 82.6%, m.p. 150-151 % NMR (600 MHz, DMSOds) &
7.42 (td,J = 7.7, 3.6 Hz, 1H), 7.30 (d, = 7.5 Hz, 1H), 7.26 (dJ = 7.9 Hz, 1H),
7.16-7.10 (m, 4H), 7.05-7.01 (m, 2H), 6.96 Jd= 7.9 Hz, 1H), 3.85 () = 6.5 Hz,
2H), 2.80 (t,J = 6.5 Hz, 2H), 1.97 (pJ) = 6.5 Hz, 2H);"*C NMR (151 MHz,
DMSO-dg) 5 162.87 (d1Jc.r = 243.5 Hz), 158.89, 153.14 (tc.r = 3.0 Hz), 147.71,
139.20, 132.51, 131.84 (lc.r = 8.7 Hz), 131.53 (fJc.r = 8.6 Hz), 128.70, 126.12,
125.22, 124.52, 120.54 (Hlc.r = 2.6 Hz), 119.16, 115.70 (Hc.r = 21.2 Hz), 111.09
(d, 2Jc.F = 23.7 Hz), 109.07, 44.59, 26.56, 24.16. Analc8a(%) for GgH1eFNO,: C,
74.58; H, 4.94; N, 4.57. Found: C, 74.75; H, 5.04186.

4.1.2.6. [5-(3-Fluorophenyl)-2-furanyl](3,4-dihydgainolin-1(2H)-yl)-Methanone
( 3f ). white solid, yield 88.9%, m.p. 156-158 % NMR (600 MHz, DMSOds) 5

7.41 (td,d = 7.7, 3.6 Hz, 1H), 7.30 (d = 7.4 Hz, 1H), 7.26 (dJ = 7.8 Hz, 1H),
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7.17-7.10 (m, 4H), 7.05-7.00 (m, 2H), 6.95 Jd= 8.0 Hz, 1H), 3.85 () = 6.5 Hz,
2H), 2.80 (t,J = 6.5 Hz, 2H), 1.97 (pJ) = 6.5 Hz, 2H);"*C NMR (151 MHz,
DMSO-dg) § 162.87 (d1Jc.r = 243.6 Hz), 158.90, 153.13 (tc.r = 3.1 Hz), 147.71,
139.20, 132.51, 131.84 (Hlc.r = 8.8 Hz), 131.53 (fJc.r = 8.6 Hz), 128.70, 126.12,
125.22, 124.52, 120.54 (Hlc.r = 2.6 Hz), 119.16, 115.70 (Hc.r = 21.2 Hz), 111.09
(d, 2JcF = 23.8 Hz), 109.07, 44.59, 26.56, 24.16. Analc8a(%) for GgH1eFNO,: C,
74.82; H, 5.21; N, 4.19. Found: C, 74.75; H, 5.04186.

4.1.2.7. [5-(4-Fluorophenyl)-2-furanyl](3,4-dihydgainolin-1(2H)-yl)-Methanone
( 3g ). white solid, yield 90.5%, m.p. 149-150 % NMR (600 MHz, DMSOds) &
7.46 (dd,J = 8.8, 5.4 Hz, 2H), 7.28 (d,= 7.4 Hz, 1H), 7.23 () = 8.8 Hz, 2H), 7.11
(td,J= 7.4, 1.1 Hz, 1H), 7.02 (dd,= 7.9, 5.5 Hz, 2H), 6.98 (dd,= 7.9, 5.8 Hz, 2H),
3.85 (t,J = 6.5 Hz, 2H), 2.80 () = 6.5 Hz, 2H), 1.96 (p] = 6.5 Hz, 2H);**C NMR
(151 MHz, DMSOe€g) 6 162.52 (d,J = 246.5 Hz), 159.06, 153.73, 147.29, 139.22,
132.33, 128.76, 126.70 (@~ 8.4 Hz), 126.38 (d] = 3.0 Hz), 126.09, 125.14, 124.52,
119.22, 116.42 (dJ = 22.0 Hz), 107.68, 44.65, 26.57, 24.16. Anal.c8a(%) for
CaoH16FNO,: C, 74.86; H, 4.87; N, 4.52. Found: C, 74.75; 25N, 4.36.

4.1.2.8. [5-(2-Nitrophenyl)-2-furanyl](3,4-dihydramolin-1(2H)-yl)-Methanone
(3h). yellow solid, yield 83.8%, m.p. 161-163 & NMR (600 MHz, DMSOd) &
7.91 (d,J = 7.9 Hz, 1H), 7.71 (t) = 7.3 Hz, 1H), 7.64-7.60 (m, 2H), 7.24 (0= 7.3
Hz, 1H), 7.10-7.03 (m, 3H), 6.96 (ddi= 13.8, 3.6 Hz, 2H), 3.82 (,= 6.5 Hz, 2H),
2.79 (t,J = 6.5 Hz, 2H), 1.95 (p] = 6.5 Hz, 2H);**C NMR (151 MHz, DMSO#d) 5

158.96, 149.49, 148.86, 147.56, 138.79, 133.06,0632130.58, 129.69, 129.03,
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126.10, 125.21, 124.55, 124.36, 122.40, 118.53,681144.85, 26.47, 24.05. Anal.
Calcd. (%) for GoH16N20O4: C, 69.10; H, 4.51; N, 8.24. Found: C, 68.96; H634N,
8.04.

4.1.2.9. [5-(3-Nitrophenyl)-2-furanyl] (3,4-dihydramolin-1(2H)-yl)-Methanone
(3i). yellow liquid, yield 88.5%H NMR (600 MHz, DMSO€s) & 8.14 (ddJ = 8.2,
1.6 Hz, 1H), 8.06 (s, 1H), 7.87 (@= 7.9 Hz, 1H), 7.67 (¥ = 8.0 Hz, 1H), 7.35-7.31
(m, 2H), 7.13 (tdJ = 7.5, 1.0 Hz, 1H), 7.05 (d,= 3.6 Hz, 1H), 7.03-6.97 (m, 2H),
3.87 (t,J = 6.5 Hz, 2H), 2.82 () = 6.5 Hz, 2H), 1.98 (p] = 6.5 Hz, 2H);**C NMR
(151 MHz, DMSOe€g) 6 158.78, 152.04, 148.77, 148.20, 139.05, 132.63,118
131.01, 130.50, 128.70, 126.04, 125.42, 124.51,2823119.13, 118.62, 110.07,
44.60, 26.57, 24.16. ESIM&(2): 349.1182 [M + H.

4.1.2.10. [5-(4-Nitrophenyl)-2-furanyl] (3,4-dihydyainolin-1(2H)-yl)-Methanone
( 3j). yellow solid, yield 93.0%, m.p. 161-162 & NMR (600 MHz, DMSOds) &
8.22 (d,J = 8.8 Hz, 2H), 7.66 (d] = 8.8 Hz, 2H), 7.37 (d] = 3.7 Hz, 1H), 7.30 (d]

= 7.5 Hz, 1H), 7.14 (td) = 7.4, 1.6 Hz, 1H), 7.03 (d,= 3.7 Hz, 1H), 7.02-6.98 (m,
2H), 3.87 (t,J = 6.5 Hz, 2H), 2.81 (t) = 6.5 Hz, 2H), 1.98 (p] = 6.5 Hz, 2H);*°C
NMR (151 MHz, DMSOdg) 6 158.82, 152.18, 148.91, 147.06, 138.96, 135.34,
132.55, 128.80, 126.12, 125.40, 125.15, 124.77,522419.15, 111.65, 44.73, 26.56,
24.12. Anal. Calcd. (%) for £H16N2O4: C, 68.71; H, 4.86; N, 7.81. Found: C, 68.96;
H, 4.63;N, 8.04.

4.1.2.11. [5-(4-Methylphenyl)-2-furanyl](3,4-dihyatjuinolin-1(2H)-yl)-Methanone

( 3k ). white solid, yield 89.2%, m.p. 152-155 °84 NMR (600 MHz, DMSO#d) &
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7.31 (d,J = 8.0 Hz, 2H, ArH), 7.28 (d] = 7.4 Hz, 1H, QuH), 7.17 (d,= 8.0 Hz, 2H,
ArH), 7.10 (td,J = 7.4, 1.2 Hz, 1H, QuH), 7.03-6.99 (m, 1H), 6.985(m, 3H), 3.85
(t, J= 6.5 Hz, 2H), 2.79 (] = 6.5 Hz, 2H), 2.29 (s, 3H), 1.96 (b= 6.5 Hz, 2H)*°C
NMR (151 MHz, DMSOdg) & 159.10, 154.89, 146.88, 139.27, 138.64, 132.24,
129.86, 128.71, 127.02, 126.07, 125.05, 124.52,452419.23, 107.03, 44.64, 26.58,
24.17, 21.29. Anal. Calcd. (%) for{H1gNO,: C, 79.59; H, 6.21; N, 4.20. Found: C,
79.47; H, 6.03; N, 4.41.

4.1.2.12. [5-(4-Bromophenyl)-2-furanyl](3,4-dihydpainolin-1(2H)-yl)-Methanone
(31). yellow solid, yield 90.8%, m.p. 191-192 & NMR (600 MHz, DMSOds) &
7.62-7.55 (m, 2H), 7.45-7.27 (m, 3H), 7.15-7.10 BM), 7.09-6.96 (m, 3H), 3.85 (,

= 6.5 Hz, 2H), 2.79 () = 6.5 Hz, 2H), 1.96 (p] = 6.5 Hz, 2H)*C NMR (151 MHz,
DMSO-dg) 6 158.99, 153.45, 147.54, 139.13, 132.35, 132.38,842 128.75, 126.35,
126.08, 125.19, 124.52, 122.09, 119.15, 108.5%84£26.57, 24.15. Anal. Calcd. (%)
for C,oH16BrNO,: C, 63.01; H, 4.08; N, 3.82. Found: C, 62.84; 224 N, 3.66.
4.1.2.13. [5-(4-Methoxyphenyl)-2-furanyl](3,4-dimgduinolin-1(2H)-yl)-Methanone
( 3m). white liquid, yield 83.8%H NMR (600 MHz, DMSOsd) & 7.36 (d,J = 8.8
Hz, 2H), 7.28 (dJ = 7.5 Hz, 1H), 7.11 (td] = 7.4, 1.2 Hz, 1H), 7.04-7.01 (m, 1H),
6.97 (ddJ = 8.4, 5.8 Hz, 2H), 6.93 (d,= 8.9 Hz, 2H), 6.88 (d] = 3.6 Hz, 1H), 3.85
(t, J= 6.5 Hz, 2H), 3.77 (s, 3H), 2.79 {t= 6.5 Hz, 2H), 1.96 (p] = 6.5 Hz, 2H)**C
NMR (151 MHz, DMSOdg) 6 160.01, 159.14, 154.93, 146.55, 139.32, 132.18,
128.73, 126.11, 126.07, 125.02, 124.52, 122.47,391914.79, 106.13, 55.70, 44.64,

26.58, 24.17. ESIMS(/2: 334.1451 [M + HI.
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4.1.2.14.
[5-(2',4'-di-Fluorophenyl)-2-furanyl](3,4-dihydrodnolin-1(2H)-yl)-Methanone

( 3n ). white solid, yield 92.6%, m.p. 133-136 % NMR (600 MHz, DMSOds) &
7.40 (dddJ = 11.6, 9.3, 2.5 Hz, 1H), 7.29 @@= 7.4 Hz, 1H), 7.20 (dd] = 15.3, 8.5
Hz, 1H), 7.14-7.10 (m, 2H), 7.05-6.97 (m, 3H), 6(87 = 3.6 Hz, 1H), 3.86 (1) =

6.5 Hz, 2H), 2.80 (tJ = 6.5 Hz, 2H), 1.97 (p] = 6.5 Hz, 2H)**C NMR (151 MHz,
DMSO-dg) & 162.39 (ddJc.r = 249.3 Hz2Jc.r= 12.3 Hz), 158.92 (ddJc.r = 253.2
Hz, ®Jcr = 12.4 Hz), 158.88, 147.87 (8)cr = 2.2 Hz), 147.38, 139.08, 132.41,
128.76, 127.82 (d(f,JC_F =9.94 HzJc.r = 9.99 Hz), 126.12, 125.23, 124.48, 118.96,
114.59 (dd2Jcr = 12.3 Hz,*Jo.r = 3.8 Hz), 112.78 (ddJc.r = 21.9 Hz,*Jcr = 3.2
Hz), 111.31 (d3Jc.r = 10.1 Hz), 105.44 (dd, = 25.9 Hz,J = 25.9 Hz), 44.66, 26.55,
24.13. Anal. Calcd. (%) for £gH1sFoNO,: C, 70.60; H, 4.67; N, 3.95. Found: C, 70.79;
H, 4.46; N, 4.13.

4.1.2.15.
[5-(2',6'-di-Fluorophenyl)-2-furanyl](3,4-dihydrodnolin-1(2H)-yl)-Methanone

(40 ). white liquid, yield 82.6%'H NMR (600 MHz, DMSO€s) & 7.51-7.46 (m, 1H),
7.26-7.20 (m, 3H), 7.11-7.03 (m, 3H), 6.99-6.95 @Hl), 3.87 (t,J = 6.5 Hz, 2H),
2.79 (t,J = 6.5 Hz, 2H), 1.96 (p] = 6.5 Hz, 2H);"*C NMR (151 MHz, DMSO#d) 5
159.18, 159.17 (ddl,Jc_F = 253.0,%)cr = 6.5 Hz), 148.27, 144.28, 138.80, 131.85,
131.44 (dd,3Jc_|: = 10.6 Hz2Jc.r = 10.5 Hz), 128.98, 126.13, 125.13, 124.29, 11,7.97

114.37 (dd3Jcr = 5.4 Hz,*Jc.r = 5.5 Hz), 112.96 (ddJcr = 21.4,*Jcr = 4.0 Hz),
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107.71 (dd,2Jcr = 16.3 Hz,2Jc.r = 16.3 Hz), 45.01, 26.50, 24.07. ESIMS9):
340.1154 [M + H].
4.1.3. General synthesis of title compoudAdsd>.

A mixture of 5-substituted phenyl-2-furancarboxylecid 2 (100 mmol) and
1,2,3,4-tetrahydroisoquinoline (105 mmol) or
6,7-dimethoxy-1,2,3,4-tetrahydroisoquinoline (105nah) dissolved in anhydrous
dichloromethane, their coupling reaction was theriggmed in the presence of EDCI
(220 mmol) and HOBt (120 mmol) to provide the diffiet titte compound4 (4a-40)
or 5 (5a-50), respectively.
4.1.3.1. (5-Phenyl-2-furanyl)(3,4-dihydro-2(1H)-@gonolinyl)-Methanone (4a ).
white solid, yield 95.1%, m.p. 105-106 %€ NMR (600 MHz, DMSOd6) & 7.82 (d,
J=7.6 Hz, 2H), 7.49 () = 7.6 Hz, 2H), 7.39 () = 7.6 Hz, 1H), 7.27-7.13 (m, 6H),
4.81 (s, 2H), 3.97 (s, 2H), 2.97 (s, 2K NMR (151 MHz, DMSOd6) & 158.48,
154.26, 146.48, 134.60, 133.19, 129.33, 128.98,4¥28128.39, 126.50, 126.36,
126.15, 124.03, 117.90, 107.16. Anal. Calcd. (%)3aH:/NO,: C, 79.30; H, 5.78;
N, 4.48. Found: C, 79.19; H, 5.65;N, 4.62.
4.1.3.2. [5-(2-Chlorophenyl)-2-furanyl](3,4-dihyd&{1H)-isoquinolinyl)-Methanone
(4b). yellow liquid, yield 97.1%, m.p. 118-119 °&4 NMR (600 MHz, DMSOedg) &
7.89 (ddJ=7.8, 1.4 Hz, 1H), 7.61 (dd,= 8.0, 1.2 Hz, 1H), 7.50 (td,= 7.6, 1.2 Hz,
1H), 7.45-7.41 (m, 1H), 7.28-7.20 (m, 6H), 4.774sl), 4.01 (s, 2H), 2.96 (s, 2H);

*C NMR (151 MHz, DMSOdg) 6 158.86, 151.12, 147.33, 135.09, 133.62, 131.34, 1
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30.43, 130.20, 129.11, 128.93, 128.26, 128.13,0622.26.87, 126.71, 117.99, 112.5
6. ESIMS(/2: 338.0953 [M + HI.

4.1.3.3. [5-(3-Chlorophenyl)-2-furanyl](3,4-dihyd&{1H)-isoquinolinyl)-Methanone
( 4c ). light yellow solid, yield 93.3%, m.p. 122-124 °¢H NMR (600 MHz,
DMSO-dg) & 7.88-7.75 (m, 2H), 7.57-7.42 (m, 2H), 7.31-7.16 GH), 4.78 (s, 2H),
3.96 (s, 2H), 2.97 (s, 2H}*C NMR (151 MHz, DMSOsdg) 5 158.99, 152.31, 148.95,
147.81, 135.90, 135.09, 133.58, 131.36, 131.30,6B30128.92, 127.15, 126.82,
123.41, 118.81, 118.25, 110.35. Anal. Calcd. (%)dnH1sCINO,: C, 70.98; H, 4.85;
N, 3.98. Found: C, 71.11H, 4.77; N, 4.15.

4.1.3.4. [5-(4-Chlorophenyl)-2-furanyl](3,4-dihyd&{1H)-isoquinolinyl)-Methanone
(4d ). yellow solid, yield 93.3%, m.p. 126-128 & NMR (600 MHz, DMSOdg) &
7.82 (d,J = 8.5 Hz, 2H), 7.55 (d] = 8.6 Hz, 2H), 7.30-7.16 (m, 6H), 4.81 (s, 2H),
3.95 (s, 2H), 2.97 (s, 2H); 13C NMR (151 MHz, DM$)-6 158.95, 153.65, 147.23,
135.14, 133.69, 133.44, 129.59, 128.90, 128.72,0827126.92, 126.69, 126.30,
118.40, 108.40. Anal. Calcd. (%) fopdE16CINO,: C, 70.99; H, 4.86; N, 4.35. Found:
C,71.1% H,4.77; N, 4.15.

4.1.3.5. [5-(2-Fluorophenyl)-2-furanyl](3,4-dihyci®(1H)-isoquinolinyl)-Methanone
( 4e). white solid, yield 90.9%, m.p. 137-138 % NMR (600 MHz, DMSOds) &
7.87 (t,J = 7.8 Hz, 1H), 7.48-7.43 (m, 1H), 7.41-7.34 (m,)2A.30-7.16 (m, 5H),
7.02 (t,J = 3.4 Hz, 1H), 4.78 (s, 2H), 4.00 (s, 2H), 2.9824d); 1°C NMR (151 MHz,
DMSO-ds) § 158.86 (C=0), 158.75 (&) = 250.3 Hz, C-2, Ph), 148.97 (3,= 5.7 Hz,

C-5, Fu), 147.17 (C-2, Fu), 135.11, 133.66, 134 ?J = 8.5 Hz, C-4, Ph), 128.91,
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127.07, 126.91 (d'J = 1.9 Hz, C-4, Fu), 126.69, 125.64 {d,= 3.2 Hz, C-5, Ph),
118.28 (2C), 117.82 (¢ = 11.8 Hz, C-1, Ph), 116.86 (4] = 21.1 Hz, C-3, Ph),
111.67 (d3J = 10.3 Hz, C-6, Ph). Anal. Calcd. (%) fosdB16FNO,: C, 74.93; H, 4.87;
N, 4.58. Found: C, 74.75; H, 5.02;N, 4.36.

4.1.3.6. [5-(3-Fluorophenyl)-2-furanyl](3,4-dihyci®(1H)-isoquinolinyl)-Methanone
( 4f ). white solid, yield 89.6%, m.p. 133-135 % NMR (600 MHz, DMSOds) 5
7.64 (t,J = 9.6 Hz, 1H), 7.54 (dd] = 14.3, 7.8 Hz, 2H), 7.27-7.20 (m, 7H), 4.76 (s,
2H), 3.98 (s, 2H), 2.97 (s, 2HY*C NMR (151 MHz, DMSQdg) & 163.03 (d,*J =
243.5 Hz, C-3, Ph), 158.91 (C=0), 153.42%H= 3.2 Hz, C-5, Fu), 147.41(C-2, Fu),
135.14, 133.69, 132.05 (& = 8.7 Hz, C-1, Ph), 131.72 (&) = 8.5 Hz, C-5, Ph),
128.91, 127.05, 126.89, 126.69, 120.614.Qd=, 2.1 Hz, C-6, Ph), 118.34, 115.71 %ﬂi,
= 21.2 Hz, C-2, Ph), 111.30 (& = 23.6 Hz, C-4, Ph), 109.01. Anal. Calcd. (%) for
CaoH16FNO,: C, 74.58; H, 4.86; N, 4.57. Found: C, 74.75; 25N, 4.36.

4.1.3.7. [5-(4-Fluorophenyl)-2-furanyl](3,4-dihyci®(1H)-isoquinolinyl)-Methanone
( 4g ). white solid, yield 89.6%, m.p. 133-135 % NMR (600 MHz, DMSOds) &
7.88-7.84 (m, 2H, ArH), 7.36-7.32 (m, 2H, ArH), 8:2.19 (m, 5H), 7.13 (d] = 3.6
Hz, 1H, FuH), 4.79 (s, 2H), 3.96 (s, 2H), 2.97 28)); *C NMR (151 MHz,
DMSO-ds) 6 162.54 (d,lJ = 246.2 Hz, C-4, Ph), 158.99, 158.98, 153.94, 996.
135.15, 133.72, 128.91, 127.05, 126.853(11,= 8.4 Hz, 2C, C-2, C-6, Ph), 126.69,
126.57 (d,*J = 3.1 Hz, C-1, Ph), 118.46, 116.58 {d,= 22.1 Hz, C-2, C-5, Ph),
107.57. Anal. Calcd. (%) for LH16FNOy: C, 74.88; H, 5.21; N, 4.28. Found: C,

74.75; H, 5.02;N, 4.36.
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4.1.3.8. [5-(2-Nitrophenyl)-2-furanyl](3,4-dihyd@(1H)-isoquinolinyl)-Methanone
(4h). yellow solid, yield 90.5%, m.p. 181-183 & NMR (600 MHz, DMSOd) &
7.99 (d,J = 8.0 Hz, 1H), 7.94 (d] = 7.6 Hz, 1H), 7.81 (td] = 7.7, 1.1 Hz, 1H), 7.68
(t, J = 7.8 Hz, 1H), 7.28-7.14 (m, 6H), 4.81 (U= 102.6 Hz, 2H), 3.86 (s, 2H), 2.91
(s, 2H);13C NMR (151 MHz, DMSOdg) 6 158.27, 150.01, 149.00, 147.59, 135.01,
133.50, 133.30, 130.68, 130.21, 128.93, 127.05,7126124.67, 122.61, 118.45,
111.78. Anal. Calcd. (%) for4H16N204: C, 69.04; H, 4.78; N, 7.91. Found: C, 68.96;
H, 4.63; N, 8.04.

4.1.3.9. [5-(3-Nitrophenyl)-2-furanyl](3,4-dihyd@(1H)-isoquinolinyl)-Methanone
(4i). yellow solid, yield 93.5%, m.p. 189-192 & NMR (600 MHz, DMSOds) &
8.56 (t,J = 1.8 Hz, 1H), 8.25 (d] = 7.8 Hz, 1H), 8.22-8.20 (m, 1H), 7.79 Jt= 8.0
Hz, 1H), 7.45 (d) = 3.6 Hz, 1H, FuH), 7.27-7.20 (m, 5H), 4.76 (s)2B198 (s, 2H),
2.98 (s, 2H);13C NMR (151 MHz, DMSOdg) 6 158.91, 152.37, 148.95, 147.78,
135.84, 135.13, 133.66, 131.34, 131.29, 130.65,9828127.11, 126.74, 123.31,
118.87, 118.23, 110.05. ESIMS(): 349.1194 [M + HI.

4.1.3.10. [5-(4-Nitrophenyl)-2-furanyl](3,4-dihyci®(1H)-isoquinolinyl)-Methanone
(4 ). yellow solid, yield 91.1%, m.p. 198-200 & NMR (600 MHz, DMSOds) &
8.32 (d,J = 8.9 Hz, 2H, ArH), 8.04 (d] = 8.9 Hz, 2H, ArH), 7.46 (d] = 3.6 Hz, 1H,
FuH), 7.27-7.20 (m, 5H), 4.75 (s, 2H), 3.96 (s, 2M97 (s, 2H)**C NMR (151 MHz,
DMSO-dg) 6 158.84, 152.52, 148.58, 147.10, 135.58, 135.13,603 128.90, 127.10,
126.94, 126.73, 125.39 (2C), 124.96 (2C), 118.4P1.G3. Anal. Calcd. (%) for

CooH16N204: C, 68.72; H, 4.86; N, 8.24. Found: C, 68.96; 634 N, 8.04.
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4.1.3.11.

[5-(4-Methylphenyl)-2-furanyl](3,4-dihydro-2(1H)asguinolinyl)-Methanone @k ).
white solid, yield 90.0%, m.p. 155-156 %€ NMR (600 MHz, DMSOdg) & 7.70 (d,
J=8.1Hz, 2H, ArH), 7.30 (d] = 8.1 Hz, 2H, ArH), 7.26-7.19 (m, 4H, QuH), 7.1B (
J=3.5 Hz, 1H, FuH), 7.07 (d,= 3.6 Hz, 1H, FuH), 4.80 (s, 2H), 3.96 (s, 2HRR.
(s, 2H), 2.35 (s, 3H)**C NMR (151 MHz, DMSOds) § 159.05, 155.06, 146.61,
138.63, 135.15, 133.76, 130.08 (2C), 128.93, 12722.03, 126.88, 126.68, 124.56
(2C), 118.46, 106.96, 21.36. Anal. Calcd. (%) fefHGINO,: C, 79.62; H, 5.89; N,
4.56. Found: C, 79.47; H, 6.03; N, 4.41.

4.1.3.12.

[5-(4-Bromophenyl)-2-furanyl](3,4-dihydro-2(1H)-igainolinyl)-Methanone (41 ).
yellow solid, yield 88.1%, m.p. 188-189 % NMR (600 MHz, DMSOdg) & 7.76 (d,
J=8.4 Hz, 2H), 7.69 (d] = 8.4 Hz, 2H), 7.28-7.14 (m, 6H), 4.76 (s, 2HRSB(S, 2H),
2.97 (s, 2H)*C NMR (151 MHz, DMSOds) & 158.97, 153.72, 147.27 (s), 135.16,
133.71, 132.51 (2C), 129.07, 128.92, 127.08, 126198.72, 126.55 (2C), 122.09,
118.42, 108.49. Anal. Calcd. (%) fopdEl16BrNO,: C, 62.98; H, 4.05; N, 3.51. Found:
C, 62.84; H, 4.22; N, 3.66.

4.1.3.13.
[5-(4-Methoxyphenyl)-2-furanyl](3,4-dihydro-2(1Hgaquinolinyl)-Methanone 4m ).
white solid, yield 93.2%, m.p. 136-138 % NMR (600 MHz, DMSOdg) & 7.74 (d,
J=8.7 Hz, 2H), 7.27-7.19 (m, 4H), 7.17 (= 3.4 Hz, 1H), 7.06 (d] = 8.8 Hz, 2H),

6.99 (d,J = 3.5 Hz, 1H), 4.79 (s, 2H), 3.95 (s, 2H), 3.813H), 2.97 (s, 2H)*°C
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NMR (151 MHz, DMSOdg) & 160.03, 159.07, 155.08, 146.29, 135.16, 133.79,
128.93, 127.03, 126.89, 126.69, 126.21 (2C), 122188.63, 115.00 (2C), 106.02,
55.74. Anal. Calcd. (%) for £H10NO3: C, 75.79; H, 5.94; N, 4.02. Found: C, 75.66;
H, 5.74; N, 4.20.

4.1.3.14.

[5-(2',4'-di-Fluorophenyl)-2-furanyl] (3,4-dihydro{2H)-isoquinolinyl)-Methanone

( 4n ). white solid, yield 90.1%, m.p. 129-131 % NMR (600 MHz, DMSOds) &
7.91 (dd,J = 15.3, 8.7 Hz, 1H), 7.46 (ddd,= 11.6, 9.3, 2.5 Hz, 1H), 7.28-7.21 (m,
6H), 6.98 (t,J = 3.3 Hz, 1H), 4.78 (s, 2H), 3.98 (s, 2H), 2.972); :°C NMR (151
MHz, DMSO-ds) & 162.43 (dd}J = 249.1,3) = 12.2 Hz, C-4, Ph), 158.96 (di =
253.1,3J = 12.5 Hz, C-2, Ph), 158.82 (C=0), 148.31%0k 2.4 Hz, C-4, Ph), 147.16,
135.12, 133.66, 128.91, 128.37 (aﬂi,= 10.0,*J = 4.2 Hz, C-6, Ph), 127.06, 126.91,
126.70, 118.24, 114.81 (dd = 12.1,%J = 3.8 Hz, C-1, Ph), 113.02 (dt}, = 21.9,%J

= 3.5 Hz, C-5, Ph), 111.17 (& = 9.8, C-5, Fu), 105.54 (ddJ = 26.0 Hz,”J = 26.0
Hz, C-3, Ph). Anal. Calcd. (%) for,gH1sFoNO,: C, 70.95; H, 4.59; N, 3.96. Found: C,
70.79; H, 4.46; N, 4.13.

4.1.3.15.
[5-(2',6'-di-Fluorophenyl)-2-furanyl](3,4-dihydro{2H)-isoquinolinyl)-Methanone

( 40 ). white solid, yield 85.2%, m.p. 120-122 % NMR (600 MHz, DMSOds) &
7.53 (dg,J = 8.3, 6.4 Hz, 1H), 7.34-7.12 (m, 7H), 7.04 (d& 3.4, 1.6 Hz, 1H), 4.91
(d, J = 179.6 Hz, 2H), 4.01 (s, 2H), 2.96 (s, 2} NMR (151 MHz, DMSOdg) &

159.22 (2C, ddJ = 252.423 = 6.5 Hz, C-2, C-6, Ph), 158.59 (C=0), 148.11,.204
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135.00, 133.62, 131.38 (daJ = 10.7 Hz,%) = 10.7 Hz, C-4, Ph), 128.98, 127.03,
126.94, 126.70, 117.91, 114.32 (aﬂi,= 5.5 Hz,3) = 5.5 Hz, C-5, Fu), 113.10 (2C, dd,
2)=21.5%=13.9 Hz, C-3, C-5, Ph), 107.87 (dd= 16.0 Hz2J = 16.0 Hz, C-1, Ph).
Anal. Calcd. (%) for GH1sF.NO,: C, 70.92; H, 4.31; N, 4.35. Found: C, 70.79; H,
4.46; N, 4.13.

4.1.3.16.
(6,7-Dimethoxy-3,4-dihydro-1H-isoquinolin-2-yl)-fBenyl-2-furyl) methanonesg ).
white solid, yield 90.3%, m.p. 112-114 %1 NMR (400 MHz, DMSOsdg) § 7.81 (d,

J =7.9 Hz, 2H), 7.49 (t, J = 7.6 Hz, 2H), 7.39)(t 7.3 Hz, 1H), 7.16 (dd, J = 14.4,
3.5 Hz, 2H), 6.86 (s, 1H), 6.79 (s, 1H), 4.74 (4),2.92 (s, 2H), 3.73 (d, J = 4.2 Hz,
6H), 2.89 (s, 2H)**C NMR (101 MHz, DMSOdg) & 159.01, 154.72, 147.94, 147.86,
147.01, 129.88, 129.54, 129.02, 126.66, 125.34,5724118.28, 112.34, 110.41,
107.70, 56.01, 55.97. Anal. Calcd. (%) fosd>1NO,4: C, 72.89; H, 5.62; N, 3.64.
Found: C, 72.71; H, 5.82; N, 3.85.

4.1.3.17.
(6,7-Dimethoxy-3,4-dihydro-1H-isoquinolin-2-yl)-(8-chlorophenyl)-2-furyl)methan
one (5b).

white solid, yield 88.1%, m.p. 133-134 %& NMR (400 MHz, DMSOdg) & 7.89 (d,
J=7.7Hz, 1H), 7.62 (d, J = 7.9 Hz, 1H), 7.5Q(t 7.6 Hz, 1H), 7.43 (t, J = 7.6 Hz,
1H), 7.24 (dd, J = 11.1, 3.5 Hz, 2H), 6.85 (s, 169 (s, 1H), 4.70 (s, 2H), 3.95 (s,
2H), 3.73 (d, J = 3.8 Hz, 6H), 2.87 (s, 2 NMR (101 MHz, DMSOdg) 5 158.83,

151.02, 147.95, 147.86, 147.33, 131.35, 130.43,1830129.09, 128.28, 128.14,
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126.63, 125.22, 117.82, 112.56, 112.32, 110.380)®B655.96. Anal. Calcd. (%) for
C22H20CINO,: C,66.69; H, 5.31; N, 3.38. Found: C, 66.42; /5N, 3.52.

4.1.3.18.
(6,7-Dimethoxy-3,4-dihydro-1H-isoquinolin-2-yl)-(8-chlorophenyl)-2-furyl)methan
one (5¢).

white solid, yield 93.3%, m.p. 138-140 °El NMR (400 MHz, DMSO#dg) & 7.86 (s,
1H), 7.77 (d, J = 7.7 Hz, 1H), 7.52 (t, J = 7.8 #i), 7.44 (d, J = 8.0 Hz, 1H), 7.28
(d, J = 3.5 Hz, 1H), 7.19 (d, J = 3.4 Hz, 1H), 6(851H), 6.79 (s, 1H), 4.71 (s, 2H),
3.91 (s, 2H), 3.73 (d, J = 4.7 Hz, 6H), 2.87 (s);2fC NMR (101 MHz, DMSOdg) 5
158.90, 153.07, 147.95, 147.86, 147.46, 134.37,8431131.51, 128.70, 126.64,
125.27,124.18, 123.07, 118.15, 112.33, 110.38,110%6.01, 55.98. Anal. Calcd. (%)
for C2H20CINO,: C,66.70; H, 4.82; N, 3.76. Found: C, 66.42; /5N, 3.52.
4.1.3.19.
(6,7-Dimethoxy-3,4-dihydro-1H-isoquinolin-2-yl)-(8-chlorophenyl)-2-furyl)methan
one (5d).

white solid, yield 94.9%, m.p. 139-142 % NMR (400 MHz, DMSOdg) & 7.82 (d,

J = 8.3 Hz, 2H), 7.55 (d, J = 8.3 Hz, 2H), 7.19, (@c 3.4 Hz, 3.4 Hz, 2H), 6.85 (s,
1H), 6.79 (s, 1H), 4.72 (s, 2H), 3.90 (s, 2H), @3] = 4.6 Hz, 6H), 2.87 (s, 2HJC
NMR (101 MHz, DMSOdg) & 158.93, 153.59, 147.95, 147.86, 147.24, 133.43,
129.61, 128.74, 126.66, 126.30, 125.28, 118.26,311210.44, 108.41, 56.01, 55.97.
Anal. Calcd. (%) for @H2oCINO,4: C,66.18; H, 5.36; N, 3.80. Found: C, 66.42; H,

5.07; N, 3.52.
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4.1.3.20.
(6,7-Dimethoxy-3,4-dihydro-1H-isoquinolin-2-yl)-(8-fluorophenyl)-2-furyl)methan
one (5e).

white solid, yield 83.3%, m.p. 115-118 % NMR (400 MHz, DMSOds) 5 7.87 (t,
J=7.8 Hz, 1H), 7.46 (dd] = 13.3, 7.3 Hz, 1H), 7.41 — 7.34 (m, 2H), 7.22)¢, 3.4
Hz, 1H), 7.01 (tJ = 3.2 Hz, 1H), 6.86 (s, 1H), 6.79 (s, 1H), 4.7224d), 3.95 (s, 2H),
3.74 (d,J = 3.9 Hz, 6H), 2.89 (s, 2H}*C NMR (101 MHz, DMSOds) § 158.84,
158.75 (d}J = 250.2 Hz, C-2, Ph), 148.91 &, = 2.7 Hz, C-5, Fu), 147.96, 147.86,
147.17, 130.77 (d3,J = 8.5 Hz, C-4, Ph), 126.90, 126.88, 126.64, 12%%4 = 3.3
Hz, C-5, Ph), 125.25, 118.12, 117.83%#l= 11.8 Hz, C-1, Ph), 116.87 (& = 21.1
Hz, C-3, Ph), 112.31, 111.69 @,= 10.4 Hz, C-6, Ph), 56.00, 55.96. Anal. Calcd) (%
for CoH20FNO,: C,66.99; H, 5.01; N, 3.89. Found: C, 69.28; R%N, 3.67.
4.1.3.21.
(6,7-Dimethoxy-3,4-dihydro-1H-isoquinolin-2-yl)-(8-fluorophenyl)-2-furyl)methan
one (5f).

white solid, yield 88.4%, m.p. 125-126 % NMR (400 MHz, DMSO€s) § 7.64 (t,

J = 8.5 Hz, 2H), 7.54 (dd] = 14.7, 7.3 Hz, 1H), 7.29 — 7.18 (m, 3H), 6.861(d),
6.80 (s, 1H), 4.71 (s, 2H), 3.92 (s, 2H), 3.73J¢& 4.2 Hz, 6H), 2.89 (s, 2H}*C
NMR (101 MHz, DMSOsg) 5 163.03 (d1J = 243.5 Hz, C-3, Ph), 158.89, 153.36 (d,
“J = 3.0 Hz, C-5, Fu), 147.95, 147.86, 147.42, 133M6°J = 8.7 Hz, C-1, Ph),
131.73 (d,%J = 8.6 Hz, C-5, Ph), 126.65, 125.28, 120.61%0d= 2.3 Hz, C-6, Ph),

118.20, 115.71 (J = 21.2 Hz, C-2, Ph), 112.32, 111.28 {di= 23.7 Hz, C-4, Ph),
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110.40, 109.00, 55.99, 55.96. Anal. Calcd. (%)3aH20FNO,: C, 69.56; H, 5.45; N,
3.33. Found: C, 69.28; H, 5.29; N, 3.67.

4.1.3.22.
(6,7-Dimethoxy-3,4-dihydro-1H-isoquinolin-2-yl)-(8-fluorophenyl)-2-furyl)methan
one (59 ).

white solid, yield 91.8%, m.p. 130-132 %€ NMR (400 MHz, DMSOdg) & 7.85 (dd,
J=7.8,5.8 Hz, 2H), 7.34 (8,= 8.6 Hz, 2H), 7.17 (d] = 3.4 Hz, 1H), 7.13 (d] = 3.4
Hz, 1H), 6.85 (s, 1H), 6.79 (s, 1H), 4.74 (s, 28180 (s, 6H), 3.73 (d] = 4.5 Hz, 2H),
2.87 (s, 2H);**C NMR (101 MHz, DMSQdg) § 162.54 (d}J = 246.2 Hz, C-4, Ph),
158.98, 153.88, 147.94, 147.86, 147.00, 126.8@J(d=, 8.3 Hz, 2C, C-2, C-6, Ph),
126.67, 126.60 (d‘,] = 3.1 Hz, C-1, Ph), 125.32, 118.31, 116.602.Qd; 22.0 Hz, 2C,
C-3, C-5, Ph), 112.32, 110.42, 107.58, 56.02, 55°@al. Calcd. (%) for g;H20FNOy:
C, 68.99; H, 4.98; N, 3.92. Found: C, 69.28; H95Q, 3.67.

4.1.3.23.
(6,7-Dimethoxy-3,4-dihydro-1H-isoquinolin-2-yl)-(8-nitrophenyl)-2-furyl)methano
ne (5h).

yellow solid, yield 92.8%, m.p. 158-167C. *H NMR (400 MHz, DMSO#d) & 7.99
(d,J=7.9 Hz, 1H), 7.94 (d] = 7.8 Hz, 1H), 7.81 () = 7.6 Hz, 1H), 7.68 (J = 7.8
Hz, 1H), 7.25 (dJ = 1.8 Hz, 1H), 7.14 (d] = 3.4 Hz, 1H), 6.85 (s, 1H), 6.78 (s, 1H),
4.73 (d,J = 60.2 Hz, 2H), 3.83 (s, 2H), 3.74 (s, 6H), 2.82 ZH); °C NMR (101
MHz, DMSO-dg) 6 158.40, 150.01, 149.02, 147.97, 147.87, 147.53,323 130.66,

130.23, 126.58, 125.05, 124.71, 122.65, 118.44,2812111.76, 110.46, 55.95 (2C,
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CH30-). Anal. Calcd. (%) for &Ho0N.Og: C, 64.97; H, 5.12; N, 6.53. Found: C,
64.70; H, 4.94; N, 6.86.

4.1.3.24.
(6,7-Dimethoxy-3,4-dihydro-1H-isoquinolin-2-yl)-(8-nitrophenyl)-2-furyl)methano
ne (5i ).

yellow solid, yield 93.1%, m.p. 163-167 %E NMR (400 MHz, DMSOdg) & 8.55 (s,
1H), 8.22 (dd,) = 13.2, 8.1 Hz, 2H), 7.78 (,= 8.0 Hz, 1H), 7.45 (d] = 3.5 Hz, 1H),
7.24 (d,J = 3.3 Hz, 1H), 6.99 — 6.64 (m, 2H), 4.52 (s, 2BI91 (s, 2H), 3.73 (d] =
5.2 Hz, 6H), 2.82 (s, 2H}*C NMR (101 MHz, DMSQsds) 5 158.82, 152.31, 148.90,
147.96, 147.88, 147.78, 131.32, 131.25, 130.62,6126125.19, 123.28, 118.83,
118.12, 112.30, 110.38, 110.02, 55.98, 55.97. A@alcd. (%) for GzH2oN2Os: C,
64.41; H, 4.65; N, 7.02. Found: C, 64.70; H, 41946.86.

4.1.3.25.
(6,7-Dimethoxy-3,4-dihydro-1H-isoquinolin-2-yl)-(8-nitrophenyl)-2-furyl)methano
ne (5 ).

yellow solid, yield 91.7%, m.p. 179-18IC. *H NMR (400 MHz, DMSOsdg) & 8.33
(d, J = 8.4 Hz, 2H), 8.06 (d] = 8.4 Hz, 2H), 7.48 (d] = 3.4 Hz, 1H), 7.25 (d] = 3.3
Hz, 1H), 6.86 (s, 1H), 6.79 (s, 1H), 4.71 (s, 28189 (s, 2H), 3.73 (d] = 5.4 Hz, 6H),
2.89 (s, 2H);13C NMR (101 MHz, DMSOdg) 6 158.81, 152.45, 148.58, 147.97,
147.87, 147.08, 135.60, 126.64, 125.38 (2C), 1251P4.97 (2C), 118.25, 112.29,
111.63, 110.43, 56.02, 55.97. Anal. Calcd. (%)@aH20N206: C, 64.92; H, 5.22; N,

6.60. Found: C, 64.70; H, 4.94; N, 6.86.
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4.1.3.26.
(6,7-Dimethoxy-3,4-dihydro-1H-isoquinolin-2-yl)-(p-tolyl)-2-furyl)methanone
(5k):

white solid, yield 96.8%, m.p. 143-144 %E NMR (400 MHz, DMSOdg) & 7.69 (d,
J=7.9 Hz, 2H), 7.29 (d] = 7.9 Hz, 2H), 7.16 (d] = 3.5 Hz, 1H), 7.06 (d] = 3.5 Hz,
1H), 6.85 (s, 1H), 6.79 (s, 1H), 4.75 (s, 2H), 3(812H), 3.73 (dJ = 3.9 Hz, 6H),
2.87 (s, 2H), 2.34 (s, 3H}*C NMR (101 MHz, DMSOsdg) 5 159.03, 155.00, 147.94,
147.86, 146.62, 138.63, 130.08 (2C), 127.24, 1261@6.35, 124.55 (2C), 118.32,
112.33, 110.39, 106.94, 56.00, 55.95, 21.36. AGalcd. (%) for GsH23NO,: C,
72.91; H, 5.98; N, 3.58. Found: C, 73.19; H, 643.71.

4.1.3.27.
(6,7-Dimethoxy-3,4-dihydro-1H-isoquinolin-2-yl)-(8-bromophenyl)-2-furyl)methan
one (51).

yellow solid, yield 82.3%, m.p. 168-17IC. *H NMR (400 MHz, DMSOdg) 6 7.76
(d,J = 8.1 Hz, 2H), 7.68 (d] = 8.2 Hz, 2H), 7.21 (d] = 3.4 Hz, 1H), 7.18 (d] = 3.3
Hz, 1H), 6.85 (s, 1H), 6.78 (s, 1H), 4.73 (s, 28191 (s, 2H), 3.73 (d] = 4.7 Hz, 6H),
2.87 (s, 2H);13C NMR (101 MHz, DMSOdg) 6 158.94, 153.63, 147.95, 147.86,
147.25, 132.50 (2C), 129.07, 126.66, 126.53 (2@h.27, 122.06, 118.25, 112.31,
110.41, 108.48, 56.01, 55.97. Anal. Calcd. (%)GesH20BrNO,4: C, 59.55; H, 4.31,
N, 3.38. Found: C, 59.74; H, 4.56; N, 3.17.

4.1.3.28.

(6,7-Dimethoxy-3,4-dihydro-1H-isoquinolin-2-yl)-(8-methoxyphenyl)-2-furyl)meth
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anone (bm).

white solid, yield 92.8%, m.p. 179-180 % NMR (400 MHz, DMSOdg) & 7.74 (d,
J=8.2 Hz, 2H), 7.15 (d] = 3.3 Hz, 1H), 7.05 (d] = 8.2 Hz, 2H), 6.99 (d] = 3.4 Hz,
1H), 6.85 (s, 1H), 6.79 (s, 1H), 4.76 (s, 2H), 3(912H), 3.81 (s, 3H), 3.73 (d= 3.9
Hz, 6H), 2.88 (s, 2H)**C NMR (101 MHz, DMSOdg) & 160.02, 159.07, 155.01,
147.93, 147.85, 146.29, 126.68, 126.20 (2C), 125122.70, 118.46, 115.00 (2C),
112.33, 110.41, 106.01, 56.01, 55.97, 55.74. A@alcd. (%) for GsH2aNOs: C,
70.48; H, 5.92; N, 3.36. Found: C, 70.21; H, 51893.56.

4.1.3.29.
(6,7-Dimethoxy-3,4-dihydro-1H-isoquinolin-2-yl)-(8;4-difluorophenyl)-2-furyl)met
hanone Gn ).

white solid, yield 88.6%, m.p. 126-128C. *H NMR (400 MHz, DMSOds) & 7.91
(dd,J = 15.4, 8.4 Hz, 1H), 7.47 (@,= 10.4 Hz, 1H), 7.27 (] = 8.5 Hz, 1H), 7.21 (d,
J=3.4 Hz, 1H), 6.98 (i = 3.2 Hz, 1H), 6.85 (s, 1H), 6.79 (s, 1H), 4.7024d), 3.91
(s, 2H), 3.73 (dJ = 4.3 Hz, 6H), 2.88 (s, 2H}’C NMR (101 MHz, DMSOdg) &
162.42 (dd}J = 249.0,%3 = 12.3 Hz, C-4, Ph), 158.95 (dtl, = 253.0,3) = 12.3 Hz,
C-2, Ph), 158.81, 148.23 (Hl = 2.2 Hz, C-4, Fu), 147.95, 147.86, 147.15, 12885
31=9.9,31= 4.0 Hz, C-6, Ph), 126.64, 125.23, 118.07, 114d83°) = 12.1,J=3.8
Hz, C-1, Ph), 113.04 (dd) = 21.8,"J = 3.4 Hz, C-5, Ph), 112.30, 111.18 {d~= 9.5
Hz, C-5, Ph), 110.41, 105.57 (dfd,= 26.0 Hz,"J = 26.0 Hz, C-3, Ph), 56.00, 55.96.
Anal. Calcd. (%) for @H19F2NO,4: C, 65.94; H, 4.89; N, 3.71. Found: C, 66.16; H,

4.80; N, 3.51.



10

11

12

13

14

15

16

17

18

19

20

21

22

4.1.3.30.
(6,7-Dimethoxy-3,4-dihydro-1H-isoquinolin-2-yl)-(8;6-difluorophenyl)-2-furyl)met
hanone (o).

white solid, yield 86.4%, m.p. 120-122 °&f NMR (400 MHz, DMSOdg) & 7.57 —
7.48 (m, 1H), 7.36 — 7.22 (m, 3H), 7.03 Jd; 1.7 Hz, 1H), 6.79 (s, 2H), 4.69 (s, 2H),
3.97 (s, 2H), 3.74 (s, 6H), 2.87 (s, 2 NMR (101 MHz, DMSOds) & 159.20 (2C,
dd,'J = 252.4 Hz3J = 6.6 Hz, C-2, C-6, Ph), 158.56, 148.10, 147.9G,.85, 144.14,
131.36 (dd,3J = 10.7 Hz,J = 10.7 Hz, C-4, Ph), 126.55, 125.19, 117.71, 114d8l,
3)=5.6 Hz,*J = 5.6 Hz, C-5, Fu), 113.10 (2C, dd,= 19.8 Hz,*J = 5.4 Hz, C-3, C-5,
Ph), 112.33, 110.43, 107.87 ((fd,= 16.0 Hz,2J = 16.0 Hz, C-1, Ph), 55.97, 55.94.
Anal. Calcd. (%) for @H19F2NO,: C, 66.41; H, 4.66; N, 3.40. Found: C, 66.16; H,

4.80; N, 3.51.

4.2. Biological investigations.
4.2.1. Cell lines

MCF-7/ADR (resistant to Doxorubicin), as the breast cancérlioe of human
origin, was routinelycultured in RPMI 1640 supplemented with 10% fetaVibe
serum, 10Qug/mL streptomycin, 2 mM glutamine, and 100,000 U/pdnicillin in a
humidified incubatowith a 5 % CQ atmosphere at 3. Caco-2 cells wergrown
in DMEM with 10% heat-inactivated fetal caderum, 100ug/mL streptomycin, 2
mM L-glutamine and 100 U/mL penicillinfhe cells were trypsinized twice a week

with trypsin/ethylenediaminetetraaceticid (EDTA) (0.02%/0.02%and the medium
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was changed twice a week.
4.2.2. Determination of the cytotoxicity of testednpounds to HelLa cells

HelLa cells were seeded at 5000 cells per well irw8b plates in DMEM
supplemented with 10% FBS (Invitrogen), which weseshed once with PBS after
culture overnight and incubated with FBS-free med&upplied with 10QuM tested
compounds as indicated. The survival cells werangxed with the Cell Counting
Kit-8 (Dojindo) after 4-hour incubation, and therngual percentage of cells without
compounds treatment was set as 100% as a control.
4.2.3. Cell antiproliferative effect

The antiproliferative effect  was examined through he t 3-
[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazoliumdmide (MTT) assay [10,11,40,41]
with minor modifications. In the absence or presence of testpounds, the cells
were seeded to 96-well platies 48 h and 1QuL of freshly prepared MTBolution (5
mg/mL) was added in each well. Thiwe plate was incubated at 37 for 3-4 h in a
humidified atmosphere 05% CQ. After removal of MTT solution, 20QuL of
EtOH/DMSO (v:v/1:1) was added into eaalell to dissolve the blue formazan solid
crystals. Theoptical density was checked at 570 and 650wawvelenghts by Victor3
(Perkin-Elmer LifeSciences).
4.2.4. Intracellular Doxorubicin accumulation

The effects of intracellular Doxorubicin accumubatiby compoundém, 5d, 5l,
Cyclosporin A, and Verapamil was examined by floytometry. In MCF-7/ADR

cells, all the compounds were prepared au®0for 2 days exposure, and during the
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second day Doxorubicin was supplied aty0. After incubation and removal of the
cell media, trypsin-EDTA was applied to detach ¢keés from the plates. Cells were
harvested and washed twice in ice-cold PBS (pH, Thén which were placed on ice
(less than 1 h) until analysis. Fluorescence measemnts of individual cells were
evaluated using a Becton-Dickinson FACScan. Thennflearescence intensity in the
Doxorubicin-treated cells, established 100% as puositive control, and the
auto-fluorescence of untreated cells establishe@&¥%e negative control.
4.2.5. Effect of antiproliferative drug combination

In MCF-7/ADR, the compounds were performed atu®@ Doxorubicin at 5uM;
Verapamil and Cyclosporin A were used as positeferences. The incubation of the
compounds together with Doxorubicin for 2 dagfier two wash steps with complete
medium, by Doxorubicifor 1 day. The analysis wamerformed by the MTT assay.
On the first day10,000 cells/well were plated in 96-well plate200uL, and on the
second day, the compounds alone ocambination were added. Eight blank control
wells (untreatedcells) and eight wells for each treatment were iadpin each
experiment. 0.5 mg/mL MTT waadded to each well and theipernatant was
removed after 1-h incubation at 3. Then 100uL DMSO was added and the
absorbancevalues were recorded at 570 and 630 nm on the pilatereader
SpectraCount (Packard-USA). The cgllowth inhibitory activity was shown as
percentagef control (untreated cells).
4.3 Molecular docking

Molecular docking was performed on Surflex-Dock medof Sybyl 8.0 [42].
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The protein crystal structure of P-gp (PDB ID: 48btained from Protein Data
Bank was used as the receptor for molecular dockingy. The 3D structure of
compound5m was drawn and optimized with SYBYL package. Thecking
procedure was started with the protomol generatinich was created using a
ligand-based approach (native ligand for P-gp tireg. Proto threshold was set to
0.5 and proto bloat was kept at 0 as a default npeter. For docking, max
conformation and max rotation values were 20 an@, i@spectively. Pre-dock and
Post-dock energy minimization methods were alsdieghpDocking results were
compared by the total score values. The pose Wwghhigher total-score value was
considered as the best one. After the end of mtaedoacking, the interactions of the
docked domain with ligand were analyzed.
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Figure captions

Figurel. Development of P-gp modulators

Figure 2. (A, B) Molecular structure a3b. Displacement ellipsoids are drawn at the
30% probability level. (C, D) Molecular structuré 4d. Displacement ellipsoids are
drawn at the 30% probability level.

Figure 3. Models of P-glycoprotein and docking of compodna (A, B) The entire
P-glycoprotein structure binding fam. (C, D) The catalytic domain binding &m
overlaid with Cyclosporin A (purple). (E) The elemtic surface distribution &m at
the catalytic domain. (F) The overview of bindingatel.

Scheme 1. The synthetic route of the title compoun8s-30; 4a-40 and 5a-50.
Reagents and conditions: (a) NajN@ydrochloricacid, 0 - 5 °C, 3h; (b) furoicacid,
CuChk (cat.), acetone - D, rt, 5h (two steps); (c) HOBt, EDCI, anhydrous
dichloromethane, 0°C - r.t., 3h; (d) SOG| anhydrous toluene, reflux; (e)
tetrahydroquinoline , anhydrous dichloromethan8uxe4 h. R =a: H; b: 2-Cl; c:
3-Cl; d: 4-Cl; e 2-F;f: 3-F; g: 4-F; h: 2-NOy; i: 3-NOy; j: 4-NO,; k: 4-CHg; |: 4-Br;

m: 4-OCH; n: 2,4-di-F;o0: 2,6-di-F.

Tablel. Biological evaluation of the title compounds

Table 2. Capability of the synthesized P-gp modulating agett increase

Doxorubicin intracellular accumulation in MCF-7/ADdI| line
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Figure 3. Models of P-glycoprotein and docking of compod&na (A, B) The entire
P-glycoprotein structure binding &m. (C, D) The catalytic domain binding &m
overlaid with Cyclosporin A (purple). (E) The elemtic surface distribution &m at

the catalytic domain. (F) The overview of bindingatel.
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Scheme 1. The synthetic route of the title compoun8s-30; 4a-40 and 5a-50.
Reagents and conditions: (a) NajN@ydrochloricacid, 0 - 5 °C, 3h; (b) furoicacid,
CuChk (cat.), acetone - #D, rt, 5h (two steps); (c) HOBt, EDCI, anhydrous
dichloromethane, 0°C - r.t., 3h; (d) SOG| anhydrous toluene, reflux; (e)
tetrahydroquinoline , anhydrous dichloromethan8uxe4 h. R =a: H; b: 2-Cl; c:
3-Cl; d: 4-Cl; e 2-F;f: 3-F; g: 4-F; h: 2-NOy; i: 3-NOy; j: 4-NO,; k: 4-CHg; |: 4-Br;

m: 4-OCH; n: 2,4-di-F;o0: 2,6-di-F.



Table1l. Biological evaluation of the title compourfts

Compd. N o
N 0
0 \
| S (0]
R_' — Ry : /

(3a-30) (4a-40) (5a-50)
R- P-gp° Papp P-gp° Papp P-gp° Papp
H 10.93+0.99 13.5 8.29+0.64" 122  6.72+0.58 9.6

2-Cl 13.73+1.08 4.6  10.25+0.9% 10.3  8.18+0.8% 8.2
3-Cl 17.41+1.28° 7.3 18.22+1.3% 7.9 14.72+1.2% 7.9

4-Cl 8.28+0.91 6.2  6.73+0.76 48  3.27+0.68 10.1
2-F 17.92+1.2% 7.4  14.77+1.0F 3.7 10.89+0.9% 6.2
3-F 27.39+1.55 5.9  20.48+1.6% 40 17.75+1.73 4.6
4-F 13.20+1.19 5.8  10.37+0.87 3.8  8.48%0.53 3.6

2-NO,  19.34+1.3%° 6.7 15.20+0.98 49 13.87+1.1% 4.9
3-NO; 29.11+1.48 4.9 20.37+1.22 8.6 16.34+1.3% 5.4
4-NO, 15.46+1.28 8.7 12.45+1.06 7.8  9.23x1.2% 3.5
4-CH;  9.14+1.07 48  8.12+1.13 75  5.23+1.18 6.0
4-Br 9.21+0.98 9.7  7.82+1.02 6.3  4.34+1.24 5.8
4-OCH; 6.82+0.58 56  5.48+0.42 6.0  0.89+0.11 5.3
2,4-di-F 17.33x1.2f* 47 12.66+0.9% 49 10.43+1.1% 4.5
2,6-di-F 19.58+1.4% 7.9 15.34+1.01 5.3 12.98+1.08 3.9

o N O 01 A W

cyclosporin A 83.68+3.12 9.8
verapamil 20.54+0.64 1.2
® Data are the mean of three-independent determirsatibtriplicate samples.

P ECso tM£SEM.

The letters a-I denoted the results of differengaiicance analysis. Means followed by the same
letter within the same column are not significardifferent ¢ > 0.05, Fisher's LSD multiple
comparison test).
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Table 2. Capability of the synthesized P-gp modulating agett increase

Doxorubicin intracellular accumulation in MCF-7/AD&II line?

Compd. Folds of Doxorubicin (5@M)  Antiproliferative effect (%)
intracellular accumulation (5 uM Doxorubicin)
Doxorubicin 1.0 5.3+11
20 uM-5d -+ 6.8+0.6 89.6+1.8
Doxorubicin
20 uM 5+ 5.040.7 79.8+1.7
Doxorubicin
20 pM- Sm o+ 9.240. 97.8+1.9
Doxorubicin
20 uM- Cyclosporin 5.4+0.8 84.2+2 1
A + Doxorubicin
20 uM Verapamil +
3.620.7 52.5+1.5

Doxorubicin

® Data are the mean of three-independent determisatibtriplicate samples.
The letters a-e denoted the results of differemgf&cance analysis. Means followed by the same
letter within the same column are not significardifferent ¢ > 0.05, Fisher's LSD multiple

comparison test).



Highlights

® 5-Phenyl-2-furan  derivatives containing  tetrahydro(iso)quinoline  were
synthesized.

® Most compounds showed good inhibitory activity against P-gp.

® SAR and molecular simulation studies were conducted.

® Compound 5m could increase Doxorubicin accumulation in overexpressing P-gp
MCF-7/ADR célls.

® Drug combination of Doxorubicin and 5m displayed antiproliferative effect about
97.8%.



