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A B S T R A C T

P-glycoprotein (P-gp)-mediated multidrug resistance (MDR) is a major impediment for clinical cancer therapy. 19
novel aromatic amides with triazole-core as MDR reversal agents were designed and synthesized via click chemistry
to reverse MDR. Among them, compound 42 was identified as the most promising candidate with high potency
(EC50=78.1 ± 5.4 nM), low cytotoxity (SI > 1282) and persistent duration in reversing doxorubicin (DOX) re-
sistance in K562/A02 cells. 42 also enhanced the potency of other P-gp associated cytotoxic agents with different
structures. In further study, remarkably increased intracellular accumulation of Rh123 and DOX in K562/A02 cells
was achieved by compound 42, while CYP3A4 activity had no change by compound 42. These results indicate that
compound 42 as a relatively safe modulator of P-gp-mediated MDR has good potential for further development.

1. Introduction

Multidrug resistance (MDR) is a serious obstacle occurred in clinical
cancer chemotherapy, leading to more than 90% of chemotherapy
failure [1–4]. Several studies have identified that the primary me-
chanism of MDR is the overexpression of P-glycoprotein (P-gp/ABCB1/
MDR1) in the membranes of resistant cells [5]. P-gp was the first
member of the ATP binding cassette (ABC) superfamily identified in
1976 by Ling et al. [6] which plays a significant role in drug efflux from
cells. It has the ability to mediate ATP-dependent drug translocation
across the plasma membrane against considerable concentration gra-
dients, reducing the effective intracellular accumulation of a variety of
chemotherapeutic drugs, finally resulting in MDR to cancer cells [7].

Many chemical modulators have been identified that block the action
of P-gp [8–10]. Since the first P-gp inhibitor verapamil (VRP) was dis-
covered in 1981, the development of P-gp inhibitors has been over three

decades [11]. In particular, the promising third generation P-gp mod-
ulators have specific and effective inhibition of P-gp function, for example,
Tariquidar(1), WK-X-34(2) and HM30181(3) (Fig. 1) [12–14]. In these
excellent inhibitors, 6,7-dimethoxy-2-phenethyl-1,2,3,4-tetrahydro-iso-
quinoline is the most characteristic moiety, and considered as the foremost
active domain with an efficient role in P-gp inhibition [15]. However,
most of these modulators suffer from serious deficiency such as un-
satisfactory toxicity, low selectivity or pharmacokinetic interaction [16].
Heretofore, no P-gp modulator has been applied to clinic. HM30181 also
named Encequidar is still in Phase II clinical trials, which was considered
as the most hopeful candidate. Therefore, HM30181 was selected as the
leading compound and one positive control. The exploration of potent P-
gp inhibitors with high efficiency and low toxicity for cancer therapy re-
mains an urgent need for MDR [17–19].

Extensive efforts have been devoted to develop further bioactive mo-
lecules on the basis of 6,7-dimethoxy-2-phenethyl-1,2,3,4-tetrahydro-
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isoquinoline [20–22]. Due to the similarity with carboxamide moiety in
terms of distance and planarity, 1, 2, 3-triazole ring widely applied in drug
discovery is employed as a bioisostere of carboxamide group or tetrazole
moiety in the designed compounds by click chemistry, which has better π-
π interaction with receptor proteins. It offers high stability even under
extreme oxidative and reductive environment and its inclination to form
hydrogen bonding elevates its solubility benefiting binding towards bio-
molecular targets [23–25]. Lipophilicity and presence of aromatic rings
are specific physicochemical characteristics in P-gp inhibitors [26]. Hence,
substituted benzene rings and heteroaromatic rings were introduced to the
hydrophobic domain to develop novel triazole-tetrahydroisoquinoline-
core P-gp reversal agents with outstanding affinity to P-gp targets, and
high safety profile (Fig. 1) [27].

2. Results and discussion

2.1. Chemistry

As shown in Scheme 1, the series compounds 29–47 with triazol-N-
phenethyl-tetrahydroisoquinoline were synthesized. Compound 4 was
prepared from the starting material 1-fluoro-2-nitrobenzene refluxed in
the mixture of DMF with prop-2-yn-1-amine and potassium carbonate
for 8 h [28]. Treatment of compound 4 with sodium hyposulfite in 50%
ethanol afforded compound 5 which was then reacted with disparate
aromatic formic acid in dry dichloromethane with 1-(3-dimethylami-
nopropyl)-3-ethylcarbodiimide hydrochloride (EDCI), 1-Hydro-
xybenzotriazole (HOBT) as coupling agents to get the compound 6–24
[29].. Compounds 27 and 28 were synthesized according to literature
procedures with minor modification [30,31]. Subsequently, compound
28 and compounds 6–24 were treated with ascorbate sodium and
copper sulfate in 75% methanol stirring at room temperature for 48 h to
provide compounds 29–47. Interestingly, some of the target compounds
could be precipitated from the reaction solution directly with high
purity while the others should be purified by column chromatography.
The structures of target compounds obtained were listed in Table 1.

2.2. Biological evaluation

2.2.1. Intrinsic cytotoxicity of target compounds
Since most reported potent P-gp modulators are failed due to toxi-

city within the therapeutic concentration range, the intrinsic

cytotoxicity of target compounds against parental human ery-
throleukemia sensitive cell line K562 and its DOX-selected derivative P-
gp overexpressing K562/A02 cells was evaluated by MTT assay.

As shown in Table 2, the anticarcinogen DOX displayed little in-
hibitory effect on the survival of K562/A02 cells (IC50 of
78.34 ± 3.40 μM) displayed about 113.5-fold greater resistance than
K562 cells (IC50= 0.69 ± 0.11 μM). Most of the target compounds had
high IC50 values with low intrinsic cytotoxicity (IC50s > 100 μM)
against both K562 and K562/A02 cells. A few compounds were found to
exhibit more toxicity (IC50 from 34.48 μM to 68.89 μM) effect on K562/
A02 cells than that on sensitive K562 cells, suggesting that these
compounds may be more toxic to MDR cells and they were not likely to
be substrates of P-gp. The positive control VRP has weak cytotoxic ef-
fect toward both two cell lines with IC50 values of 32.38 μM and
28.23 μM. On the basis of data points of IC50, the survival rates of
2.0 μM compounds 29–47 were all over 95%, appropriate to determine
its reversal effect on MDR cell line. Then the reversal activity of 29–47
in DOX-resistance were evaluated preliminarily in K562/A02 cells at
non-toxic concentration of 2.0 μM by MTT.

2.2.2. P-gp modulating activity of the target compounds on reversing DOX
resistance in K562/A02 cells and SAR study

Based on the results above, all the target compounds were selected
for further reversal study at non-toxic concentration of 2.0 μM. The
anticancer drug DOX, the classic P-gp modulator verapamil (VRP) and
the lead compound 3 were controls. As the results summarized in
Table 3, the anticarcinogen DOX alone displayed little inhibitory effect
on the survival of K562/A02 cells (IC50 of 78.34 ± 3.40 μM) displayed
about 113.5-fold greater resistance than K562 cells
(IC50= 0.69 ± 0.11 μM). However, the combination treatment of DOX
with most of the target compounds increased the toxic effect. P-gp
modulating activity of compounds was evaluated by a parameter
known as relative fold (RF). The majority of the target compounds
exhibited more active MDR reversal activity than VRP, when co-ad-
ministered with DOX.

According to the data in Table 3, the structure-activity relationship
can be summarized as below. Compounds 29–47 with substituent
phenyl group all own a comparable reversal activity. Among them, ir-
respective of electron-withdrawing or -donating groups, the meta-po-
sition mono-substituted and unsubstituted compounds exhibited pro-
mising reversal potency similar to 3 (compounds 29, 31, 35, 42 and

Fig. 1. Structures of the reported potent P-gp inhibitors and design of the target compounds.
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45), while compound 40 was the exception with low activity caused by
the steric hindrance effect of dimethylamino group; the number and the
position of methoxyl in the phenyl contributed to the different reversal
potency (compounds 34–39); compared with compounds 37, the
change from benzyl to phenylethyl lead to the lower activity; the ortho-
or para-position substituted phenyl compounds with electron-with-
drawing or -donating groups (compounds 30, 32, 33, 41, 43–44 and
46–47) all displayed minor or no benefit to reversal activity. As a result,
compound 42 with a significantly decreased IC50 of DOX

(1.85 ± 0.10 μM) showed the strongest reversal activity with RF of
42.35, which was superior to 3 and ready for the further studies.

2.2.3. Chemo-sensitizing effect and selective index (SI) of compound 42
Based on the preliminary test, we further investigated the reversal

potency of the most potent compound 42 at various concentrations
(0.005, 0.01, 0.025, 0.05, 0.075, 0.10, 0.25, 0.50, 1.0 or 2.0 μM) to-
wards K562/A02 cells to get its EC50 value. EC50 refers to the con-
centration of inhibitor required to reduce the IC50 of DOX by half
compared with a control without a modulator [32]. The reversal ac-
tivity of compound 42 showed apparent dose-dependent manner and
still exhibited potent MDR reversal activity (RF= 3.97) when the
concentration decreased to 0.1 μM. Additionally, the EC50 value of
compound 42 was (78.1 ± 5.4) nM (Fig. 2A), which was calculated by
GraphPad Prism 6.0 software from the dose response curves. As the
most promising compound, the intrinsic cytotoxicity of 42 against
normal human gastric epithelial cells (GES-1) was determined to eval-
uate its safety. The result indicated that 42 showed no cytotoxic effect
toward GES-1 cells (IC50 > 100 μM) (Fig. 2B). Therefore, the selective
index (SI, ratio of IC50 toward GES-1 to EC50 for reversing DOX re-
sistance) for 42 was very high (SI > 1282), indicating it may be very
safe for normal human cells if co-administered with anticancer agents
as an MDR modulator.

2.2.4. Effect of 42 on reversing P-gp-mediated resistance to other
antineoplastic agents

MDR is accompanied by resistance to other unrelated antineoplastic
agents that may own diverse structures and mechanisms of function
[33]. Hence, paclitaxel (PTX), vinblastine (VLB), daunorubicin (DNR)
and cyclophosphamide (CTX) were chosen to evaluate the capability of
42 on reversing MDR. Fig. 3 reveals clearly that 42 enhanced cytotoxic
effects of various agents (PTX, VLB and DNR) related to the P-gp-
mediated MDR phenotype in K562/A02 cells but did not affect the
potency of non-MDR cytotoxic (as CTX) in the resistant cells. These
results suggest that inhibition of P-gp function contributes to the re-
versal of resistance.

2.2.5. Duration of drug effect
In further evaluation for the duration of action of compound 42, the

experiment was carried out as previously reported [34,35]. The results
in Table 4 indicated that the modulating activity was in a wash-time

Scheme 1. Synthesis of the target com-
pounds. Reagents and conditions: (i) 2-
Propynylamine, K2CO3, DMF, 80 °C, 8 h; (ii)
Na2S2O4, NaHCO3, MeOH: H2O:
THF=1:1:1, 0 °C~ r.t., 12 h; (iii) EDCI,
HOBT r.t., 24 h; (iv) (CH2O)n, EtOH, r.t.,
3 h; con. HCl, reflux, 4 h; (v) 1-(2-bro-
moethyl)-4-nitrobenzene, K2CO3, CH3CN,
reflux, 17 h; (vi) H2/Pd-C, DCM/EtOH, r.t.,
24 h; (vii) NaNO2, 50% AcOH, 0–5 °C,
30min; NaN3, 0–5 °C, 50min; (viii) 6–24,
sodium ascorbate, CuSO4, 75% CH3OH,
24–48 h.

Table 1
Structures of target compounds.

cc
Compound Ar Compound Ar

29 39

30 40

31 41

32 42

33 43

34 44

35 45

36 46

37 47

38
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dependent manner, the longer time, the lower activity. After the re-
moval from the medium, 2.0 μM 3 and 42 persisted significant reversal
effect even at 24 h, and 3 exhibited sustaining reversal activity inferior
to 42. However, the action of 5.0 μM VRP continued to exist no more
than 6 h. Therefore, it is concluded that the potent reversal effect 42
persisted long time over 24 h after removal from the medium.

2.2.6. Effect of 42 on accumulation of DOX and Rh123
Rhodamine-123 (Rh123), a fluorescence specific substrate of P-gp,

its fluorescence can be used to monitor the intracellular accumulation
level in cells [36,37]. Furthermore, in order to investigate the me-
chanism of compound 42 in modulating the anticancer drug substrates
accumulation level inside K562/A02 cells. The mean fluorescence in-
tensity (MFI) of retained intracellular Rh123 was estimated by BD
FACSCalibur flow cytometer through the FL1 tunnel. The classical P-gp
inhibitor VRP and 3 were chosen as the positive controls. As the results
shown in Fig. 4, K562/A02 cells treated with 2.0 μM 42 and 3, the MFI
of cells increased much more than treated with 5.0 μM VRP. The result

indicated that compound 42 was more potent than VRP in Rh123 ac-
cumulation in K562/A02 cells, almost had the same efficiency with 3 in
enhancing the accumulation of Rh123 in K562/A02 cells.

Furthermore, to validate our assumption that whether the reversal
effect of compound 42 is associated with a concomitant increase in DOX
accumulation, we utilized fluorescence spectrophotometer to give a
further evaluation [38]. When incubated with modulators at various
concentrations, the fluorescence intensity of DOX accumulated in
K562/A02 cells showed dose-effect dependence. The results demon-
strated in Fig. 5 indicated that with the absence of modulators, DOX
accumulation in K562 cells was more than 4-fold (p < 0.01) than that
in K562/A02 cells. In comparison, 0.1 μM compound 42 exhibited si-
milar accumulative activity in K562/A02 compared with 5 μM VRP,
and 1.0 μM compound 42 has significantly higher efficiency in enhan-
cing accumulation of DOX than VRP at 5 μM. Meanwhile, 5 μM 3 and
42 showed similar potency in increasing DOX accumulation in K562/
A02, almost restored the DOX level to the parental K562′s level. Results
indicated that compound 42 was a potent P-gp inhibitor.

2.2.7. Effect of 42 on cytochrome P3A4 (CYP3A4)
It is known that P-gp and CYP3A4 have a considerable overlap in

the tissue distribution and substrate preference [39]. Several of the
second-generation P-gp modulators are substrates for CYP3A4, re-
sulting in unpredictable pharmacokinetic interactions with che-
motherapeutic agents. Nevertheless, the new generation P-gp mod-
ulators do not affect CYP3A4 at relevant concentrations. In order to
further evaluate the safety of 42 as a P-gp modulator, we determined its
effect on rat liver CYP3A4 in vitro. As shown in Fig. 6, a potent inhibitor
of CYP3A4, ketoconazole significantly inhibited the activity of CYP3A4
in a concentration-dependent manner, whereas 42 did not affect the
activity of CYP3A4 even at 40 μM, which is much higher than the EC50
in vitro. The results showed that 42 may be a relatively superior P-gp
modulator when coadministered with chemotherapy drugs metabolized
by CYP3A4.

Table 2
Cytotoxicity of the Target Compounds 29–47 against K562 and K562/A02 Cell Lines.

Compound IC50 (μM) Compound IC50 (μM)

K562 K562/A02 K562 K562/A02

29 >100 59.15 ± 1.73 40 >100 63.23 ± 2.58
30 >100 62.19 ± 4.01 41 >100 71.30 ± 2.28
31 >100 63.06 ± 2.27 42 >100 70.46 ± 2.23
32 >100 38.71 ± 0.94 43 >100 48.95 ± 3.56
33 72.59 ± 2.82 34.48 ± 2.05 44 83.29 ± 5.40 75.34 ± 3.95
34 >100 89.26 ± 6.03 45 >100 69.35 ± 4.15
35 >100 >100 46 >100 >100
36 >100 >100 47 73.21 ± 3.74 57.29 ± 3.28
37 >100 79.64 ± 3.69 VRP 32.38 ± 1.25 28.23 ± 3.17
38 >100 68.89 ± 3.04 3 >100 >100
39 >100 87.56 ± 1.62 DOX 0.69 ± 0.11 78.34 ± 3.40

Table 3
DOX resistance reversal activity of target compounds at 2.0 μM concentration in
K562/A02 Cells.

Compound
(2.0 μM)

IC50/DOX (μM) RF Compound
(2.0 μM)

IC50/DOX (μM) RF

29 3.60 ± 0.17 21.76 40 18.61 ± 2.71 4.21
30 15.01 ± 1.23 5.22 41 5.82 ± 0.31 13.46
31 3.17 ± 0.17 24.71 42 2.19 ± 0.28 35.77
32 4.03 ± 0.58 19.43 43 10.66 ± 1.02 8.84
33 12.78 ± 0.75 6.13 44 11.30 ± 2.09 6.93
34 8.19 ± 1.01 9.57 45 5.12 ± 1.20 15.30
35 3.35 ± 0.26 23.39 46 20.30 ± 2.87 3.86
36 9.53 ± 0.93 8.22 47 12.24 ± 2.15 6.40
37 5.47 ± 1.09 14.32 VRP (5.0 μM) 15.48 ± 0.50 5.06
38 4.29 ± 0.64 18.26 3 2.34 ± 0.21 33.48
39 8.40 ± 1.29 9.33 0.1% DMSO 78.34 ± 3.40 1.00

Fig. 2. Impact of 42 on inversing DOX re-
sistance in K562/A02 cells. (A) EC50 value
for 42 in depressing DOX-resistance of
K562/A02 cells. The percentage of DOX IC50
was charted with log concentration of 42,
which is equal to (DOX IC50 in each mod-
ulator concentration/DOX IC50 without
modulator)× 100%. Thus, EC50 can be
noted for the modulator concentration,
which can diminish the DOX IC50 by 50%;
(B) Survival rates of 42 at different con-
centrations were determined in GES-1 cells.
Data were analyzed with GraphPad Prism
5.0 software and presented as the
mean ± SD of three independent tests.

Q. Qiu, et al. Bioorganic Chemistry 90 (2019) 103083

4



3. Conclusion

In the present study, a series of 19 novel aromatic amides with
triazole-core as MDR modulators with low cytotoxicity were designed
and synthesized based on the click chemistry. All synthesized com-
pounds were evaluated in vitro for MDR chemo-sensitizing effects by
using the classical P-gp inhibitor VRP as a positive control.
Subsequently, the study identified compound 42 was more efficient.
Moreover, it did not exhibit toxicity up to 100 μM towards sensitive
K562 cells and normal HUVEC cells, which was superior to the lead
compound 3. Additionally, 42 could significantly reverse P-gp-medi-
ated MDR in K562/A02 cells with a dose-dependent manner and pos-
sess a considerable potency with EC50= 78.1 ± 5.4 nM. The duration
of reversal action of 42 lasted even after 24 h washout.

Moreover, it could remarkably increase the intracellular accumu-
lation of both Rh123 and DOX in K562/A02 cells as well as inhibit their
efflux from the cells, which suggested that compound could effectively
block the drug efflux function of P-gp. Besides, even at high con-
centration 42 did not affect the activity of CYP3A4, avoiding the

toxicity induced from drug interactions. Therefore, 42 could be served
as a promising candidate for the development of P-gp-mediated MDR
reversal agents.

4. Experimental section

4.1. General chemistry

All starting materials, reagents and solvents were obtained from
commercial sources used without further purification unless otherwise
indicated. Column chromatography was carried out on silica gel or
alumina (200–300 mesh). Melting points were measured using a RY-1
melting-point apparatus, which was uncorrected. All of the target
compounds were analyzed by 1H NMR, 13C NMR (Bruker ACF-300Q,
300MHz). Chemical shifts are expressed as values (ppm) relative to
tetramethylsilane as internal standard and coupling constants (J values)
were given in hertz (Hz). Abbreviations are used as follows: s= singlet,
d= doublet, t= triplet, q= quartet, m=multiplet. LC/MS spectra
were recorded on Waters ACQUITY UPLC Systems with Mass (Waters,

Fig. 3. Reversing potency of 42 on P-gp-mediated resistance to other antineoplastic agents. DNR, PTX, and VLB are P-gp substrates, whereas CTX is not. Each data
point is presented as mean ± SD for three independent tests.

Table 4
Duration of MDR reversal in K562/A02 cells after incubation and washout of VRP, 3 or 42.

Treatment schedule IC50/DOX [μM] (RF)a

Control 5.0 μM VRP 2.0 μM 3 2.0 μM 42

No wash 82.71 ± 3.94 (1.00) 15.91 ± 2.88 (5.20) 2.64 ± 0.22 (31.33) 2.45 ± 0.32 (33.76)(33.76)
Wash, 0 h ndb 53.02± (1.56) 3.67 ± 0.56 (22.54) 4.28 ± 0.29 (19.32)
Wash, 6 h nd nd 5.16 ± 0.37 (16.03) 6.39 ± 1.16 (12.94)
Wash, 12 h nd nd 7.09 ± 1.04 (11.67) 9.71 ± 1.37 (8.52)
Wash, 24 h nd nd 9.85 ± 0.85 (8.40) 15.23 ± 2.34 (5.43)

a Numbers in parentheses, Reversal fold (RF), RF= (IC50 without modulator)/(IC50 with modulator). Each experiment was carried out two to three times, and the
values were presented as the mean ± standard error of mean.

b nd: not determined.
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Milford, MA), ESI-MS were recorded. Thin-layer chromatography (TLC)
was performed on GF/UV 254 plates and the chromatograms were vi-
sualized under UV light at 254 and 365 nm. Elemental analysis was
performed on CHN-O-Rapid instrument and were within 0.4% of the
theoretical values unless otherwise noted.

4.1.1. General procedure for preparation of compounds 29–47
To the solution of 6–24 (1 mmol) and compound 28 (1mmol) in

75% methanol (40mL), ascorbate sodium (30mg) and CuSO4 (10mg)
were added, respectively to get the target compounds 29–47.

4.1.2. N-(2-(((1-(4-(2-(6,7-dimethoxy-3,4-dihydroisoquinolin-2(1H)-yl)
ethyl)phenyl)-1H-1,2,3-triazol-4-yl)methyl)amino)phenyl)benzamide(29)

Yield 77.8%; pale yellow solid; m.p.162–164 °C; ESI-MS m/z: 589.3
([M+H]+); 1H NMR (300MHz, DMSO‑d6) δ ppm: 9.72 (s, 1H), 8.60 (s,
1H), 7.88 (dd, J=8.5, 7.3 Hz, 5H), 7.61–7.34 (m, 5H), 7.23–7.00 (m,
2H), 6.85 (d, J=7.9 Hz, 1H), 6.65 (t, J=8.9 Hz, 3H), 5.71 (s, 1H),
4.46 (s, 2H), 3.69 (s, 6H), 3.54 (s, 2H), 2.88 (s, 2H), 2.69 (s, 6H); 13C
NMR (75MHz, DMSO‑d6) δ ppm: 165.60, 143.16, 141.21, 134.71,
131.39, 130.01, 128.21, 127.81, 127.37, 127.03, 125.83, 120.98,
119.75, 116.21, 111.68, 111.44, 109.87, 55.41, 50.42, 32.25, 28.24;
Anal. Calcd for C35H36N6O3: C, 71.41; H, 6.16; N, 14.28. Found: C,

Fig. 4. The effect of target compounds on the
Rh123 accumulation in K562 or K562/A02 cells.
K562 or K562/A02 Cells were incubated with 5 μM
Rh123 without or with 5.0 μM VRP, 2.0 μM 3 or 42
for 150min at 37 °C before washing with ice PBS for
three times. The mean fluorescence intensity (MFI)
of retained intracellular Rh123 was measured by BD
FACSCalibur flow cytometer through the FL1
tunnel. The shift of the green histogram to the right
indicates an increase in intracellular accumulation
of Rh123 due to the inhibition of P-gp. (A: K562 and
K562/A02 without modulator; B: K562/A02
without modulator or with 2.0 μM 3; C: K562/A02
without modulator or with 2.0 μM compound 42; D:
K562/A02 without modulator or with 5.0 μM VRP).

Fig. 5. The effect of target compound on the DOX accumulation in K562 or
K562/A02 cells. Cells were incubated with 20 μM DOX with or without various
concentrations of 42 or 3 (0.1, 0.5, 2.0 μM) or VRP (0.5, 2.5, 5.0 μM) for
150min before washing with ice PBS for three times. (A) The cells observed and
photographed under a fluorescence microscope. (B) The cells were disin-
tegrated by Triton X100 liquid. The mean fluorescence intensity of retained
intracellular DOX was measured by fluorescence spectrophotometer. Data were
expressed as means ± SD of three independent experiments. *, P < 0.05, **,
P < 0.01 versus untreated K562/A02 cells. 3 and VRP were used as positive
controls while 0.1% DMSO as vehicle control.

Fig. 6. The effect of 42 and ketoconazole on CYP3A4. Ketoconazole, a specific
inhibitor of CYP3A4, was chosen as the positive control. The data represent the
mean and SD of three independent experiments.
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71.34; H, 6.15; N, 14.25. Purity 97%; tr 3.80min; eluent CH3CN/H2O
65/35 0.1% FA; fl 1.0mL/min.

4.1.3. N-(2-(((1-(4-(2-(6,7-dimethoxy-3,4-dihydroisoquinolin-2(1H)-yl)
ethyl)phenyl)-1H-1,2,3-triazol-4-yl)methyl)amino)phenyl)-2-
methylbenzamide(30)

Yield 79.5%; pale yellow solid; m.p. 133–135 °C; ESI-MS m/z: 603.6
([M+H]+); 1H NMR (300MHz, DMSO‑d6) δ ppm: 9.61 (s, 1H), 8.64 (s,
1H), 7.73–7.58 (m, 2H), 7.44–7.29 (m, 7H), 7.08 (s, 1H), 6.85–6.63 (m,
4H), 5.56 (s, 1H), 4.45 (s, 2H), 3.69 (s, 8H), 2.87–2.69 (m, 8H), 2.40 (s,
3H); 13C NMR (75MHz, DMSO‑d6) δ ppm: 168.31, 147.13, 146.88,
146.57, 142.29, 141.25, 135.44, 134.71, 130.45, 130.01, 129.50,
127.42, 126.71, 126.57, 126.35, 125.88, 125.46, 123.88, 121.00,
119.78, 116.43, 111.77, 111.58, 109.96, 59.00, 55.44, 55.03, 50.44,
32.28, 28.25, 19.45; Anal. Calcd for C36H38N6O3: C, 71.74; H, 6.35; N,
13.94. Found: C, 71.64; H, 6.34; N, 13.91. Purity 97%; tr 3.93min;
eluent CH3CN/H2O 65/35 0.1% FA; fl 1.0 mL/min.

4.1.4. N-(2-(((1-(4-(2-(6,7-dimethoxy-3,4-dihydroisoquinolin-2(1H)-yl)
ethyl)phenyl)-1H-1,2,3-triazol-4-yl)methyl)amino)phenyl)-3-
methylbenzamide(31)

Yield 81.6%; pale yellow solid; m.p. 149–151 °C; ESI-MS m/z: 603.4
([M+H]+); 1H NMR (300MHz, DMSO‑d6) δ ppm: 9.65 (s, 1H), 8.59 (s,
1H), 7.81–7.72 (m, 4H), 7.46 (d, J=8.5 Hz, 2H), 7.39 (d, J=4.5 Hz,
2H), 7.18 (d, J=7.2 Hz, 1H), 7.09 (t, J=7.3 Hz, 1H), 6.65 (t,
J=9.0 Hz, 3H), 5.64 (t, J=5.7 Hz, 1H), 4.45 (d, J=5.7 Hz, 2H), 3.69
(d, J=1.6 Hz, 6H), 3.54 (s, 2H), 2.89 (t, J=7.1 Hz, 2H), 2.70 (s, 6H),
2.38 (s, 3H); 13C NMR (75MHz, DMSO‑d6) δ ppm: 165.61, 147.12,
146.84, 143.09, 141.23, 137.48, 134.64, 131.94, 130.00, 128.36,
128.11, 127.24, 126.95, 126.57, 125.88, 124.95, 123.92, 120.99,
119.76, 116.29, 111.76, 111.53, 109.95, 59.01, 55.45, 55.03, 50.44,
32.27, 28.26, 20.93; Anal. Calcd for C36H38N6O3: C, 71.74; H, 6.35; N,
13.94. Found: C, 71.66; H, 6.36; N, 13.95. Purity 97%; tr 3.95min;
eluent CH3CN/H2O 65/35 0.1% FA; fl 1.0 mL/min.

4.1.5. N-(2-(((1-(4-(2-(6,7-dimethoxy-3,4-dihydroisoquinolin-2(1H)-yl)
ethyl)phenyl)-1H-1,2,3-triazol-4-yl)methyl)amino)phenyl)-4-
methylbenzamide(32)

Yield 75.9%; yellow solid; m.p.96–97 °C; ESI-MS m/z: 603.1 ([M
+H]+); 1H NMR (300MHz, DMSO‑d6) δ ppm: 9.62 (s, 1H), 8.59 (s,
1H), 7.91 (d, J=8.0 Hz, 2H), 7.73 (d, J=8.4 Hz, 2H), 7.46 (d,
J=8.4 Hz, 2H), 7.31 (d, J=8.0 Hz, 2H), 7.17 (d, J=7.6 Hz, 1H), 7.08
(t, J=7.7 Hz, 1H), 6.84 (d, J=7.7 Hz, 1H), 6.65 (t, J=8.2 Hz, 3H),
5.64 (t, J=5.7 Hz, 1H), 4.45 (d, J=5.7 Hz, 2H), 3.70 (s, 6H), 3.54 (s,
2H), 2.89 (t, J=7.2 Hz, 2H), 2.71 (s, 6H), 2.38 (s, 3H); 13C NMR
(75MHz, DMSO‑d6) δ ppm: 165.62, 147.12, 146.84, 143.12, 141.27,
134.71, 131.73, 129.99, 128.72, 127.85, 127.30, 126.92, 126.58,
125.88, 123.96, 120.97, 119.75, 116.28, 111.63, 109.95, 59.01, 55.43,
55.04, 50.45, 32.28, 28.25, 20.96; Anal. Calcd for C36H38N6O3: C,
71.74; H, 6.35; N, 13.94. Found: C, 71.67; H, 6.37; N, 13.92. Purity
96%; tr 3.97min; eluent CH3CN/H2O 65/35 0.1% FA; fl 1.0 mL/min.

4.1.6. 4-(tert-butyl)-N-(2-(((1-(4-(2-(6,7-dimethoxy-3,4-
dihydroisoquinolin-2(1H)-yl)ethyl)phenyl)-1H-1,2,3-triazol-4-yl)methyl)
amino)phenyl)benzamide(33)

Yield 82.0%; pale grey solid; m.p.150–152 °C; ESI-MS m/z: 645.7
([M+H]+); 1H NMR (300MHz, DMSO‑d6) δ ppm: 9.63 (s, 1H), 8.60 (s,
1H), 7.95 (d, J=7.8 Hz, 2H), 7.74 (d, J=8.0 Hz, 2H), 7.54–7.45 (m,
4H), 7.19 (d, J=6.7 Hz, 1H), 7.08 (d, J=7.0 Hz, 1H), 6.85 (d,
J=7.3 Hz, 1H), 6.64 (d, J=7.6 Hz, 3H), 5.66 (s, 1H), 4.45 (s, 2H),
3.69 (s, 6H), 3.54 (s, 2H), 2.89 (s, 2H), 2.70 (s, 6H), 1.31 (s, 9H); 13C
NMR (75MHz, DMSO‑d6) δ ppm: 165.68, 154.28, 147.01, 143.08,
141.21, 134.72, 131.80, 129.99, 127.71, 127.46, 126.93, 126.58,
125.88, 124.97, 123.96, 120.97, 119.75, 116.29, 111.63, 109.96,
59.02, 55.43, 55.04, 50.45, 34.60, 32.28, 30.90, 28.26; Anal. Calcd for
C39H44N6O3: C, 72.64; H, 6.88; N, 13.03. Found: C, 72.54; H, 6.89; N,

13.01. Purity 99%; tr 4.03min; eluent CH3CN/H2O 65/35 0.1% FA; fl
1.0 mL/min.

4.1.7. N-(2-(((1-(4-(2-(6,7-dimethoxy-3,4-dihydroisoquinolin-2(1H)-yl)
ethyl)phenyl)-1H-1,2,3-triazol-4-yl)methyl)amino)phenyl)-2-
methoxybenzamide(34)

Yield 78.2%; brown solid; m.p.79–81 °C; ESI-MS m/z: 619.6 ([M
+H]+); 1H NMR (300MHz, DMSO‑d6) δ ppm: 9.64 (s, 1H), 8.67 (s,
1H), 8.05–7.82 (m, 3H), 7.64–7.35 (m, 6H), 7.30–6.96 (m, 3H), 6.64 (d,
J=7.3 Hz, 3H), 5.48 (s, 1H), 4.45 (s, 2H), 3.83 (s, 3H), 3.69 (s, 6H),
3.55 (s, 2H), 2.92 (s, 2H), 2.71 (s, 6H); 13C NMR (75MHz, DMSO‑d6) δ
ppm: 164.61, 157.33, 147.97, 147.44, 146.97, 142.84, 141.85, 135.20,
134.47, 132.86, 130.66, 127.00, 126.64, 126.36, 125.68, 125.25,
124.09, 121.68, 121.03, 120.27, 117.45, 112.52, 112.15, 110.34,
59.49, 56.31, 55.88, 55.53, 50.93, 32.75, 28.74; Anal. Calcd for
C36H38N6O4: C, 69.88; H, 6.19; N, 13.58. Found: 69.89; H, 6.18; N,
13.55. Purity 99%; tr 3.77min; eluent CH3CN/H2O 65/35 0.1% FA; fl
1.0 mL/min.

4.1.8. N-(2-(((1-(4-(2-(6,7-dimethoxy-3,4-dihydroisoquinolin-2(1H)-yl)
ethyl)phenyl)-1H-1,2,3-triazol-4-yl)methyl)amino)phenyl)-3-
methoxybenzamide(35)

Yield 77.1%; yellow solid; m.p.80–82 °C; ESI-MS m/z: 619.6 ([M
+H]+); 1H NMR (300MHz, DMSO‑d6) δ ppm: 9.70 (s, 1H), 8.61 (s,
1H), 8.38 (s, 1H), 7.98 (s, 1H), 7.74 (d, J=8.0 Hz, 1H), 7.59–7.35 (m,
3H), 7.26–7.04 (m, 3H), 6.85 (d, J=8.0 Hz, 2H), 6.66 (t, J=8.9 Hz,
3H), 5.68 (s, 1H), 4.51–4.44 (m, 2H), 3.82 (s, 3H), 3.68 (s, 6H), 3.54 (s,
2H), 2.89 (s, 2H), 2.70 (s, 6H); 13C NMR (75MHz, DMSO‑d6) δ ppm:
166.03, 154.18, 149.65, 148.86, 147.56, 143.67, 136.45, 135.34,
130.51, 129.85, 127.72, 127.02, 126.32, 124.24, 121.50, 120.58,
120.24, 117.72, 116.82, 113.50, 112.08, 110.35, 59.53, 55.82, 50.94,
43.45, 32.75, 28.75; Anal. Calcd for C36H38N6O4: C, 69.88; H, 6.19; N,
13.58. Found: 69.78; H, 6.17; N, 13.57. Purity 98%; tr 3.81min; eluent
CH3CN/H2O 65/35 0.1% FA; fl 1.0 mL/min.

4.1.9. N-(2-(((1-(4-(2-(6,7-dimethoxy-3,4-dihydroisoquinolin-2(1H)-yl)
ethyl)phenyl)-1H-1,2,3-triazol-4-yl)methyl)amino)phenyl)-4-
methoxybenzamide(36)

Yield 72.9%; pale brown solid; m.p.123–125 °C; ESI-MS m/z: 619.6
([M+H]+); 1H NMR (300MHz, DMSO‑d6) δ ppm: 9.55 (s, 1H), 8.59 (s,
1H), 7.99 (d, J=8.6 Hz, 2H), 7.74 (d, J=8.3 Hz, 2H), 7.46 (d,
J=8.2 Hz, 2H), 7.17 (d, J=7.2 Hz, 1H), 7.10–7.03 (m, 3H), 6.84 (d,
J=8.0 Hz, 1H), 6.65 (t, J=8.1 Hz, 3H), 5.62 (s, 1H), 4.45 (d,
J=5.4 Hz, 2H), 3.83 (s, 3H), 3.69 (s, 6H), 3.54 (s, 2H), 2.88 (d,
J=6.9 Hz, 2H), 2.70 (s, 6H); 13C NMR (75MHz, DMSO‑d6) δ ppm:
165.25, 161.78, 147.12, 146.87, 143.17, 141.20, 134.71,129.99,
129.71, 127.34, 126.87, 126.67, 126.58, 125.87, 124.10, 120.98,
119.75, 116.30, 113.43, 111.63, 109.96, 59.00, 55.45, 55.02, 50.44,
32.27, 28.25; Anal. Calcd for C36H38N6O4: C, 69.88; H, 6.19; N, 13.58.
Found: 69.81; H, 6.20; N, 13.59. Purity 97%; tr 3.83min; eluent
CH3CN/H2O 65/35 0.1% FA; fl 1.0 mL/min.

4.1.10. N-(2-(((1-(4-(2-(6,7-dimethoxy-3,4-dihydroisoquinolin-2(1H)-
yl)ethyl)phenyl)-1H-1,2,3-triazol-4-yl)methyl)amino)phenyl)-3,4-
dimethoxybenzamide(37)

Yield 88.5%; pale yellow solid; m.p.76–77 °C; ESI-MS m/z: 649.7
([M+H]+); 1H NMR (300MHz, DMSO‑d6) δ ppm: 9.60 (s, 1H), 8.61 (s,
1H), 7.75 (d, J=8.3 Hz, 2H), 7.70–7.51 (m, 2H), 7.47 (d, J=8.4 Hz,
2H), 7.26–6.96 (m, 3H), 6.87 (d, J=7.7 Hz, 1H), 6.66 (t, J=9.6 Hz,
3H), 5.76 (s, 1H), 4.46 (d, J=5.2 Hz, 2H), 3.83 (s, 6H), 3.70 (s, 6H),
3.55 (s, 2H), 2.90 (s, 2H), 2.70 (s, 6H); 13C NMR (75MHz, DMSO‑d6) δ
ppm: 165.27, 151.50, 148.19, 147.12, 146.80, 143.24, 141.23, 134.71,
129.99, 127.33, 126.94, 127.33,126.62, 125.87, 124.08, 121.09,
119.77, 116.35, 111.67 (d, J=14.1 Hz), 111.75, 111.57, 111.04,
109.94, 59.01, 55.62, 55.57, 55.02, 50.44, 32.27, 28.24; Anal. Calcd for
C37H40N6O5: C, 68.50; H, 6.21; N, 12.95. Found: C, 68.45; H, 6.22; N,
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12.97. Purity 98%; tr 3.72min; eluent CH3CN/H2O 65/35 0.1% FA; fl
1.0 mL/min.

4.1.11. N-(2-(((1-(4-(2-(6,7-dimethoxy-3,4-dihydroisoquinolin-2(1H)-
yl)ethyl)phenyl)-1H-1,2,3-triazol-4-yl)methyl)amino)phenyl)-3,5-
dimethoxybenzamide(38)

Yield 88.5%; pale yellow solid; m.p.89–91 °C; ESI-MS m/z: 649.5
([M+H]+); 1H NMR (300MHz, DMSO‑d6) δ ppm: 9.66 (s, 1H), 8.59 (s,
1H), 7.73 (d, J=8.4 Hz, 2H), 7.46 (d, J=8.5 Hz, 2H), 7.24–6.92 (m,
4H), 6.85 (d, J=8.0 Hz, 1H), 6.75–6.49 (m, 4H), 5.61 (s, 1H), 4.45 (d,
J=5.5 Hz, 2H), 3.80 (s, 6H), 3.69 (d, J=1.4 Hz, 6H), 3.54 (s, 2H),
3.00–2.81 (m, 2H), 2.72–2.69 (m, 6H); 13C NMR (75MHz, DMSO‑d6) δ
ppm: 160.27, 146.87, 143.17, 141.24, 136.63, 129.99, 127.33, 126.58,
125.88, 123.75, 120.99, 119.77, 116.30, 111.65, 109.95, 105.78,
103.32, 59.02, 55.43, 55.02, 50.44, 32.27, 28.26; Anal. Calcd for
C37H40N6O5: C, 68.50; H, 6.21; N, 12.95. Found: C, 68.44; H, 6.22; N,
12.94. Purity 99%; tr 3.75min; eluent CH3CN/H2O 65/35 0.1% FA; fl
1.0 mL/min.

4.1.12. N-(2-(((1-(4-(2-(6,7-dimethoxy-3,4-dihydroisoquinolin-2(1H)-
yl)ethyl)phenyl)-1H-1,2,3-triazol-4-yl)methyl)amino)phenyl)-3,4,5-
trimethoxybenzamide(39)

Yield 80.7%; yellow solid; m.p.171–173 °C; ESI-MS m/z: 679.4 ([M
+H]+); 1H NMR (300MHz, DMSO‑d6) δ ppm: 9.70 (s, 1H), 8.61 (s,
1H), 7.74 (d, J=6.9 Hz, 2H), 7.47 (d, J=7.1 Hz, 2H), 7.35 (s, 2H),
7.21–7.06 (m, 2H), 6.88 (d, J=7.3 Hz, 1H), 6.64 (d, J=6.8 Hz, 3H),
5.60 (s, 1H), 4.46 (s, 2H), 3.85 (s, 6H), 3.75–3.64 (m, 9H), 3.54 (s, 2H),
2.90 (s, 2H), 2.70 (s, 6H); 13C NMR (75MHz, DMSO‑d6) δ ppm:165.18,
152.52, 147.12, 146.87, 146.76, 143.29, 141.26, 134.71, 130.00,
129.63, 127.24, 126.58, 125.88, 123.83, 121.00, 119.78, 116.34,
111.76, 111.59, 109.95, 105.47, 60.08, 59.01, 56.02, 55.43, 55.03,
50.45, 32.27, 28.25; Anal. Calcd for C38H42N6O6: C, 67.24; H, 6.24; N,
12.38. Found: C, 67.21; H, 6.23; N, 12.33. Purity 97%; tr 3.74min;
eluent CH3CN/H2O 65/35 0.1% FA; fl 1.0 mL/min.

4.1.13. N-(2-(((1-(4-(2-(6,7-dimethoxy-3,4-dihydroisoquinolin-2(1H)-
yl)ethyl)phenyl)-1H-1,2,3-triazol-4-yl)methyl)amino)phenyl)-3-
(dimethylamino)benzamide(40)

Yield 81.4%; yellow solid; m.p.99–101 °C; ESI-MS m/z: 632.7 ([M
+H]+); 1H NMR (300MHz, DMSO‑d6) δ ppm: 9.60 (s, 1H), 8.59 (s,
1H), 7.74 (d, J=8.3 Hz, 2H), 7.46 (d, J=8.3 Hz, 2H), 7.28–7.10 (m,
5H), 6.92–6.79 (m, 2H), 6.64 (d, J=7.7 Hz, 3H), 5.56 (s, 1H), 4.45 (d,
J=4.8 Hz, 2H), 3.70 (d, J=1.3 Hz, 6H), 3.55 (s, 2H), 2.94 (s, 8H),
2.70 (s, 6H); 13C NMR (75MHz, DMSO‑d6) δ ppm: 166.94, 150.73,
147.57, 147.31, 143.59, 141.71, 135.70, 135.20, 130.50, 129.25,
127.73, 127.41, 127.01, 126.32, 124.58, 121.50, 120.25, 116.85,
115.99, 115.65, 112.07, 110.34, 59.54, 55.90, 55.53, 50.94, 32.76,
28.75; Anal. Calcd for C37H41N7O3: C, 70.34; H, 6.54; N, 15.52. Found:
C, 70.31; H, 6.53; N, 15.54. Purity 96%; tr 3.83min; eluent CH3CN/H2O
65/35 0.1% FA; fl 1.0mL/min.

4.1.14. 2-chloro-N-(2-(((1-(4-(2-(6,7-dimethoxy-3,4-dihydroisoquinolin-
2(1H)-yl)ethyl)phenyl)-1H-1,2,3-triazol-4-yl)methyl)amino)phenyl)
benzamide(41)

Yield 84.8%; yellow solid; m.p.110–112 °C; ESI-MS m/z: 623.6 ([M
+H]+); 1H NMR (300MHz, DMSO‑d6) δ ppm: 9.81 (s, 1H), 8.65 (s,
1H), 7.81–7.61 (m, 3H), 7.59–7.40 (m, 5H), 7.34 (d, J=7.0 Hz, 1H),
7.11 (t, J=7.3 Hz, 1H), 6.86 (d, J=8.1 Hz, 1H), 6.71–6.62 (m, 3H),
5.47 (t, J=5.3 Hz, 1H), 4.46 (d, J=5.3 Hz, 2H), 3.69 (s, 6H), 3.54 (s,
2H), 2.91–2.87 (m, 2H), 2.69 (s, 6H); 13C NMR (75MHz, DMSO‑d6) δ
ppm: 165.53, 146.39, 142.23, 141.26, 136.86, 134.69, 130.95, 130.03,
129.53, 129.11, 127.10, 126.42, 125.82, 123.09, 121.08, 119.77,
116.35, 111.55, 109.85, 59.03, 55.38, 55.02, 50.43, 32.24, 28.23; Anal.
Calcd for C35H35ClN6O3: C, 67.46; H, 5.66; N, 13.49. Found: C, 67.53;
H, 5.64; N, 13.47. Purity 96%; tr 3.98min; eluent CH3CN/H2O 65/35
0.1% FA; fl 1.0 mL/min.

4.1.15. 3-chloro-N-(2-(((1-(4-(2-(6,7-dimethoxy-3,4-dihydroisoquinolin-
2(1H)-yl)ethyl)phenyl)-1H-1,2,3-triazol-4-yl)methyl)amino)phenyl)
benzamide(42)

Yield 71.8%; yellow solid; m.p.94–96 °C; ESI-MS m/z: 623.4 ([M
+H]+); 1H NMR (300MHz, DMSO‑d6) δ ppm: 9.78 (s, 1H), 8.57 (s,
1H), 8.06 (s, 1H), 7.95 (d, J=6.7 Hz, 1H), 7.74 (d, J=7.9 Hz, 2H),
7.63 (d, J=8.2 Hz, 1H), 7.57–7.32 (m, 3H), 7.19–7.01 (m, 2H), 6.82
(d, J=7.8 Hz, 1H), 6.65 (d, J=9.3 Hz, 3H), 5.75 (s, 1H), 4.44 (d,
J=5.4 Hz, 2H), 3.69 (s, 8H), 2.99–2.64 (m, 8H); 13C NMR (75MHz,
DMSO‑d6) δ ppm: 164.23, 146.96, 143.30, 136.63, 134.85, 133.04,
131.16, 130.12, 127.69, 127.54, 127.26, 126.60, 123.31, 121.00,
119.83, 116.09, 111.72, 111.38, 109.89, 55.45, 50.18, 32.24, 28.23;
Anal. Calcd for C35H35ClN6O3: C, 67.46; H, 5.66; N, 13.49. Found: C,
67.38; H, 5.64; N, 13.51. Purity 99%; tr 3.99min; eluent CH3CN/H2O
65/35 0.1% FA; fl 1.0 mL/min.

4.1.16. 4-chloro-N-(2-(((1-(4-(2-(6,7-dimethoxy-3,4-dihydroisoquinolin-
2(1H)-yl)ethyl)phenyl)-1H-1,2,3-triazol-4-yl)methyl)amino)phenyl)
benzamide(43)

Yield 83.0%; yellow solid; m.p.164–166 °C; ESI-MS m/z: 623.6 ([M
+H]+); 1H NMR (300MHz, DMSO‑d6) δ ppm: 9.76 (s, 1H), 8.59 (s,
1H), 8.03 (d, J=7.2 Hz, 2H), 7.74 (d, J=7.4 Hz, 2H), 7.59 (d,
J=7.4 Hz, 2H), 7.46 (d, J=7.6 Hz, 2H), 7.28–7.00 (m, 2H), 6.84 (d,
J=7.7 Hz, 1H), 6.64 (d, J=7.5 Hz, 3H), 5.75 (s, 1H), 4.46 (s, 2H),
3.69 (s, 6H), 3.54 (s, 2H), 2.89 (s, 2H), 2.70 (s, 6H); 13C NMR (75MHz,
DMSO‑d6) δ ppm:164.73, 146.86, 143.25, 141.22, 129.90, 128.25,
128.25, 127.47, 127.20, 125.85, 123.46, 120.98, 119.75, 116.15,
111.74, 111.41, 109.92, 59.03, 55.44, 55.03, 50.44, 32.27, 28.26; Anal.
Calcd for C35H35ClN6O3: C, 67.46; H, 5.66; N, 13.49. Found: C, 67.52H,
5.65; N, 13.51. Purity 98%; tr 4.03min; eluent CH3CN/H2O 65/35 0.1%
FA; fl 1.0mL/min.

4.1.17. N-(2-(((1-(4-(2-(6,7-dimethoxy-3,4-dihydroisoquinolin-2(1H)-
yl)ethyl)phenyl)-1H-1,2,3-triazol-4-yl)methyl)amino)phenyl)-4-
fluorobenzamide(44)

Yield 80.1%; grey solid; m.p.110–112 °C; ESI-MS m/z: 607.6 ([M
+H]+); 1H NMR (300MHz, DMSO‑d6) δ ppm: 9.75 (s, 1H), 8.60 (s,
1H), 8.09 (s, 2H), 7.74 (d, J=6.6 Hz, 2H), 7.47 (s, 2H), 7.35 (s, 2H),
7.17–7.09 (m, 2H), 6.86 (s, 1H), 6.65 (s, 2H), 5.75 (s, 1H), 4.46 (s, 2H),
3.69 (s, 6H), 3.54 (s, 2H), 2.89 (s, 2H), 2.70 (s, 6H); 13C NMR (75MHz,
DMSO‑d6) δ ppm: 164.72, 147.12, 146.87, 143.25, 141.21, 131.06,
130.52, 130.00, 127.47, 127.12, 126.55, 125.87, 123.62, 120.97,
119.75, 116.17, 115.24, 114.95, 111.76, 111.42, 109.95, 59.00, 55.42,
55.01, 50.42, 32.25, 28.22; Anal. Calcd for C35H35FN6O3: C, 69.79; H,
5.82; N, 13.85. Found: C, 69.74; H, 5.83; N, 13.83. Purity 98%; tr
3.91min; eluent CH3CN/H2O 65/35 0.1% FA; fl 1.0mL/min.

4.1.18. N-(2-(((1-(4-(2-(6,7-dimethoxy-3,4-dihydroisoquinolin-2(1H)-
yl)ethyl)phenyl)-1H-1,2,3-triazol-4-yl)methyl)amino)phenyl)-3-
nitrobenzamide(45)

Yield 73.7%; yellow solid; m.p.126–128 °C; ESI-MS m/z: 634.6 ([M
+H]+); 1H NMR (300MHz, DMSO‑d6) δ ppm: 10.08 (s, 1H), 8.85 (s,
1H), 8.59 (s, 1H), 8.44 (t, J=6.7 Hz, 2H), 7.82 (t, J=8.0 Hz, 1H), 7.73
(d, J=8.4 Hz, 2H), 7.45 (d, J=8.4 Hz, 2H), 7.20–7.01 (m, 2H), 6.85
(d, J=8.0 Hz, 1H), 6.67–6.62 (m, 3H), 5.87 (t, J=5.5 Hz, 1H), 4.46
(d, J=5.5 Hz, 2H), 3.69 (d, J=1.4 Hz, 6H), 3.54 (s, 2H), 2.90 (d,
J=6.7 Hz, 2H), 2.69 (s, 6H); 13C NMR (75MHz, DMSO‑d6) δ ppm: 13C
NMR (75MHz, DMSO) δ 164.22, 155.32, 147.11, 146.85, 143.59,
141.58, 137.92, 134.47, 132.31, 130.02, 128.59, 127.02, 126.54,
125.85, 124.81, 122.52, 121.23, 120.90, 120.01, 113.69, 111.74,
109.92, 62.20, 58.98, 55.42, 55.03, 50.43, 32.28, 28.23; Anal. Calcd for
C35H35N7O5: C, 66.34; H, 5.57; N, 15.47. Found: C, 66.24; H, 5.58; N,
15.44. Purity 99%; tr 3.71min; eluent CH3CN/H2O 65/35 0.1% FA; fl
1.0 mL/min.
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4.1.19. N-(2-(((1-(4-(2-(6,7-dimethoxy-3,4-dihydroisoquinolin-2(1H)-
yl)ethyl)phenyl)-1H-1,2,3-triazol-4-yl)methyl)amino)phenyl)-4-
nitrobenzamide(46)

Yield 81.3%; brown solid; m.p.147–149 °C; ESI-MS m/z: 634.4 ([M
+H]+); 1H NMR (300MHz, DMSO‑d6) δ ppm: 10.00 (s, 1H), 8.59 (s,
1H), 8.36 (d, J=7.2 Hz, 2H), 8.26 (s, 2H), 7.75 (s, 2H), 7.47 (s, 2H),
7.28–7.00 (m, 2H), 6.87 (s, 1H), 6.65 (s, 3H), 5.84 (s, 1H), 4.47 (s, 2H),
3.69 (s, 6H), 3.54 (s, 2H), 2.89 (s, 2H), 2.70 (s, 6H); 13C NMR (75MHz,
DMSO‑d6) δ ppm: 164.26, 149.02, 146.93, 141.21, 140.33, 130.02,
129.36, 127.55, 125.79, 123.34, 119.73, 116.07, 111.50, 109.81,
55.38, 54.92, 50.36,32.24, 28.20; Anal. Calcd for C35H35N7O5: C,
66.34; H, 5.57; N, 15.47. Found: C, 66.36; H, 5.55; N, 15.49. Purity
98%; tr 3.75min; eluent CH3CN/H2O 65/35 0.1% FA; fl 1.0 mL/min.

4.1.20. 4-cyano-N-(2-(((1-(4-(2-(6,7-dimethoxy-3,4-dihydroisoquinolin-
2(1H)-yl)ethyl)phenyl)-1H-1,2,3-triazol-4-yl)methyl)amino)phenyl)
benzamide(47)

Yield 76.8%; pale brown solid; m.p.174–176 °C; ESI-MS m/z: 614.7
([M+H]+); 1H NMR (300MHz, DMSO‑d6) δ ppm: 9.90 (s, 1H), 8.58 (s,
1H), 8.17 (d, J=7.5 Hz, 2H), 8.02 (d, J=7.5 Hz, 2H), 7.74 (d,
J=7.5 Hz, 2H), 7.47 (d, J=7.5 Hz, 2H), 7.26–7.02 (m, 2H), 6.85 (d,
J=7.1 Hz, 1H), 6.65 (d, J=7.8 Hz, 3H), 5.80 (s, 1H), 4.46 (s, 2H),
3.69–3.59 (m, 8H), 2.90 (s, 2H), 2.72 (s, 6H); 13C NMR (75MHz,
DMSO‑d6) δ ppm: 164.98, 147.62, 147.35, 143.77, 141.50, 139.12,
135.24, 132.76, 130.53, 129.19, 127.91, 126.18, 123.54, 121.55,
120.25, 118.89, 116.56, 114.15, 112.00, 110.32, 59.22, 55.89, 55.89,
50.82, 32.59, 28.68; Anal. Calcd for C36H35N7O3: C, 70.45; H, 5.75; N,
15.98. Found: C, 70.39; H, 5.73; N, 15.99. Purity 97%; tr 3.82min;
eluent CH3CN/H2O 65/35 0.1% FA; fl 1.0 mL/min.

4.2. Cytotoxicity and MDR reversal assay

The cell viability was tested by MTT assay with a minor modifica-
tion [40–42]. K562, K562/A02 and GES-1 cells were harvested during
logarithmic growth phase, and were seeded in 96-well micro-titer plates
at 1× 104 cells per well. In the MTT assay for anticancer MDR reversal
experiments, cells were exposed to the presence of anticancer agents
(DOX, DNR, VLB, PTX or CTX) with or without P-gp inhibitors for 48 h
[30]. MTT dye (10 µl of 2.5mg/ml in PBS) was added to each well 4 h
priors to experiment termination in a 37 °C incubator containing 5%
CO2, the absorbance at 490 nm was read on a microplate reader
(Thermo, USA). The IC50 values of the compounds for cytotoxicity were
calculated by GraphPad Prism 6.0 software (GraphPad software, San
Diego, CA, USA) from the dose–response curves.

4.3. Duration of the MDR reversal

The experiment was carried out as the reported procedures with
minor modification [30]. In brief, K562/A02 cells were seeded in 96-
well micro-titer plates at 1×104 per well during logarithmic growth
phase, cells were incubated for 24 h with or without 2.0 μM of 2, 3, 42
or PBS before being washed 0 or 3 times with culture medium. Then,
the cells were incubated for 0, 6, 12, or 24 h before the addition of
varying concentrations of DOX or vehicle. The incubation was con-
tinued for 48 h prior to the MTT assay.

4.4. DOX and Rh123 intracellular accumulation

The reported procedures with minor modification was employed for
the detection of accumulation of DOX and Rh123 [43,44]. K562 and
K562/A02 cells were seeded into 24-well plates 1.5×104 per well.
Different concentrations of compound 42 and 3 were pre-incubated
with cells for 60min. Then 20 μM DOX (or 5 μM Rh123) was added into
each well and incubated for 90min, washed with ice-cold PBS for three
times at 4 °C. The fluorescence intensity of cells can be observed
through fluorescence microscope. Afterwards the cells were

disintegrated by Triton×100 liquid. The mean fluorescence intensity
(MFI) of accumulation intracellular DOX was measured by fluorescence
spectrophotometer. Data were expressed as means ± SD of three in-
dependent experiments. The MFI of retained intracellular Rh123 was
estimated by BD FACSCalibur flow cytometer through the FL1 tunnel.

4.5. Rh123 efflux assay

K562 and K562/A02 cells were seeded into 24-well plates 1.5× 104

per well and incubated with 5 μM Rh123 for 60min before washing
with ice-cold PBS for three times. Then the cells were incubated with or
without various concentrations of compound 42 or 3 (2.0 μM) for an-
other 90min. Afterwards the cells were washed thrice in ice-cold PBS.
Afterwards the cells were disintegrated by Triton×100 liquid.[44] The
MFI of retained intracellular Rh123 was measured by fluorescence
spectrophotometer. Data were expressed as means ± SD of three in-
dependent experiments.

4.6. Western blotting

After 48 h incubation with VRP (5.0 μM), 3 (2.0 μM), 42 (0.1 μM,
2.0 μM), K562/A02 cells were harvested and washed trice with ice-cold
PBS and lysed with RIPA lysis buffer containing 10% PMSF. Total
protein was extracted by centrifuging at 12,000r for 15min at 4 °C.
Total protein content was determined by BCA Protein Assay kit. The
Protein samples were separated by 8% SDS-PAGE gel electrophoresis
and the proteins were transferred to PVDF membranes. Then the
membranes were blocked with TBST (10mM Tris-HCl, pH 7.5, 150mM
NaCl and 0.1% Tween 20) containing 5% nonfat dried milk for 1 h and
probed with the specific P-gp antibody, β-tublin antibody overnight at
4 °C. After being washed with TBST 3 times, the membranes were in-
cubated with the secondary antibodies for 2 h at room temperature.
After washing for another three times, proteins were visualized using
the enhanced chemiluminescence detection system and Quantity One
software were used to analyses the protein’s band intensity [9,45].

4.7. CYP3A4 assay

Differential centrifugation separated Rat liver microsomes and the
protein concentration was determined by the Bradford method [46].
The activity of CYP3A4 was measured with testosterone (substrate of
CYP3A4) and HPLC analysis as modified previous description [47,48].
Based on the content of 6β-OH testosterone (6β-OHT), the specific
product of testosterone metabolized by CYP3A4, the effect of the target
compound on CYP3A4 could be determined [49]. The column used was
an octyldecylsilyl (C18) reverse-phase HPLC column (5mm, 150mm,
4.6 mm). Column temperature was set to 35 °C. The flow rate was
1.0 mL/min. Mobile phase A consisted of water. Mobile phase B con-
sisted of acetonitrile. From 0 to 7.5min, the percentage of mobile phase
B was 35%, at which time the percentage of mobile phase B was im-
mediately increased to 48%, where it remained until 14 min. At 14min,
the percentage of mobile phase B was returned to 35%, where it re-
mained until the end of the run at 19min. Detection was by UV ab-
sorbance at 245 nm. The liver microsomes were incubated with tes-
tosterone (50mM) in the presence or absence of 42 and ketoconazole,
an inhibitor of CYP3A4, as the positive control.
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