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 Abstract  

 
Project Code : MRG5680001 
Project Title : Synthesis and biological evaluation of novel indole-triazole hybrids 
Investigator : Assoc.Prof. Ratchanok Pingaew 
E-mail Address : ratchanok@swu.ac.th 
Project Period : 2 Years 

 
A series of arylsulfonyl mono-indoles, bis-indoles and tris-indoles have been synthesized and 
evaluated for their cytotoxicity toward four human cancer cell lines including HuCCA-1 
(cholangiocarcinoma), HepG2 (hepatocellular carcinoma), A-549 (lung carcinoma) and MOLT-3 
(lymphoblastic leukemia). The results disclosed that N-arylsulfonyl bis-indoles bearing phenolic 
groups are potentially interesting lead pharmacophores of anticancer agents that should be further 
investigated in more detail. In addition, a series of 1,4-disubstituted-1,2,3-triazoles containing 
sulfonamide moiety were synthesized and evaluated for their aromatase inhibitory effects. Most 
triazoles with open-chain sulfonamide showed significant aromatase inhibitory activity (IC50 = 1.3-9.4 
M).  Interestingly, the meta analog of triazole-benzene-sulfonamide bearing 6,7-dimethoxy 
substituents on the isoquinoline ring displayed the most potent aromatase inhibitory activity (IC50 = 
0.2 M) without affecting normal cell. Furthermore, a new series of chalcone-coumarin derivatives 
linked by the 1,2,3-triazole ring were synthesized through the azide/alkyne dipolar cycloaddition. 
Hybrid molecules were evaluated for their cytotoxic activity against four cancer cell lines (e.g., 
HuCCA-1, HepG2, A549 and MOLT-3) and antimalarial activity toward Plasmodium falciparum. Most 
of the synthesized hybrids displayed cytotoxicity against MOLT-3 cell line without affecting normal 
cells. These works provide the novel lead molecules for further development. 
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1. Objective 
  1.1 To study the dipolar cycloaddition for the synthesis of triazole scaffold 
  1.2 To study the Friedel Crafts reaction for the synthesis of bis-indole and tris-indole  
  1.3 To evaluate the biological activity of indole and triazole derivatives 
  1.4 To study the structure-activity relationships 

  
2. Research methodology 
 2.1 Synthesis of mono-indoles (type I), bis-indoles (type II-IV) and tris-indoles (type  V) 10-32 
was outlined in Scheme 1 and 2. 
 Various mono-indoles 10-15 were readily prepared by the condensation of tryptamine with 
corresponding arylsulfonyl chlorides in the presence of sodium carbonate in good yields (85-95%).  

 
Scheme 1 

 
 Subsequently, alkylations of N-sulfonyltryptamines 11-15 with benzaldehyde (a), o-
hydroxybenzaldehyde (b), p-hydroxybenzaldehyde (c) or isatin (d) catalyzed by 20 mol% 

H4O40SiW12aq in acetonitrile were investigated. The reactions readily furnished BIMs (type II-IV) and 
TIMs (type V) in moderate to good yields (34-75%) (Scheme 2). 
   

Reagents and conditions: (i) H4O40SiW12 aq (20 mol%), CH3CN, rt
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Scheme 2 
 



 

 2.2 Synthesis of triazole derivatives 1-39 was outlined in Scheme 3. 
 The open chain THIQ analogs of triazoles 1-16 (type I) were prepared through a sequential 
sulfonation/reduction/diazotization/cycloaddition reactions (route a; steps i-iv). In the same manner, 
the synthesis of triazoles type II 17-35 and type III 36-39 was carried out via route b (steps i-v), in 
which an additional step (i.e., step v) was performed using the Pictet-Spengler reaction to form 
isoquinoline ring prior to steps ii-iv. 
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Scheme 3 
 
 2.3 Synthesis of chalcone-coumarin hybrids 1-11 was outlined in Scheme 4. 
 Chalcones were synthesized using the base-catalyzed Claisen-Schmidt condensation of 
various aromatic aldehydes with two aminoacetophenones (3- or 4-NH2). Subsequently, azotization 
reaction of the aminochalcones using sodium nitrite and sodium azide in a mixture of glacial acetic 
acid and concentrated hydrochloric acid afforded the corresponding azidochalcones.  The 
azide/alkyne dipolar cycloaddition, represented as the Click-type reaction, is the key route to the 
synthesis of 1,2,3-triazole linkage.  Finally, the azides readily underwent cycloaddition with alkynes 
to afford the novel desired hybrid molecules (1-11) in moderate to good yields (50-88%).   



 

Reagents and conditions: 
(a) 40% KOH, EtOH, rt 
(b) NaNO2, HCl/CH3COOH, 0 oC, 15 min then NaN3, rt, 30 min
(c) alkyne, CuSO4 5H2O, sodium ascorbate, t-BuOH/H2O, rt
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Scheme 4 
 
  
3. Results  
 3.1 Cytotoxic activity of mono-indoles (type I), bis-indoles (type II-IV) and tris-indoles (type V)  
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Table 1 Cytotoxic activity of compounds (10-32) against four cancer cell linesa. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Inactive = IC50 > 50 μg/mL 
  a Cancer cell lines are comprised of the following: HuCCA-1 Human cholangiocarcinoma cancer cell; HepG2 Human 
 hepatocellular carcinoma cell line; A549 Human lung carcinoma cell line; and MOLT-3 Human lymphoblastic leukemia cell 
 line; b The assays were performed in triplicate.; c Data from reference (Pingaew R, Prachayasittikul S, Ruchirawat S, 
 Prachayasittikul V. Archives Pharmacal Research 2012; 35: 949-954); d,e Etoposide and doxorubicin were used as reference 
 drugs. 

 
 
  
 
  
 

Compound R1 R2 R3 Cytotoxic activity (IC50, μM)b 
    HuCCA-1 HepG2 A549 MOLT-3 

10 H H NO2 136.091.14 95.552.82 124.501.41 68.912.63 
11 H H Me 128.181.53 83.754.73 132.002.12 50.411.69 
12 H H OMe 134.696.36 86.772.08 119.550.71 50.151.41 
13 H H Cl Inactive 69.682.89 71.680.64 46.231.65 
14 H NO2 H Inactive 99.404.04 128.854.95 54.382.34 
15 NO2 H H Inactive Inactive Inactive 59.213.13 
9ac H H NO2 Inactive Inactive Inactive Inactive 
16 H H Me Inactive Inactive Inactive Inactive 
17 H H OMe Inactive Inactive Inactive Inactive 
9bc H H NO2 Inactive 22.232.08 Inactive 4.970.13 
18 H H Me 15.690.71 11.151.44 64.131.41 6.940.90 
19 H H OMe 30.720.71 18.732.08 47.062.83 7.350.54 
20 H H Cl 7.750.37 8.621.04 8.740.79 6.060.81 
21 H NO2 H Inactive 26.004.04 Inactive 5.470.68 
22 NO2 H H 61.651.41 22.023.79 Inactive 9.950.82 
9cc H H NO2 Inactive 22.022.08 Inactive 2.040.10 
23 H H Me 14.332.12 9.551.73 15.690.71 6.300.91 
24 H H OMe 33.991.41 13.301.44 Inactive 7.221.21 
25 H H Cl 9.690.16 9.911.04 12.390.58 7.130.34 
26 H NO2 H Inactive 26.001.15 Inactive 8.491.19 
27 NO2 H H 20.933.76 9.941.93 Inactive 5.060.56 
28 H H Me Inactive Inactive Inactive 5.490.58 
29 H H OMe Inactive Inactive Inactive 53.848.25 
30 H H Cl 15.950.37 12.520.58 Inactive 6.250.35 
31 H NO2 H Inactive Inactive Inactive 31.574.71 
32 NO2 H H Inactive Inactive Inactive Inactive 



 

 3.2 Biological activity of triazole derivatives 1-39 
Table 2 Cytotoxic activity and aromatase inhibitory activity (IC50, μM) of triazoles (1-39). 

 compound Cytotoxic activity (IC50, μM)a Aromataseb 

 HuCCA-1 HepG2 A549 MOLT-3  
1 
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8.65±1.70 9.07±1.15 34.54±0.89 Inactive Inactive 
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Inactive 28.21±2.89 Inactive 74.23±5.08 1.3±0.4 
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Inactive 81.75±2.89 Inactive Inactive 8.0±0.2 
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87.89±0.92 100.54±2.12 Inactive 32.02±0.76 7.9±0.7 
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Inactive Inactive Inactive 61.42±1.01 2.9±0.1 
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Inactive 49.40±4.04 Inactive 8.81±0.42 - 
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Inactive 57.52±6.51 79.18±14.15 9.22±0.48 - 
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Inactive 34.51±4.36 39.04±0.37 10.33±0.08 - 
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 a Inactive = IC50 > 50 μg/mL 
 b Inactive = IC50 > 12.5 μM 
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31.09±8.91 12.49±2.47 31.84±8.13 34.12±0.97 - 
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  Inactive 7.40±0.35 Inactive Inactive 1.8±0.2 



 

 3.3 Biologucal activity of chalcone-coumarin hybrids 1-11 
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Table 3 Cytotoxic and antimalarial activities (IC50, μM) of hybrid compounds (1-11). 
 

cpd A-ring B-ring Cancer cell linesa  Antimalarialb Vero cell line 
   HuCCA-1 HepG2 A549 MOLT-3  
1 3-triazole 3,4-diOMe 33.37±0.84 Non-cytotoxic Non-cytotoxic 3.12±0.11 Inactive Non-cytotoxic 
2 3-triazole 2,3-diOMe 11.13±0.40 15.70±2.00 31.40±1.00 5.16±0.69 6.63 35.03 
3 4-triazole 2,3-diOMe 4.81±0.92 8.18±0.76 7.95±3.04 Non-cytotoxic Inactive Non-cytotoxic 
4 3-triazole 2,3,4-triOMe Non-cytotoxic Non-cytotoxic Non-cytotoxic 3.89±0.28 13.03 Non-cytotoxic 
5 4-triazole 2,3,4-triOMe Non-cytotoxic Non-cytotoxic Non-cytotoxic 22.50±3.63 Inactive Non-cytotoxic 
6 4-triazole 3,4,5-triOMe Non-cytotoxic Non-cytotoxic Non-cytotoxic 79.49±1.44 Inactive Non-cytotoxic 
7 3-triazole 3,4-diOMe 38.57±1.48 Non-cytotoxic Non-cytotoxic 3.91±0.34 Inactive Non-cytotoxic 
8 3-triazole 2,3-diOMe 2.36±0.14 4.26±0.29 18.06±1.07 0.53±0.08 4.73 3.91 
9 3-triazole 2,3,4-triOMe 6.13±0.06 Non-cytotoxic Non-cytotoxic 1.13±0.18 7.47 Non-cytotoxic 
10 4-triazole 2,3,4-triOMe Non-cytotoxic 22.85±0.51 Non-cytotoxic 12.33±1.78 1.60 Non-cytotoxic 
11 4-triazole 3,4,5-triOMe Non-cytotoxic Non-cytotoxic Non-cytotoxic 6.58±1.78 Inactive Non-cytotoxic 
 
Non-cytotoxic = IC50 > 50 μg/mL. 
Inactive = IC50 > 10 μg/mL. 
Vero cell line = African green monkey kidney cell line. 
a Cancer cell lines comprise the following: HuCCA-1 human cholangiocarcinoma cell line, HepG2 human hepatocellular carcinoma cell 
line, A549 human lung carcinoma cell line, MOLT-3 human lymphoblastic leukemia cell line. 
b Antimalarial against Plasmodium falciparum.  

 
 
 
 
 
 
 
 
 
 
 
 



 

 4. Conclusion and Discussion 
 A variety of mono-, bis- and tris-indole sulfonamide derivatives have been synthesized and 
evaluated for their cytotoxic activity.  Most of the indole analogs with various substituents (R1-R3) on 
the benzene ring of the sulfonamide moiety displayed cytotoxicity against MOLT-3 cell lines.  
Significantly, bis-indoles containing phenolic groups and chloro tris-indole showed higher anticancer 
activity against HepG2 cell than the control drug, etoposide. The phenolic bis-indoles seem to be the 
most important core structures responsible for strong antiproliferative activity observed in all of the 
tested cancer cell lines.  In addition, a series of 1,2,3-triazole-based sulfonamides have been 
synthesized using the Click reaction as a key step.  Their aromatase inhibitory activities were 
explored. It was observed that most open-chain sulfonamide triazoles exerted aromatase inhibitory 
activity (IC50 = 1.3-9.4 M). The triazoles containing 6,7-dimethoxy substituents (R1) on the THIQ 
core, and coumarinyloxymethyl (R2) on the triazole ring; and m-substitution of sulfonyl group and 
triazole ring on the phenyl moiety of sulfonamide displayed potent activity. Furthermore, eleven 
conjugated molecules derived from chalcones and coumarins linked by 1,2,3-triazole ring have been 
successfully synthesized via the Click reaction. Cytotoxic activity testing revealed that most of the 
hybrids displayed cytotoxicity against MOLT-3 cell line.  
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A series of 1,4-disubstituted-1,2,3-triazoles (13–35) containing sulfonamide moiety were synthesized
and evaluated for their aromatase inhibitory effects. Most triazoles with open-chain sulfonamide showed
significant aromatase inhibitory activity (IC50 = 1.3–9.4 lM). Interestingly, the meta analog of triazole-
benzene-sulfonamide (34) bearing 6,7-dimethoxy substituents on the isoquinoline ring displayed the
most potent aromatase inhibitory activity (IC50 = 0.2 lM) without affecting normal cell. Molecular dock-
ing of these triazoles against aromatase revealed that the compounds could snugly occupy the active site
of the enzyme through hydrophobic, p–p stacking, and hydrogen bonding interactions. The potent com-
pound 34 was able to form hydrogen bonds with Met374 and Ser478 which were suggested to be the
essential residues for the promising inhibition. The study provides compound 34 as a potential lead mole-
cule of anti-aromatase agent for further development.

� 2015 Elsevier Ltd. All rights reserved.
1. Introduction

Breast cancer is one of the leading causes of cancer-related mor-
tality among women worldwide from different age groups. The
vast majority of breast cancers in postmenopausal women are
deriving from estrogens production.1–3 Estrogens are biosynthe-
sized from androgens catalyzed by aromatase (CYP19), an enzyme
belonging to the P450 family of monooxygenase heme proteins.
Two main strategies to control or block breast cancer progression
include binding of the estrogen receptors (ERs) with receptor
antagonists (ERAs such as tamoxifen), and inhibiting the produc-
tion of estrogen with aromatase inhibitors (AIs).3 AIs were found
to have less side effects than ERAs owing to the the lack of estro-
genic activity on uterus and vasculature.3

Triazoles are common pharmacophore found in a diverse range
of biologically active molecules due to their potential structural
features (i.e., capability of hydrogen bonding, stable to metabolic
degradation and less undesired effects).4 Among the AIs, letrozole
(1) and anastrozole (2), both containing 1,2,4-triazole ring, were
approved by the Food and Drug Administration (FDA) and using
as the first-line therapy in the treatment of breast cancer in post-
menopausal women since they have been shown to be superior
to tamoxifen.3 Based on the AIs, the triazole ring plays a pivotal
role in chelation with heme iron.5 Along the line, Touaibia group
has studied on an aromatase inhibitory activity of various substi-
tuted-1,2,3-triazole letrozole-based analogs.6 The results revealed
that 1,2,3-trizole (3) analog of letrozole showed equipotent activity
to the parent compound. In addition, the 1,4-disubstituted-1,2,3-
triazole (4) was shown to be the most potent compound
(IC50 = 1.36 lM) among the tested 1,4-disubstituted-1,2,3-triazole
series. Aromatase inhibitors 1–4 are shown in Figure 1. However,
the interaction mode of the 1,4-disubstituted-1,2,3-triazole series
with the target enzyme remains to be explored.

Recently, 1,4-disubstituted-1,2,3-triazoles bearing 1,2,3,4-te-
trahydroisoquinoline (THIQ) and its open-chain derivatives 5
(Fig. 2) with cytotoxic activity against four cancer cell lines (e.g.,
HuCCA-1, HepG2, A549 and MOLT-3) have been reported by our
group.7,8 Based on the molecular docking study, an aldoketo reduc-
tase 1C3 (AKR1C3) has been identified to be a plausible target
responsible for anticancer activity of the THIQ analogs.8
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Figure 1. Aromatase inhibitors containing triazole 1–4.
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Figure 2. Cytotoxic agents containing triazole 5.
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In general, two structural features of the aromatase active site
associate with highly hydrophobic and H-bonding interactions.9

Therefore, to design and seek for a novel class of aromatase inhibi-
tor, many in-house 1,2,3-triazoles (series I and II) and four novel
1,2,3-triazoles of THIQ (series III) were synthesized through the
Click reaction, and evaluated for their aromatase inhibitory effects.
Herein, the molecules of rational designed inhibitors (Fig. 2) bear-
ing THIQ, benzene, naphthalene and coumarin rings might be
anticipated in forming hydrophobic interaction. In addition, vari-
ous functional groups of the designed compounds such as
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sulfonamide, triazole, ether and carbonyl moieties would partici-
pate in hydrogen bonding formation. Moreover, molecular docking
of the synthesized compounds against the aromatase was also per-
formed to give insights into their binding modes governing the
investigated aromatase inhibitory activities.

2. Results and discussion

2.1. Chemistry

The synthesis of triazoles (e.g., types I and II) has been previ-
ously reported by our group.7,8 The open chain THIQ analogs of tri-
azoles 13–24 (type I) were prepared through a sequential
sulfonation/reduction/diazotization/cycloaddition reactions (route
a; steps i–iv) as outlined in Scheme 1. In the same manner, the syn-
thesis of triazoles type II 25–31 and type III 32–35 was carried out
via route b (steps i–v) in which an additional step (i.e., step v) was
performed using the Pictet–Spengler reaction to form isoquinoline
ring (10) prior to steps ii–iv.

Structures of the novel 1,2,3-triazoles 32–35 were confirmed
based on their 1H NMR, 13C NMR, HRMS and IR spectra. For
instance the triazole 34, its 1H NMR spectra revealed two triplets
at d 2.86 and 3.47 ppm which were assigned to the methylene pro-
tons of C4- and C3-THIQ, respectively. The methylene protons at
C1-THIQ ring appeared as a singlet at d 4.31 ppm whereas two
methoxy protons at C6- and C7-positions of the THIQ part were
noted as a singlet at d 3.83 ppm. In addition, the methylene protons
of –CH2O– group were found to be displayed as a singlet at d
5.39 ppm. Aromatic protons of THIQ ring (H-5 and H-8) displayed
as two singlets at d 6.54 ppm and 6.56 ppm. Two methine protons
of coumarin ring appeared as a multiplet at d 6.92–6.98 (H-6 and
H-8). The rest of three methine protons of coumarin moiety were
observed as three doublets at d 6.30 (J = 9.5 Hz), d 7.39
(J = 9.2 Hz) and d 7.63 (J = 9.5 Hz) ppm, which were assigned to
methine protons of C3, C5 and C4, respectively. A triplet at d
7.70 ppm (J = 8.0 Hz), two doublets at d 7.87 (J = 7.8 Hz) and
7.99 ppm (J = 7.6 Hz) and a singlet at d 8.17 ppm were attributed
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to four aromatic protons of benzenesulfonyl moiety. A singlet of a
methine proton of the triazole ring appeared down field chemical
shift at d 8.13 ppm.

In the 13C NMR spectra, three methylene carbons (C1, C3 and
C4) of THIQ ring were visible at d 28.2, 43.8 and 47.2 ppm whereas
a methylene carbon of –CH2O– group was observed at d 62.2 ppm.
Two methoxy carbons (at C6 and C7) of THIQ ring were noted at
55.9 and 56.0 ppm. Two tertiary aromatic carbons of THIQ ring
appeared at chemical shift 109.0 (C8) and 111.5 ppm (C5), and
C5 of triazole ring was observed at d 121.2 ppm. Five tertiary car-
bons (C3, C4, C5, C6 and C8) of coumarin ring were seen at chem-
ical shift 102.2, 112.7, 113.7, 129.0 and 143.2 ppm. The rest of
tertiary aromatic carbons of phenyl ring were noted at chemical
shift 119.4, 124.4, 127.6 and 130.8 ppm. Four quaternary aromatic
carbons (C4a, C8a, C6 and C7) of THIQ ring resonated at corre-
sponding chemical shift 122.9, 124.8, 147.9 and 148.1 ppm, and
C4 of triazole ring was observed at d 144.5 ppm. Two quaternary
aromatic carbons (C1 and C7) of phenyl ring were appeared at
chemical shift 137.3 and 139.4 ppm whereas three quaternary aro-
matic carbons (C4a, C8a, C7) and one carbonyl carbon (C2) were
observed at chemical shift 113.2, 155.8, 160.9 and 161.1 ppm.

The HRMS-TOF experiment showed molecular ion [M+H]+ peak
at 575.1589 corresponding to the molecular formula of
C29H27N4O7S. The IR spectra exhibited the vibration absorption
bands of C@O group at 1723 cm�1 and S@O moiety at 1347 and
1163 cm�1.

2.2. Biological activity

A series of 1,2,3-triazole-based sulfonamides types I–III (13–
35), bearing disubstituents at position 1 (phenyl sulfonamide)
and position 4 (R2), were evaluated for their aromatase inhibitory
activities. All tested triazoles had inhibition effect at 12.5 lM in
the range of 14–97% (data not shown), except for compound 32
(could not be evaluated due to its insolubility in the assay). The tri-
azoles type I (14–20, 22–24) and type III (34 and 35) with inhibi-
tion >50% were further explored to determine their IC50 values as
summarized in Table 1. The derivatives with the inhibition 650%
were identified as inactive compound (IC50 >12.5 lM).
Ketoconazole (IC50 = 2.6 lM) and letrozole (IC50 = 3.3 nM) were
used as the reference drugs.

Results showed that sulfonamide substituents as open-chain
(type I) and restricted-THIQ analogs on the phenyl ring (types II
and III); and R2 substituents as phenyl, phenoxymethyl, naph-
thalene oxymethyl and coumarin oxymethyl on the triazole core
play crucial roles in governing their anti-aromatase activities.
Obviously, most of the triazoles in types I and III displayed aro-
matase inhibition activity (IC50 = 0.2–9.4 lM) whereas the tria-
zoles in type II were shown to be inactive (IC50 >12.5 lM).
Structure–activity relationship (SAR) studies of the tested com-
pounds are discussed hereafter.

No significant inhibition effect was observed for triazole 13
(R2 = phenyl substituent); however, triazoles bearing R2 as phe-
noxymethyls (14–18) displayed the inhibition effect with IC50

values in the range of 2.9–9.4 lM. Among these compounds,
4-nitrophenoxymethyl (R2) analog 17 (IC50 = 2.9 lM) exerted the
highest activity having comparable IC50 value with that of the keto-
conazole (IC50 = 2.6 lM). When the phenyl group of compound 14
was replaced with naphthalenyl rings as found in compounds 19
and 20, and with a 4-coumarinyl ring as found in compound 22,
the enhanced inhibitory potency was observed. In comparison
between 4-coumarinyl of open-chain (22) and restricted THIQ
(26) analogs (R1 = H), the activity was noted for compound 22
(IC50 = 1.8 lM) but not for compound 26 (IC50 >12.5 lM).
Apparently, the triazoles 20 and 22 exerted inhibition activity
higher than that of the ketoconazole. On the other hand, the
Please cite this article in press as: Pingaew, R.; et al. Bioorg. Med. Chem
triazole was substituted with 7-coumarinoxymethyl substituent
(R2) led to the compound 21 with loss of the activity as compared
to the 4-coumarinyl group of compound 22 (IC50 = 1.8 lM).
Inhibition potency was distinctively appeared as noted in com-
pound 23 (IC50 = 4.6 lM) when dimethoxy groups (R1) were intro-
duced to 3,4-positions on phenethyl moiety of analog 13 (R1 = H,
IC50 >12.5 lM). However, no aromatase inhibition was observed
for triazole type II (25–31) containing R1 = H and OMe on the
THIQ. Both triazole types I and II constituting sulfonyl group at
para position on phenyl ring, anti-aromatase activity was observed
for type I compounds, except for compounds 13 and 21 (IC50

>12.5 lM). Surprisingly, when the sulfonyl group on the phenyl
ring was moved to meta position, the activity of compounds was
remarkably manifested. Promisingly, 7-coumarinyl analog 34
(R1 = OMe) was shown to be the most potent compound with
IC50 value of 0.2 lM. Potent activity was also found in dimethoxy
THIQ of 4-coumarinyl analog 35 (R1 = OMe, IC50 1.8 lM).
However, without 6,7-dimethoxy groups on the THIQ ring, 4-cou-
marinyl analog 33 (R1 = H) was shown to be an inactive aromatase
inhibitor.

The SAR results imply that lipophilic effect of dimethoxy groups
(R1) enhances the activity of triazoles type I and type III. Our results
are in-line with earlier studies, in which the lipophilicity is respon-
sible for high aromatase inhibition of xanthone10 and coumarin11

derivatives. Even with or without dimethoxy groups, the triazoles
type II with restricted THIQ were shown to be inactive compounds.
This could be possibly due to their structural features, that is, flex-
ible or rigid conformation, isomeric effect and binding interaction
with the target site of action. Therefore, the aid of molecular dock-
ing may provide insight into their mechanism of action.

To determine the safety index, these compounds were also
tested against the noncancerous (Vero) cell line derived from
African green monkey kidney (Table 1). It was found that the
potent analogs (14–20, 22–24, 34 and 35) were non-cytotoxic
toward normal cell, except for compound 35. However, the triazole
35 had high safety index with a selective index value of 48.

2.3. Molecular docking

Molecular docking of triazoles 13–35 to the aromatase enzyme
was performed to investigate their binding modes. The most
potent compound 34 (Fig. 3) was able to form hydrogen bonds
with Met374 and Ser478 using the sulfonyl oxygen (bond dis-
tance = 2.3 Å) and the oxycoumarinyl group (bond dis-
tance = 2.0 Å), respectively. The 2D ligand–protein interaction
map of the co-crystallized ligand ASD (Fig. S1) displayed
hydrophobic interaction involving steroidal backbone with amino
acids residues (i.e., Ile133, Phe134, Trp224 and Leu477), and
hydrogen bonding of the CO group at position 17 with the amino
group of Met374.

Interestingly, isomeric coumarinyl and naphthalenyl triazoles
play crucial roles in exerting more potent aromatase inhibitory
activity than other tested compounds. This could be attributed to
their binding interactions with the aromatase enzyme. Docking
results (Figs. S2 and S3) of 4-coumarinyl triazoles (22 and 35) with
the same potency (IC50 = 1.8 lM) showed that compound 22 occu-
pied the binding cavity in a more straight extended form when
compared with that of compound 35. The binding of compound
22 (Fig. S2) facilitated hydrophobic interaction of phenethyl
phenylsulfonamide moiety with Ile133, Val370, Ser478, Thr310
and Trp224 along with the interaction of 4-coumarinyl ring with
Phe221; p–p stacking interaction of triazole and 4-coumarinyl
rings with Phe221; and hydrogen bonding of coumarin-2-one with
the amino group of Arg192. Docking of triazole 35 (Fig. S3) involves
hydrophobic interactions of dimethoxy THIQ with Ile133, of
sulfonyl phenyl with Asp309 and Thr310 as well as of the
. (2015), http://dx.doi.org/10.1016/j.bmc.2015.04.036
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Table 1
Aromatase inhibitory activity and cytotoxic activity (IC50, lM) of triazoles (13–35)

Series Compound R1 R2 Inhibitory activity (aromatase) Cytotoxic activity (Vero cell line) Selective indexa

I 13 H >12.5 Non-cytotoxic —

14 H
O

9.4 ± 1.6 Non-cytotoxic >12.24

15 H
O

Me
8.0 ± 0.2 Non-cytotoxic >13.93

16 H
O

CHO
7.9 ± 0.7 Non-cytotoxic >13.68

17 H

O

NO2
2.9 ± 0.1 Non-cytotoxic >35.96

18 H
O

Me
3.4 ± 0.1 Non-cytotoxic >32.79

19 H

O

3.4 ± 1.5 Non-cytotoxic >30.35

20 H
O

1.3 ± 0.4 Non-cytotoxic >79.37

21 H
O O O

>12.5 Non-cytotoxic —

22 H

O

O

O

1.8 ± 0.5 Non-cytotoxic >55.27

23 OMe 4.6 ± 2.0 Non-cytotoxic >23.40

24 OMe

O

NO2
2.7 ± 0.1 Non-cytotoxic >34.32

II 25 H

O

Me

O >12.5 Non-cytotoxicb —

26 H

O

O

O

>12.5 28.58b —

27 OMe

O

NO2
>12.5 Non-cytotoxicb —

28 OMe
O

Me
>12.5 Non-cytotoxicb —

29 OMe

O

OMe

O >12.5 2.82b —

30 OMe

O

Me

O >12.5 37.23b —

31 OMe
O

MeO

CHO
>12.5 Non-cytotoxicb —

III 32 H
O O O

—c 91.54 —

33 H

O

O

O

>12.5 Non-cytotoxic —

34 OMe
O O O

0.2 ± 0.1 Non-cytotoxic >435.09
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Table 1 (continued)

Series Compound R1 R2 Inhibitory activity (aromatase) Cytotoxic activity (Vero cell line) Selective indexa

35 OMe

O

O

O

1.8 ± 0.2 86.32 47.96

Ketoconazoled 2.6 ± 0.7 — —
Letrozoled 0.0033 ± 0.0004 — —
Ellipticined — 1.94 —

Vero cell line = African green monkey kidney cell line.
Non-cytotoxic = IC50 >50 lg/mL.

a Selective index = IC50 for Vero cells/IC50 for aromatase.
b Data from reference number 8.
c Insoluble in testing medium
d Ketoconazole, letrozole and ellipticine were used as reference drugs.

Figure 3. Molecular docking of 1,2,3-triazole sulfonamides to aromatase enzyme. Redocking of co-crystallized androstenedione (ASD) yielded RMSD of 0.711 Å (A). Docking
pose of the most potent compound 34 (B) is shown where green dashed lines indicate distances of hydrogen bonds.

Figure 4. 2D-ligand–protein interaction scheme of compound 34.
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4-coumarinyl ring with Phe221 and His480. This molecular
arrangement induced p–p stacking of phenylsulfonyl, triazole
and 4-coumarinyl rings with Phe221; and hydrogen bonding of tri-
azole (N3 position) with Ser478, and oxycoumarinyl moiety with
Arg192. Such interactions involve molecules in the bent form
(35), which arises from m-substitution of the sulfonyl group and
triazole ring on the phenyl ring of sulfonamide. The results sug-
gested that the Ser478 and Arg192 residues were essential for
the inhibition of aromatase. It should be noted that both Ser478
and Arg192 played crucial roles in anti-aromatase activity of the
natural substrate ASD.9 Accordingly, such amino acids participated
in a water-mediated network of hydrogen bonding, thereby allow-
ing the interaction between the aromatase and the C3-keto oxygen
of androstenedione to undergo enolization.9 Furthermore, Ser478
was capable of promoting the aromatase inhibition confirmed by
the mutagenesis study.12 In addition, such amino acid was the
residue responsible for the inhibition and selectivity.13,14

The triazole 26 (Fig. S4), a restricted THIQ analog of 22, similarly
showed hydrophobic and p–p stacking interactions with the aro-
matase. The triazole 21 (Fig. S5), an isomeric analog of 22, showed
that both terminal ends (phenethyl and 7-coumarinyl) could inter-
act with the hydrophobic pockets. However, no hydrogen bonding
with Arg192 was noted for compounds 26 and 21. This could likely
result in the absence of inhibitory activity for the compounds 26
and 21 (IC50 >12.5 lM) as compared to that of compound 22
(IC50 1.8 lM).

Comparison of THIQs with 4-coumarinyl moiety 33 (R1 = H,
Fig. S6) and 35 (R1 = OMe, Fig. S3) revealed that both compounds
displayed similar hydrophobic and hydrogen bonding interactions
with the binding pockets of the aromatase. It was observed that
lipophilic dimethoxy groups were essential for the interaction of
Please cite this article in press as: Pingaew, R.; et al. Bioorg. Med. Chem
compound 35 with Ile133 in exerting its activity (IC50 = 1.8 lM)
while compound 33 without dimethoxy groups was shown to be
an inactive compound (IC50 >12.5 lM).

Considering the most potent dimethoxy THIQ bearing 7-cou-
marinyl analog 34 (Fig. 4), additional hydrophobic interactions
with Val370, Ser478, Leu477 and Trp224 were observed as com-
pared to compound 35 (Fig. S3). Furthermore, the compound 34
was arranged in such a way to appropriately form hydrogen bond-
ing of the sulfonyl group with the amino group of Met374 as well
as hydrogen bonding of oxycoumarinyl moiety with Ser478. These
hydrophobic and hydrogen bonding interactions were suggested to
play pertinent roles contributing to the most potent activity of
. (2015), http://dx.doi.org/10.1016/j.bmc.2015.04.036
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compound 34 (IC50 = 0.2 lM). Importantly, Leu477 and Trp224
were the same hydrophobic residues interacting with steroidal
skeleton of ASD (Fig. S1). The H-bonding formations with Ser478
and Met374 (bond distance = 3.11 and 2.31 Å) were also noted in
the antiestrogenic letrozole in which it used two benzonitrile
groups to form such interactions.15 However, the compound 34
showed lower potency than letrozole. This may be due to the lack
of chelation with heme iron. Notably, the Met374 played a crucial
role in anti-aromatase activity of the natural substrate ASD
through H-bonding interaction with the C17-keto oxygen.9 In addi-
tion, Met374 and/or Ser478 were suggested to be the crucial resi-
dues found in many classes of aromatase inhibitors such as
coumarin,11 acridone,13 xanthone14 and flavonoids.16,17

Unfortunately, 7-coumarinyl analog 32 (R1 = H) was not tested
for the activity due to its insolubility in the testing system.
Therefore, the activity of 7-coumarinyl 32 cannot be compared
with 7-coumarinyl 34 (R1 = OMe, Fig. 4). However, the 2D
ligand–protein interaction of 32 (Fig. S7) showed hydrophobic
and p–p stacking interactions but without hydrogen bond forming.

In addition, the analysis of triazole type I analog of naphthalenyl
(R2), particularly the highly potent 2-naphthalenyl compound 20
(Fig. S8), was found to be in the extended form when occupying
the binding site via hydrophobic interaction of phenethyl with
Ile133, Val370 and Thr310, phenyl sulfonyl with Leu477 and
Ser478 as well as 2-naphthalenyl with Phe221, Asp309 and
His480; through p–p stacking of triazole and naphthalenyl rings
with Phe221; and hydrogen bonding of oxy-naphthalenyl moiety
with Ser478. On the other hand, the less extended form of 1-naph-
thalenyl compound 19 (Fig. S9) showed hydrophobic interaction of
phenethyl phenyltriazole with Ile133, Thr310, Phe221, Ser478 and
Asp309 as well as 1-naphthalenyl ring with Gln218; p–p stacking
of triazole and 1-naphthalenyl rings with Phe221; but no hydrogen
bonding was observed. The results implied that the presence of H-
bonding interaction with Ser478 contributed to the better activity
of compound 20 (IC50 = 1.3 lM) over compound 19 (IC50 = 3.4 lM).

Taken together, the molecular requirements for the most potent
triazole inhibitor (34) included the restricted THIQ with 6,7-
dimethoxy groups (R1), 7-coumaryloxymethyl (R2) at position 4
of the triazole ring, and m-substitution of triazole and sulfonyl
moieties on the phenyl ring. Such structural features were essen-
tial for engaging in hydrophobic, p–p stacking and H-bonding
interactions with the aromatase enzyme, particularly, hydrogen
bond forming with Met374 and Ser478. Obviously, triazole 34
was the only compound that engaged in the hydrogen bonding
interactions. In comparison with letrozole and ASD, the sulfoyl
and coumarinyl ether moieties of compound 34 could act as hydro-
gen bond acceptors to mimic the benzonitrile groups of the letro-
zole whereas mimicking the steroidal backbone and the C17-keto
oxygen of ASD was responsible by the hydrophobic moieties
(6,7-dimethoxy THIQ and phenyl rings) and the sulfonyl oxygen
of compound 34, respectively.

3. Conclusions

A series of 1,2,3-triazole-based sulfonamides (13–35) have been
synthesized using the Click reaction as a key step. Their aromatase
inhibitory activities and molecular docking were explored. It was
observed that most open-chain sulfonamide triazoles (Type I)
exerted aromatase inhibitory activity (IC50 = 1.3–9.4 lM). All tria-
zoles (Type II) with restricted THIQ analogs were shown to be inac-
tive compounds. The triazoles 34 and 35 displayed potent activity
where they contained 6,7-dimethoxy substituents (R1) on the THIQ
core, and coumarinyloxymethyl (R2) on the triazole ring; and m-
substitution of sulfonyl group and triazole ring on the phenyl moi-
ety of sulfonamide. Particularly, the triazole 34 was shown to be
Please cite this article in press as: Pingaew, R.; et al. Bioorg. Med. Chem
the most potent inhibitor (IC50 = 0.2 lM) without affecting the nor-
mal cell line. Moreover, the molecular docking study revealed that
the investigated triazoles could snugly occupy the active site of
aromatase through the interactions of hydrophobic, p–p stacking
and H-bonding. The most potent compound (34) was the only
one that displayed H-bonding interactions with both Met374 and
Ser478 which were suggested to be the essential amino acid resi-
dues for the inhibitory activity.

4. Experimental

4.1. Chemistry

Column chromatography was carried out using silica gel 60
(70–230 mesh ASTM). Analytical thin-layer chromatography
(TLC) was performed with silica gel 60 F254 aluminum sheets. 1H
and 13C NMR spectra were recorded on a Bruker AVANCE 300
NMR spectrometer (operating at 300 MHz for 1H and 75 MHz for
13C). The following standard abbreviations were used for signal
multiplicities: singlet (s), doublet (d), triplet (t), quartet (q) and
multiplet (m). FTIR spectra were obtained using a universal atten-
uated total reflectance attached on a Perkin–Elmer Spectrum One
spectrometer. Mass spectra were recorded on a Bruker Daltonics
(microTOF). Melting points were determined using a Griffin melt-
ing point apparatus and were uncorrected.

Data associated with the compounds 13–31 were reported in
our previous work.7,8

4.2. General procedure for the synthesis of nitrobenzene-
sulfonamides (7c–d)

A solution of phenylethylamine 6 (10 mmol) in dichloro-
methane (50 mL) was added dropwise to a stirred mixture of 3-ni-
trobenzenesulfonyl chloride (10 mmol) and sodium carbonate
(14 mmol) in dichloromethane (20 mL). The reaction mixture was
stirred at room temperature overnight, and added distilled water
(20 mL). The organic phase was separated and the aqueous phase
was extracted with dichloromethane (2 � 30 mL). The organic
extracts were combined and washed with water (30 mL). The
organic layer was dried over anhydrous sodium sulfate (anhyd
Na2SO4), filtered and evaporated to dryness under reduced pres-
sure. The crude product was further purified by recrystallization.

1H NMR of 3-nitro-N-phenethylbenzenesulfonamide (7c) was
consistent with that reported in the literature.18

4.2.1. N-(3,4-Dimethoxyphenethyl)-3-nitrobenzenesulfonamide
(7d)

Pale yellow solid. 87%. Mp 103–104 �C. IR (UATR) cm�1: 3233,
1607, 1592, 1534, 1332, 1162 cm�1. 1H NMR (300 MHz, CDCl3) d
2.77 (t, J = 6.6 Hz, 2H, ArCH2), 3.31 (q, J = 6.6 Hz, 2H, CH2NH),
3.82, 3.86 (s, 6H, 2� OCH3), 4.65 (br t, 1H, NH), 6.58 (s, 1H, ArH),
6.64 (d, J = 8.1 Hz, 1H, ArH), 6.76 (d, J = 8.1 Hz, 1H, ArH), 7.70 (t,
J = 8.0 Hz, 1H, ArH), 8.10 (d, J = 8.0 Hz, 1H, ArH), 8.43 (d,
J = 8.1 Hz, 1H, ArH), 8.62 (s, 1H, ArH). 13C NMR (75 MHz, CDCl3):
d 35.5, 44.5, 55.8, 55.9, 111.4, 111.7, 120.8, 122.2, 127.0, 130.0,
130.3, 132.4, 142.3, 148.1, 148.3, 149.2. HRMS-TOF: m/z [M+H]+

367.0957 (Calcd for C16H19N2O6S: 367.0958).

4.3. General procedure for the synthesis of 1,2,3,
4-tetrahydroisoquinolines (10c–d)

A mixture of sulfonamide 7 (6.7 mmol) and paraformaldehyde
(7.2 mmol) in formic acid (30 mL) was refluxed for 2 h, and then
allowed to cool to room temperature. The reaction mixture was
added to 30 mL of water, and the product was extracted with
. (2015), http://dx.doi.org/10.1016/j.bmc.2015.04.036
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CH2Cl2 (2 � 30 mL). Combined extracts were washed with satu-
rated aqueous NaHCO3, dried (anhyd Na2SO4) and evaporated to
dryness under reduced pressure. The crude product was recrystal-
lized from methanol.

1H NMR of 2-((3-nitrophenyl)sulfonyl)-1,2,3,4-tetrahydroiso-
quinoline (10c) was consistent with that reported in the
literature.19

4.3.1. 6,7-Dimethoxy-2-((3-nitrophenyl)sulfonyl)-1,2,3,4-
tetrahydroisoquinoline (10d)

Pale yellow solid. 80%. Mp 133–134 �C. IR (UATR) cm�1: 1611,
1532, 1519, 1351, 1175, 1117. 1H NMR (300 MHz, CDCl3) d 2.86
(t, J = 5.8 Hz, 2H, C4-H), 3.47 (t, J = 5.8 Hz, 2H, C3-H), 3.84 (s, 6H,
2� OCH3), 4.30 (s, 2H, C1-H), 6.54, 6.55 (2s, 2H, C-5, C-8), 7.76 (t,
J = 8.1 Hz, 1H, ArH), 8.16 (d, J = 7.7 Hz, 1H, ArH), 8.44 (d,
J = 8.0 Hz, 1H, ArH), 8.68 (s, 1H, ArH). 13C NMR (75 MHz, CDCl3) d
28.1, 43.8, 47.2, 55.9, 56.0, 108.9, 111.4, 122.7, 124.6, 127.2,
130.5, 132.9, 139.4, 147.9, 148.1, 148.3. HRMS-TOF: m/z [M+Na]+

401.0768 (Calcd for C17H18N2NaO6S: 401.0778).

4.4. General procedure for the synthesis of 1,2,3,4-
tetrahydroisoquinolines (11c–d)

A mixture of nitroisoquinoline 10 (4 mmol) and SnCl2�2H2O
(20 mmol) in absolute ethanol (20 mL) was stirred under reflux
for 4 h then concentrated under reduced pressure. Water (20 mL)
was added and extracted with EtOAc (3 � 20 mL). The organic
extracts were combined and washed with water (20 mL) and brine
(20 mL). The organic layer was dried over anhyd Na2SO4, filtered
and concentrated. The crude product was recrystallized from
methanol.

1H NMR of 2-((3-aminophenyl)sulfonyl)-1,2,3,4-tetrahydroiso-
quinoline (11c) was consistent with that reported in the
literature.19

4.4.1. 2-((3-Aminophenyl)sulfonyl)-6,7-dimethoxy-1,2,3,4-
tetrahydroisoquinoline (11d)

Pale yellow solid. 80%. Mp 170–171 �C. IR (UATR) cm�1: 3468,
3374, 1626, 1599, 1519, 1317, 1158, 1117. 1H NMR (300 MHz,
DMSO-d6) d 2.76 (t, J = 5.8 Hz, 2H, C4-H), 3.18 (t, J = 5.8 Hz, 2H,
C3-H), 3.64 (s, 6H, 2� OCH3), 4.00 (s, 2H, C1-H), 5.62 (s, 2H, NH2),
6.67, 6.72 (2s, 2H, C-5, C-8), 6.80 (dd, J = 8.0, 1.3 Hz, 2H, ArH),
6.85 (d, J = 8.0 Hz, 1H, ArH), 6.97 (s, 1H, ArH), 7.22 (t, J = 7.8 Hz,
1H, ArH). 13C NMR (75 MHz, DMSO-d6) d 28.2, 44.2, 47.4, 56.0,
110.0, 110.3, 112.1, 112.3, 114.5, 118.4, 123.7, 125.3, 130.2,
147.8, 148.0, 150.0. HRMS-TOF: m/z [M+Na]+ 371.1039 (Calcd for
C17H20N2NaO4S: 371.1036).

4.5. General procedure for the synthesis of 2-((3-azidophenyl)
sulfonyl)-1,2,3,4-tetrahydroisoquinolines (12c–d)

To a cold solution of amine 11 (3 mmol) in HCl/CH3COOH
(3:3 mL) at 0 �C, a solution of sodium nitrite (9 mmol) in water
(5 mL) was added. The stirred reaction mixture was maintained
for 15 min and then added dropwise a solution of sodium azide
(9 mmol) in water (5 mL). The reaction mixture was allowed to stir
at room temperature for 0.5 h, then the precipitate was filtered and
washed with cold water. The crude product was recrystallized
from methanol.

4.5.1. 2-((3-Azidophenyl)sulfonyl)-1,2,3,4-tetrahydroiso-
quinoline (12c)

Pale yellow solid. 94%. Mp 120–121 �C. IR (UATR) cm�1: 2154,
2109, 1595, 1337, 1169. 1H NMR (300 MHz, CDCl3) d 2.93 (t,
Please cite this article in press as: Pingaew, R.; et al. Bioorg. Med. Chem
J = 6.0 Hz, 2H, C4-H), 3.42 (t, J = 6.0 Hz, 2H, C3-H), 4.31 (s, 2H, C1-
H), 7.02-7.18 (m, 4H, ArH), 7.22 (d, J = 7.9 Hz, 1H, ArH), 7.47 (s,
1H, ArH), 7.51 (t, J = 7.9 Hz, 1H, ArH), 7.60 (d, J = 7.8 Hz, 1H, ArH).
13C NMR (75 MHz, CDCl3) d 28.7, 43.7, 47.5, 118.0, 123.1, 123.7,
126.3, 126.5, 126.9, 128.8, 130.5, 131.4, 133.0, 138.8, 141.6.
HRMS-TOF: m/z [M+Na]+ 337.0737 (Calcd for C15H14N4NaO2S:
337.0730).

4.5.2. 2-((3-Azidophenyl)sulfonyl)-6,7-dimethoxy-1,2,3,
4-tetrahydroisoquinoline (12d)

Pale yellow solid. 85%. Mp 86–87 �C. IR (UATR) cm�1: 2155,
2106, 1592, 1518, 1465, 1346, 1167, 1116. 1H NMR (300 MHz,
CDCl3) d 2.81 (t, J = 5.8 Hz, 2H, C4-H), 3.37 (t, J = 5.8 Hz, 2H, C3-
H), 3.80 (s, 6H, 2� OCH3), 4.20 (s, 2H, C1-H), 6.50, 6.53 (s, 2H,
ArH), 7.21 (d, J = 7.7 Hz, 1H, ArH), 7.44 (s, 1H, ArH), 7.48 (t,
J = 7.9 Hz, 1H, ArH), 7.56 (d, J = 7.7 Hz, 1H, ArH). 13C NMR
(75 MHz, CDCl3) d 28.3, 43.8, 47.2, 55.9, 56.0, 109.0, 111.5, 118.0,
123.1, 123.7, 124.9, 130.5, 141.5, 147.9, 148.1. HRMS-TOF: m/z
[M+Na]+ 397.0925 (Calcd for C17H18N4NaO4S: 397.0941).
4.6. General procedure for the synthesis of triazoles (32–35)

To a stirred solution of azido 12 (0.2 mmol) and the correspond-
ing alkyne (0.2 mmol) in t-BuOH/H2O (3:3 mL), CuSO4�5H2O
(0.2 mmol) and ascorbic acid (0.5 mmol) were added. The reaction
mixture was stirred at room temperature for 2–12 h (monitored by
TLC), then concentrated under reduced pressure. The residue was
added water (10 mL) and extracted with dichloromethane
(3 � 20 mL). The combined organic phases were washed with
water (20 mL), dried over anhyd Na2SO4 and evaporated to dry-
ness. The crude product was purified using silica gel column chro-
matography and eluted with methanol/dichloromethane (1:50).

4.6.1. 7-((1-(3-((3,4-Dihydroisoquinolin-2(1H)-yl)sulfonyl)
phenyl)-1H-1,2,3-triazol-4-yl)methoxy)-2H-chromen-2-one
(32)

White solid. 88%. Mp 180–181 �C. IR (UATR) cm�1: 1725, 1616,
1486, 1342, 1229, 1163, 1127. 1H NMR (300 MHz, CDCl3) d 2.95 (t,
J = 5.9 Hz, 2H, C4-THIQH), 3.50 (t, J = 5.9 Hz, 2H, C3-THIQH), 4.38 (s,
2H, C1-THIQH), 5.39 (s, 2H, CH2O), 6.30 (d, J = 9.5 Hz, 1H, ArH),
6.96–7.02 (m, 2H, ArH), 7.03–7.18 (m, 4H, ArH), 7.44 (d,
J = 9.3 Hz, 1H, ArH), 7.68 (d, J = 9.5 Hz, 1H, ArH), 7.74 (t, J = 8.0 Hz,
1H, ArH), 7.93 (d, J = 8.0 Hz, 1H, ArH), 8.06 (d, J = 8.0 Hz, 1H, ArH),
8.17 (s, 1H, CHN), 8.20 (s, 1H, ArH). 13C NMR (75 MHz, CDCl3) d
28.6, 43.8, 47.5, 62.2, 102.2, 112.7, 113.2, 113.7, 119.3, 121.2,
124.5, 126.3, 126.5, 127.0, 127.6, 128.9, 129.0, 130.9, 131.1,
132.8, 137.4, 139.3, 143.2, 144.4, 155.8, 161.0, 161.1. HRMS-TOF:
m/z [M+H]+ 515.1390 (Calcd for C27H23N4O5S: 515.1384).
4.6.2. 4-((1-(3-((3,4-Dihydroisoquinolin-2(1H)-yl)sulfonyl)
phenyl)-1H-1,2,3-triazol-4-yl)methoxy)-2H-chromen-2-one
(33)

White solid. 91%. Mp 168–170 �C. IR (UATR) cm�1: 1712, 1623,
1566, 1494, 1455, 1372, 1336, 1248, 1191, 1153. 1H NMR
(300 MHz, CDCl3) d 2.95 (t, J = 5.9 Hz, 2H, C4-THIQH), 3.51 (t,
J = 5.9 Hz, 2H, C3-THIQH), 4.40 (s, 2H, C1-THIQH), 5.47 (s, 2H,
CH2O), 5.93 (s, 1H, CHCO), 7.04–7.20 (m, 4H, ArH), 7.30 (t,
J = 7.6 Hz, 1H, ArH), 7.35 (d, J = 7.6 Hz, 1H, ArH), 7.59 (dt, J = 7.8,
1.6 Hz, 1H, ArH), 7.76 (t, J = 8.0 Hz, 1H, ArH), 7.85 (dd, J = 7.9,
1.5 Hz, 1H, ArH), 7.95 (d, J = 8.1 Hz, 2H, ArH), 8.08 (d, J = 8.1 Hz,
2H, ArH), 8.22, 8.23 (2s, 2H, ArH, CHN). 13C NMR (75 MHz, CDCl3)
d 28.6, 43.8, 47.5, 62.5, 91.4, 115.4, 116.9, 119.4, 121.6, 123.1,
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124.0, 124.6, 126.3, 126.6, 127.0, 127.8, 128.9, 131.0, 131.1, 132.7,
132.8, 137.3, 153.4, 162.5, 164.9. HRMS-TOF: m/z [M+H]+ 515.1385
(Calcd for C27H23N4O5S: 515.1384).
4.6.3. 7-((1-(3-((6,7-Dimethoxy-3,4-dihydroisoquinolin-2(1H)-
yl)sulfonyl)phenyl)-1H-1,2,3-triazol-4-yl)methoxy)-2H-
chromen-2-one (34)

White solid. 92%. Mp 180–181 �C. IR (UATR) cm�1: 1723, 1613,
1522, 1466, 1347, 1226, 1163, 1120. 1H NMR (300 MHz, CDCl3) d
2.86 (t, J = 5.8 Hz, 2H, C4-THIQH), 3.47 (t, J = 5.9 Hz, 2H, C3-
THIQH), 3.83 (s, 6H, 2� OCH3), 4.31 (s, 2H, C1-THIQH), 5.39 (s,
2H, CH2O), 6.30 (d, J = 9.5 Hz, 1H, ArH), 6.54, 6.56 (2s, 2H, ArH),
6.92–6.98 (m, 2H, ArH), 7.39 (d, J = 9.2 Hz, 1H, ArH), 7.63 (d,
J = 9.5 Hz, 1H, ArH), 7.70 (t, J = 8.0 Hz, 1H, ArH), 7.87 (d, J = 7.8 Hz,
1H, ArH), 7.99 (d, J = 7.6 Hz, 1H, ArH), 8.13 (s, 1H, CHN), 8.17 (s,
1H, ArH). 13C NMR (75 MHz, CDCl3) d 28.2, 43.8, 47.2, 55.9, 56.0,
62.2, 102.2, 109.0, 111.5, 112.7, 113.2, 113.7, 119.4, 121.2, 122.9,
124.4, 124.8, 127.6, 129.0, 130.8, 137.3, 139.4, 143.2, 144.5,
147.9, 148.1, 155.8, 160.9, 161.1. HRMS-TOF: m/z [M+H]+

575.1589 (Calcd for C29H27N4O7S: 575.1595).
4.6.4. 4-((1-(3-((6,7-Dimethoxy-3,4-dihydroisoquinolin-2(1H)-
yl)sulfonyl)phenyl)-1H-1,2,3-triazol-4-yl)methoxy)-2H-
chromen-2-one (35)

White solid. 90%. Mp 211–213 �C. IR (UATR) cm�1: 1717, 1622,
1518, 1457, 1384, 1343, 1238, 1156, 1114. 1H NMR (300 MHz,
CDCl3) d 2.86 (t, J = 5.7 Hz, 2H, C4-THIQH), 3.48 (t, J = 5.7 Hz, 2H,
C3-THIQH), 3.83 (s, 6H, 2� OCH3), 4.35 (s, 2H, C1-THIQH), 5.48
(s, 2H, CH2O), 5.94 (s, 1H, CHCO), 6.54, 6.56 (2s, 2H, ArH), 7.29 (t,
J = 7.7 Hz, 1H, ArH), 7.35 (d, J = 8.3 Hz, 1H, ArH), 7.59 (t, J = 7.6 Hz,
1H, ArH), 7.76 (t, J = 7.8 Hz, 1H, ArH), 7.85 (d, J = 7.9 Hz, 1H, ArH),
7.94 (d, J = 7.7 Hz, 1H, ArH), 8.07 (d, J = 7.6 Hz, 2H, ArH), 8.24 (s,
2H, ArH, CHN). 13C NMR (75 MHz, CDCl3) d 28.2, 43.9, 47.3, 55.9,
56.0, 62.5, 91.4, 108.9, 111.4, 115.4, 116.9, 119.5, 121.6, 122.9,
123.1, 124.0, 124.5, 124.8, 127.8, 130.9, 132.7, 137.2, 139.5,
142.9, 147.9, 148.1, 153.4, 162.5, 164.9. HRMS-TOF: m/z [M+H]+

575.1597 (Calcd for C29H27N4O7S: 575.1595).
4.7. Aromatase inhibition assay

Aromatase inhibitory effect was performed using the modified
method reported by Stressor et al.20 This method was carried out
according to the Gentest kit using CYP19 enzyme and O-benzyl flu-
orescein benzyl ester (DBF) as a fluorometric substrate. DBF was
dealkylated by aromatase and then hydrolyzed to give the fluores-
cein product.

Briefly, 100 lL of cofactor, containing 78.4 lL of 50 mM phos-
phate buffer (pH 7.4); 20 lL of 20� NADPH-generating system
(26 mM NADP+, 66 mM glucose-6-phosphate, and 66 mM MgCl2);
and 1.6 lL of 100 U/mL glucose-6-phosphate dehydrogenase, were
pipetted into a 96-well black plate and preincubated in 37 �C
(water bath) for 10 min. The reaction was initiated by addition of
100 lL of enzyme/substrate (E/S) mixture containing 77.3 lL of
50 mM phosphate buffer (pH 7.4); 12.5 lL of 16 pmol/mL CYP19;
0.2 lL of 0.2 mM DBF, and 10 lL of tested sample or 10% DMSO
as a negative control or ketoconazole/letrozole as a positive con-
trol. Fluorescence signal was recorded using an excitation wave-
length of 490 nm and emission wavelength of 530 nm with cutoff
515 nm. Percentage of inhibition (% inhibition) was calculated as
shown in Eq. 1. Samples with % inhibition greater than 50 were fur-
ther calculated according to Eq. 1 to obtain their IC50 values.

% inhibition ¼ 100� ½ðsample� blankÞ=ðDMSO� blankÞ � 100�
ð1Þ
Please cite this article in press as: Pingaew, R.; et al. Bioorg. Med. Chem
4.8. Cytotoxicity assay: primate cell line (Vero)

The cytotoxicity was carried out by using the Green Fluorescent
Protein (GFP) detection method.21 The GFP-expressing Vero cell
line was generated in-house by stably transfecting the African
green monkey kidney cell line (Vero, ATCC CCL-81), with pEGFP-
N1 plasmid (Clontech). The assay was performed by adding 45 lL
of cell suspension at 3.3 � 104 cells/mL to each well of 384-well
plates containing 5 lL of test compounds diluted in 0.5% DMSO.
After incubation for 4 days in 37 �C incubator with 5% CO2.
Fluorescence signals were measured using SpectraMax M5 micro-
plate reader (Molecular Devices, USA) with excitation and emission
wavelengths of 485 and 535 nm, respectively. IC50 values were
deduced from dose-response curves, using 6 concentrations of 3-
fold serially diluted samples, by the SOFTMax Pro software
(Molecular device). Ellipticine and 0.5% DMSO were used as a pos-
itive and a negative control, respectively.

4.9. Molecular docking

Molecular docking was performed to elucidate interactions of
investigated compounds toward its target protein namely the
aromatase enzyme. Initially, the crystal structure of the human
placental aromatase (cytochrome P450, member 19A1) co-
crystallized with the androstenedione (ASD) substrate was
retrieved from the Protein Data Bank (PDB ID: 3EQM).
Investigated compounds (13–35) were constructed using Marvin
Sketch version 6.0 and were geometrically optimized by Gaussian
0922 using Becke’s three-parameter hybrid method with the
Lee–Yang–Parr correlation functional (B3LYP) together with the
6-31 g(d) basis set. Prior to docking, the protein structure was
prepared by addition of H atoms and side chain repair using the
WHAT IF software.23 Subsequently, the Gasteiger and Kollman
charges were added to the ligands (the co-crystallized ligand ASD
and optimized compounds 13–35) and protein structures, respec-
tively, using the PyRx 0.6 software.24 A grid box with a size of
62.06 � 71.95 � 51.46 Å was created by the AutoGrid software to
cover all area of aromatase. The center of the grid box was allo-
cated using x, y, z coordinates of 83.4375, 50.1006 and 46.3803,
respectively. Molecular docking was performed using AutoDock
Vina, which is a part of the PyRx 0.6 software.24 The co-crystallized
ligand ASD was re-docked to aromatase as to validate the docking
protocol. The re-docking was evaluated by the calculation of root
mean standard deviation (RMSD) between the original and re-
docked position of the co-crystallized ligand using the Chimera
software.25 Docking poses of investigated compounds (13–35)
were visualized using the PyMoL software26 and the ligand–pro-
tein interactions were generated using online available tool,
PoseViewWeb version 1.97.0.27
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A new series of chalconeecoumarin derivatives (9e19) linked by the 1,2,3-triazole ring were synthesized
through the azide/alkyne dipolar cycloaddition. Hybrid molecules were evaluated for their cytotoxic
activity against four cancer cell lines (e.g., HuCCA-1, HepG2, A549 and MOLT-3) and antimalarial activity
toward Plasmodium falciparum. Most of the synthesized hybrids, except for analogs 10 and 16, displayed
cytotoxicity against MOLT-3 cell line without affecting normal cells. Analogs (10, 11, 16 and 18) exhibited
higher inhibitory efficacy than the control drug, etoposide, in HepG2 cells. Significantly, the high cyto-
toxic potency of the hybrid 11 was shown to be non-toxic to normal cells. Interestingly, the chalcone
ecoumarin 18 was the most potent antimalarial compound affording IC50 value of 1.60 mM. Molecular
docking suggested that the cytotoxicity of reported hybrids could be possibly due to their dual inhibition
of a- and b-tubulins at GTP and colchicine binding sites, respectively. Furthermore, falcipain-2 was
identified to be a plausible target site of the hybrids given their antimalarial potency.

© 2014 Elsevier Masson SAS. All rights reserved.
1. Introduction

Chalcones (1,3-diaryl-2-propen-1-ones) belonging to the flavo-
noid class of natural products have drawn considerable interest
owing to their pharmacological properties [1e6]. Naturally-
occurring chalcones and their synthetic analogs displayed signifi-
cant cytotoxic activity against various cancer cells. One of the most
widely proposed anticancer mechanisms of chalcones is its pre-
vention of tubulin polymerization by binding to the colchicine-
binding site [5e7]. The natural chalcone, licochalcone A (Fig. 1),
isolated from Chinese licorice roots was revealed to exhibit po-
tential antimalarial activity [8]. Numerous chalcones have been
extensively studied for their antimalarial activity, and the results
showed that the activity was exerted by plasmodial aspartate
protease [9], cysteine protease [10e12] and cyclin-dependent
protein kinase (CDK), Pfmrk [13] inhibitors. In addition, inhibition
of new permeation pathways induced by malarial parasite in the
).

served.
erythrocyte membranes have been disclosed [14]. Structur-
eeactivity relationship (SAR) elucidation of antimalarial chalcones
demonstrated that the presence of the a,b-unsaturated ketone
linker [11] and E configuration [15] are critical for their activities in
which the alkoxylated chalcones displayed superior antimalarial
activity than those of the hydroxylated analogs [14,16].

Pharmacological applications of synthetic and natural couma-
rins (Fig.1) have previously been reviewed [17e20]. For example, 7-
hydroxycoumarin was shown to inhibit the release of cyclin D1,
which is overexpressed in many types of cancers [19]. Daphnetin,
the Chinese herbal product, exhibited potency against malarial
parasite both in vitro and in vivo [21].

The design and development of new bioactive agents based on
the molecular hybridization strategy, involving the integration of
two or more pharmacophoric units having different mechanisms of
action in the same molecule, is a rationally attractive approach
[22,23]. These combined pharmacophores probably offer some
advantages such as in overcoming drug resistance [24] as well as
improving their biological potency [25]. Such hybrid approaches
had previously reported the coupling of chalcones with various
bioactive compounds including nucleosides [26], quinolines
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Fig. 1. Bioactive chalcone and coumarins.
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[26e28], pyrrolobenzodiazepines [29], ciprofloxacin [30], b-lactam
[31], nitric oxide donors [32,33], thiolactone [12] and isatin [12]. In
addition, a number of new chalconeecoumarin hybrids affording
anticancer, antimalarial, vasorelaxant, anti-inflammatory, antioxi-
dant and trypanocidal activities have been documented
[10,34e39]. For instance, hybrid (1) (Fig. 2) has been found to exert
significant cytotoxic activity against the paclitaxel-resistant cancer
cells [37]. Derivative (2) has shown cytotoxic activity against cer-
vical carcinoma cells (IC50 ¼ 3.59 mM) without affecting normal
fibroblast NIH3T3 cells [38]. Additionally, conjugate (3) exhibited
antimalarial activity against both chloroquine sensitive and
chloroquine-resistant strains with IC50 values of 3.1 and 4 mg/mL,
respectively [39]. Such chalcone analogs (1e3) constitute coumaryl
group, but the different substituents are pyridyl and phenyl groups
on the 2-propen-1-one core structure.

Triazole moiety is commonly found in diverse bioactive com-
pounds. Its distinct property is its metabolically stable heterocyclic
ring that is capable of forming hydrogen bonds. Furthermore, it can
be used as linkers of various molecules as to give rise to new
compounds and which might increase their bioavailability [40].

The reported cytotoxic and antimalarial activities of chalcone
analogs led to our rational design and synthesis of new molecular
hybrids of chalcone and coumarin tethered by the triazole ring. In
this article, the synthetic approaches have been designed as follows
(Fig. 3):

(i) use 1,3-diphenylpropenone (rings A and B) as the core
structure

(ii) vary methoxy groups substituted on ring B (2,3-dimethoxy-,
3,4-dimethoxy-, 2,3,4-trimethoxy- or 3,4,5-trimethoxy
substituents)

(iii) vary the position of 1,2,3-triazole ring on ring A (3- or 4-
position)

(iv) vary coumaryl ring substituted on the triazole moiety (4-
chromenone or 7-chromenone).

Herein, a variety of novel target chalconeecoumarin molecules
containing triazole linker (9e19) were synthesized and evaluated
for their cytotoxic and antimalarial activities. In addition, molecular
docking studies of these compounds toward their target proteins,
Fig. 2. Chalcone containing
tubulin and falcipain-2, have been carried out to gain insight into
the biological results.

2. Results and discussion

2.1. Chemistry

The novel target chalconeecoumarin hybrids (9e19) were
synthesized in three steps (Scheme 1). Initially, chalcones 6 were
synthesized using the base-catalyzed ClaiseneSchmidt condensa-
tion of various aromatic aldehydes 4 with two amino-
acetophenones 5 (3- or 4-NH2). Subsequently, azotization reaction
of the aminochalcones 6 using sodium nitrite and sodium azide in a
mixture of glacial acetic acid and concentrated hydrochloric acid
afforded the corresponding azidochalcones 7. The azide/alkyne
dipolar cycloaddition, represented as the Click-type reaction, is the
key route to the synthesis of 1,2,3-triazole linkage. Finally, the
azides 7 readily underwent cycloadditionwith alkynes (8) to afford
the novel desired hybrid molecules (9e19) in moderate to good
yields (50e88%). The starting alkynes (8) were derived from the
alkylation of either 4-hydroxycoumarin or 7-hydroxycoumarin
with propargyl bromide.

Structures of the hybrids (9e19) were characterized by 1H NMR
spectra, which showed the existence of the singlet of methine
proton at d 8e10 ppm indicating that the triazole linkage was
formed. In addition, triazole methylene ether linker displayed the
singlet of methylene proton at d 5e6 ppm. The chalcone part was
shown to be in the trans-configuration of double bond as repre-
sented by the coupling constant (J) values of 15e16 Hz. Structures of
all obtained compounds were further supported by 13C NMR, IR and
HRMS. Such spectral data using the chalconeecoumarin hybrid 9 as
an example are provided below.

The hybrid 9 showed molecular ion [MþNa]þ peak at 532.1464
corresponding to the molecular formula of C29H23N3NaO6. The IR
spectra of the compound 9 exhibited absorption bands of C]O
groups of coumarin and chalcone moieties at 1723 and 1660 cm�1,
respectively. In the 1H NMR spectra, two singlets at d 3.92 and
3.94 ppm were assigned to two methoxy protons on ring B of the
chalcone part. The methylene protons connected to the triazole
moiety appeared as a singlet at d 5.35 ppm. Two protons of the
coumarin derivatives.



Fig. 3. Newly designed chalconeecoumarin hybrids linked by triazole.
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propenone moiety were observed as two doublets at d 7.38 and
7.82 ppm with J value of 15.6 Hz. Two doublets at d 6.25 and
7.62 ppm with J value of 9.5 Hz were attributed to two protons of
coumarin ring at positions 3 and 4. The rest of aromatic protons of
this ring at C-6 and C-8 appeared as multiplet at d 6.92e6.98 ppm,
and a proton at position 5 was found to be displayed as a doublet at
d 7.39 ppm with J value of 8.9 Hz. The aromatic ring B protons of
chalcone at position 500, 200 and 600 were observed at d 6.89 (d,
J ¼ 8.3 Hz), 7.16 (s) and 7.25 (d, J ¼ 8.3 Hz) ppm, respectively. The
aromatic protons at position 50 and 20 of chalcone (ring A) were
visible as a triplet at d 7.68 ppm with J value of 7.9 Hz and as a
singlet at d 8.32 ppm, respectively, whereas position 40 and 60

appeared as two doublets at d 8.01 (J ¼ 8.0 Hz) and 8.07 (J ¼ 7.7 Hz)
ppm. A singlet of a methine proton of the triazole ring appeared at
d 8.20 ppm. In the 13C NMR spectra, two methoxy carbons (at C-300

and C-400) of chalcone part (ring B) were observed at d 56.1 ppm
whereas a methylene carbon adjacent to triazole ring was noted at
62.3 ppm. Two carbonyl groups of ketone and lactone were seen at
188.9 and 161.0 ppm, respectively. Nine quaternary aromatic car-
bons (ArC) were observed at chemical shift 113.2, 127.5, 137.3, 140.2,
144.1, 149.4, 151.9, 155.8 and 161.2 ppm. Eleven tertiary aromatic
carbons (ArCH) and four olefinic carbons appeared at chemical shift
102.2, 110.3, 111.2, 112.7, 113.6, 119.0, 120.1, 121.3, 123.6, 124.3, 128.7,
129.0, 130.2, 143.2 and 146.5 ppm.
Scheme 1. Synthesis of chalconeecoumarin h
2.2. Biological activities

2.2.1. Cytotoxic activity
Cytotoxicity of the synthesized chalconeecoumarin hybrids

(9e19) were assayed against human cancer cell lines; HuCCA-1
(cholangiocarcinoma), HepG2 (hepatocellular carcinoma), A549
(lung carcinoma) and MOLT-3 (lymphoblastic leukemia), as sum-
marized in Table 1. These compounds were also evaluated for non-
cancerous cell line (Vero) derived from African green monkey
kidney.

Results showed thatmost of the tested hybridmolecules exerted
significant cytotoxicity, especially against MOLT-3 cancer cell line,
except for the hybrid 11. Among these, triazole hybrid 16 was
shown to be the most potent cytotoxic compound against MOLT-
3 cells with an IC50 of 0.53 mM. Aside from MOLT-3 cells, com-
pounds 9e11 and 15e17 also showed inhibitory effect against
HuCCA-1 cells. However, tri-substituted methoxy hybrids 12, 13, 14
and 19 selectively inhibited MOLT-3 cells with IC50 in the range of
3.89e79.49 mM. Significant cytotoxic activity toward A549 cells was
noted for 2,3-dimethoxy analogs 10, 11 and 16, in which 11was the
most potent compound (IC50 ¼ 7.95 mM). The investigated chalco-
neecoumarin hybrids bear a variety of substituents on ring B (2,3-,
3,4-, 2,3,4- and 3,4,5-methoxys) and ring A (3- and 4-substituted
triazoles) of the chalcone moiety while the coumarins linked to
triazoles as a series of 7- (9e14) and 4- (15e19) substituted cou-
marins. SAR investigation of the compounds revealed that the most
potent and promising cytotoxicity depended on the substitution
pattern of substituents on rings A and B as well as coumaryl moi-
eties. Apparently, compounds with 2,3-dimethoxy groups on ring B
and 3-substituted ring A of 4-oxycoumaryl series exhibited higher
inhibitory potency (HuCCA-1 cells) than the corresponding 3,4-
dimethoxy (ring B) as observed for 16 (IC50 ¼ 2.36 mM) and 15
(IC50 ¼ 38.57 mM). Similar cytotoxic effect against HuCCA-1 was
noted for 7-oxycoumaryl analogs 10 (IC50 ¼ 11.13 mM) and 9
(IC50 ¼ 33.37 mM). Obviously, 2,3-dimethoxy (ring B), 3-substituent
(ring A) of 4-coumaryl analog 16 exerted higher cytotoxicity to-
wards all of the tested cancer cells as compared to its 7-coumaryl
analog (10). In addition, other 4-coumaryl derivatives exerted
ybrids (9e19) through the Click reaction.



Table 1
Cytotoxic and antimalarial activities (IC50, mM) of hybrid compounds (9e19).

Compound A-ring B-ring Cancer cell linesa Antimalarialb Vero cell line

HuCCA-1 HepG2 A549 MOLT-3

9 3-Triazole 3,4-DiOMe 33.37 ± 0.84 Non-cytotoxic Non-cytotoxic 3.12 ± 0.11 Inactive Non-cytotoxic
10 3-Triazole 2,3-DiOMe 11.13 ± 0.40 15.70 ± 2.00 31.40 ± 1.00 5.16 ± 0.69 6.63 35.03
11 4-Triazole 2,3-DiOMe 4.81 ± 0.92 8.18 ± 0.76 7.95 ± 3.04 Non-cytotoxic Inactive Non-cytotoxic
12 3-Triazole 2,3,4-TriOMe Non-cytotoxic Non-cytotoxic Non-cytotoxic 3.89 ± 0.28 13.03 Non-cytotoxic
13 4-Triazole 2,3,4-TriOMe Non-cytotoxic Non-cytotoxic Non-cytotoxic 22.50 ± 3.63 Inactive Non-cytotoxic
14 4-Triazole 3,4,5-TriOMe Non-cytotoxic Non-cytotoxic Non-cytotoxic 79.49 ± 1.44 Inactive Non-cytotoxic
15 3-Triazole 3,4-DiOMe 38.57 ± 1.48 Non-cytotoxic Non-cytotoxic 3.91 ± 0.34 Inactive Non-cytotoxic
16 3-Triazole 2,3-DiOMe 2.36 ± 0.14 4.26 ± 0.29 18.06 ± 1.07 0.53 ± 0.08 4.73 3.91
17 3-Triazole 2,3,4-TriOMe 6.13 ± 0.06 Non-cytotoxic Non-cytotoxic 1.13 ± 0.18 7.47 Non-cytotoxic
18 4-Triazole 2,3,4-TriOMe Non-cytotoxic 22.85 ± 0.51 Non-cytotoxic 12.33 ± 1.78 1.60 Non-cytotoxic
19 4-Triazole 3,4,5-TriOMe Non-cytotoxic Non-cytotoxic Non-cytotoxic 6.58 ± 1.78 Inactive Non-cytotoxic
Etoposidec ND 30.16 ± 0.50 ND 0.051 ± 0.002 ND ND
Doxorubicinc 0.83 ± 0.07 0.79 ± 0.08 0.44 ± 0.01 ND ND ND
Dihydroartemisininec ND ND ND ND 0.0011 ND
Ellipticinec ND ND ND ND ND 1.94

Non-cytotoxic ¼ IC50 > 50 mg/mL.
Inactive ¼ IC50 > 10 mg/mL.
Vero cell line ¼ African green monkey kidney cell line.
ND, not determined.

a Cancer cell lines comprise the following: HuCCA-1 human cholangiocarcinoma cell line, HepG2 human hepatocellular carcinoma cell line, A549 human lung carcinoma cell
line, MOLT-3 human lymphoblastic leukemia cell line.

b Antimalarial against Plasmodium falciparum.
c Etoposide, doxorubicin, ellipticine and dihydroartemisinine were used as reference drugs.
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better cytotoxic activity than 7-coumaryls were shown to be in the
following order 17 > 12, 18 > 13 and 19 > 14. Interestingly, HepG2
cells inhibitory action was observed for hybrids containing 2,3-
dimethoxy (10, 11 and 16) and 2,3,4-trimethoxy (18) on ring B.
Such compounds (10, 11, 16 and 18) were shown to be more potent
anticancer agents as compared to etoposide, the reference drug.
Particularly, the most potent hybrid 16 (IC50 of 4.26 mM) displayed
7-fold stronger activity than the etoposide (IC50¼ 30.16 mM). So far,
the 2,3-dimethoxy derivatives 10 and 16 containing triazole ring at
position 3 showed cytotoxicity against the Vero cell with IC50 of
35.03 and 3.91 mM, respectively. It should be noted that the hybrid
11 showed cytotoxicity in a broad spectrum of cancer cells (i.e.,
HuCCA-1, HepG2 and A549 cells) with IC50 values in the range of
4.81e8.18 mM without affecting normal cells. Molecular docking of
the anticancer hybrids to their target proteins, tubulins have been
described herein.

2.2.2. Antimalarial activity
Antimalarial activity of the hybrids (9e19) was examined

against Plasmodium falciparum (K1, multidrug resistant strain) as
shown in Table 1. The synthesized hybrids of 2,3-dimethoxy (10 and
16) and 2,3,4-trimethoxy (12, 17 and 18) showed significant anti-
malarial activity with IC50 values in the range of 1.60e13.03 mM. At
this point, it seemed reasonable that the presence of methoxy
groups at ortho- and para-positions of chalcones (ring B) played
crucial role for antimalarial activity. In addition, a series of 4-
coumarinoxymethyl derivatives showed superior potency than
the corresponding 7-coumarinoxymethyl analogs as seen for
16 > 10, 17 > 12 and 18 > 13. Notably, the 2,3,4-trimethoxy analog
18 was shown to be the most potent compound (IC50 ¼ 1.60 mM)
and was non-toxic to normal cells. Results from the molecular
docking of antimalarial analogs are discussed hereafter.

2.3. Validation of docking protocol

Co-crystallized ligands, colchicine and trans-epoxysuccinyl-L-
leucylamido-(4-guanidino)butane (E64), were re-docked to their
target proteins, tubulin and falcipain-2, as to validate the docking
protocol. Owing to limitations of the available docking software,
covalent bonds between E64 and the falcipain-2 active site were
disrupted and re-docked via non-covalent docking. Colchicine and
E64 could be re-docked to their respective target proteins with a
root mean squared deviation (RMSD) of 0.697 Å (Fig. 4A) and
1.157 Å (Fig. 4B), respectively.

2.3.1. Molecular docking of chalconeetriazoleecoumarin
derivatives to a- and b-tubulin complexes

As previously mentioned, the cytotoxic activity of chalcone is
often associated with its ability to inhibit b-tubulin formation via
binding of compounds to the colchicine binding site [5e7]. Mo-
lecular docking was performed to investigate the binding modal-
ities of chalconeetriazoleecoumarin derivatives against tubulin.
Results suggested that all chalconeetriazoleecoumarin analogs
could snugly occupy the colchicine binding site of b-tubulin as
shown in Fig. 4C. Binding energies for these compounds are in the
range of �9.6 to �10.8 kcal/mol (Table 2). It was observed that all
chalconeetriazoleecoumarin derivatives afforded stronger binding
energies than that of the colchicine found in the co-crystallized
structure thereby suggesting promising inhibitory effect for this
set of compounds. The observed tubulin binding energies for these
compounds are in accordance with their cytotoxic activities, in
which the more potent compounds as seen for the dimethoxy an-
alogs (9e11, 15 and 16) displayed lower binding energies (�10.5
to �10.8 kcal/mol) than the trimethoxy analogs (12e14 and 17e19)
with the binding energies in the range of �9.6 to �10.3 kcal/mol.
Particularly, the lowest cytotoxic activity of compound 14 showed
the highest tubulin binding energy of �9.6 kcal/mol. Interestingly,
docking poses of these compounds revealed that they could also
occupy the GTP binding site of a-tubulin that is adjacent to the
colchicine binding site of b-tubulin. These findings suggest that
chalconeetriazoleecoumarin derivatives could plausibly act as
dual site inhibitors of a- and b-tubulin complexes. Molecular
modeling analysis of the crystal structure revealed that the co-
crystallized colchicine interacts with b-tubulin via the formation
of hydrogen bonds involving a methoxy group to Cys241 and
engaging in hydrophobic interactions with Leu255 and Ala316
(Fig. 4A). The GTP binds a-tubulin via the formation of hydrogen
bonding network between the phosphate moiety to Ala12, Asp69,



Table 2
Binding energy of chalconeetriazoleecoumarin derivatives (9e19).

Compounds Binding energy (kcal/mol)a

Tubulin Falcipain-2

9 �10.8 ND
10 �10.6 �8.6
11 �10.5 ND
12 �10.2 �8.9
13 �9.8 ND
14 �9.6 ND
15 �10.6 ND
16 �10.7 �8.3
17 �10.3 �8.1
18 �10.1 �8.4
19 �10.0 ND
Colchicine �9.4 ND
E64b ND �7.3
a ND, not determined.
b E64 was covalently bound to falcipain-2. Binding energy was obtained from

non-covalent docking.
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Ser140, Thr145, Ser178 and Glu183 while the guanine ring forms
hydrogen bonds with Asn206 and Asn288 as well as pep stacking
with Tyr224. Moreover, hydrophobic interaction between Ala12
and Tyr224 of a-tubulin with GTP were also observed. These
aforementioned residues could be the essential site for ligand
binding as to inhibit microtubule formation.

Compound 11, which provided cytotoxicity against a broad
spectrum of cancer cells (i.e., HuCCA-1, HepG2 and A549 cells)
without affecting normal cells, could interact with both colchicine
and GTP binding sites of b- and a-tubulins, respectively (Fig. 5A).
The coumarin moiety of the compound could occupy the hydro-
phobic pocket as defined by Leu248, Ala316 and Ala354 residues of
Fig. 4. Molecular docking of chalconeetriazoleecoumarin ligands to tubulin. Re-docking pos
structures colored in green while re-docking poses colored in red. Docking poses of chalcone
GTP colored in yellow, ligands colored in orange and blue. Docking poses of chalconeetriazol
colored in orange. (For interpretation of the references to color in this figure legend, the re
b-tubulin, which are located inside the colchicine binding site. In
addition, ring B of chalcone moiety of the compound could form
hydrophobic interaction with Ala12 and Tyr224 together with pep
interaction with Tyr224 of a-tubulin, which constitutes the GTP
binding pocket. The less potency of trimethoxy analogs (13, 14, 18
and 19) compared to the 2,3-dimethoxy analog (11) may be due to
the steric reason in this hydrophobic area. In addition, such inter-
action was strengthened by hydrogen bonding as afforded by the N
atom at position 2 of triazole ring to Asn101 of a-tubulin and
pecation interaction of chalcone ring A to the positively-charged
side chain of Lys254 from b-tubulin. These finding suggested that
the cytotoxicity of chalconeetriazoleecoumarin derivatives could
be possibly due to their dual inhibition of a- and b-tubulins.
2.3.2. Molecular docking of chalconeecoumarin derivatives to
falcipain-2

Many chalcone derivatives have been revealed to inhibit ma-
larial cysteine protease [10e12], the enzyme plays an essential role
in the degradation of host hemoglobin into small peptides as nu-
trients occurring within the acidic food vacuole of the parasite.
Accordingly, molecular docking was performed against the cysteine
protease-like falcipain-2 using selected compounds (i.e., 10, 12, 16,
17 and 18) that have been shown to exert antimalarial activity. The
crystal structure of falcipain-2 was co-crystallized with inhibitor
E64, which was covalently-bonded to the enzyme as to block
substrates from reaching the catalytic triad as defined by Gln36,
Cys42 and His174 residues [41]. Docking results suggested that all
selected compounds could bind the active site of falcipain-2
(Fig. 4D) with binding energies in the range of �8.1 to �8.9 kcal/
mol (Table 2). Unfortunately, due to the limitation of available
docking software in performing covalent docking, therefore the
es of colchicine to tubulin (A) and E64 to falcipain-2 (B) are shown with original ligand
etriazoleecoumarin ligands to tubulin (C) are shown with colchicine colored in green,
eecoumarin ligands to falcipain-2 (D) are shownwith E64 colored in green and ligands
ader is referred to the web version of this article.)



Fig. 5. Two-dimensional schematics of the protein-ligand interaction of compound 11 to tubulin (A) and compound 18 to falcipain-2 (B). The amino acid residues such as Ala12A, A
is denoted as a-tubulin; and Ala316B, B is denoted as b-tubulin.
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binding energy of E64 was obtained by disrupting the covalent
bond and re-docked non-covalently. Owing to these inherent dif-
ferences in the binding mechanism, thus it cannot be assumed that
the chalconeetriazoleecoumarins could possess higher potency
than E64 by judging from their binding energies. Compound 18,
which had the highest antimalarial activity, could bind the active
site of falcipain-2 via the interaction scheme shown in Fig. 5B. As
such, the coumarin moiety of the compound could occupy the
binding site of falcipain-2 via hydrophobic interaction with Cys42
and Trp206 residues together with the formation of pep stacking
with Trp206. Such interaction afforded strong stability because ring
A and ring B of chalcone moiety formed hydrophobic interaction
with Gly40 and Leu84, respectively. Moreover, 3,4-dimethoxy
substituents of chalcone ring B provided hydrogen bonding with
Ser149 thereby resulting in tight binding of compound 18 to the
falcipain-2 active site. The docking results suggested that the
antimalarial activity of the chalconeetriazoleecoumarin de-
rivatives might be due to their inhibitions of falcipain-2.

Furthermore, metabolic pathways in intracellular parasites (i.e.,
P. falciparum) and cancer cells are more sensitive to oxidative stress
than normal cells [42]. It could be presumably explained that
dimethoxychalcone moieties might be metabolized to catechols,
then to phenoxy radicals and ultimately to superoxide anions,
which are toxic to the cells [5].

3. Conclusions

Eleven conjugated molecules (9e19) derived from chalcones
and coumarins linked by 1,2,3-triazole ring have been successfully
synthesized via the Click reaction. Cytotoxic activity testing
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revealed that most of the hybrids displayed cytotoxicity against
MOLT-3 cell line. In particular, the chalconeecoumarin 16 was the
most potent cytotoxic agent (IC50 ¼ 0.53 mM). Compounds 10,11,16
and 18 displayed higher cytotoxic potency against HepG2 cells than
the control drug, etoposide. The hybrid 16 was shown to be the
most potent one (IC50 ¼ 4.26 mM), but unfortunately it was toxic
toward non-cancerous (Vero) cells. Significantly, the analog 11
displayed the second most potent activity (HepG2) with IC50 value
of 8.18 mM and non-toxic to Vero cells. Importantly, antimalarial
activity results concluded that the conjugate 18 exhibited the most
potent activity (IC50 ¼ 1.60 mM) without affecting non-cancerous
cells. Docking results suggested that the cytotoxic and antima-
larial activities of the hybrids might be due to their inhibition of
tubulin and falcipain-2, respectively. This study provides novel
chalconeecoumarin hybrids as potential lead molecules for further
structural optimization as anticancer and antimalarial agents.

4. Experimental

4.1. Chemistry

Column chromatography was carried out using silica gel 60
(70e230 mesh ASTM). Analytical thin-layer chromatography (TLC)
was performed on silica gel 60 F254 aluminum sheets. 1H and 13C
NMR spectra were recorded on a Bruker AVANCE 300 NMR spec-
trometer (operating at 300 MHz for 1H and 75 MHz for 13C). FTIR
spectrawere obtained using a universal attenuated total reflectance
attached on a PerkineElmer Spectrum One spectrometer. High
resolution mass spectra (HRMS) were recorded on a Bruker Dal-
tonics (microTOF). Melting points were determined using a Griffin
melting point apparatus and were uncorrected.

4.2. General procedure for the synthesis of aminochalcones (6)

To a stirred solution of benzaldehyde 4 (5 mmol) and amino-
acetophenone 5 (5 mmol) in ethanol (15 mL) at 5 �C, then 40% KOH
(10 mL) was added dropwise, and stirred at room temperature
overnight. The reaction mixture was neutralized with 2 M HCl, and
then extracted with ethyl acetate (3 � 30 mL). The combined
organic phases were washed with water (25 mL), dried over
anhydrous sodium sulfate and evaporated to dryness. The crude
product was purified using silica gel column chromatography and
eluted with 12% acetoneehexane.

4.2.1. (E)-1-(3-aminophenyl)-3-(3,4-dimethoxyphenyl)prop-2-en-
1-one (6a)

Yellow solid. 57%. mp 68e69 �C. IR (UATR) cm�1: 3448, 3362,
3225, 1652, 1621, 1574, 1508. 1H NMR (300 MHz, CDCl3) d 2.80 (br s,
2H, NH2), 3.95, 3.96 (2s, 6H, 2 � OCH3), 6.91 (d, J ¼ 8.3 Hz, 1H, C50-
ArH), 6.95 (d, J¼ 7.7 Hz,1H, C4-ArH), 7.16 (d, J¼ 1.4 Hz,1H, C20-ArH),
7.23 (d, J ¼ 8.3 Hz, 1H, C60-ArH), 7.30 (t, J ¼ 7.2 Hz, 1H, C5-ArH), 7.35
(d, J ¼ 15.4 Hz, 1H, CH]CHCO), 7.38 (s, 1H, C2-ArH), 7.42 (d,
J¼ 7.5 Hz,1H, C6-ArH), 7.75 (d, J¼ 15.6 Hz,1H, CH]CHCO). 13C NMR
(75 MHz, CDCl3) d 56.0, 110.1, 111.1, 114.8, 119.2, 119.6, 120.3, 123.1,
127.9, 129.4, 139.6, 144.8, 146.0, 149.2, 151.4, 190.8. HRMS-TOF: m/z
[MþNa]þ 306.1102 (Calcd for C17H17NNaO3: 306.1101).

4.2.2. (E)-1-(3-aminophenyl)-3-(2,3-dimethoxyphenyl)prop-2-en-
1-one (6b)

Yellow oil. 41%. IR (UATR) cm�1: 3462, 3367, 3229, 1656, 1623,
1575, 1477. 1H NMR (300 MHz, CDCl3) d 2.90 (br s, 2H, NH2), 3.86,
3.87 (2s, 6H, 2 � OCH3), 6.87 (d, J ¼ 7.9 Hz, 1H, C4-ArH), 6.94 (d,
J ¼ 8.1 Hz, 1H, C40-ArH), 7.07 (t, J ¼ 8.0 Hz, 1H, C50-ArH), 7.21e7.28
(m, 2H, C5-ArH, C60-ArH), 7.31 (s, 1H, C2-ArH), 7.37 (d, J¼ 7.6 Hz,1H,
C6-ArH), 7.53 (d, J ¼ 15.9 Hz, 1H, CH]CHCO), 8.05 (d, J ¼ 15.9 Hz,
1H, CH]CHCO). 13C NMR (75 MHz, CDCl3) d 55.9, 61.3, 114.1, 114.6,
119.0, 119.4, 119.6, 123.9, 124.2, 129.2, 129.4, 139.3, 139.4, 146.7,
149.0, 153.2, 191.0. HRMS-TOF: m/z HRMS-TOF: m/z [MþNa]þ
306.1113 (Calcd for C17H17NNaO3: 306.1101).

4.2.3. (E)-1-(4-aminophenyl)-3-(2,3-dimethoxyphenyl)prop-2-en-
1-one (6c)

Yellow solid. 65%. mp 133e134 �C (135.6e136.8 �C [43]). IR
(UATR) cm�1: 3453, 3351, 3228, 1623, 1602, 1579, 1478. 1H NMR
(300 MHz, CDCl3) d 3.90, 3.91 (2s, 6H, 2 � OCH3), 4.17 (br s, 2H,
NH2), 6.72 (d, J¼ 8.7 Hz, 2H, C3-ArH, C5-ArH), 6.97 (d, J¼ 8.0 Hz,1H,
C-40-ArH), 7.10 (t, J¼ 8.0 Hz, 1H, C-50-ArH), 7.29 (d, J¼ 8.0 Hz, 1H, C-
60-ArH), 7.62 (d, J ¼ 15.8 Hz, 1H, CH]CHCO), 7.95 (d, J ¼ 8.6 Hz, 2H,
C2-ArH, C6-ArH), 8.07 (d, J ¼ 15.8 Hz, 1H, CH]CHCO). 13C NMR
(75 MHz, CDCl3) d 55.9, 61.3, 113.8, 113.9, 119.6, 123.8, 124.1, 128.7,
129.6, 131.1, 138.0, 148.8, 151.0, 153.2, 188.5. HRMS-TOF: m/z
[MþH]þ 284.1285 (Calcd for C17H18NO3: 284.1281).

4.2.4. (E)-1-(3-aminophenyl)-3-(2,3,4-trimethoxyphenyl)prop-2-
en-1-one (6d)

Yellow solid. 62%. mp 94e95 �C. IR (UATR) cm�1: 3458, 3364,
3233, 1653, 1627, 1577, 1494. 1H NMR (300 MHz, CDCl3) d 3.85 (br s,
2H, NH2), 3.91, 3.93, 3.96 (3s, 9H, 3 � OCH3), 6.74 (d, J ¼ 8.8 Hz, 1H,
C50-ArH), 6.90 (dd, J¼ 8.0, 1.9 Hz, 1H, C4-ArH), 7.29 (t, J¼ 7.8 Hz, 1H,
C5-ArH), 7.34 (t, J ¼ 1.9 Hz, 1H, C2-ArH), 7.40 (d, J ¼ 8.7 Hz, 2H, C6-
ArH, C60-ArH), 7.53 (d, J ¼ 15.8 Hz, 1H, CH]CHCO), 7.99 (d,
J ¼ 15.8 Hz, 1H, CH]CHCO). 13C NMR (75 MHz, CDCl3) d 56.1, 60.9,
61.4, 107.6, 114.5, 118.8, 119.2, 121.7, 122.1, 123.8, 129.4, 139.7, 139.8,
142.5, 146.8, 153.8, 155.7, 191.1. HRMS-TOF: m/z [MþH]þ 314.1390
(Calcd for C18H20NO4: 314.1387).

4.2.5. (E)-1-(4-aminophenyl)-3-(2,3,4-trimethoxyphenyl)prop-2-
en-1-one (6e)

Yellow solid. 80%. mp 125e126 �C. IR (UATR) cm�1: 3458, 3343,
3234,1633, 1595, 1580, 1494. 1H NMR (300MHz, CDCl3) d 3.87, 3.88,
3.91 (3s, 9H, 3 � OCH3), 4.15 (br s, 2H, NH2), 6.67 (d, J ¼ 8.7 Hz, 2H,
C3-ArH, C5-ArH), 6.69 (d, J¼ 8.8 Hz,1H, C50-ArH), 7.35 (d, J¼ 8.8 Hz,
1H, C60-ArH), 7.55 (d, J¼ 15.7 Hz,1H, CH]CHCO), 7.90 (d, J¼ 8.7 Hz,
2H, C2-ArH, C6-ArH), 7.93 (d, J ¼ 15.7 Hz, 1H, CH]CHCO). 13C NMR
(75 MHz, CDCl3) d 56.1, 60.9, 61.4, 107.6, 113.9, 121.5, 122.5, 123.7,
128.9, 131.0, 138.4, 142.5, 150.9, 153.6, 155.4, 188.6. HRMS-TOF: m/z
[MþH]þ 314.1395 (Calcd for C18H20NO4: 314.1387).

4.2.6. (E)-1-(4-aminophenyl)-3-(3,4,5-trimethoxyphenyl)prop-2-
en-1-one (6f)

Yellow solid. 72%. mp 156e157 �C (160 �C [44]). IR (UATR) cm�1:
3457, 3361, 3234, 1628, 1604, 1584, 1504. 1H NMR (300 MHz, CDCl3)
d 3.91, 3.94 (2s, 9H, 3 � OCH3), 4.20 (br s, 2H, NH2), 6.72 (d,
J ¼ 8.5 Hz, 2H, C3-ArH, C5-ArH), 6.87 (s, 2H, C20-ArH, C60-ArH), 7.43
(d, J ¼ 15.5 Hz, 1H, CH]CHCO), 7.72 (d, J ¼ 15.5 Hz, 1H, CH]
CHCO),7.95 (d, J ¼ 8.5 Hz, 2H, C2-ArH, C6-ArH). 13C NMR (75 MHz,
CDCl3) d 56.2, 61.0, 105.5, 113.9, 121.4, 128.6, 130.9, 131.1, 140.1, 143.3,
151.1, 153.5, 188.0. HRMS-TOF: m/z [MþH]þ 314.1390 (Calcd for
C18H20NO4: 314.1387).

4.3. General procedure for the synthesis of azidochalcones (7)

To a cold solution of aminochalcone 6 (3 mmol) in
HCl:CH3COOH (3:3 mL) at 0 �C, a solution of sodium nitrite
(9 mmol) in water (5 mL) was added. The stirred reaction mixture
was maintained for 15 min and then added dropwise a solution of
sodium azide (9 mmol) in water (5 mL). The reaction mixture was
allowed to stir at room temperature for 0.5 h, then the precipitate
was filtered, washed with cold water and recrystallized from
methanol.
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4.3.1. (E)-1-(3-azidophenyl)-3-(3,4-dimethoxyphenyl)prop-2-en-1-
one (7a)

Yellow solid. 77%. mp 75e76 �C. IR (UATR) cm�1: 2105, 1660,
1576,1511. 1H NMR (300MHz, CDCl3) d 3.92, 3.94 (2s, 6H, 2�OCH3),
6.89 (d, J ¼ 8.3 Hz, 1H, C50-ArH), 7.13 (d, J ¼ 1.9 Hz, 1H, C20-ArH),
7.19e7.24 (m, 2H, C4-ArH, C60-ArH), 7.31 (d, J ¼ 15.6 Hz, 1H, CH]
CHCO), 7.47 (t, J ¼ 7.9 Hz, 1H, C5-ArH), 7.64 (d, J ¼ 1.9 Hz, 1H, C2-
ArH), 7.74 (d, J ¼ 7.9 Hz, 1H, C6-ArH), 7.75 (d, J ¼ 15.6 Hz, 1H,
CH]CHCO). 13C NMR (75 MHz, CDCl3) d 56.0, 110.1, 111.1, 118.8,
119.6, 122.9, 123.4, 124.8, 127.6, 130.0, 140.2, 140.9, 145.8, 149.3,
151.7, 189.6. HRMS-TOF: m/z [MþH]þ 310.1200 (Calcd for
C17H16N3O3: 310.1186).
4.3.2. (E)-1-(3-azidophenyl)-3-(2,3-dimethoxyphenyl)prop-2-en-
1-one (7b)

Yellow solid. 78%. mp 73e74 �C. IR (UATR) cm�1: 2109, 1663,
1577, 1479. 1H NMR (300 MHz, CDCl3) d 3.87, 3.88 (2s, 6H,
2 � OCH3), 6.97 (dd, J ¼ 8.1, 1.3 Hz, 1H, C40-ArH), 7.09 (t, J ¼ 7.9 Hz,
1H, C50-ArH), 7.18e7.28 (m, 2H, C4-ArH, C60-ArH), 7.45 (t, J¼ 8.0 Hz,
1H, C5-ArH), 7.48 (d, J ¼ 15.8 Hz, 1H, CH]CHCO), 7.65 (t, J ¼ 1.8 Hz,
1H, C2-ArH), 7.75 (d, J¼ 7.7 Hz, 1H, C6-ArH), 8.09 (d, J¼ 15.8 Hz, 1H,
CH]CHCO). 13C NMR (75 MHz, CDCl3) d 55.9, 61.3, 114.5, 118.9,
119.7, 123.1, 123.2, 124.2, 125.0, 128.9, 130.0, 140.0, 140.5, 140.9,
153.3, 189.9. HRMS-TOF: m/z [MþH]þ 310.1191 (Calcd for
C17H16N3O3: 310.1186).
4.3.3. (E)-1-(4-azidophenyl)-3-(2,3-dimethoxyphenyl)prop-2-en-
1-one (7c)

Orange-yellow solid. 69%. mp 82e83 �C. IR (UATR) cm�1: 2122,
1660, 1601, 1577, 1479. 1H NMR (300 MHz, CDCl3) d 3.91 (s, 6H,
2 � OCH3), 7.00 (dd, J ¼ 8.0, 1.3 Hz, 1H, C40-ArH), 7.12 (t, J ¼ 8.0 Hz,
1H, C50-ArH), 7.15 (d, J ¼ 8.7 Hz, 2H, C3-ArH, C5-ArH), 7.29 (d,
J¼ 8.0 Hz,1H, C60-ArH), 7.59 (d, J¼ 15.9 Hz,1H, CH]CHCO), 8.07 (d,
J¼ 8.7 Hz, 2H, C2-ArH, C6-ArH), 8.12 (d, J¼ 15.9 Hz,1H, CH]CHCO).
13C NMR (75 MHz, CDCl3) d 55.9, 61.3, 114.3, 119.0, 119.7, 123.2,
124.2, 129.1, 130.5, 135.0, 139.8, 144.6, 149.0, 153.3, 189.1. HRMS-
TOF: m/z [MþH]þ 310.1195 (Calcd for C17H16N3O3: 310.1186).
4.3.4. (E)-1-(3-azidophenyl)-3-(2,3,4-trimethoxyphenyl)prop-2-
en-1-one (7d)

Yellow solid. 93%. mp 65e66 �C. IR (UATR) cm�1: 2107, 1660,
1576, 1495. 1H NMR (300 MHz, CDCl3) d 3.91, 3.94, 3.98 (3s, 9H,
3 � OCH3), 6.75 (d, J ¼ 8.8 Hz, 1H, C50-ArH), 7.23 (dd, J ¼ 7.8, 1.8 Hz,
1H, C4-ArH), 7.41 (d, J ¼ 8.8 Hz, 1H, C60-ArH), 7.50 (t, J ¼ 7.8 Hz, 1H,
C5-ArH), 7.52 (d, J ¼ 15.8 Hz, 1H, CH]CHCO), 7.68 (t, J ¼ 1.8 Hz, 1H,
C2-ArH), 7.78 (d, J ¼ 7.8 Hz, 1H, C6-ArH), 8.03 (d, J ¼ 15.8 Hz, 1H,
CH]CHCO). 13C NMR (75 MHz, CDCl3) d 56.1, 60.9, 61.4, 107.6, 118.8,
120.9, 121.8, 122.9, 124.1, 124.9, 129.9, 140.3, 140.8, 141.0, 142.5,
154.0, 156.0, 189.9. HRMS-TOF: m/z [MþH]þ 340.1299 (Calcd for
C18H18N3O4: 340.1292).
4.3.5. (E)-1-(4-azidophenyl)-3-(2,3,4-trimethoxyphenyl)prop-2-
en-1-one (7e)

Yellow solid. 93%. mp 115e116 �C. IR (UATR) cm�1: 2126, 1654,
1598, 1584, 1494. 1H NMR (300 MHz, CDCl3) d 3.92, 3.94, 3.97 (3s,
6H, 3 � OCH3), 6.75 (d, J ¼ 8.8 Hz, 1H, C50-ArH), 7.15 (d, J ¼ 8.5 Hz,
2H, C3-ArH, C5-ArH), 7.41 (d, J ¼ 8.8 Hz, 1H, C60-ArH), 7.56 (d,
J ¼ 15.7 Hz, 1H, CH]CHCO), 8.02 (d, J ¼ 15.7 Hz, 1H, CH]CHCO),
8.06 (d, J ¼ 8.5 Hz, 2H, C2-ArH, C6-ArH). 13C NMR (75 MHz, CDCl3)
d 56.1, 60.9, 61.4, 107.6, 119.0, 120.9, 122.0, 124.0, 130.4, 135.3, 140.3,
142.6, 144.4, 153.9, 155.9, 189.1. HRMS-TOF: m/z HRMS-TOF: m/z
[MþH]þ 340.1283 (Calcd for C18H18N3O4: 340.1292).
4.3.6. (E)-1-(4-azidophenyl)-3-(3,4,5-trimethoxyphenyl)prop-2-
en-1-one (7f)

Yellow solid. 90%. mp 70e71 �C. IR (UATR) cm�1: 2122, 1658,
1599, 1579, 1502. 1H NMR (300 MHz, CDCl3) d 3.92, 3.94 (2s, 6H,
3 � OCH3), 6.88 (s, 2H, C20-ArH, C60-ArH), 7.15 (d, J ¼ 8.1 Hz, 2H, C3-
ArH, C5-ArH), 7.39 (d, J ¼ 15.5 Hz, 1H, CH]CHCO), 7.75 (d,
J¼ 15.5 Hz,1H, CH]CHCO), 8.05 (d, J¼ 8.1 Hz, 2H, C2-ArH, C6-ArH).
13C NMR (75 MHz, CDCl3) d 56.3, 61.0, 105.8, 119.1, 120.9, 130.3,
130.5, 134.9, 140.6, 144.7, 145.1, 153.5, 188.7. HRMS-TOF:m/z HRMS-
TOF: m/z [MþH]þ 340.1288 (Calcd for C18H18N3O4: 340.1292).

4.4. General procedure for the synthesis of propynyloxy derivatives
(8aeb)

A propargyl bromide (2.4 mmol) was added to a suspension of
an appropriate coumarin (2 mmol) and potassium carbonate
(4 mmol) in acetone (15 mL). The suspension was heated under
reflux for 2 h. The reaction was allowed to cool and then concen-
trated under reduced pressure. Water (30 mL) was added and
extracted with EtOAc (3 � 30 mL). The organic extracts were
combined and washed with water (20 mL) and brine (20 mL). The
organic layer was dried over anhydrous sodium sulfate, filtered and
concentrated in vacuo. The crude product was purified by column
chromatography.

1H NMR spectra of 7-(propynyloxy)-2H-chromen-2-one (8a)
[45] and 4-(propynyloxy)-2H-chromen-2-one (8b) [46] were
consistent with those reported in the literatures.

4.5. General procedure for the synthesis of chalconeecoumarin
hybrids (9e19)

To a stirred solution of azidochalcone 7 (0.2 mmol) and alkyne 8
(0.22 mmol) in t-BuOH:H2O (3:3 mL), CuSO4$5H2O (0.22 mmol)
and sodium ascorbate (0.5 mmol) was added. The reaction mixture
was stirred at room temperature for 2 h and then concentrated
under reduced pressure. The residue was added water (10 mL) and
extracted with dichloromethane (3 � 20 mL). The combined
organic phases were washed with water (20 mL), dried over
anhydrous sodium sulfate and evaporated to dryness. The crude
product was purified using silica gel column chromatography and
eluted with methanol:dichloromethane (1:50).

4.5.1. (E)-7-((1-(3-(3-(3,4-dimethoxyphenyl)acryloyl)phenyl)-1H-
1,2,3-triazol-4-yl)methoxy)-2H-chromen-2-one (9)

Starting from azidochalcone 7a and alkyne 8a. Yellow solid. 65%.
mp 132e133 �C. IR (UATR) cm�1: 1723, 1660, 1611, 1576, 1509, 1464.
1H NMR (300 MHz, CDCl3) d 3.92, 3.94 (2s, 6H, 2 � OCH3), 5.35 (s,
2H, CH2O), 6.25 (d, J ¼ 9.5 Hz, 1H, C3), 6.89 (d, J ¼ 8.3 Hz, 1H, C500-
ArH), 6.92e6.98 (m, 2H, C6 and C8), 7.16 (s, 1H, C200-ArH), 7.25 (d,
J¼ 8.3 Hz,1H, C600-ArH), 7.38 (d, J¼ 15.6 Hz,1H, CH]CHCO), 7.39 (d,
J ¼ 8.9 Hz, 2H, C5), 7.62 (d, J ¼ 9.5 Hz, 1H, C4), 7.68 (t, J ¼ 7.9 Hz, 1H,
C50-ArH), 7.82 (d, J¼ 15.6 Hz,1H, CH]CHCO), 8.01 (d, J¼ 8.0 Hz,1H,
C40-ArH), 8.07 (d, J ¼ 7.7 Hz, 1H, C60-ArH), 8.20 (s, 1H, CHN), 8.32 (s,
1H, C20-ArH). 13C NMR (75 MHz, CDCl3) d 56.1, 62.3, 102.2, 110.3,
111.2, 112.7, 113.2, 113.6, 119.0, 120.1, 121.3, 123.6, 124.3, 127.5, 128.7,
129.0, 130.2, 137.3, 140.2, 143.2, 144.1, 146.5, 149.4, 151.9, 155.8,
161.0, 161.2, 188.9. HRMS-TOF: m/z [MþNa]þ 532.1464 (Calcd for
C29H23N3NaO6: 532.1479).

4.5.2. (E)-7-((1-(3-(3-(2,3-dimethoxyphenyl)acryloyl)phenyl)-1H-
1,2,3-triazol-4-yl)methoxy)-2H-chromen-2-one (10)

Starting from azidochalcone 7b and alkyne 8a. Pale yellow solid.
61%. mp 131e132 �C. IR (UATR) cm�1: 1726, 1663, 1610, 1587, 1576,
1506, 1478. 1H NMR (300 MHz, CDCl3) d 3.88 (s, 6H, 2 � OCH3), 5.35
(s, 2H, CH2O), 6.26 (d, J ¼ 9.5 Hz, 1H, C3), 6.93e7.00 (m, 2H, C6, C8
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and C400-ArH), 7.10 (t, J ¼ 7.9 Hz, 1H, C500-ArH), 7.28 (dd, J ¼ 7.9,
1.2 Hz, 1H, C600-ArH), 7.39 (d, J ¼ 9.3 Hz, 1H, C5), 7.55e7.71 (m, 3H,
C4, C50-ArH and CH]CHCO), 8.05e8.14 (m, 2H, C40-ArH and C60-
ArH), 8.18 (d, J ¼ 15.9 Hz, 1H, CH]CHCO), 8.25 (s, 1H, CHN), 8.36 (t,
J ¼ 1.8 Hz, 1H, C20-ArH). 13C NMR (75 MHz, CDCl3) d 56.0, 61.4, 62.3,
102.2, 112.7, 113.2, 113.6, 114.7, 119.7, 120.2, 121.2, 122.8, 124.3, 124.4,
128.7, 128.8, 129.0, 130.3, 137.3, 139.9, 141.2, 143.2, 144.1, 149.2,
153.3, 155.8, 161.0, 161.2, 189.3. HRMS-TOF: m/z [MþNa]þ 532.1488
(Calcd for C29H23N3NaO6: 532.1479).

4.5.3. (E)-7-((1-(4-(3-(2,3-dimethoxyphenyl)acryloyl)phenyl)-1H-
1,2,3-triazol-4-yl)methoxy)-2H-chromen-2-one (11)

Starting from azidochalcone 7c and alkyne 8a. White solid. 80%.
mp 228e229 �C. IR (UATR) cm�1: 1741, 1659, 1621, 1608, 1577, 1479.
1H NMR (300 MHz, DMSO-d6) d 3.82, 3.85 (2s, 6H, 2 � OCH3), 5.40
(s, 2H, CH2O), 6.32 (d, J¼ 9.5 Hz,1H, C3), 7.06 (dd, J¼ 8.6, 2.4 Hz,1H,
C6), 7.15e7.24 (m, 3H, C8 and C400-ArH, C500-ArH), 7.67 (d, J¼ 8.8 Hz,
2H, C5 and C600-ArH), 7.93e8.08 (m, 3H, C4 and CH]CHCO), 8.15 (d,
J¼ 8.7 Hz, 2H, C30-ArH and C50-ArH), 8.37 (d, J¼ 8.7 Hz, 2H, C20-ArH
and C60-ArH), 9.17 (s, 1H, CHN). 13C NMR (75MHz, DMSO-d6) d 56.3,
61.5, 62.1, 102.1, 113.2, 113.3, 113.4, 115.8, 119.7, 120.5, 123.1, 123.8,
124.8, 128.6, 130.1, 130.9, 137.8, 139.0, 139.9, 144.0, 144.7, 148.9,
153.3, 155.8, 160.7, 161.5, 188.6. HRMS-TOF: m/z [MþNa]þ 532.1480
(Calcd for C29H23N3NaO6: 532.1479).

4.5.4. (E)-7-((1-(3-(3-(2,3,4-trimethoxyphenyl)acryloyl)phenyl)-
1H-1,2,3-triazol-4-yl)methoxy)-2H-chromen-2-one (12)

Starting from azidochalcone 7d and alkyne 8a. Yellow solid. 74%.
mp 120e121 �C. IR (UATR) cm�1: 1725, 1657, 1611, 1578, 1494. 1H
NMR (300 MHz, CDCl3) d 3.92, 3.95, 3.99 (3s, 9H, 3 � OCH3), 5.40 (s,
2H, CH2O), 6.30 (d, J ¼ 9.5 Hz, 1H, C3), 6.76 (d, J ¼ 8.8 Hz, 1H, C500-
ArH), 6.97e7.03 (m, 2H, C6 and C8), 7.41e7.47 (m, 2H, C5 and C600-
ArH), 7.58 (d, J¼ 15.8 Hz,1H, CH]CHCO), 7.67 (d, J¼ 9.3 Hz, 2H, C4),
7.71 (t, J ¼ 7.9 Hz, 1H, C50-ArH), 8.02e8.10 (m, 2H, C40-ArH and C60-
ArH), 8.09 (d, J ¼ 15.8 Hz, 1H, CH]CHCO), 8.23 (s, 1H, CHN), 8.36 (t,
J ¼ 1.7 Hz, 1H, C20-ArH). 13C NMR (75 MHz, CDCl3) d 56.1, 61.0, 61.5,
62.3, 102.2, 107.7, 112.7, 113.2, 113.6, 120.1, 120.4, 121.2, 121.6, 124.2,
128.7, 129.0, 130.2, 137.2, 140.3, 141.6, 142.5, 143.3, 144.1, 154.0,
155.8, 156.3, 161.0, 161.2, 189.3. HRMS-TOF: m/z [MþNa]þ 562.1585
(Calcd for C30H25N3NaO7: 562.1585).

4.5.5. (E)-7-((1-(4-(3-(2,3,4-trimethoxyphenyl)acryloyl)phenyl)-
1H-1,2,3-triazol-4-yl)methoxy)-2H-chromen-2-one (13)

Starting from azidochalcone 7e and alkyne 8a. Yellow solid. 50%.
mp 221e222 �C. IR (UATR) cm�1: 1737, 1658,1623,1605,1499, 1464.
1H NMR (300 MHz, CDCl3) d 3.92, 3.94, 3.98 (3s, 9H, 3� OCH3), 5.39
(s, 2H, CH2O), 6.30 (d, J¼ 9.6 Hz,1H, C3), 6.76 (d, J¼ 8.8 Hz,1H, C500-
ArH), 6.96e7.02 (m, 2H, C6 and C8), 7.40e7.47 (m, 2H, C5 and C600-
ArH), 7.58 (d, J¼ 15.8 Hz,1H, CH]CHCO), 7.67 (d, J¼ 9.5 Hz,1H, C4),
7.93 (d, J¼ 8.8 Hz, 2H, C30-ArH and C50-ArH), 8.06 (d, J¼ 15.8 Hz,1H,
CH]CHCO), 8.20 (d, J ¼ 8.8 Hz, 2H, C20-ArH and C60-ArH), 8.22 (s,
1H, CHN). 13C NMR (75 MHz, CDCl3) d 56.1, 60.9, 61.4, 62.2, 102.2,
107.7, 112.7, 113.2, 113.7, 120.2, 120.6, 121.0, 121.7, 124.2, 129.0, 130.2,
130.6, 138.8, 139.4, 141.3, 142.5, 143.2, 144.2, 154.0, 155.8, 156.2,
161.0, 161.2, 189.3. HRMS-TOF: m/z [MþH]þ 540.1767 (Calcd for
C30H26N3O7: 540.1765).

4.5.6. (E)-7-((1-(4-(3-(3,4,5-trimethoxyphenyl)acryloyl)phenyl)-
1H-1,2,3-triazol-4-yl)methoxy)-2H-chromen-2-one (14)

Starting from azidochalcone 7f and alkyne 8a. Yellow solid. 87%.
mp 223e224 �C. IR (UATR) cm�1: 1705, 1662, 1606, 1580, 1502. 1H
NMR (300 MHz, DMSO-d6) d 3.72, 3.87 (2s, 9H, 3 � OCH3), 5.40 (s,
2H, CH2O), 6.32 (d, J ¼ 9.5 Hz, 1H, C3), 7.07 (d, J ¼ 8.6 Hz, 1H, C6),
7.22 (s, 1H, C8), 7.26 (s, 2H, C200-ArH and C600-ArH), 7.67 (d,
J ¼ 8.6 Hz, 1H, C5), 7.75 (d, J ¼ 15.5 Hz, 1H, CH]CHCO), 7.95 (d,
J ¼ 15.5 Hz, 1H, CH]CHCO), 7.99 (d, J ¼ 9.6 Hz, 1H, C4), 8.14 (d,
J¼ 8.4 Hz, 2H, C30-ArH and C50-ArH), 8.39 (d, J¼ 8.4 Hz, 2H, C20-ArH
and C60-ArH), 9.16 (s, 1H, CHN). 13C NMR (75 MHz, DMSO-d6) d 56.7,
60.6, 62.0, 102.1, 107.2, 113.2, 113.3, 113.4, 120.5, 121.5, 123.8, 126.9,
130.1, 130.6, 130.9, 137.9, 139.9, 140.4, 144.0, 144.7, 145.6, 153.6,
155.8, 160.7, 161.5, 188.5. HRMS-TOF:m/z [MþNa]þ 562.1569 (Calcd
for C30H25N3NaO7: 562.1585).

4.5.7. (E)-4-((1-(3-(3-(3,4-dimethoxyphenyl)acryloyl)phenyl)-1H-
1,2,3-triazol-4-yl)methoxy)-2H-chromen-2-one (15)

Starting from azidochalcone 7a and alkyne 8b. Yellow solid. 62%.
mp 201e202 �C. IR (UATR) cm�1: 1713, 1660, 1622, 1609, 1568,1510,
1454. 1H NMR (300MHz, CDCl3) d 3.96, 3.98 (2s, 6H, 2� OCH3), 5.47
(s, 2H, CH2O), 5.94 (s, 1H, C3), 6.93 (d, J ¼ 8.3 Hz, 1H, C500-ArH), 7.20
(s, 1H, C200-ArH), 7.24e7.37 (m, 3H, C6, C8 and C600-ArH), 7.44 (d,
J ¼ 15.6 Hz, 1H, CH]CHCO), 7.57 (t, J ¼ 8.4 Hz, 1H, C7), 7.73 (t,
J ¼ 7.9 Hz, 1H, C50-ArH), 7.87 (d, J ¼ 7.9 Hz, 1H, C5), 7.87 (d,
J¼ 15.8 Hz,1H, CH]CHCO), 8.03 (d, J¼ 8.0 Hz,1H, C40-ArH), 8.13 (d,
J ¼ 7.7 Hz, 1H, C60-ArH), 8.33 (s, 1H, CHN), 8.39 (s, 1H, C20-ArH). 13C
NMR (75 MHz, CDCl3) d 56.1, 62.6, 91.3, 110.2, 111.2, 115.4, 116.8,
118.9,120.1, 121.8, 123.1,123.7,124.0,124.4,127.4,128.8,130.3,132.6,
137.2, 140.2, 142.6, 146.6, 149.4, 151.9, 153.4, 162.6, 164.9, 188.8.
HRMS-TOF: m/z [MþNa]þ 532.1458 (Calcd for C29H23N3NaO6:
532.1479).

4.5.8. (E)-4-((1-(3-(3-(2,3-dimethoxyphenyl)acryloyl)phenyl)-1H-
1,2,3-triazol-4-yl)methoxy)-2H-chromen-2-one (16)

Starting from azidochalcone 7b and alkyne 8b. White solid. 88%.
mp 137e138 �C. IR (UATR) cm�1: 1713, 1663, 1622, 1608, 1587, 1575,
1478. 1H NMR (300MHz, CDCl3) d 3.92 (s, 6H, 2� OCH3), 5.47 (s, 2H,
CH2O), 5.94 (s, 1H, C3), 7.02 (dd, J ¼ 8.1, 1.2 Hz, 1H, C400-ArH), 7.14 (t,
J ¼ 8.0 Hz, 1H, C500-ArH), 7.25e7.37 (m, 3H, C6, C8 and C600-ArH),
7.57 (dt, J ¼ 7.9, 1.5 Hz, 1H, C7), 7.63 (d, J ¼ 15.6 Hz, 1H, CH]CHCO),
7.74 (t, J ¼ 7.9 Hz, 1H, C50-ArH), 7.85 (dd, J ¼ 7.9, 1.4 Hz, 1H, C5),
8.08e8.17 (m, 2H, C40-ArH and C60-ArH), 8.19 (d, J ¼ 15.9 Hz, 1H,
CH]CHCO), 8.32 (t, J ¼ 1.7 Hz, 1H, CHN), 8.38 (s, 1H, C20-ArH). 13C
NMR (75 MHz, CDCl3) d 55.9, 61.4, 62.6, 91.3, 114.7, 115.4, 116.8,
119.7, 120.2, 121.7, 122.7, 123.2, 124.0, 124.3, 124.5, 128.7, 128.9,
130.3, 132.6, 137.2, 140.0, 141.2, 149.2, 153.3, 153.4, 162.6, 164.9,
189.3. HRMS-TOF:m/z [MþNa]þ 532.1476 (Calcd for C29H23N3NaO6:
532.1479).

4.5.9. (E)-4-((1-(3-(3-(2,3,4-trimethoxyphenyl)acryloyl)phenyl)-
1H-1,2,3-triazol-4-yl)methoxy)-2H-chromen-2-one (17)

Starting from azidochalcone 7d and alkyne 8b. Yellow solid. 79%.
mp 198e199 �C. IR (UATR) cm�1: 1713,1660, 1622,1609, 1579, 1565,
1494, 1464. 1H NMR (300 MHz, CDCl3) d 3.93, 3.95, 3.97 (3s, 9H,
3� OCH3), 5.47 (s, 2H, CH2O), 5.94 (s, 1H, C3), 6.76 (d, J¼ 8.8 Hz, 1H,
C500-ArH), 7.28 (dt, J¼ 7.6, 1.0 Hz, 1H, C6), 7.35 (d, J¼ 8.4 Hz, 1H, C8),
7.44 (d, J¼ 8.8 Hz,1H, C600-ArH), 7.58 (dt, J¼ 7.8, 1.6 Hz,1H, C7), 7.59
(d, J ¼ 15.8 Hz, 1H, CH]CHCO), 7.73 (t, J ¼ 7.9 Hz, 1H, C50-ArH), 7.85
(dd, J ¼ 7.9, 1.5 Hz, 1H, C5), 8.09 (d, J ¼ 15.8 Hz, 1H, CH]CHCO),
8.08e8.16 (m, 2H, C40-ArH and C60-ArH), 8.32 (s, 1H, CHN), 8.38 (t,
J ¼ 1.7 Hz, 1H, C20-ArH). 13C NMR (75 MHz, CDCl3) d 56.1, 61.0, 61.5,
62.6, 91.3, 107.7, 115.4, 116.8, 120.2, 120.3, 121.6, 121.7, 123.2, 124.0,
124.2, 124.3, 128.9, 130.3, 132.6, 137.1, 140.3, 141.7, 142.5, 153.4,
154.0, 156.3, 162.6, 165.0, 189.3. HRMS-TOF: m/z [MþNa]þ 562.1591
(Calcd for C30H25N3NaO7: 562.1585).

4.5.10. (E)-4-((1-(4-(3-(2,3,4-trimethoxyphenyl)acryloyl)phenyl)-
1H-1,2,3-triazol-4-yl)methoxy)-2H-chromen-2-one (18)

Starting from azidochalcone 7e and alkyne 8b. Yellow solid. 70%.
mp 151e152 �C. IR (UATR) cm�1: 1717, 1660, 1621, 1606, 1563, 1494,
1464. 1H NMR (300MHz, CDCl3) d 3.88, 3.91, 3.95 (3s, 9H, 3�OCH3),
5.43 (s, 2H, CH2O), 5.90 (s, 1H, C3), 6.73 (d, J ¼ 8.8 Hz, 1H, C500-ArH),
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7.25 (t, J ¼ 7.2 Hz, 1H, C6), 7.31 (d, J ¼ 8.3 Hz, 2H, C8), 7.40 (d,
J ¼ 8.8 Hz, 1H, C600-ArH), 7.54 (t, J ¼ 7.3 Hz, 1H, C7), 7.55 (d,
J ¼ 15.8 Hz, 1H, CH]CHCO), 7.80 (d, J ¼ 7.8 Hz, 1H, C5), 7.92 (d,
J ¼ 8.6 Hz, 2H, C30-ArH and C50-ArH), 8.03 (d, J ¼ 15.8 Hz, 1H, CH]
CHCO), 8.18 (d, J ¼ 8.6 Hz, 2H, C20-ArH and C60-ArH), 8.29 (s, 1H,
CHN). 13C NMR (75 MHz, CDCl3) d 56.1, 61.0, 61.5, 62.5, 91.4, 107.7,
115.4,116.8,120.3,120.6,121.7,123.1,124.0,124.2,130.3,132.7,139.0,
139.3, 141.4, 153.4, 154.0, 156.2, 162.5, 164.9, 189.3. HRMS-TOF: m/z
[MþH]þ 540.1776 (Calcd for C30H26N3O7: 540.1765).

4.5.11. (E)-4-((1-(4-(3-(3,4,5-trimethoxyphenyl)acryloyl)phenyl)-
1H-1,2,3-triazol-4-yl)methoxy)-2H-chromen-2-one (19)

Starting from azidochalcone 7f and alkyne 8b. Yellow solid. 86%.
mp 229e230 �C. IR (UATR) cm�1: 1712,1687,1659,1623,1606,1583,
1505, 1455. 1H NMR (300 MHz, DMSO-d6) d 3.72, 3.88 (2s, 9H,
3 � OCH3), 5.56 (s, 2H, CH2O), 6.22 (s, 1H, C3), 7.27 (s, 2H, C200-ArH
and C600-ArH), 7.36 (t, J ¼ 7.7 Hz, 1H, C6), 7.42 (d, J ¼ 8.3 Hz, 1H, C8),
7.67 (dt, J ¼ 8.3, 1.4 Hz, 1H, C7), 7.76 (d, J ¼ 15.5 Hz, 1H, CH]CHCO),
7.85 (dd, J¼ 7.8, 1.2 Hz, 1H, C5), 7.96 (d, J ¼ 15.6 Hz, 1H, CH]CHCO),
8.18 (d, J ¼ 8.6 Hz, 2H, C30-ArH and C50-ArH), 8.40 (d, J ¼ 8.7 Hz, 2H,
C20-ArH and C60-ArH), 9.25 (s, 1H, CHN). 13C NMR (75 MHz, DMSO-
d6) d 56.7, 60.6, 63.2, 92.0, 107.2, 115.5, 116.9, 120.6, 121.5, 123.5,
124.1, 124.7, 130.6, 130.9, 133.4, 138.0, 139.9, 143.1, 145.6, 153.3,
153.6, 162.0, 164.8, 188.5. HRMS-TOF:m/z [MþNa]þ 562.1581 (Calcd
for C30H25N3NaO7: 562.1585).

4.6. Cytotoxic assay: cancer cell lines

The cells suspended in the corresponding culture mediumwere
inoculated in 96-well microtiter plates (Corning Inc., NY, USA) at a
density of 10,000e20,000 cells per well, and incubated for 24 h at
37 �C in a humidified atmospherewith 95% air and 5% CO2. An equal
volume of additional medium containing either the serial dilutions
of the test compounds, positive control (etoposide and/or doxoru-
bicin), or negative control (DMSO) was added to the desired final
concentrations, and the microtiter plates were further incubated
for an additional 48 h. The number of surviving cells in each well
was determined using MTT assay [47,48] (for adherent cells:
HuCCA-1, HepG2, and A549 cells) and XTT assay [49] (for sus-
pended cells: MOLT-3 cells). The IC50 value is defined as the drug (or
compound) concentration that inhibits cell growth by 50% (relative
to negative control).

4.7. Antimalarial assay: radioisotope techniques

P. falciparum (K1, multidrug resistant strain) was cultivated
in vitro conditions, according to Trager & Jensen (1976) [50], in
RPMI 1640 medium containing 20 mM HEPES (N-2-
hydroxyethylpiperazine-N0-2-ethanesulfonic acid), 32 mM
NaHCO3 and 10% heat activated human serum with 3% erythro-
cytes, in humidified 37 �C incubator with 3% CO2. The culture was
passaged with fresh mixture of erythrocytes and medium for every
day to maintain cell growth. Quantitative assessment of antima-
larial activity in vitrowas determined by microculture radioisotope
techniques based upon the methods described by Desjardins et al.
(1979) [51]. Briefly, a mixture of 200 mL of 1.5% erythrocytes with 1%
parasitemia at the early ring stage was pre-exposed to 25 mL of the
medium containing a test sample dissolved in 1% DMSO (0.1% final
concentration) for 24 h. Subsequently, 25 mL of [3H] hypoxanthine
(Amersham, USA) in culture medium (0.5 mCi) was added to each
well and the plates were incubated for an additional 24 h. Levels of
incorporated radioactive labeled hypoxanthine, indicating parasite
growth, were determined using the Top Count microplate scintil-
lation counter (Packard, USA). The percentage of parasite growth
was calculated using the signal count per minute of treated (CPMT)
and untreated conditions (CPMU) as shown by the following
equation;

% parasite growth ¼ CPMT=CPMU� 100

4.8. Cytotoxicity assay: primate cell line (Vero)

The cytotoxicity assay was performed using the Green Fluo-
rescent Protein (GFP) detection method [52]. The GFP-expressing
Vero cell line was generated in-house by stably transfecting the
African green monkey kidney cell line (Vero, ATCC CCL-81), with
pEGFP-N1 plasmid (Clontech). The cell line was maintained in a
minimal essential medium supplemented with 10% heat-
inactivated fetal bovine serum, 2 mM L-glutamine, 1 mM so-
dium pyruvate, 1.5 g/L sodium bicarbonate and 0.8 mg/mL
geneticin, at 37 �C in a humidified incubator with 5% CO2. The
assay was carried out by adding 45 mL of cell suspension at
3.3 � 104 cells/mL to each well of 384-well plates containing 5 mL
of test compounds previously diluted in 0.5% DMSO, and then
incubating for 4 days at 37 �C incubator with 5% CO2. Fluores-
cence signals were measured by using SpectraMax M5 micro-
plate reader (Molecular Devices, USA) in the bottom reading
mode with excitation and emission wavelengths of 485 and
535 nm, respectively. Fluorescence signal at day 4 was subtracted
with background fluorescence at day 0. IC50 values were derived
from doseeresponse curves, using 6 concentrations of 3-fold
serially diluted samples, by the SOFTMax Pro software (Molecu-
lar device). Ellipticine and 0.5% DMSO were used as a positive
and a negative control, respectively.

4.9. Molecular docking

Molecular docking was performed to investigate the binding
modalities of ligands toward possible targets comprising of
falcipain-2 (PDB id 3BPF), a cysteine protease from P. falciparum, as
well as a- and b-tubulin complexes (PDB id 1SA0) from Bos taurus.
Protein structures were prepared for docking by adding essential
hydrogen atoms andmodeling missing side chains using theWHAT
IF web server version 10.1a [53]. Furthermore, non-polar hydrogen
atoms were merged, Gasteiger atomic charges were assigned, and
atom type of receptors were specified using AutoDock Tools version
1.5.6. [54,55]. Chalconeetriazoleecoumarin ligands were con-
structed using Marvin Sketch version 6.1.4 [56] and geometrically
optimized with Gaussian 09 [57] at the B3LYP/6-31G(d) level of
theory. Ligand structures were prepared for docking by merging
non-polar hydrogen atoms and defining rotatable bonds using
AutoDock Tools version 1.5.6. Partial atomic charges calculated by
Gaussian 09 were assigned to ligands for further use in the docking
process. A grid box size of 25.0, 25.0, 25.0 Å was generated and
allocated at the center of the receptor binding site using x, y and z
coordinates of �91.5906, 5.0925 and �21.4080 for falcipain-2 and
118.4155, 89.6890 and 6.2141 for a- and b-tubulin complexes.
Molecular docking simulations were performed using AutoDock
Vina as part of the PyRx 0.8 software [58]. Co-crystallized ligands
were re-docked as validation of the docking protocol. Docked
structures were visualized using PyMOL [59]. Two-dimensional
schematic representation of protein-ligand interaction was gener-
ated using PoseViewWeb version 1.97.0 [60].
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A novel series of N-benzenesulfonyl-1,2,3,4-tetrahydroisoquinolines (14e33) containing triazole moiety
were designed and synthesized through rational cycloadditions using the modified PicteteSpengler
reaction and the Click chemistry. Antiproliferative activity against four cancer cell lines (e.g., HuCCA-1,
HepG2, A549 and MOLT-3) revealed that many substituted triazole analogs of benzoates (20, 29) and
benzaldehydes (30, 32) exhibited anticancer activity against all of the tested cancer cell lines in which the
ester analog 20 was shown to be the most potent compound against HuCCA-1 (IC50 ¼ 0.63 mM) and A549
(IC50 ¼ 0.57 mM) cell lines. Triazoles bearing phenyl (15, 24), tolyl (26, 27), acetophenone (19), benzoate
(20, 29), benzaldehyde (21, 30) and naphthalenyl (25) substituents showed stronger anticancer activity
against HepG2 cells than that of the etoposide. Interestingly, the p-tolyl analog (27) displayed the most
potent inhibitory activity (IC50 ¼ 0.56 mM) against HepG2 cells without affecting normal cells. Of the
investigated tetrahydroisoquinoline-triazoles, the promising compounds 20 and 27 were selected for
molecular docking against AKR1C3, which was identified to be a plausible target site.

� 2014 Elsevier Masson SAS. All rights reserved.
1. Introduction

Isoquinoline alkaloid is a class of natural products that possess a
broad spectrum of pharmacological actions, particularly, anticancer
activity [1e3]. A variety of bioactive 1,2,3,4-tetrahydroisoquinolines
(THIQs) have been reported. Generally, THIQs are synthesized by
the PicteteSpengler reaction involving the cyclization of iminium
ions derived from the condensation of b-arylethylamines with al-
dehydes [4,5]. The modified PicteteSpengler protocol was accom-
plished by increasing the electrophilicity of the iminium
intermediates using N-sulfonylphenethylamines as starting mate-
rials to yield N-sulfonyl-1,2,3,4-tetrahydroisoquinoline products.
Such N-sulfonyl-THIQs have been proven to be interesting scaffolds
for medical applications [6,7]. 1,2,3,4-Tetrahydro-6,7-dimethoxy-2-
).

served.
[(4-methylphenyl)sulfonyl]-1-(2-hydroxyphenylisoquinoline) (1)
and 1-acetyl-6,7-dimethoxy-N-4-methoxybenzenesulfonyl-1,2,3,4-
tetrahydroisoquinoline thiosemicarbazone (2) exhibited cytotoxic
activity reported by our group as shown in Fig. 1 [6,7]. Furthermore,
N-sulfonyl-THIQ (3) and N-sulfonyl-THIQs with hydroxamate (4) and
carboxylate (5) have been revealed to act as carbonic anhydrase and
matrix-matalloproteinase inhibitors, respectively (Fig. 1) [8e10].
Additionally, 3-(3,4-dihydroisoquinolin-2(1H)-ylsulfonyl)benzoic
acid (6) was shown to be selective and potent inhibitor of an aldo-
keto reductase 1C3 (AKR1C3) [11]. Replacement of the carboxyl
group with pyrrolidin-2-one core as compound 7 retained the ac-
tivity, but with 3-fold less potent than the parent compound 6. The
structureeactivity relationship (SAR) results of THIQs 6 and 7
showed that the sulfonamide moiety was critical for AKR1C3
inhibitory activity [12].

AKR1C3, a member of the aldo-keto reductase superfamily of
enzymes, plays an important role in stereospecific reduction of
carbonyl groups on both steroid and prostaglandin substrates using

Delta:1_given name
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Fig. 1. Representative structures of bioactive N-sulfonyl-1,2,3,4-tetrahydroisoquinolines 1e8.
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NADPH as a cofactor [13e16]. The reduction products of AKR1C3-
promoted reaction such as testosterone, 17b-estradiol, 20a-hy-
droxy progesterone and PGF2a can stimulate tumor growth,
therefore AKR1C3 expression levels are correlated with both
hormone-dependent and hormone-independent cancers [15].
AKR1C3 is over-expressed in a number of cancers, particularly, in
the prostate and mammary gland where it is responsible for the
production of a series of growth-stimulatory steroid hormones.
Consequently, inhibition of the catalytic activity renders AKR1C3 as
an attractive therapeutic target for treating various types of cancer
and for the development of novel anticancer drugs.

Triazole moiety is a common pharmacophore found in a diverse
range of biologically active molecules [17,18]. Potential structural
features of bioactive triazole include capability of hydrogen
bonding, stable to metabolic degradation, high selectivity and less
unfavorable reactions. Molecules linking with triazole scaffold are
considered to improve their pharmacological activities [19,20].
Importantly, substituted triazole analogs 9e12 (Fig. 2) have been
used in clinical trials for cancer therapy [17,18]. Recently, our group
reported that an open chain analog of N-sulfonyl-THIQ bearing
triazole, methyl 2-((1-(4-(N-phenethylsulfamoyl)phenyl)-1H-1,2,3-
triazol-4-yl)methoxy)benzoate (13), displayed antiproliferative
activity against cancer cell lines (e.g., HepG2 and MOLT-3) [20].

The reported bioactive pharmacophores lead to the rational
design of new THIQ rigid analogs based on the triazole moiety. As
Fig. 2. Representative structures
part of our ongoing research, a new series of hybrid molecules
containing both THIQ and triazole were designed and synthesized.
Thus, target molecules 14e33 (Fig. 3) were obtained by the
replacement of a phenethylamine moiety of compound 13 with a
restricted THIQ ring and by the replacement of a carboxyl group of
compound 6 with a triazole ring. A variety of expected novel hy-
brids were then evaluated for their in vitro antiproliferative activity
against cancer cell lines and normal cells. Molecular docking of
these compounds against AKR1C3 has been carried out.

2. Results and discussion

2.1. Chemistry

Several new N-benzenesulfonyl-1,2,3,4-tetrahydroisoquinolines
(14e33) were synthesized using the modified PicteteSpengler re-
action and the Click chemistry approaches as key steps shown in
Scheme 1. Initially, treatments of nitrobenzenesulfonamides 34 [7]
with paraformaldehyde in refluxing formic acid were smoothly
cyclized via the modified PicteteSpengler reaction [6] to furnish
1,2,3,4-tetrahydroisoquinolines 35 [21,22] in good yields. Reduction
of the nitro derivatives 35 was performed using stannous chloride
in refluxing ethanol to give aminobenzenesulfonamides 36. Con-
version of the amino compounds 36 to the corresponding azido-
benzensulfonamides 37was readily achieved through diazotization
of bioactive triazoles 9e13.



Fig. 3. Synthetic N-benzenesulfonyl-1,2,3,4-tetrahydroisoquinoline based triazoles
14e33.
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reaction using sodium nitrite in a mixture of glacial acetic acid and
concentrated hydrochloric acid in the presence of sodium azide.
Finally, cycloaddition reaction (the Click chemistry) of the azides 37
with various alkynes 38 obtaining from alkylation of the appro-
priate phenol derivatives with propargyl bromide afforded a variety
of the desired triazoles 14e33 (Scheme 1) in moderate to good
yields (45e94%).

Structures of the desired 1,2,3-triazoles 14e33 were identified
based on their HRMS, IR and NMR spectra. For example, the HRMS-
TOF of hydroxymethyltriazole 23 showed its molecular ion [MþH]þ
peak at 431.1389 corresponding to the molecular formula of
C20H23N4O5S. The IR spectra of the compound 23 exhibited ab-
sorption bands of OeH group at 3280 cm�1 and of C]C moiety at
1599 cm�1. The 1H NMR spectra revealed two triplets at d 2.78 and
3.33 ppmwhich were assigned to themethylene protons of C4- and
C3-THIQ, respectively. The methylene protons at C1-THIQ ring
appeared as a singlet at d 4.16 ppm whereas two methoxy protons
at C6- and C7-positions of the THIQ part appeared as two singlets at
d 3.67 and 3.68 ppm. In addition, themethylene protons ofeCH2OH
group were found to be displayed as a doublet at d 4.62 ppm, and
the hydroxyl proton was observed as a triplet at d 5.41 ppm. Aro-
matic protons of THIQ ring (H-5 and H-8) displayed as two singlets
Scheme 1. Synthesis of N-benzenesulfonyl-1,2,3,4-tetrahydroisoquinoline based t
at d 6.67 ppm and 6.76 ppm. Two doublets at d 7.99 and 8.19 ppm
with J value of 8.8 Hz were attributed to four aromatic protons of
benzenesulfonyl moiety at position 20(60) and 30(50). A singlet of a
methine proton of the triazole ring appeared down field chemical
shift at d 8.83 ppm. In the 13C NMR spectra, three methylene car-
bons (C-1, C-3 and C-4) of THIQ ring were visible at d 28.0, 44.1 and
47.4 ppm whereas a methylene carbon of eCH2OH group was
observed at d 55.4 ppm. Two methoxy carbons (at C-6 and C-7) of
THIQ ring were noted at 55.9 and 56.0 ppm. Seven quaternary ar-
omatic carbons (ArC) were observed at chemical shift 123.6, 125.2,
136.0,140.2,147.8,148.1 and 150.1 ppm, and seven tertiary aromatic
carbons (ArCH) appeared at chemical shift 110.3, 112.3, 120.8
(2ArCH), 121.7 and 129.8 (2ArCH) ppm.
2.2. Biological activity

A series of N-benzenesulfonyl-1,2,3,4-tetrahydroisoquinolines
(14e33) (i.e., with or without 6,7-dimethoxy substituents) were
preliminarily evaluated in vitro as antiproliferative agents against
four human cancer cell lines including HuCCA-1 (chol-
angiocarcinoma), HepG2 (hepatocellular carcinoma), A549 (lung
carcinoma) and MOLT-3 (lymphoblastic leukemia) cell lines as
summarized in Table 1. These compounds were also tested against
the noncancerous (Vero) cell line derived from African green
monkey kidney (Table 1). Results showed that substituents (R1) on
the isoquinoline ring and substituents (R2) on the triazole core play
important roles in governing their cytotoxicities. SAR studies of the
tested compounds are discussed hereafter.

It was observed that in a series of 1,2,3,4-tetrahydroisoquinoline
(14e22) without 6,7-dimethoxy substituents (R1 ¼ H), the triazole
(14) bearing hydroxymethyl substituent (R2 ¼ H) showed selective
inhibition against HuCCA-1 cells. The cytotoxic activity of com-
pound 14 in HuCCA-1 cells was lost when the H atom (R2) of the OH
group was replaced with a phenyl group as seen for compound 15.
On the other hand, the cytotoxic activity of compound 15 showed
riazoles 14e33 through the PicteteSpengler reaction and the Click reaction.



Table 1
Cytotoxic activity (IC50, mM) of compounds (14e33) against four cancer cell lines and Vero cell line.

Compound R1 R2 Cancer cell linesa Vero cell line

HuCCA-1 HepG2 A549 MOLT-3

14 H H 51.35 � 5.66 Non-cytotoxic Non-cytotoxic Non-cytotoxic Non-cytotoxic

15 H Non-cytotoxic 6.50 � 0.14 Non-cytotoxic Non-cytotoxic Non-cytotoxic

16 H Non-cytotoxic 60.48 � 14.14 Non-cytotoxic Non-cytotoxic Non-cytotoxic

17 H Non-cytotoxic Non-cytotoxic 66.30 � 0.70 Non-cytotoxic Non-cytotoxic

18 H Non-cytotoxic Non-cytotoxic Non-cytotoxic Non-cytotoxic Non-cytotoxic

19 H 30.16 � 4.07 19.12 � 3.06 14.90 � 1.02 21.86 � 3.67 Non-cytotoxic

20 H 0.63 � 0.04 12.36 � 1.97 0.57 � 0.02 18.63 � 1.62 4.98

21 H Non-cytotoxic 5.27 � 0.71 59.07 � 11.31 Non-cytotoxic Non-cytotoxic

22 H 24.80 � 2.19 Non-cytotoxic 25.29 � 10.78 80.78 � 10.23 28.58

23 OMe H 72.0 � 10.54 31.79 � 2.89 41.04 � 9.40 Non-cytotoxic Non-cytotoxic

24 OMe Non-cytotoxic 2.57 � 0.99 Non-cytotoxic Non-cytotoxic Non-cytotoxic

25 OMe Non-cytotoxic 1.26 � 0.42 Non-cytotoxic 36.35 � 1.36 Non-cytotoxic

26 OMe 39.71 � 1.48 1.48 � 0.61 27.21 � 1.77 Non-cytotoxic Non-cytotoxic

27 OMe Non-cytotoxic 0.56 � 0.01 Non-cytotoxic Non-cytotoxic Non-cytotoxic

28 OMe Non-cytotoxic Non-cytotoxic Non-cytotoxic Non-cytotoxic 37.23

29 OMe 4.79 � 0.28 3.37 � 0.96 8.43 � 2.79 11.74 � 4.97 2.82

30 OMe 31.09 � 8.91 12.49 � 2.47 31.84 � 8.13 34.12 � 0.97 Non-cytotoxic

(continued on next page)
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Table 1 (continued )

Compound R1 R2 Cancer cell linesa Vero cell line

HuCCA-1 HepG2 A549 MOLT-3

31 OMe Non-cytotoxic Non-cytotoxic Non-cytotoxic Non-cytotoxic Non-cytotoxic

32 OMe 76.15 � 1.77 41.36 � 2.89 31.91 � 9.76 5.82 � 0.85 Non-cytotoxic

33 OMe 39.98 � 4.03 Non-cytotoxic Non-cytotoxic 5.50 � 0.61 Non-cytotoxic

Etoposideb ND 30.16 � 0.50 ND 0.051 � 0.002 ND
Doxorubicinb 0.83 � 0.07 0.79 � 0.08 0.44 � 0.01 ND ND
Ellipticineb ND ND ND ND 1.94

Non-cytotoxic ¼ IC50 > 50 mg/mL.
Vero cell line ¼ African green monkey kidney cell line.
ND not determined.

a Cancer cell lines comprise the following: HuCCA-1 human cholangiocarcinoma cell line, HepG2 human hepatocellular carcinoma cell line, A549 human lung carcinoma cell
line, MOLT-3 human lymphoblastic leukemia cell line.

b Etoposide, doxorubicin and ellipticine were used as reference drugs.
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remarkably enhanced effect (IC50 ¼ 6.50 mM) in HepG2 cells.
Replacement of the phenyl ring (R2) with the naphthalenyl ring as
observed in compound 16 afforded a decrease in the cytotoxic
potency against HepG2. o-Tolyloxymethyl analog (17) was shown to
be a selective cytotoxic compound against A549 cells. However,
isomeric effect of tolyl group on the cytotoxic activity was seen in
triazole 18 bearing p-tolyl group (R2) in which its activity was
totally lost. Significantly, phenyl groups (R2) possessing ortho-
substituents on the phenyl ring such as COMe (19) and CO2Me (20)
displayed cytotoxic activities toward all tested cancer cell lines in
which methylbenzoate (20) was shown to be the most potent
compound having comparable IC50 value (0.57 mM) with that of the
control drug, doxorubicin (IC50¼ 0.44 mM), in A549 cells. It was also
found that the ester analog 20 was the most active compound
(IC50 ¼ 0.63 mM) against HuCCA-1 cells and exerted higher activity
than that of the doxorubicin. Enhancement in anticancer activity of
the phenoxytriazole compound 15 (R2 ¼ C6H5) against HepG2 and
A549 cells was observed when a formyl group was introduced at
the para position of the phenyl moiety as noted for compound 21.
Apparently, the phenoxy compound (15) and its derivatives bearing
ketone (19), ester (20) and aldehyde (21) groups displayed high
cytotoxic activity against HepG2 cells as compared to the reference
drug, etoposide. When the phenyl group of compound 15 was
replaced with a coumaryl ring as found in compound 22, the
enhanced cytotoxic potency was observed against HuCCA-1, A549
and MOLT-3 cell lines whereas the activity was lost in HepG2 cells.

In a 6,7-dimethoxy-1,2,3,4-tetrahydroisoquinoline series (23e
33, R1¼ OMe), the hydroxymethyltriazole (23) (R2 ¼ H) was shown
to be active against HuCCA-1, HepG2 and A549 cell lines. Such
cytotoxic activity in HuCCA-1 and A549 cells of compound 23 was
lost when the H atomwas replaced with a phenyl group as seen for
compound 24. Cytotoxic activity against HepG2 cells was distinc-
tively enhanced when the H atom of 23 was substituted with
phenyl (24), naphthalenyl (25) and tolyl (26, 27) groups. Significant
results showed that p-tolyloxy compound (27) displayed selective
inhibition and exerted the highest cytotoxic activity against HepG2
cells with IC50 of 0.56 mM (i.e., 53.9-fold and 1.4-fold stronger
activity than etoposide and doxorubicin, respectively). Obviously, it
was found that triazoles bearing the phenoxymethyl (24) moiety
and phenoxymethyl (26, 27, 29, 30) with substituents (CH3, CO2Me,
CHO) on the phenyl ring as well as naphthalenoxymethyl (25)
exhibited superior inhibitory potency toward HepG2 cells than that
of the etoposide. The order of decreasing cytotoxic potency of these
cytotoxic triazoles was shown by the following trend:
27 > 25 > 26 > 29 > 30. Inhibition effect in HepG2 cells of p-tol-
yloxymethyltriazole (27) was found to decrease when methyl
group on the phenyl ring was replaced with polar substituents (i.e.,
COMe, CO2Me, CHO and NO2). At this point, it was suggested that
lipophilic groups, thus seems to be important sites responsible for
strong cytotoxic activity as observed in HepG2 cells. Phenox-
ymethyl compounds constituting methyl ester (29) and formyl (30)
groups on the phenyl ring were found to be active towards all of the
tested cancer cell lines whereas compounds with acetylphenyl (28)
and nitrophenyl (31) moieties displayed no cytotoxic activity to-
ward all of the tested cells. Furthermore, additional introduction of
methoxyl to the phenyl moiety containing m- and p-formyl groups
as indicated by compounds 32 and 33 led to enhanced cytotoxic
activity against MOLT-3 cell line.

Interestingly, most triazole compounds were shown to be non-
cytotoxic toward normal cells except for triazole derivatives having
methyl esters (20, 29), coumaryl (22) and acetyl (28) substituents.

SAR analysis revealed that substituents (R1 and R2) on the target
triazoles play a crucial role in governing their anticancer activity.
The strongest activities against HuCCA-1 and A549 cells were noted
for compounds bearing polar substituents (R2) such as triazole ester
20 (R1 ¼ H, R2 ¼ C6H4eCO2Me-o). Promisingly, compounds having
high lipophilic substituents (R1 and R2), particularly p-tolyl triazole
27 (R1 ¼ OMe, R2 ¼ C6H4eMe-p) provided the most potent anti-
cancer activity against HepG2 cells without affecting the normal
cell line. It was conceivable that such difference in potency and
selectivity of compounds in exerting anticancer activity was
dependent upon the functionality of their R1 and R2 substituents.
The strongest activity (HuCCA-1 and A549 cells) may require the
compound (20) to have polar (CO) electrophilic center for



Table 2
Binding energy of 1,2,3,4-tetrahydroisoquinoline-triazole derivatives (14e33).

Compound Binding energy
(Kcal/mol)

Compound Binding energy
(kcal/mol)
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interacting with cellular nucleophiles. For higher potency in HepG2
cells, higher hydrophobic effect such as those afforded by the tolyl
group (27) may be involved in bindingwith the hydrophobic area of
the target site.
14 �11.1 24 �10.1
15 �12.8 25 �12.7
16 �14.5 26 �11.7
17 �13.2 27 �11.5
18 �10.8 28 �10.0
19 �13.2 29 �11.2
20 �13.1 30 �11.3
21 �12.9 31 �11.7
22 �14.5 32 �11.5
23 �9.5 33 �11.1
8a �11.0
a 3-(3,4-Dihydroisoquinolin-2(1H)-ylsulfonyl)-N-methylbenzamide (8) is the co-

crystallized ligand found in the crystal structure of AKR1C3.
2.3. Molecular docking

A search for the putative target of 1,2,3,4-
tetrahydroisoquinoline-triazoles investigated herein was carried
out using the promising triazole analogs 20 and 27 as the query
molecules in PubChem. It was revealed that 4-phenylpyrrolidine-2-
one analog of 1,2,3,4-tetrahydroisoquinoline (7) provided nano-
molar potency against AKR1C3 with IC50 values of 42 and 52 nM as
elucidated by two separate bioactivity experiments [11,12]. Mo-
lecular docking was performed as to evaluate the binding modal-
ities of the 1,2,3,4-tetrahydroisoquinoline-triazoles against
AKR1C3. The results suggested that all 1,2,3,4-
tetrahydroisoquinoline-triazole analogs (14e33) could snugly
occupy the active site of AKR1C3 (Fig. 4) with binding energies in
the range of �9.5 to �14.5 kcal/mol (Table 2). It was observed that
many of the 1,2,3,4-tetrahydroisoquinoline-triazole analogs affor-
ded binding energy lower than the co-complexed ligand found in
the crystal structure, 3-(3,4-dihydroisoquinolin-2(1H)-ylsulfonyl)-
N-methylbenzamide 8, which provided binding energy
of �11.0 kcal/mol indicating possibly higher potency for AKR1C3
inhibition.
Fig. 4. Molecular docking of tetrahydroisoquinoline-triazole derivatives to AKR1C3.
Re-docking of the co-crystallized ligand 3-(3,4-dihydroisoquinolin-2(1H)-ylsulfonyl)-
N-methylbenzamide 8 yielded RMSD of 0.692 �A (A). Poses of docked
tetrahydroisoquinoline-triazole derivatives are shown inside the binding cavity (B).
Molecular modeling analysis of the crystal structure revealed
that the co-complexed inhibitor 8, binds the active site of AKR1C3
via hydrogen bonding of amide oxygen to Tyr55 and His117 while
the phenyl group engages in hydrophobic interaction with Leu54
and forms p-p stacking with Trp227. The 1,2,3,4-
tetrahydroisoquinoline moiety of 8 occupies the hydrophobic
pocket inside the active site bounded by Met120, Phe306, Phe311
and Tyr317 residues (Fig. 5A). The triazole 20 could plausibly bind
the active site of AKR1C3 with a similar modality as deduced from
its docked conformer, particularly the 1,2,3,4-
tetrahydroisoquinoline moiety of compound 20 sits inside the
hydrophobic pocket formed by Met120, Phe311 and Phe306 res-
idues whereas the phenyl ring (next to the sulfonyl group) is
located in a pocket defined by Phe306 and Tyr216 residues. It was
observed that the methoxy group of ester (R2) at the other end of
the compound is responsible for hydrogen bond formation with
Tyr55. Moreover, compound 20 was found to also engage in
hydrogen bonding with Gln222 (using phenoxy O-atom), p-
stacking with Tyr24 (using the triazole ring) and hydrophobic
interaction with Leu268 and Lys270 (using phenyl ring of R2

substituent) as shown in Fig. 5B. Interestingly, compound 27,
which exerts specific activity towards the HepG2 cell line, was
shown to interact with AKR1C3 through a different mechanism
(Fig. 5C). Particularly, the methoxy substituent at the R1 position
sterically hinders the 1,2,3,4-tetrahydroisoquinoline moiety in
occupying the hydrophobic pocket as defined by Met120, Phe306
and Phe311. However, the p-tolyl substituent at the R2 position
counters the previously mentioned moiety by allowing the ligand
to occupy the aforementioned pocket. This instance enabled the
triazole ring and the adjacent phenyl ring of sulfonamide 27 to
form p-p stacking with Phe306 and Tyr216. Such interaction was
strengthen by a hydrogen bonding network formed between the
sulfonyl oxygen and Tyr55 as well as the between the oxygen
atom of two methoxy substituents at R1 positions to Lys270 and
Ser221.

Taken together, the docking results support the viewpoint that
AKR1C3 is a plausible target of 1,2,3,4-tetrahydroisoquinoline-tri-
azoles for which it was shown to interact strongly. It is notable that
substituents (R1 and R2) on the triazoles (14e33) are crucial for
binding the active site of AKR1C3. Most THIQs without 6,7-
dimethoxy substituents (R1 ¼ H) had lower binding energy than
the corresponding compounds with 6,7-dimethoxy substituents
(R1 ¼ OMe). However, the lowest binding energy (�14.5 kcal/mol)
was observed for compounds having more bulky planar lipophilic
groups (R2) such as those found in naphthalenyl (16) and coumaryl
(22). Such results could be reasonably explained that the chemical
properties of R1 and R2 governed the compounds in interacting or
fitting inside the hydrophobic pocket areas of AKR1C3.



Fig. 5. 2D ligandeprotein interaction schemes of the co-crystallized ligand 3-(3,4-dihydroisoquinolin-2(1H)-ylsulfonyl)-N-methylbenzamide 8 (A), the docked pose of compound
20 (B) and the docked pose of compound 27 (C).
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3. Conclusions

A novel series of tetrahydroisoquinoline-triazole hybrids (14e
33) have been synthesized via two key steps using the modified
PicteteSpengler reaction and the click reaction. Their anti-
proliferative activity against four cancer (HuCCA-1, HepG2, A549
and MOLT-3) cell lines and molecular docking with AKR1C3 were
studied. It was observed that triazole esters (20 and 29) with
R2 ¼ methylbenzoate were active toward all of the tested cell lines
in which the ester analog 20 was shown to be the most potent
compound against HuCCA-1 (IC50 ¼ 0.63 mM) and A549
(IC50 ¼ 0.57 mM) cell lines. The triazole 27 containing 6,7-
dimethoxy substituent (R1) on the isoquinoline core and p-tolyl
group (R2) on the triazole part was a promising compound showing
the strongest and selective cytotoxicity in HepG2 cells (IC50
0.56 mM) without affecting the normal cell line. The potent and
selective action of compounds may be a direct function of their
substituents at R1 and R2 positions. Activities against HuCCA-1 and
A549 cells may require the compound (20) to have polar electro-
philic center in interacting with cellular nucleophiles. The potent
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activity against HepG2 cells may be rationalized to be due to the
hydrophobic group (27) inwhich it binds the hydrophobic region of
the target site of action. Furthermore, molecular docking study
indicated that all of the investigated triazoles could snugly occupy
the active site of AKR1C3, which had been identified to be a plau-
sible target site of such compounds.
4. Experimental section

4.1. Chemistry

Column chromatography was carried out using silica gel 60
(70e230 mesh ASTM). Analytical thin-layer chromatography (TLC)
was performed with silica gel 60 F254 aluminum sheets. 1H- and
13C-NMR spectra were recorded on a Bruker AVANCE 300 NMR
spectrometer (operating at 300 MHz for 1H and 75 MHz for 13C).
The following standard abbreviations were used for signal multi-
plicities: singlet (s), doublet (d), triplet (t), quartet (q), multiplet
(m), and broad (br). FTIR spectra were obtained using a universal
attenuated total reflectance attached on a PerkineElmer Spectrum
One spectrometer. Mass spectra were recorded on a Bruker Dal-
tonics (microTOF). Melting points were determined using a Griffin
melting point apparatus and were uncorrected.
4.2. General procedure for the synthesis of 1,2,3,4-
tetrahydroisoquinolines (35)

A mixture of sulfonamide 34 (0.67 mmol) and para-
formaldehyde (0.72 mmol) in formic acid (15 mL) was refluxed for
2 h, and then allowed to cool to room temperature. The reaction
mixture was added to 30 mL of water, and the product was
extracted with CH2Cl2 (2 � 30 mL). Combined extracts were
washed with saturated aqueous NaHCO3, dried (anh. Na2SO4) and
evaporated to dryness under reduced pressure. The crude product
was recrystallized from methanol.

1H NMR of 2-((4-nitrophenyl)sulfonyl)-1,2,3,4-
tetrahydroisoquinoline (35a) and 6,7-dimethoxy-2-((4-
nitrophenyl)sulfonyl)-1,2,3,4-tetrahydroisoquinoline (35b) were
consistent with those reported in the literatures [21,22].
4.3. General procedure for the synthesis of 1,2,3,4-
tetrahydroisoquinolines (36)

A mixture of nitroisoquinoline 35 (4 mmol) and SnCl2$2H2O
(20 mmol) in absolute ethanol (20 mL) was stirred under reflux for
4 h then concentrated under reduced pressure. Water (20 mL) was
added and extracted with EtOAc (3 � 20 mL). The organic extracts
were combined and washed with water (20 mL) and brine (20 mL).
The organic layer was dried over anhydrous sodium sulfate, filtered
and concentrated. The crude product was purified using silica gel
column chromatography and eluted with acetone:hexane (3:7).
4.3.1. 2-((4-Aminophenyl)sulfonyl)-1,2,3,4-tetrahydroisoquinoline
(36a)

Pale yellow solid. 82%. mp 175e176 �C (175.0e175.5 �C [23]). IR
(UATR) cm�1: 3454, 3362, 1591, 1503, 1324, 1155. 1H NMR
(300 MHz, DMSO-d6) d 2.84 (t, J ¼ 5.8 Hz, 2H, C4eH), 3.16 (t,
J ¼ 5.8 Hz, 2H, C3eH), 4.06 (s, 2H, C1eH), 6.08 (s, 2H, NH2), 6.64 (d,
J ¼ 8.7 Hz, 2H, ArH), 7.05e7.18 (m, 4H, ArH), 7.44 (d, J ¼ 8.7 Hz, 2H,
ArH). 13C NMR (75 MHz, DMSO-d6) d 28.1, 43.6, 47.4, 112.7, 120.0,
126.0, 126.4, 126.5, 128.6, 129.5, 131.9, 133.1, 153.2. HRMS-TOF: m/z
[MþNa]þ 311.0829 (Calcd for C15H16N2NaO2S: 311.0825).
4.3.2. 2-((4-Aminophenyl)sulfonyl)-6,7-dimethoxy-1,2,3,4-
tetrahydroisoquinoline (36b)

Pale yellow solid. 80%. mp 185e186 �C. IR (UATR) cm�1: 3468,
3372, 1596, 1518, 1316, 1153. 1H NMR (300 MHz, DMSO-d6) d 2.75 (t,
J ¼ 5.9 Hz, 2H, C4eH), 3.12 (t, J ¼ 5.9 Hz, 2H, C3eH), 3.68 (s, 6H,
2 � OCH3), 3.92 (s, 2H, C1eH), 6.65 (d, J ¼ 8.4 Hz, 2H, ArH), 6.66 (s,
1H, ArH), 6.73 (s, 1H, ArH), 7.42 (d, J ¼ 8.4 Hz, 2H, ArH). 13C NMR
(75 MHz, DMSO-d6) d 28.2, 44.2, 47.6, 55.9, 110.3, 112.1, 113.2, 120.4,
123.9, 125.2, 130.0, 147.7, 147.9, 153.6. HRMS-TOF: m/z [MþNa]þ
371.1035 (Calcd for C17H20N2NaO4S: 371.1036).

4.4. General procedure for the synthesis of 2-((4-azidophenyl)
sulfonyl)-1,2,3,4-tetrahydroisoquinolines (37)

To a cold solution of amine 36 (3 mmol) in HCl:CH3COOH
(3:3 mL) at 0 �C, a solution of sodium nitrite (9 mmol) in water
(5 mL) was added. The stirred reaction mixture was maintained for
15 min and then added dropwise a solution of sodium azide
(9 mmol) in water (5 mL). The reaction mixture was allowed to stir
at room temperature for 0.5 h, then the precipitate was filtered and
washedwith coldwater. The crude product was purified using silica
gel column chromatography and eluted with acetone:hexane (2:8).

4.4.1. 2-((4-Azidophenyl)sulfonyl)-1,2,3,4-tetrahydroisoquinoline
(37a)

Pale yellow solid. 94%. mp 126e127 �C. IR (UATR) cm�1: 2129,
2099, 1589, 1489, 1337, 1287, 1163. 1H NMR (300 MHz, CDCl3) d 2.90
(t, J ¼ 6.0 Hz, 2H, C4eH), 3.36 (t, J ¼ 6.0 Hz, 2H, C3eH), 4.25 (s, 2H,
C1eH), 6.96e7.18 (m, 6H, ArH), 7.80 (d, J¼ 8.7 Hz, 2H, ArH). 13C NMR
(75 MHz, CDCl3) d 28.8, 43.7, 47.5, 119.4, 126.3, 126.4, 126.9, 128.8,
129.6, 131.4, 132.9, 133.0, 144.9. HRMS-TOF: m/z [MþNa]þ 337.0726
(Calcd for C15H14N4NaO2S: 337.0730).

4.4.2. 2-((4-Azidophenyl)sulfonyl)-6,7-dimethoxy-1,2,3,4-
tetrahydroisoquinoline (37b)

Pale yellow solid. 85%. mp 145e146 �C. IR (UATR) cm�1: 2126,
2100, 1588, 1519, 1345, 1284, 1163. 1H NMR (300 MHz, CDCl3) d 2.81
(t, J ¼ 5.9 Hz, 2H, C4eH), 3.33 (t, J ¼ 5.9 Hz, 2H, C3eH), 3.80 (s, 6H,
2 � OCH3), 4.17 (s, 2H, C1eH), 6.48 (s, 1H, ArH), 6.53 (s, 1H, ArH),
7.12 (d, J ¼ 8.7 Hz, 2H, ArH), 7.79 (d, J ¼ 8.7 Hz, 2H, ArH). 13C NMR
(75 MHz, CDCl3) d 28.3, 43.7, 47.2, 55.9, 56.0, 108.9, 111.4, 119.4,
123.2, 124.9, 129.5, 132.8, 144.9, 147.8, 148.0. HRMS-TOF: m/z
[MþNa]þ 397.0946 (Calcd for C17H18N4NaO4S: 397.0941).

4.5. General procedure for the synthesis of propynyloxy derivatives
(38)

A propargyl bromide (2.4 mmol) was added to a suspension of
an appropriate phenol (2mmol) and potassium carbonate (4mmol)
in acetone (15 mL). The suspension was heated to reflux for 2e6 h
(monitored by TLC). The reaction was allowed to cool and then
concentrated under reduced pressure. Water (30 mL) was added
and extracted with CH2Cl2 (3 � 30 mL). The organic extracts were
combined and washed with water (20 mL) and brine (20 mL). The
organic layer was dried over anhydrous sodium sulfate, filtered and
concentrated. The crude product was purified by column
chromatography.

1H NMR spectra of propynyloxy derivatives (38) including (2-
propynyloxy)benzene [24], 2-(2-propynyloxy)naphthalene [25], 1-
methyl-2-(2-propynyloxy)benzene [26], 1-methyl-4-(2-
propynyloxy)benzene [27], 1-(2-(prop-2-ynyloxy)phenyl)ethanone
[28], methyl 2-(2-propynyloxy)benzoate [29], 4-(2-propynyloxy)
benzaldehyde [28], 4-(propynyloxy)-2H-chromen-2-one [30], 1-
nitro-4-(2-propynyloxy)benzene [25], 4-methoxy-3-(2-
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propynyloxy)benzaldehyde [31] and 3-methoxy-4-(2-propynyloxy)
[31] were consistent with those reported in the literatures.
4.6. General procedure for the synthesis of 4-(4-(substituted)-1H-
1,2,3-triazol-1-yl)-N-phenethylbenzenesulfonamides (14e33)

To a stirred solution of azido 37 (0.2 mmol) and alkyne 38
(0.2 mmol) in t-BuOH:H2O (3:3 mL), CuSO4$5H2O (0.2 mmol) and
ascorbic acid (0.5 mmol) were added. The reaction mixture was
stirred at room temperature for 2e12 h (monitored by TLC), then
concentrated under reduced pressure. The residue was added wa-
ter (10 mL) and extracted with dichloromethane (3 � 20 mL). The
combined organic phases were washed with water (20 mL), dried
over anhydrous sodium sulfate and evaporated to dryness. The
crude product was purified using silica gel column chromatography
and eluted with methanol:dichloromethane (1:50).
4.6.1. (1-(4-((3,4-Dihydroisoquinolin-2(1H)-yl)sulfonyl)phenyl)-
1H-1,2,3-triazol-4-yl)methanol (14)

White solid. 45%. mp 111e112 �C. IR (UATR) cm�1: 3280, 1597,
1503, 1336, 1243, 1161. 1H NMR (300 MHz, DMSO-d6) d 2.87 (br t,
2H, C4eH), 3.35 (br t, 2H, C3eH), 4.27 (s, 2H, C1eH), 4.62 (d,
J¼ 5.4 Hz, 2H, CH2OH), 5.41 (t, J¼ 5.4 Hz,1H, CH2OH), 7.05e7.20 (m,
4H, ArH), 8.03 (d, J ¼ 8.7 Hz, 2H, ArH), 7.97 (d, J ¼ 8.6 Hz, 2H, ArH),
8.85 (s, 1H, CHN). 13C NMR (75 MHz, DMSO-d6) d 28.4, 44.0, 47.7,
55.4, 120.8, 121.7, 126.6, 126.9, 127.2, 129.1, 129.8, 132.0, 133.4, 136.0,
140.2, 150.1. HRMS-TOF: m/z [MþNa]þ 393.0988 (Calcd for
C18H18N4NaO3S: 393.0992).
4.6.2. 2-((4-(4-(Phenoxymethyl)-1H-1,2,3-triazol-1-yl)phenyl)
sulfonyl)-1,2,3,4-tetrahydroisoquinoline (15)

White solid. 84%. mp 186e187 �C. IR (UATR) cm�1: 1598, 1497,
1337, 1243, 1162. 1H NMR (300 MHz, CDCl3) d 2.92 (t, J ¼ 6.0 Hz, 2H,
C4eH), 3.43 (t, J¼ 6.0 Hz, 2H, C3eH), 4.32 (s, 2H, C1eH), 5.29 (s, 2H,
CH2O), 6.94e7.33 (m, 9H, ArH), 7.91 (d, J ¼ 8.8 Hz, 2H, ArH), 7.98 (d,
J ¼ 8.8 Hz, 2H, ArH), 8.10 (s, 1H, CHN). 13C NMR (75 MHz, CDCl3)
d 28.7, 43.7, 47.5, 61.9, 114.7, 120.6, 121.5, 126.3, 126.5, 127.0, 128.9,
129.4, 129.7, 131.2, 132.9, 137.1, 139.9, 145.9, 158.0. HRMS-TOF: m/z
[MþNa]þ 469.1292 (Calcd for C24H22N4NaO3S: 469.1305).
4.6.3. 2-((4-(4-((Naphthalen-2-yloxy)methyl)-1H-1,2,3-triazol-1-
yl)phenyl)sulfonyl)-1,2,3,4-tetrahydroisoquinoline (16)

White solid. 52%. mp 241e242 �C. IR (UATR) cm�1: 1597, 1508,
1337, 1243, 1161. 1H NMR (300 MHz, CDCl3) d 2.91 (t, J ¼ 5.6 Hz, 2H,
C4eH), 3.43 (t, J¼ 5.8 Hz, 2H, C3eH), 4.32 (s, 2H, C1eH), 5.26 (s, 2H,
CH2O), 6.85e7.18 (m, 11H, ArH), 7.91 (d, J¼ 8.6 Hz, 2H, ArH), 7.98 (d,
J ¼ 8.6 Hz, 2H, ArH), 8.09 (s, 1H, CHN). 13C NMR (75 MHz, CDCl3)
d 28.7, 43.7, 47.5, 62.1, 114.6, 120.6, 126.3, 126.5, 127.0, 128.9, 129.4,
130.1, 130.9, 131.2, 132.9, 137.2, 139.9, 146.1, 156.0. HRMS-TOF: m/z
[MþH]þ 497.1647 (Calcd for C28H25N4O3S: 497.1653).
4.6.4. 2-((4-(4-((o-Tolyloxy)methyl)-1H-1,2,3-triazol-1-yl)phenyl)
sulfonyl)-1,2,3,4-tetrahydroisoquinoline (17)

White solid. 77%. mp 168e169 �C. IR (UATR) cm�1: 1596, 1495,
1339, 1240, 1164. 1H NMR (300 MHz, CDCl3) d 2.28 (s, 3H, CH3), 2.96
(t, J ¼ 5.9 Hz, 2H, C4eH), 3.47 (t, J ¼ 5.9 Hz, 2H, C3eH), 4.36 (s, 2H,
C1eH), 5.34 (s, 2H, CH2O), 6.90e7.24 (m, 8H, ArH), 7.95 (d,
J ¼ 8.9 Hz, 2H, ArH), 8.03 (d, J ¼ 8.8 Hz, 2H, ArH), 8.11 (s, 1H, CHN).
13C NMR (75 MHz, CDCl3) d 16.3, 28.7, 43.7, 47.5, 62.2, 111.5, 120.4,
120.6, 121.3, 126.3, 126.5, 127.0, 128.9, 129.4, 131.0, 131.2, 132.9,
139.9, 146.3, 156.2. HRMS-TOF: m/z [MþH]þ 461.1637 (Calcd for
C25H25N4O3S: 461.1653).
4.6.5. 2-((4-(4-((p-Tolyloxy)methyl)-1H-1,2,3-triazol-1-yl)phenyl)
sulfonyl)-1,2,3,4-tetrahydroisoquinoline (18)

White solid. 88%. mp 196e197 �C. IR (UATR) cm�1: 1598, 1512,
1338, 1244, 1162. 1H NMR (300 MHz, CDCl3) d 2.27 (s, 3H, CH3), 2.92
(t, J ¼ 6.0 Hz, 2H, C4eH), 3.43 (t, J ¼ 6.0 Hz, 2H, C3eH), 4.32 (s, 2H,
C1eH), 5.26 (s, 2H, CH2O), 6.89 (d, J ¼ 8.5 Hz, 2H, ArH), 7.00e7.16
(m, 6H, ArH), 7.90 (d, J ¼ 8.8 Hz, 2H, ArH), 7.98 (d, J ¼ 8.8 Hz, 2H,
ArH), 8.09 (s, 1H, CHN). 13C NMR (75 MHz, CDCl3) d 20.5, 28.7, 43.7,
47.5, 62.1, 114.6, 120.5, 126.3, 126.5, 126.6, 128.9, 129.4, 130.1, 130.9,
131.2, 132.9, 137.1, 139.9, 146.1, 155.9. HRMS-TOF: m/z [MþH]þ
461.1646 (Calcd for C25H25N4O3S: 461.1653).
4.6.6. 1-(2-((1-(4-((3,4-Dihydroisoquinolin-2(1H)-yl)sulfonyl)
phenyl)-1H-1,2,3-triazol-4-yl)methoxy)phenyl)ethanone (19)

White solid. 78%. mp 185e186 �C. IR (UATR) cm�1: 1655, 1595,
1450, 1358, 1161. 1H NMR (300 MHz, CDCl3) d 2.58 (s, 3H, COCH3),
2.91 (t, J ¼ 6.0 Hz, 2H, C4eH), 3.42 (t, J ¼ 6.0 Hz, 2H, C3eH), 4.31 (s,
2H, C1eH), 5.38 (s, 2H, CH2O), 6.99e7.15 (m, 6H, ArH), 7.46 (dt,
J ¼ 7.7, 1.7 Hz, 1H, ArH), 7.69 (dd, J ¼ 7.7, 1.7 Hz, 1H, ArH), 7.92 (d,
J ¼ 8.8 Hz, 2H, ArH), 7.99 (d, J ¼ 8.8 Hz, 2H, ArH), 8.15 (s, 1H, CHN).
13C NMR (75 MHz, CDCl3) d 28.7, 31.7, 43.7, 47.5, 62.4, 113.1, 120.7,
120.8, 121.5, 126.3, 126.5, 127.0, 128.9, 129.0, 129.5, 130.5, 131.2,
132.9, 133.6, 137.2, 139.7, 145.1, 157.0, 199.7. HRMS-TOF: m/z
[MþNa]þ 511.1391 (Calcd for C26H24N4NaO4S: 511.1410).
4.6.7. Methyl 2-((1-(4-((3,4-dihydroisoquinolin-2(1H)-yl)sulfonyl)
phenyl)-1H-1,2,3-triazol-4-yl)methoxy)benzoate (20)

White solid. 91%. mp 162e163 �C. IR (UATR) cm�1: 1696, 1599,
1453, 1306, 1254, 1160. 1H NMR (300 MHz, CDCl3) d 2.92 (t,
J ¼ 6.0 Hz, 2H, C4eH), 3.43 (t, J ¼ 6.0 Hz, 2H, C3eH), 3.88 (s, 3H,
CO2CH3), 4.32 (s, 2H, C1eH), 5.39 (s, 2H, CH2O), 7.00e7.18 (m, 6H,
ArH), 7.48 (dt, J ¼ 7.8, 1.7 Hz, 1H, ArH), 7.82 (dd, J ¼ 7.8, 1.7 Hz, 1H,
ArH), 7.93 (d, J ¼ 8.9 Hz, 2H, ArH), 7.99 (d, J ¼ 8.9 Hz, 2H, ArH), 8.31
(s, 1H, CHN). 13C NMR (75 MHz, CDCl3) d 28.7, 43.7, 47.5, 52.0, 63.4,
114.1, 120.6, 121.0, 121.3, 126.3, 126.5, 127.0, 128.9, 129.4, 131.2, 131.8,
132.9, 133.8, 137.0, 139.9, 146.0, 157.8, 166.1. HRMS-TOF: m/z
[MþNa]þ 527.1365 (Calcd for C26H24N4NaO5S: 527.1360).
4.6.8. 4-((1-(4-((3,4-dihydroisoquinolin-2(1H)-yl)sulfonyl)phenyl)-
1H-1,2,3-triazol-4-yl)methoxy)benzaldehyde (21)

White solid. 81%. mp 189e190 �C. IR (UATR) cm�1: 1686, 1605,
1578, 1500, 1357, 1243, 1160. 1H NMR (300 MHz, CDCl3) d 2.92 (t,
J¼ 5.9 Hz, 2H, C4eH), 3.43 (t, J¼ 5.9 Hz, 2H, C3eH), 4.32 (s, 2H, C1e
H), 5.37 (s, 2H, CH2O), 7.00e7.18 (m, 6H, ArH), 7.84 (d, J¼ 8.8 Hz, 2H,
ArH), 7.92 (d, J ¼ 8.8 Hz, 2H, ArH), 7.99 (d, J ¼ 8.8 Hz, 2H, ArH), 8.14
(s,1H, CHN), 9.88 (s, 3H, CHO). 13C NMR (75MHz, CDCl3) d 28.7, 43.7,
47.5, 62.0, 115.1, 120.7, 120.9, 126.3, 126.5, 127.0, 128.9, 129.5, 130.6,
131.2, 132.2, 132.8, 137.4, 139.7, 144.8, 162.9, 190.7. HRMS-TOF: m/z
[MþH]þ 475.1450 (Calcd for C25H23N4O4S: 475.1446).
4.6.9. 4-((1-(4-((3,4-Dihydroisoquinolin-2(1H)-yl)sulfonyl)
phenyl)-1H-1,2,3-triazol-4-yl)methoxy)-2H-chromen-2-one (22)

White solid. 94%. mp 150e151 �C. IR (UATR) cm�1: 1687, 1618,
1456, 1354, 1248, 1161. 1H NMR (300 MHz, CDCl3) d 2.96 (t,
J¼ 5.9 Hz, 2H, C4eH), 3.47 (t, J¼ 5.9 Hz, 2H, C3eH), 4.36 (s, 2H, C1e
H), 5.46 (s, 2H, CH2O), 5.92 (s, 1H, CHCO), 7.04e7.36 (m, 6H, ArH),
7.57 (dt, J ¼ 7.7, 1.4 Hz, 1H, ArH), 7.82 (dd, J ¼ 7.9, 1.4 Hz, 1H, ArH),
7.99 (d, J¼ 8.7 Hz, 2H, ArH), 8.05 (d, J¼ 8.7 Hz, 2H, ArH), 8.27 (s, 1H,
CHN). 13C NMR (75 MHz, CDCl3) d 28.7, 43.7, 47.5, 62.4, 91.4, 115.4,
116.8, 120.8, 121.5, 123.1, 124.0, 126.3, 126.6, 127.0, 128.9, 129.5,
131.2, 132.7, 132.8, 139.6, 142.9, 153.4, 162.4, 164.8. HRMS-TOF: m/z
[MþH]þ 515.1384 (Calcd for C27H23N4O5S: 515.1384).
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4.6.10. (1-(4-((6,7-Dimethoxy-3,4-dihydroisoquinolin-2(1H)-yl)
sulfonyl)phenyl)-1H-1,2,3-triazol-4-yl)methanol (23)

Pale yellow solid. 58%. mp 159e160 �C. IR (UATR) cm�1: 3280,
1599,1523,1342,1226,1158. 1H NMR (300MHz, DMSO-d6) d 2.78 (t,
J ¼ 5.5 Hz, 2H, C4eH), 3.33 (t, J ¼ 5.8 Hz, 2H, C3eH), 3.67, 3.68 (2s,
6H, 2 � OCH3), 4.16 (s, 2H, C1eH), 4.62 (d, J ¼ 5.5 Hz, 2H, CH2OH),
5.41 (t, J ¼ 5.4 Hz, 1H, CH2OH), 6.67 (s, 1H, ArH), 6.76 (s, 1H, ArH),
7.99 (d, J ¼ 8.8 Hz, 2H, ArH), 8.19 (d, J ¼ 8.8 Hz, 2H, ArH), 8.83 (s, 1H,
CHN). 13C NMR (75 MHz, DMSO-d6) d 28.0, 44.1, 47.4, 55.4, 55.9,
56.0, 110.3, 112.3, 120.8, 121.7, 123.6, 125.2, 129.8, 136.0, 140.2, 147.8,
148.1, 150.1. HRMS-TOF: m/z [MþH]þ 431.1389 (Calcd for
C20H23N4O5S: 431.1384).

4.6.11. 6,7-Dimethoxy-2-((4-(4-(phenoxymethyl)-1H-1,2,3-triazol-
1-yl)phenyl)sulfonyl)-1,2,3,4-tetrahydroisoquinoline (24)

White solid. 91%. mp 158e159 �C. IR (UATR) cm�1: 1597, 1519,
1348, 1227, 1163. 1H NMR (300 MHz, CDCl3) d 2.82 (t, J ¼ 6.0 Hz, 2H,
C4eH), 3.40 (t, J¼ 6.0 Hz, 2H, C3eH), 3.80 (s, 6H, 2 � OCH3), 4.24 (s,
2H, C1eH), 5.29 (s, 2H, CH2O), 6.49 (s, 1H, ArH), 6.53 (s, 1H, ArH),
6.94e7.02 (m, 3H, ArH), 7.24e7.34 (m, 2H, ArH), 7.91 (d, J ¼ 8.8 Hz,
2H, ArH), 7.98 (d, J ¼ 8.8 Hz, 2H, ArH), 8.10 (s, 1H, CHN). 13C NMR
(75 MHz, CDCl3) d 28.2, 43.8, 47.2, 55.9, 56.0, 61.9, 109.0, 111.4, 114.7,
120.6, 121.6, 123.0, 124.8, 129.4, 129.7, 137.2, 139.8, 145.9, 147.9,
148.1, 158.0. HRMS-TOF: m/z [MþH]þ 507.1706 (Calcd for
C26H27N4O5S: 507.1697).

4.6.12. 6,7-Dimethoxy-2-((4-(4-((naphthalen-2-yloxy)methyl)-1H-
1,2,3-triazol-1-yl)phenyl)sulfonyl)-1,2,3,4-tetrahydroisoquinoline
(25)

Pale yellow solid. 83%. mp 210e211 �C. IR (UATR) cm�1: 1598,
1519, 1463, 1347, 1257, 1163. 1H NMR (300 MHz, CDCl3) d 2.86 (t,
J ¼ 5.7 Hz, 2H, C4eH), 3.43 (t, J ¼ 5.7 Hz, 2H, C3eH), 3.83, 3.84
(2s, 6H, 2 � OCH3), 4.27 (s, 2H, C1eH), 5.45 (s, 2H, CH2O), 6.53
(s, 1H, ArH), 6.56 (s, 1H, ArH), 7.22 (dd, J ¼ 8.9, 2.5 Hz, 1H, ArH),
7.31 (d, J ¼ 2.4 Hz, 1H, ArH), 7.38 (t, J ¼ 8.1 Hz, 1H, ArH), 7.47 (t,
J ¼ 8.1 Hz, 1H, ArH), 7.75e7.82 (m, 3H, ArH), 7.95 (d, J ¼ 8.9 Hz,
2H, ArH), 8.01 (d, J ¼ 8.9 Hz, 2H, ArH), 8.17 (s, 1H, CHN). 13C NMR
(75 MHz, CDCl3) d 28.2, 43.8, 47.2, 55.9, 56.0, 61.9, 107.3, 108.9,
111.4, 118.6, 120.6, 120.7, 123.0, 124.1, 124.8, 126.6, 126.9, 127.7,
129.3, 129.4, 129.7, 134.4, 137.2, 139.8, 145.8, 147.9, 148.1, 155.9.
HRMS-TOF: m/z [MþH]þ 557.1843 (Calcd for C30H29N4O5S:
557.1853).

4.6.13. 6,7-Dimethoxy-2-((4-(4-((o-tolyloxy)methyl)-1H-1,2,3-
triazol-1-yl)phenyl)sulfonyl)-1,2,3,4-tetrahydroisoquinoline (26)

White solid. 87%. mp 138e139 �C. IR (UATR) cm�1: 1596, 1519,
1463,1346,1237,1160. 1H NMR (300MHz, CDCl3) d 2.28 (s, 3H, CH3),
2.86 (t, J ¼ 5.9 Hz, 2H, C4eH), 3.44 (t, J ¼ 5.9 Hz, 2H, C3eH), 3.84 (s,
6H, 2 � OCH3), 4.28 (s, 2H, C1eH), 5.34 (s, 2H, CH2O), 6.53 (s, 1H,
ArH), 6.57 (s, 1H, ArH), 6.90e7.02 (m, 2H, ArH), 7.16e7.23 (m, 2H,
ArH), 7.96 (d, J ¼ 8.9 Hz, 2H, ArH), 8.02 (d, J ¼ 8.9 Hz, 2H, ArH), 8.11
(s, 1H, CHN). 13C NMR (75 MHz, CDCl3) d 16.3, 28.2, 43.8, 47.2, 55.9,
56.0, 62.1, 109.0, 111.5, 120.6, 121.3, 123.0, 124.2, 124.8, 127.0, 129.4,
129.5, 131.0, 137.2, 139.9, 146.3, 147.9, 148.1, 156.2. HRMS-TOF: m/z
[MþH]þ 521.1859 (Calcd for C27H29N4O5S: 521.1853).

4.6.14. 6,7-Dimethoxy-2-((4-(4-((p-tolyloxy)methyl)-1H-1,2,3-
triazol-1-yl)phenyl)sulfonyl)-1,2,3,4-tetrahydroisoquinoline (27)

White solid. 92%. mp 168e169 �C. IR (UATR) cm�1: 1596, 1509,
1464,1346,1225,1162. 1H NMR (300MHz, CDCl3) d 2.31 (s, 3H, CH3),
2.86 (t, J ¼ 5.7 Hz, 2H, C4eH), 3.44 (t, J ¼ 5.7 Hz, 2H, C3eH), 3.84 (s,
6H, 2 � OCH3), 4.28 (s, 2H, C1eH), 5.30 (s, 2H, CH2O), 6.53 (s, 1H,
ArH), 6.56 (s, 1H, ArH), 6.92 (d, J ¼ 8.5 Hz, 2H, ArH), 7.12 (d,
J ¼ 8.5 Hz, 2H, ArH), 7.94 (d, J ¼ 8.7 Hz, 2H, ArH), 8.01 (d, J ¼ 8.7 Hz,
2H, ArH), 8.13 (s, 1H, CHN). 13C NMR (75 MHz, CDCl3) d 20.5, 28.2,
43.8, 47.2, 55.9, 56.0, 62.0, 109.0, 111.4, 114.6, 120.6, 123.0, 129.4,
130.1, 130.9, 137.2, 139.9, 146.1, 147.9, 148.1, 155.9. HRMS-TOF: m/z
[MþH]þ 521.1842 (Calcd for C27H29N4O5S: 521.1853).
4.6.15. 1-(2-((1-(4-((6,7-Dimethoxy-3,4-dihydroisoquinolin-2(1H)-
yl)sulfonyl)phenyl)-1H-1,2,3-triazol-4-yl)methoxy)phenyl)ethanone
(28)

White solid. 70%. mp 171e172 �C. IR (UATR) cm�1: 1670, 1596,
1519, 1450, 1347, 1226, 1161. 1H NMR (300 MHz, CDCl3) d 2.58 (s, 3H,
COCH3), 2.81 (t, J¼ 5.7 Hz, 2H, C4eH), 3.39 (t, J¼ 5.7 Hz, 2H, C3eH),
3.79, 3.80 (2s, 6H, 2 � OCH3), 4.23 (s, 2H, C1eH), 5.38 (s, 2H, CH2O),
6.49 (s, 1H, ArH), 6.52 (s, 1H, ArH), 7.03 (t, J ¼ 8.0 Hz, 1H, ArH), 7.12
(d, J ¼ 8.2 Hz, 1H, ArH), 7.46 (dt, J ¼ 8.2, 1.8 Hz, 1H, ArH), 7.69 (dd,
J ¼ 7.7, 1.8 Hz, 1H, ArH), 7.91 (d, J ¼ 8.9 Hz, 2H, ArH), 7.98 (d,
J ¼ 8.9 Hz, 2H, ArH), 8.15 (s, 1H, CHN). 13C NMR (75 MHz, CDCl3)
d 28.3, 31.7, 43.8, 47.2, 55.9, 56.0, 62.4,108.9,111.4,113.1,120.7,120.8,
121.5,122.9,124.8,129.0,129.5,130.5,133.6,137.3,139.7,145.1,147.9,
148.1, 157.0, 199.7. HRMS-TOF: m/z [MþNa]þ 571.1608 (Calcd for
C28H28N4NaO6S: 571.1622).
4.6.16. Methyl 2-((1-(4-((6,7-dimethoxy-3,4-dihydroisoquinolin-
2(1H)-yl)sulfonyl)phenyl)-1H-1,2,3-triazol-4-yl)methoxy)benzoate
(29)

White solid. 94%. mp 142e143 �C. IR (UATR) cm�1: 1723, 1598,
1519, 1451, 1347, 1258, 1162. 1H NMR (300 MHz, CDCl3) d 2.83 (t,
J ¼ 5.8 Hz, 2H, C4eH), 3.40 (t, J ¼ 5.8 Hz, 2H, C3eH), 3.80 (s, 6H,
2 � OCH3), 3.87 (s, 3H, CO2CH3), 4.24 (s, 2H, C1eH), 5.38 (s, 2H,
CH2O), 6.50 (s, 1H, ArH), 6.53 (s, 1H, ArH), 7.02 (t, J ¼ 8.2 Hz, 1H,
ArH), 7.12 (d, J ¼ 8.3 Hz, 1H, ArH), 7.48 (dt, J ¼ 8.2, 1.8 Hz, 1H, ArH),
7.82 (dd, J¼ 7.8,1.7 Hz,1H, ArH), 7.94 (d, J¼ 8.9 Hz, 2H, ArH), 7.99 (d,
J ¼ 8.9 Hz, 2H, ArH), 8.31 (s, 1H, CHN). 13C NMR (75 MHz, CDCl3)
d 28.3, 43.8, 47.2, 52.0, 55.9, 56.0, 63.4, 108.9, 111.4, 114.0, 120.5,
120.6, 121.0, 121.3, 123.0, 124.8, 129.4, 131.9, 133.8, 137.0, 139.9,
146.0, 147.8, 148.0, 157.8, 166.1. HRMS-TOF: m/z [MþH]þ 565.1737
(Calcd for C28H29N4O7S: 565.1752).
4.6.17. 4-((1-(4-((6,7-Dimethoxy-3,4-dihydroisoquinolin-2(1H)-yl)
sulfonyl)phenyl)-1H-1,2,3-triazol-4-yl)methoxy)benzaldehyde (30)

White solid. 80%. mp 186e187 �C. IR (UATR) cm�1: 1692, 1604,
1519, 1348, 1231, 1162. 1H NMR (300 MHz, CDCl3) d 2.86 (t,
J ¼ 5.8 Hz, 2H, C4eH), 3.45 (t, J ¼ 5.8 Hz, 2H, C3eH), 3.84 (s, 6H,
2 � OCH3), 4.29 (s, 2H, C1eH), 5.42 (s, 2H, CH2O), 6.53 (s, 1H, ArH),
6.56 (s, 1H, ArH), 7.15 (d, J ¼ 8.7 Hz, 2H, ArH), 7.88 (d, J ¼ 8.7 Hz, 2H,
ArH), 7.95 (d, J ¼ 8.8 Hz, 2H, ArH), 8.04 (d, J ¼ 8.8 Hz, 2H, ArH), 8.17
(s,1H, CHN), 9.92 (s,1H, CHO). 13C NMR (75MHz, CDCl3) d 28.2, 43.8,
47.2, 55.9, 56.0, 62.0, 109.0, 111.5, 115.1, 120.6, 120.9, 123.0, 124.8,
129.5, 130.6, 132.1, 137.5, 139.7, 144.8, 147.9, 148.1, 162.9, 190.6.
HRMS-TOF: m/z [MþH]þ 535.1645 (Calcd for C27H27N4O6S:
535.1646).
4.6.18. 6,7-Dimethoxy-2-((4-(4-((4-nitrophenoxy)methyl)-1H-
1,2,3-triazol-1-yl)phenyl)sulfonyl)-1,2,3,4-tetrahydroisoquinoline
(31)

White solid. 77%. mp 173e174 �C. IR (UATR) cm�1: 1592, 1518,
1464, 1341, 1257, 1162. 1H NMR (300 MHz, CDCl3) d 2.86 (t,
J ¼ 5.9 Hz, 2H, C4eH), 3.45 (t, J ¼ 5.9 Hz, 2H, C3eH), 3.84 (s, 6H,
2 � OCH3), 4.29 (s, 2H, C1eH), 5.42 (s, 2H, CH2O), 6.53 (s, 1H, ArH),
6.56 (s, 1H, ArH), 7.12 (d, J ¼ 7.3 Hz, 2H, ArH), 7.96 (d, J ¼ 8.8 Hz, 2H,
ArH), 8.03 (d, J ¼ 8.8 Hz, 2H, ArH), 8.19 (s, 1H, CHN), 8.25 (d,
J¼ 7.3 Hz, 2H, ArH). 13C NMR (75MHz, CDCl3) d 28.2, 43.8, 47.2, 55.9,
56.0, 62.3, 108.9, 111.4, 114.8, 120.7, 121.0, 122.9, 124.8, 126.0, 129.5,
137.5, 139.5, 142.1, 144.3, 148.1, 162.8. HRMS-TOF: m/z [MþH]þ
552.1539 (Calcd for C26H26N5O7S: 552.1548).
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4.6.19. 3-((1-(4-((6,7-dimethoxy-3,4-dihydroisoquinolin-2(1H)-yl)
sulfonyl)phenyl)-1H-1,2,3-triazol-4-yl)methoxy)-4-
methoxybenzaldehyde (32)

Pale yellow solid. 76%. mp 141e142 �C. IR (UATR) cm�1: 1682,
1587, 1519, 1464, 1346, 1260, 1161. 1H NMR (300 MHz, CDCl3) d 2.86
(t, J ¼ 5.8 Hz, 2H, C4eH), 3.44 (t, J ¼ 5.8 Hz, 2H, C3eH), 3.83, 3.84,
3.95 (3s, 9H, 3 � OCH3), 4.27 (s, 2H, C1eH), 5.48 (s, 2H, CH2O), 6.53
(s, 1H, ArH), 6.56 (s, 1H, ArH), 7.24 (d, J¼ 7.9 Hz,1H, ArH), 7.46 (s, 1H,
ArH), 7.47 (d, J ¼ 8.0 Hz, 1H, ArH), 7.94 (d, J ¼ 8.8 Hz, 2H, ArH), 8.01
(d, J¼ 8.8 Hz, 2H, ArH), 8.21 (s, 1H, CHN), 9.88 (s, 1H, CHO). 13C NMR
(75MHz, CDCl3) d 28.2, 43.8, 47.2, 55.9, 56.0, 62.7, 109.0,109.5,111.5,
112.6, 120.6, 121.2, 123.0, 124.8, 126.6, 129.4, 130.9, 137.4, 139.7,
144.8, 147.9, 148.1, 150.0, 152.8, 190.8. HRMS-TOF: m/z [MþH]þ
565.1759 (Calcd for C28H29N4O7S: 565.1752).

4.6.20. 4-((1-(4-((6,7-Dimethoxy-3,4-dihydroisoquinolin-2(1H)-yl)
sulfonyl)phenyl)-1H-1,2,3-triazol-4-yl)methoxy)-3-
methoxybenzaldehyde (33)

Pale yellow solid. 77%. mp 116e117 �C. IR (UATR) cm�1: 1683,
1596, 1518, 1437, 1346, 1264, 1162. 1H NMR (300 MHz, CDCl3) d 2.87
(t, J¼ 5.7 Hz, 2H, C4eH), 3.46 (t, J¼ 5.9 Hz, 2H, C3eH), 3.84, 3.99 (2s,
9H, 3 � OCH3), 4.28 (s, 2H, C1eH), 5.44 (s, 2H, CH2O), 6.54 (s, 1H,
ArH), 6.57 (s, 1H, ArH), 7.04 (d, J ¼ 8.3 Hz, 1H, ArH), 7.55 (dd, J ¼ 8.2,
1.8 Hz, 1H, ArH), 7.61 (d, J ¼ 1.8 Hz, 1H, ArH), 7.95 (d, J ¼ 8.8 Hz, 2H,
ArH), 8.02 (d, J ¼ 8.8 Hz, 2H, ArH), 8.20 (s, 1H, CHN), 9.88 (s, 1H,
CHO). 13C NMR (75 MHz, CDCl3) d 28.2, 43.8, 47.2, 56.0, 56.2, 62.8,
108.9, 111.1, 111.4, 112.0, 120.7, 121.0, 123.0, 124.8, 127.2, 129.4, 130.1,
137.3, 139.8, 144.9, 148.1, 155.0, 190.6. HRMS-TOF: m/z [MþH]þ
565.1753 (Calcd for C28H29N4O7S: 565.1752).

4.7. Cytotoxic assay: cancer cell lines

Cell lines suspended in the corresponding culture mediumwere
inoculated in 96-well microtiter plates (Corning Inc., NY, USA) at a
density of 10,000e20,000 cells per well and incubated at 37 �C in a
humidified atmosphere with 95% air and 5% CO2. After 24 h, an
equal volume of additional medium containing either the serial
dilutions of the test compounds, positive control (etoposide and/or
doxorubicin) or negative control (DMSO) was added to the desired
final concentrations, and the microtiter plates were further incu-
bated for an additional 48 h. The number of surviving cells in each
well was determined using either MTT assay [32,33] (for adherent
cells: HuCCA-1, HepG2, and A549 cells) or XTT assay [34] (for sus-
pended cells: MOLT-3 cells) in order to determine the IC50, which is
defined as the concentration that inhibits cell growth by 50%
(relative to negative control) after 48 h of continuous exposure to
each test compound.

4.8. Cytotoxicity assay: primate cell line (Vero)

The cytotoxicity was performed by using the Green Fluorescent
Protein (GFP) detection method [35]. The GFP-expressing Vero cell
line was generated in-house by stably transfecting the African
greenmonkey kidney cell line (Vero, ATCC CCL-81), with pEGFP-N1
plasmid (Clontech). The cell line was maintained in a minimal
essential medium supplemented with 10% heat-inactivated fetal
bovine serum, 2 mM L-glutamine, 1 mM sodium pyruvate, 1.5 g/L
sodium bicarbonate and 0.8 mg/mL geneticin, at 37 �C in a hu-
midified incubator with 5% CO2. The assay was carried out by
adding 45 mL of cell suspension at 3.3 � 104 cells/mL to each well of
384-well plates containing 5 mL of test compounds previously
diluted in 0.5% DMSO, and then incubating for 4 days in 37 �C
incubator with 5% CO2. Fluorescence signals were measured by
using SpectraMax M5 microplate reader (Molecular Devices, USA)
in the bottom reading mode with excitation and emission
wavelengths of 485 and 535 nm. Fluorescence signal at day 4 was
subtracted with background fluorescence at day 0. IC50 values were
derived from doseeresponse curves, using 6 concentrations of 3-
fold serially diluted samples, by the SOFTMax Pro software (Mo-
lecular device). Ellipticine and 0.5% DMSO were used as a positive
and a negative control, respectively.

4.9. Identification of putative targets of 1,2,3,4-
tetrahydroisoquinolines

A structure similarity search was performed in PubChem using
compounds 20 and 27 as the query molecules, which identified 1-
[4-(3,4-dihydro-1H-isoquinolin-2-ylsulfonyl)phenyl]pyrrolidin-2-
one 7 (CID 18096680) as homologous structure. Analysis on the
previously tested bioactivity of this compound revealed 17b-
hydroxysteroid dehydrogenase type 5, belonging to the aldo-keto
reductase family 1 member C3 (AKR1C3), as a putative target
affording potent nanomolar inhibitory activity with IC50 values of
42 and 52 nM as verified by two separate bioactivity experiments
[11,12]. In addition, the X-ray crystallographic structure of AKR1C3
as obtained from the Protein Data Bank (PDB id 4FAL) was co-
complexed with 3-(3,4-dihydroisoquinolin-2(1H)-ylsulfonyl)-N-
methylbenzamide (8), which displayed 2-(benzenesulfonyl)-
1,2,3,4-tetrahydroisoquinoline as a similar moiety to compounds
investigated herein.

4.10. Molecular docking

Molecular docking was performed as to shed light on the
binding modalities of investigated ligands toward its putative
target AKR1C3 using a similar protocol as previously described [36].
Preparation of the AKR1C3 protein structure prior to docking was
performed by adding essential hydrogen atoms using Kollman
united atom charges and solvation parameters as provided by
AutoDock Tools in PyRx 0.6 [37]. 1,2,3,4-Tetrahydroisoquinoline-
triazole structures were constructed using Marvin Sketch Version
6.0 [38] and geometrically optimized with Gaussian 09 [39] using
the B3LYP/6-31G(d) method. Ligand structures were prepared for
docking by merging non-polar hydrogen atoms, adding Gasteiger
partial charges and defining rotatable bonds. A maximum grid box
size of 47.27 � 49.52 � 59.94 �A was generated to cover the entire
AKR1C3 protein using Auto Grid. The grid box was allocated at the
center of the protein using x,y,z coordinates of 7.1616, 5.6316,
11.0790, respectively. Molecular docking simulations were per-
formed using AutoDock Vina as part of the PyRx 0.6 software. The
co-crystallized ligand was re-docked as validation of the docking
protocol. Docked structures were visualized using PyMOL [40]. A 2-
dimensional schematic representation of protein-ligand interaction
was generated using PoseViewWeb version 1.97.0 [41].
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Abstract A new series of 4-(4-(substituted)-1H-1,2,3-

triazol-1-yl)-N-phenethylbenzenesulfonamide derivatives 5

were synthesized through the Click approach and evaluated

for their cytotoxic activity against four cancer cell lines

(HuCCA-1, HepG2, A549, and MOLT-3). Most of the syn-

thesized triazoles 5 displayed cytotoxicity against MOLT-3

cell line, except for analogs 5a–c and 5e. Significantly,

4-phenyltriazoles (5a and 5n), 4-(naphthalen-2-yloxy)

methyltriazole 5d, as well as 4-((2-oxo-2H-chromen-7-

yl)oxy)methyltriazole 5l showed higher cytotoxic activity

against HepG2 cells than the reference drug, etoposide.

Interestingly, the 4-phenyltriazole 5a was the most potent

and promising compound with IC50 value of 9.07 lM against

HepG2 cell line. The analog 5a also exerted the highest

cytotoxic activity against HuCCA-1 cells. This finding pro-

vides the novel lead molecules for further development.

Keywords Sulfonamide � Triazole � Click reaction �
Cytotoxicity

Introduction

Nitrogen heterocycles display a vast arrays of bioactivities,

in particular, triazoles have been attracted considerable

interest due to their wide use as antitubercular, antibacte-

rial, antifungal, antiviral, anti-HIV, antiinflammatory, and

cytotoxic agents (Agalave et al., 2011). Triazoles showed

various promising structural features, such as stable to

metabolic degradation, capable of hydrogen bonding, high

selectivity, and less adverse effects. Furthermore, the tria-

zole scaffold can be used for the linkage of biomolecules

(e.g., polyamines, amino acids, and carbohydrates), drugs,

and other functional molecules with the point of improving

their pharmacological activities (Agalave et al., 2011).

The azide/alkyne dipolar cycloaddition, represented as

the Click-type reaction, is a significant route to the syn-

thesis of 1,2,3-triazoles. The approach has endowed with

high thermodynamic driving force (i.e., usually greater

than 20 kcal mol-1) (Kolb et al., 2001), therefore leading

to a powerful reaction of high yield, short reaction time,

and high selectivity.

Sulfonamide-containing molecules also possess a broad

spectrum of pharmacological actions including antitumor,

antibacterial, antimalarial, and antioxidative activities (Hu

et al., 2008; Scozzafava et al., 2003; Supuran et al., 2004;

Winum et al., 2008). A large number of novel sulfonamide
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derivatives as cytotoxic agent revealed several advantages

including simplicity of the synthesis and effectiveness

against multidrug resistant cell lines (MDR). Moreover,

some compounds have better pharmacological profiles such

as oral absorption with low side effects.

Furthermore, triazoles bearing sulfonamide moiety have

been reported to exert antimicrobial (Ezabadi et al., 2008;

Faidallah et al., 2011; Thomas et al., 2011; Wang et al.,

2010; Wilkinson et al., 2007), antimalarial (Boechat et al.,

2011), and antitumor (Ou et al., 2011) activities.

In the design of new bioactive agents, the development

of hybrid structures using a combination of two or more

pharmacophores that have different mechanisms of action

in the same molecule is the method of choice. These

merged pharmacophores offer the possibility to overcome

the current drug resistance and to reduce the appearance of

new resistant strains. In addition, the strategy can also

reduce unwanted side effects and may enhance biological

potency (Bektas et al., 2012; Hubschwerlen et al., 2003;

Kaplancikli et al., 2008; Solomon et al., 2010).

In this article, a novel series of target molecules that

contain both biologically active sulfonamide and triazole

entities have been designed and synthesized. A variety of

expected novel sulfonamide-triazole hybrids were evalu-

ated for their in vitro cytotoxic activity against HuCCA-1,

HepG2, A549, and MOLT-3 cell lines.

Results and discussion

Chemistry

A series of novel 4-substituted triazole sulfonamide

analogs 5 as target molecules were synthesized via azi-

dobenzenesulfonamides 3 as shown in Scheme 1. Nitro-

benzenesulfonamides 1 were prepared by treatment of

2-phenylethylamines with 4-nitrobenzenesulfonyl chloride

in the presence of sodium carbonate (Pingaew et al., 2013).

Reduction of the nitro derivatives 1 with stannous chloride

in refluxing ethanol provided the corresponding amino-

benzenesulfonamides 2 which were converted to the azi-

dobenzensulfonamides 3 using sodium nitrite and sodium

azide in a mixture of glacial acetic acid and concentrated

hydrochloric acid. Cycloaddition reaction of the azides 3

with various alkynes 4 readily afforded the triazoles 5 in

good yields (70–98 %) (Scheme 1; Table 1).

Structures of the desired triazoles 5 were characterized

by 1H NMR spectra which showed the existing of the

singlet of methine proton of triazole ring at d 8–10 ppm

indicating that the cycloadducts 5 were formed. The
1H NMR spectra displayed two methylene groups

(ArCH2CH2NH–) as triplet and as quartet at d in the range

of 2–4 ppm. The NH proton showed as triplet at d 4–5 ppm

(in CDCl3) or at d 7–8 ppm (in DMSO-d6). In the latter

case, the deshielded proton was observed due to the for-

mation of H-bonding with the solvent. In addition, the ether

derivatives (5b–5m and 5o–5p) showed the singlet of ether

methylene proton at d 5–6 ppm. The structures of all

obtained compounds were further supported by 2D NMR,

IR, and HRMS.

Cytotoxic activity

Cytotoxicity of the synthesized triazoles (5) as well as

amines (2) and azides (3) was assayed against HuCCA-1,

HepG2, A549, and MOLT-3 human cancer cell lines as

summarized in Table 2. Obviously, most of the triazoles

(5) displayed higher cytotoxicity than the amino (2) and

azido (3) derivatives, whereas the azido analogs (3) showed

twofold stronger activity than the amino compounds (2) in

MOLT-3 cells.

Substituents on the target 4-substituted triazoles 5 include

phenyl, phenoxymethyl, naphthalenoxymethyl, and couma-

rinoxymethyl groups. Significant results showed that triazoles

of various 4-substituents such as phenyl (5a and 5n), phen-

oxymethyl (5b, 5e–5f, and 5h–5k), naphthalenoxymethyl

(i) NaNO2, HCl/CH3COOH, 0 oC
(ii) NaN3, rt

R2

CuSO4 5H2O, sodium ascorbate

t-BuOH/H2O, rtHN
S

N

NN
R2

HN
S

4

5

1
2

HN
SEtOH, reflux

NH2

HN
S

NO2

3

N3

SnCl2 2H2O
R1

R1

R1

R1

R1

R1

R1

R1

a b
R1 H OMe

4-55 : R1, R2 = see tables 1 and 2

1-33

O

O

O

O

O

O

O

O

Scheme 1 Synthesis of 4-(4-(substituted)-1H-1,2,3-triazol-1-yl)-N-phenethylbenzenesulfonamides 5 through the Click reaction
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Table 1 Chemical yield of the 4-(4-(substituted)-1H-1,2,3-triazol-1-yl)-N-phenethylbenzenesulfonamides 5

Azide 3 Alkyne 4 Triazole 5 Yield (%)

3a 4a 5a 94

3a 44bO 5b 98

3a 44c
O

5c 76

3a 44d
O 5d 70

3a 44eO Me 5e 75

3a 44fO CHO 5f 79

3a 44gO NO2 5g 93

3a
44hO

Me

5h 91

3a
44iO

MeO2C

5i 88

3a
44jO

MeO

CHO
5j 76

3a 44kO

MeO

CHO

5k 71

3a
44l

O

O
O

5l 77
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(5d), and coumarinoxymethyl (5l) displayed cytotoxicity

against HepG2 cell line. Among these cytotoxic compounds,

4-phenyltriazole (5a) exerted the highest cytotoxic activity

(IC50 = 9.07 lM) and higher than that of the reference drug,

etoposide (IC50 = 30.16 lM). The analog 5a also displayed

the highest cytotoxicity against HuCCA-1 cell line with IC50

of 8.65 lM. Cytotoxic activity of triazole 5a decreased

when dimethoxy groups were introduced to 3,4-positions on

phenethyl moiety as observed for triazole 5n (IC50 =

23.89 lM). Similarly, when 4-phenyl group of compound 5a

was replaced by 4-phenoxymethyl group (5b), cytotoxic

activity was remarkably decreased. In addition, 2-naphtha-

lenoxymethyl (5d, IC50 = 28.21 lM) and 7-coumarin-

oxymethyl (5l, IC50 = 12.44 lM) displayed cytotoxic

activity, but weaker than the phenyltriazole 5a. It should be

noted that positions of naphthalenyl and coumaryl groups

linked to oxymethyl affect cytotoxic activity of the com-

pounds. Apparently, 1-naphthalenyloxymethyl moiety

afforded the triazole 5c with total loss of the cytotoxic

activity toward all the tested cells. It was also found that

4-coumaryloxymethyl triazole (5m) showed no inhibition

effect against the tested cells, except for MOLT-3 cells.

Interestingly, many 4-substituted triazoles 5 exerted prom-

isingly high cytotoxic activity against HepG2 cells as com-

pared to the etoposide. The order of decreasing cytotoxic

potency of these triazoles against HepG2 cells was

5a [ 5l [ 5n [ 5d. It was observed that 4-phenoxymeth-

yltriazole (5b) and its derivatives having substituents (CH3,

OCH3, CHO, CO2CH3, and NO2) on phenoxy moiety

exhibited cytotoxicity against different cell lines with dif-

ferent potencies. In HepG2 cell line, inhibition effect of

phenoxymethyltriazole (5b) decreased when CH3 CHO and

NO2 substituents were placed on para-position of phen-

oxymethyl group as seen for triazole analogs (5e, 5f, and 5g).

The inhibition effect distinctively enhanced in MOLT-3

cells, when the triazole 5b contained CH3, CO2CH3, and

OCH3 groups on ortho-position of 4-phenoxytriazole as

noted for compounds 5h, 5i, 5j, and 5k. The ester derivative

of triazole (5i) was shown to be the most active compound

(MOLT-3 cells) with IC50 of 8.81 lM. The triazoles that

showed selective inhibition against MOLT-3 cells were p-

NO2 phenoxy (5g and 5p) and 4-coumaryloxy (5m) deriva-

tives. However, most of the investigated compounds exerted

cytotoxicity against MOLT-3 cell line, except for triazoles

5a–5c and 5e. In HuCCA-1 cell line, 3,4-dimethoxy groups

on phenethyl moiety of the triazole (5n) resulted in signifi-

cant loss of cytotoxicity as compared to phenethyltriazole

(5a). The results demonstrated that the insertion of

4-oxymethyl group between triazole and phenyl (or napht-

halenyl or coumarinyl) moieties makes most target com-

pounds lose their cytotoxic activity. From cytotoxicity

results of 4-substituted triazoles (5), obviously, 4-phenyl-

triazole (5a) was shown to be the most potent compound

against HepG2 cells. It is reasonable to assume that 4-phenyl

ring is an appropriate hydrophobic group for potent cyto-

toxicity. Other 4-aryl- and heteroaryloxymethyltriazoles

exhibited lower cytotoxicity, particularly, toward HepG2

cells. This could be possibly due to the steric effect of 4-a-

ryloxymethyl group that hindered the molecule in interacting

with the target site of action. It could be postulated that

cytotoxic activity of 4-substituted triazole (5) against HepG2

cells requires the planarity of 1-benzenesulfonamide and

4-phenyl moieties on the triazole ring together with unsub-

stituted phenethyl group. Therefore, both ends of the target

Table 1 continued

Azide 3 Alkyne 4 Triazole 5 Yield (%)

3a

44m
O O

O 5m 77

3b 4a 5n 94

3b 44fO CHO 5o 90

3b 44gO NO2 5p 95
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Table 2 Cytotoxic activity of compounds (2–3 and 5) against four cancer cell lines

Compound Cytotoxic activity (IC50, lM)a

HuCCA-1 HepG2 A549 MOLT-3

22a

HN
S

NH2

O

O

Inactive Inactive Inactive 166.60 ± 1.96

22b

HN
S

NH2MeO

MeO
O

O
Inactive Inactive Inactive 104.49 ± 2.93

33a

HN
S

N3

O

O
Inactive 92.61 ± 3.00 138.91 ± 9.90 60.10 ± 1.13

33b

HN
S

N3MeO

MeO
O

O
Inactive 122.32 ± 5.51 Inactive 48.51 ± 0.81

55a

HN
S

N

NN

O

O 8.65 ± 1.70 9.07 ± 1.15 34.54 ± 0.89 Inactive

55b

HN
S

N

NN

O

O

O Inactive 57.54 ± 8.66 Inactive Inactive

55c

HN
S

N

NN

O

O

O Inactive Inactive Inactive Inactive

55d

HN
S

N

NN

O

O

O
Inactive 28.21 ± 2.89 Inactive 74.23 ± 5.08

1772 Med Chem Res (2014) 23:1768–1780

123



Table 2 continued

Compound Cytotoxic activity (IC50, lM)a

HuCCA-1 HepG2 A549 MOLT-3

55e

HN
S

N

NN

O

Me
O

O

Inactive 81.75 ± 2.89 Inactive Inactive

55f

HN
S

N

NN

O

OHC
O

O 87.89 ± 0.92 100.54 ± 2.12 Inactive 32.02 ± 0.76

55g

HN
S

N

NN

O

O2N
O

O
Inactive Inactive Inactive 61.42 ± 1.01

55h

HN
S

N

NN

O

Me
O

O Inactive 41.62 ± 1.15 Inactive 34.24 ± 3.11

55i

HN
S

N

NN

O

CO2Me
O

O Inactive 49.40 ± 4.04 Inactive 8.81 ± 0.42

55j

HN
S

N

NN

O

OMe

OHC
O

O Inactive 57.52 ± 6.51 79.18 ± 14.15 9.22 ± 0.48

55k

HN
S

N

NN

O

OMe
OHC

O

O

Inactive 34.51 ± 4.36 39.04 ± 0.37 10.33 ± 0.08
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triazole require hydrophobic phenyl groups to bind lipophilic

sites of action. However, the effect of triazole core structure

on the target site of action and its mode of action remain to be

elucidated.

Conclusion

A series of triazoles-based sulfonamide (5) have been

accomplished via the Click reaction. Cytotoxic activity

Table 2 continued

Compound Cytotoxic activity (IC50, lM)a

HuCCA-1 HepG2 A549 MOLT-3

55l

HN
S

N

NN

O

O

O

O

O

16.12 ± 0.71 12.44 ± 1.71 19.60 ± 2.33 88.97 ± 3.42

55m

HN
S

N

NN

O

O

O
O

O Inactive Inactive Inactive 10.65 ± 0.48

5n

HN
S

N

NN
MeO

MeO
O

O Inactive 23.89 ± 3.00 18.19 ± 0.35 60.99 ± 6.66

55o

HN
S

N

NN
MeO

MeO

O

OHC
O

O Inactive Inactive 28.03 ± 1.63 17.43 ± 0.41

55p

HN
S

N

NN
MeO

MeO

O

O2N
O

O
Inactive Inactive Inactive 10.10 ± 0.27

Etoposideb ND 30.16 ± 0.50 ND 0.051 ± 0.002

Doxorubicinc 0.83 ± 0.07 0.79 ± 0.08 0.44 ± 0.01 ND

Inactive = IC50 [ 50 lg/mL. Cancer cell lines comprise the following: HuCCA-1 human cholangiocarcinoma cell line, HepG2 human hepa-

tocellular carcinoma cell line, A549 human lung carcinoma cell line, MOLT-3 human lymphoblastic leukemia cell line

ND not determined
a The assays were performed in triplicate
b,c Etoposide and doxorubicin were used as reference drugs
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testing revealed that most of the triazole analogs displayed

cytotoxicity against MOLT-3 cell line. It was observed that

the 4-phenoxymethyl-triazole scaffolds, especially meth-

ylbenzoate analog 5i, seem to be the most important core

structure responsible for strong cytotoxic activity (MOLT-3

cells). Significantly, triazoles (5a, 5d, 5l, and 5n) showed

higher cytotoxic activity against HepG2 cells than the con-

trol drug, etoposide. In particular, the 4-phenyl-triazole 5a

was the most potent and promising cytotoxic agent

(IC50 = 9.07 lM). The analog 5a also displayed the highest

inhibition potency against HuCCA-1 cell line (IC50 =

8.65 lM). The synthesis of the novel triazole analogs of

phenethylbenzenesulfonamides 5 provides potential lead

molecules for further drug discovery and development.

Experimental

Chemistry

Column chromatography was carried out using silica gel 60

(70–230 mesh ASTM). Analytical thin-layer chromatogra-

phy (TLC) was performed with silica gel 60 F254 aluminum

sheets. 1H- and 13C-NMR spectra were recorded on a Bruker

AVANCE 300 NMR spectrometer (operating at 300 MHz

for 1H and 75 MHz for 13C). FTIR spectra were obtained

using a universal attenuated total reflectance attached on a

Perkin-Elmer Spectrum One spectrometer. High-resolution

mass spectra (HRMS) were recorded on a Bruker Daltonics

(microTOF). Melting points were determined using a Griffin

melting point apparatus and were uncorrected.

Propynyoxy derivatives (4b–m) were prepared accord-

ing to the literature procedures (Banday et al., 2010) and

confirmed by 1H-NMR spectra.

General procedure for the synthesis of 4-amino-N-

phenethylbenzenesulfonamides (2)

A mixture of nitrosulfonamide 1 (4 mmol) and SnCl2�2
H2O (20 mmol) in absolute ethanol (20 mL) was stirred

under reflux for 4 h then concentrated under reduced

pressure. Water (20 mL) was added and extracted with

EtOAc (3 9 20 mL). The organic extracts were combined

and washed with water (20 mL) and brine (20 mL). The

organic layer was dried over anhydrous sodium sulfate,

filtered, and concentrated. The crude product was recrys-

tallized from methanol.

4-Amino-N-phenethylbenzenesulfonamide (2a)

Light brown solid. 82 %. mp 147–148 �C. IR (UATR)

cm-1: 3460 (NH), 3366 (NH), 3273 (NH), 1597 (ar C=C),

1497 (ar C=C), 1312 (S=O), 1153 (S=O). 1H NMR

(300 MHz, DMSO-d6) d 2.63 (t, J = 8.0 Hz, 2H, ArCH2),

2.82 (br q, 2H, CH2NH), 5.92 (s, 2H, NH2), 6.59 (d,

J = 8.6 Hz, 2H, C30-ArH and C50-ArH), 7.10–7.29 (m,

6H, ArH and NHSO2), 7.40 (d, J = 8.7 Hz, 2H, C20-
ArH and C60-ArH). 13C NMR (75 MHz, DMSO-d6) d 35.2

(CH2), 44.1 (CH2), 112.7 (CH), 126.1 (C), 128.3 (CH),

128.4 (CH), 128.6 (CH), 138.9 (C), 152.4 (C). HRMS–

TOF: m/z [M?Na]? 299.0814 (Calcd for C14H16N2NaO2S:

299.0825).

4-Amino-N-(3,4-dimethoxyphenethyl)benzenesulfonamide

(2b)

Light brown solid. 94 %. mp 144–145 �C. IR (UATR)

cm-1: 3467 (NH), 3371 (NH), 3256 (NH), 1596 (ar C=C),

1515 (ar C=C), 1309 (S=O), 1145 (S=O). 1H NMR

(300 MHz, CDCl3) d 2.68 (t, J = 6.6 Hz, 2H, ArCH2),

3.12 (q, J = 6.6 Hz, 2H, CH2NH), 3.79, 3.83 (2s, 6H,

2 9 OCH3), 4.12 (s, 2H, NH2), 4.30 (br q, 1H, NHSO2),

6.55 (d, J = 1.8 Hz, 1H, C2-ArH), 6.58–6.65 (m, 3H, C6-

ArH, C30-ArH and C50-ArH), 6.74 (d, J = 8.1 Hz, 1H, C5-

ArH), 7.52 (d, J = 8.7 Hz, 2H, C20-ArH and C60-ArH).
13C NMR (75 MHz, CDCl3) d 35.2 (CH2), 44.2 (CH2),

55.8 (OCH3), 55.9 (OCH3), 111.4 (CH), 111.7 (CH), 114.0

(CH), 120.8 (CH), 127.8 (C), 129.2 (CH), 130.3 (C), 147.8

(C), 149.1 (C), 150.5 (C). HRMS–TOF: m/z [M?H]?

337.1224 (Calcd for C16H21N2O4S: 337.1216).

General procedure for the synthesis of 4-azido-N-

phenethylbenzenesulfonamides (3)

To a cool solution of amine 2 (3 mmol) in HCl:CH3COOH

(3:3 mL) at 0 �C, a solution of sodium nitrite (9 mmol) in

water (5 mL) was added. The stirred reaction mixture was

maintained for 15 min and then added dropwise a solution

of sodium azide (9 mmol) in water (5 mL). The reaction

mixture was allowed to stir at room temperature for 0.5 h,

then the precipitate was filtered, washed with cool water,

and recrystallized from methanol.

4-Azido-N-phenethylbenzenesulfonamide (3a)

Light brown solid. 95 %. mp 72–73 �C. IR (UATR) cm-1:

3279 (NH), 2120 (N=N?=N-), 2097 (N=N?=N-), 1588

(ar C=C), 1490 (ar C=C), 1324 (S=O), 1155 (S=O). 1H

NMR (300 MHz, CDCl3) d 2.79 (t, J = 6.8 Hz, 2H,

ArCH2), 3.26 (q, J = 6.8 Hz, 2H, CH2NH), 4.42 (br s, 1H,

NHSO2), 7.08–7.33 (m, 7H, ArH), 7.79 (d, J = 8.5 Hz,

2H, C20-ArH and C60-ArH). 13C NMR (75 MHz, CDCl3) d
35.8 (CH2), 44.2 (CH2), 119.4 (CH), 126.9 (CH), 128.7

(CH), 128.8 (CH), 129.0 (CH), 137.5 (C), 144.6 (C).

HRMS–TOF: m/z [M?Na]? 325.0733 (Calcd for C14H14

N4NaO2S: 325.0741).
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4-Azido-N-(3,4-dimethoxyphenethyl)benzenesulfonamide

(3b)

Light brown solid. 84 %. mp 76–77 �C. IR (UATR) cm-1:

3276 (NH), 2130 (N=N?=N-), 2101 (N=N?=N-), 1589 (ar

C=C), 1517 (ar C=C), 1329 (S=O), 1160 (S=O). 1H NMR

(300 MHz, CDCl3) d 2.69 (t, J = 6.6 Hz, 2H, ArCH2),

3.17 (q, J = 6.6 Hz, 2H, CH2NH), 3.80, 3.83 (2 s, 6H,

2 9 OCH3), 4.44 (t, J = 6.3 Hz, 1H, NHSO2), 6.55 (d,

J = 1.9 Hz, 1H, C2-ArH), 6.59 (dd, J = 8.0, 1.9 Hz, 1H,

C6-ArH), 6.74 (d, J = 8.0 Hz, 1H, C5-ArH), 7.06 (d,

J = 8.8 Hz, 2H, C30-ArH and C50-ArH), 7.73 (d, J =

8.8 Hz, 2H, C20-ArH and C60-ArH). 13C NMR (75 MHz,

CDCl3) d 35.3 (CH2), 44.3 (CH2), 55.8 (OCH3), 55.9

(OCH3), 111.4 (CH), 111.8 (CH), 119.4 (CH), 120.7 (CH),

129.0 (CH), 129.9 (C), 136.0 (C), 144.7 (C), 148.0 (C),

149.2 (C). HRMS–TOF: m/z [M?H]? 363.1119 (Calcd for

C16H19N4O4S: 363.1122).

General procedure for the synthesis of 4-(4-

(substituted)-1H-1,2,3-triazol-1-yl)-N-

phenethylbenzenesulfonamides (5)

To a stirred solution of azido 3 (0.2 mmol) and alkyne

4 (0.2 mmol) in t-BuOH:H2O (3:3 mL), CuSO4�5H2O

(0.2 mmol) and ascorbic acid (0.5 mmol) were added. The

reaction mixture was stirred at room temperature for 2 h,

then concentrated under reduced pressure. The residue was

added water (10 mL) and extracted with dichloromethane

(3 9 20 mL). The combined organic phases were washed

with water (20 mL), dried over anhydrous sodium sulfate,

and evaporated to dryness. The crude product was purified

using silica gel column chromatography and eluted with

methanol:dichloromethane (1:50).

N-Phenethyl-4-(4-phenyl-1H-1,2,3-triazol-1-

yl)benzenesulfonamide (5a)

White solid. 94 %. mp 219–220 �C. IR (UATR) cm-1:

3315 (NH), 1597 (ar C=C), 1504 (ar C=C), 1328 (S=O),

1153 (S=O). 1H NMR (300 MHz, DMSO-d6) d 2.71 (t,

J = 7.5 Hz, 2H, ArCH2), 3.04 (q, J = 6.9 Hz, 2H,

CH2NH), 7.13–7.30 (m, 5H, ArH), 7.41 (t, J = 7.5 Hz, 1H,

ArH), 7.52 (t, J = 7.2 Hz, 2H, ArH), 7.87–8.05 (m, 5H,

ArH and NHSO2), 8.17 (d, J = 8.7 Hz, 2H, ArH), 9.42 (s,

1H, CHN). 13C NMR (75 MHz, DMSO-d6) d 35.7 (CH2),

44.5 (CH2), 120.3 (CH), 120.9 (CH), 125.9 (CH), 126.7

(CH), 128.8 (CH), 128.9 (CH), 129.1 (CH), 129.5 (CH),

130.4 (C), 139.1 (C), 139.5 (C), 140.6 (C), 148.1 (C).

HRMS–TOF: m/z [M?H]? 405.1371 (Calcd for C22H21N4

O2S: 405.1380).

N-Phenethyl-4-(4-(phenoxymethyl)-1H-1,2,3-triazol-1-

yl)benzenesulfonamide (5b)

White solid. 98 %. mp 149–150 �C. IR (UATR) cm-1: 3278

(NH), 1597 (ar C=C), 1496 (ar C=C), 1331 (S=O), 1159

(S=O). 1H NMR (300 MHz, CDCl3) d 2.83 (t, J = 6.8 Hz,

2H, ArCH2), 3.31 (q, J = 6.8 Hz, 2H, CH2NH), 4.56 (t,

J = 6.1 Hz, 1H, NHSO2), 5.34 (s, 2H, CH2O), 7.00–7.38 (m,

10H, ArH), 7.90 (d, J = 8.9 Hz, 2H, ArH), 7.97 (d,

J = 8.9 Hz, 2H, ArH), 8.15 (s, 1H, CHN). 13C NMR

(75 MHz, CDCl3) d 35.8 (CH2), 44.3 (CH2), 61.9 (OCH2),

114.8 (CH), 120.6 (CH), 121.6 (CH), 127.0 (CH), 128.7

(CH), 128.9 (CH), 129.7 (CH), 137.3 (C), 139.7 (C), 140.2

(C), 145.9 (C), 158.0 (C). HRMS–TOF: m/z [M?H]?

435.1473 (Calcd for C23H23N4O3S: 435.1496).

4-(4-((Naphthalen-1-yloxy)methyl)-1H-1,2,3-triazol-1-yl)-

N-phenethylbenzenesulfonamide (5c)

White solid. 76 %. mp 166–167 �C. IR (UATR) cm-1:

3250 (NH), 1596 (ar C=C), 1507 (ar C=C), 1331 (S=O),

1154 (S=O). 1H NMR (300 MHz, CDCl3) d 2.78 (t,

J = 6.8 Hz, 2H, ArCH2), 3.26 (q, J = 6.7 Hz, 2H,

CH2NH), 4.51 (t, J = 6.1 Hz, 1H, NHSO2), 5.50 (s, 2H,

CH2O), 6.95 (d, J = 7.5 Hz, 1H, ArH), 7.11 (dd, J = 7.9,

1.6 Hz, 2H, ArH), 7.17–7.29 (m, 3H, ArH), 7.38 (t,

J = 7.6 Hz, 1H, ArH), 7.42–7.52 (m, 3H, ArH), 7.77–7.96

(m, 5H, ArH), 8.20 (s, 1H, CHN), 8.23–8.28 (m, 1H, ArH).
13C NMR (75 MHz, CDCl3) d 35.8 (CH2), 44.3 (CH2),

62.3 (OCH2), 105.4 (CH), 120.6 (CH), 120.7 (CH), 121.2

(CH), 121.8 (CH), 125.4 (CH), 125.8 (CH), 126.6 (CH),

127.0 (CH), 127.6 (CH), 128.7 (CH), 128.9 (CH), 134.6

(C), 137.3 (C), 139.7 (C), 140.2 (C), 145.9 (C), 153.7 (C).

HRMS–TOF: m/z [M?H]? 485.1652 (Calcd for C27H25

N4O3S: 485.1642).

4-(4-((Naphthalen-2-yloxy)methyl)-1H-1,2,3-triazol-1-yl)-

N-phenethylbenzenesulfonamide (5d)

White solid. 70 %. mp 179–180 �C. IR (UATR) cm-1:

3247 (NH), 1598 (ar C=C), 1505 (ar C=C), 1312 (S=O),

1154 (S=O). 1H NMR (300 MHz, DMSO-d6) d 2.70 (t,

J = 7.6 Hz, 2H, ArCH2), 3.03 (q, J = 7.0 Hz, 2H,

CH2NH), 5.39 (s, 2H, CH2O), 7.12–7.29 (m, 6H, ArH),

7.37 (t, J = 8.1 Hz, 1H, ArH), 7.49 (t, J = 7.9 Hz, 1H,

ArH), 7.56 (d, J = 2.2 Hz, 1H, ArH), 7.81–7.95 (m, 4H,

ArH and NHSO2), 7.98 (d, J = 8.6 Hz, 2H, ArH), 8.16 (d,

J = 8.7 Hz, 2H, ArH), 9.14 (s, 1H, CHN). 13C NMR

(75 MHz, DMSO-d6) d 35.7 (CH2), 44.5 (CH2), 61.5

(OCH2), 107.8 (CH), 119.1 (CH), 121.1 (CH), 123.7 (CH),

124.3 (CH), 126.7 (CH), 127.0 (CH), 127.3 (CH), 128.0

(CH), 128.8 (CH), 128.9 (CH), 129.1 (CH), 129.9 (CH),

134.6 (C), 139.1 (C), 139.4 (C), 140.7 (C), 144.7 (C), 156.3
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(C). HRMS–TOF: m/z [M?H]? 485.1635 (Calcd for

C27H25N4O3S: 485.1642).

N-Phenethyl-4-(4-((p-tolyloxy)methyl)-1H-1,2,3-triazol-1-

yl)benzenesulfonamide (5e)

White solid. 75 %. mp 150–151 �C. IR (UATR) cm-1:

3273 (NH), 1597 (ar C=C), 1508 (ar C=C), 1331 (S=O),

1159 (S=O). 1H NMR (300 MHz, CDCl3) d 2.32 (s, 3H,

ArCH3), 2.82 (t, J = 6.8 Hz, 2H, ArCH2), 3.30 (q,

J = 6.4 Hz, 2H, CH2NH), 4.55 (br s, 1H, NHSO2), 5.31 (s,

2H, CH2O), 6.94 (d, J = 8.6 Hz, 2H, ArH), 7.08–7.17 (m,

4H, ArH), 7.22–7.33 (m, 3H, ArH), 7.90 (d, J = 8.8 Hz,

2H, ArH), 7.97 (d, J = 8.8 Hz, 2H, ArH), 8.14 (s, 1H,

CHN). 13C NMR (75 MHz, CDCl3) d 20.5 (CH3), 35.8

(CH2), 44.3 (CH2), 62.0 (OCH2), 114.6 (CH), 120.6 (CH),

127.0 (CH), 128.7 (CH), 128.9 (CH), 130.1 (CH), 130.9

(C), 137.3 (C), 139.7 (C), 140.2 (C), 146.0 (C), 155.9 (C).

HRMS–TOF: m/z [M?H]? 449.1641 (Calcd for C24H25N4

O3S: 449.1642).

4-(4-((4-Formylphenoxy)methyl)-1H-1,2,3-triazol-1-yl)-N-

phenethylbenzenesulfonamide (5f)

White solid. 79 %. mp 141–142 �C. IR (UATR) cm-1:

3267 (NH), 1687 (C=O), 1597 (ar C=C), 1507 (ar C=C),

1330 (S=O), 1158 (S=O). 1H NMR (300 MHz, CDCl3) d
2.83 (t, J = 6.8 Hz, 2H, ArCH2), 3.31 (q, J = 6.8 Hz, 2H,

CH2NH), 4.62 (t, J = 6.1 Hz, 1H, NHSO2), 5.42 (s, 2H,

CH2O), 7.08–7.34 (m, 7H, ArH), 7.85–8.01 (m, 6H, ArH),

8.19 (s, 1H, CHN), 9.92 (s, 1H, CHO). 13C NMR (75 MHz,

CDCl3) d 35.8 (CH2), 44.3 (CH2), 62.0 (OCH2), 115.1

(CH), 120.7 (CH), 120.9 (CH), 127.0 (CH), 128.7 (CH),

128.9 (CH), 129.0 (CH), 130.6 (C), 132.1 (CH), 137.3 (C),

139.5 (C), 140.5 (C), 144.8 (C), 162.9 (C), 190.7 (C=O).

HRMS–TOF: m/z [M?H]? 463.1428 (Calcd for C24H23N4

O4S: 463.1434).

4-(4-((4-Nitrophenoxy)methyl)-1H-1,2,3-triazol-1-yl)-N-

phenethylbenzenesulfonamide (5g)

White solid. 93 %. mp 192–193 �C. IR (UATR) cm-1:

3280 (NH), 1590 (ar C=C), 1506 (ar C=C), 1338 (S=O),

1158 (S=O). 1H NMR (300 MHz, DMSO-d6) d 2.70 (t,

J = 7.6 Hz, 2H, ArCH2), 3.03 (q, J = 6.9 Hz, 2H,

CH2NH), 5.45 (s, 2H, CH2O), 7.13–7.35 (m, 7H, ArH),

7.91 (t, J = 5.7 Hz, 1H, NHSO2), 7.98 (d, J = 8.7 Hz, 2H,

ArH), 8.14 (d, J = 8.7 Hz, 2H, ArH), 8.25 (d, J = 9.0 Hz,

2H, ArH), 9.11 (s, 1H, CHN). 13C NMR (75 MHz, DMSO-

d6) d 35.7 (CH2), 44.5 (CH2), 62.2 (OCH2), 115.9 (CH),

121.2 (CH), 124.0 (CH), 126.4 (CH), 126.7 (CH), 128.8

(CH), 128.9 (CH), 129.1 (CH), 139.0 (C), 139.3 (C), 140.8

(C), 141.7 (C), 143.8 (C), 163.6 (C). HRMS–TOF: m/

z [M?H]? 480.1337 (Calcd for C23H22N5O5S: 480.1336).

N-Phenethyl-4-(4-((o-tolyloxy)methyl)-1H-1,2,3-triazol-1-

yl)benzenesulfonamide (5h)

White solid. 91 %. mp 172–173 �C. IR (UATR) cm-1:

3187 (NH), 1594 (ar C=C), 1496 (ar C=C), 1333 (S=O),

1161 (S=O). 1H NMR (300 MHz, DMSO-d6) d 2.16 (s, 3H,

ArCH3), 2.70 (t, J = 7.6 Hz, 2H, ArCH2), 3.02 (q,

J = 7.1 Hz, 2H, CH2NH), 5.26 (s, 2H, CH2O), 6.83–6.90

(m, 1H, ArH), 7.12–7.29 (m, 8H, ArH), 7.91 (t, J =

5.7 Hz, 1H, NHSO2), 7.98 (d, J = 8.8 Hz, 2H, ArH), 8.15

(d, J = 8.8 Hz, 2H, ArH), 9.06 (s, 1H, CHN). 13C NMR

(75 MHz, DMSO-d6) d 16.5 (CH3), 35.7 (CH2), 44.5

(CH2), 61.7 (OCH2), 112.4 (CH), 121.1 (CH), 121.2 (CH),

123.3 (CH), 126.5 (C), 126.7 (CH), 127.4 (CH), 128.8

(CH), 129.1 (CH), 131.0 (CH), 139.0 (C), 139.4 (C), 140.7

(C), 145.2 (C), 156.5 (C). HRMS–TOF: m/z [M?H]?

449.1629 (Calcd for C24H25N4O3S: 449.1642).

Methyl 2-((1-(4-(N-phenethylsulfamoyl)phenyl)-1H-1,2,3-

triazol-4-yl)methoxy)benzoate (5i)

White solid. 88 %. mp 135–136 �C. IR (UATR) cm-1:

3275 (NH), 1717 (C=O), 1599 (ar C=C), 1490 (ar C=C),

1307 (S=O), 1159 (S=O). 1H NMR (300 MHz, CDCl3) d
2.82 (t, J = 6.8 Hz, 2H, ArCH2), 3.31 (br t, 2H, CH2NH),

3.92 (s, 3H, CO2CH3), 4.62 (br s, 1H, NHSO2), 5.44 (s, 2H,

CH2O), 7.04–7.33 (m, 7H, ArH), 7.49–7.57 (m, 1H, ArH),

7.85–8.00 (m, 5H, ArH), 8.36 (s, 1H, CHN). 13C NMR

(75 MHz, CDCl3) d 35.8 (CH2), 44.3 (CH2), 52.0 (OCH3),

63.4 (OCH2), 114.1 (CH), 120.6 (CH), 121.1 (C), 121.3

(CH), 127.0 (CH), 128.7 (CH), 128.9 (CH), 131.8 (CH),

133.8 (C), 137.4 (C), 139.7 (C), 140.1 (C), 157.8 (C), 166.2

(C=O). HRMS–TOF: m/z [M?Na]? 515.1359 (Calcd for

C25H24N4NaO5S: 515.1371).

4-(4-((4-Formyl-2-methoxyphenoxy)methyl)-1H-1,2,3-

triazol-1-yl)-N-phenethylbenzenesulfonamide (5j)

Pale yellow solid. 76 %. mp 100–101 �C. IR (UATR)

cm-1: 3300 (NH), 1677 (C=O), 1586 (ar C=C), 1504 (ar

C=C), 1334 (S=O), 1156 (S=O). 1H NMR (300 MHz,

CDCl3) d 2.78 (t, J = 6.8 Hz, 2H, ArCH2), 3.26 (q,

J = 6.7 Hz, 2H, CH2NH), 3.92 (s, 3H, OCH3), 4.67 (t,

J = 6.1 Hz, 1H, NHSO2), 5.44 (s, 2H, CH2O), 7.06 (dd,

J = 7.9, 1.7 Hz, 2H, ArH), 7.18–7.28 (m, 4H, ArH),

7.40–7.47 (m, 2H, ArH), 7.85 (d, J = 8.8 Hz, 2H, ArH),

7.92 (d, J = 8.7 Hz, 2H, ArH), 8.18 (s, 1H, CHN), 9.84 (s,

1H, CHO). 13C NMR (75 MHz, CDCl3) d 35.8 (CH2), 44.3

(CH2), 56.1 (OCH3), 62.7 (OCH2), 109.5 (CH), 112.6

(CH), 120.7 (CH), 121.2 (C), 126.6 (CH), 127.0 (CH),
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128.7 (CH), 128.9 (CH), 130.9 (C), 137.4 (C), 139.5 (C),

140.4 (C), 150.0 (C), 152.8 (C), 190.9 (C=O). HRMS–

TOF: m/z [M?H]? 493.1545 (Calcd for C25H25N4O5S:

493.1540).

4-(4-((5-Formyl-2-methoxyphenoxy)methyl)-1H-1,2,3-

triazol-1-yl)-N-phenethylbenzenesulfonamide (5k)

Light brown solid. 71 %. mp 204–205 �C. IR (UATR)

cm-1: 3304 (NH), 1686 (C=O), 1583 (ar C=C), 1514 (ar

C=C), 1335 (S=O), 1162 (S=O). 1H NMR (300 MHz,

DMSO-d6) d 2.70 (t, J = 6.8 Hz, 2H, ArCH2), 3.02 (q,

J = 6.8 Hz, 2H, CH2NH), 3.87 (s, 3H, OCH3), 5.33 (s, 2H,

CH2O), 7.13–7.30 (m, 6H, ArH), 7.62 (dd, J = 8.2, 1.7 Hz,

1H, ArH), 7.66 (d, J = 1.7 Hz, 1H, ArH), 7.90 (t,

J = 5.7 Hz, 1H, NHSO2), 7.98 (d, J = 8.7 Hz, 2H, ArH),

8.15 (d, J = 8.7 Hz, 2H, ArH), 9.07 (s, 1H, CHN), 9.86 (s,

1H, CHO). 13C NMR (75 MHz, DMSO-d6) d 35.7 (CH2),

44.5 (CH2), 56.4 (OCH3), 62.1 (OCH2), 112.2 (CH), 112.3

(CH), 121.1 (CH), 123.9 (CH), 126.7 (CH), 126.9 (CH),

128.8 (CH), 129.1 (CH), 130.1 (C), 139.1 (C), 139.4 (C),

140.8 (C), 144.3 (C), 148.2 (C), 155.0 (C), 191.8 (C=O).

HRMS–TOF: m/z [M?H]? 493.1536 (Calcd for C25H25

N4O5S: 493.1540).

4-(4-(((2-Oxo-2H-chromen-7-yl)oxy)methyl)-1H-1,2,3-

triazol-1-yl)-N-phenethylbenzenesulfonamide (5l)

White solid. 77 %. mp 130–131 �C. IR (UATR) cm-1:

3246 (NH), 1718 (C=O), 1618 (C=C), 1595 (ar C=C), 1505

(ar C=C), 1277 (S=O), 1153 (S=O). 1H NMR (300 MHz,

CDCl3) d 2.79 (t, J = 6.8 Hz, 2H, ArCH2), 3.27 (q,

J = 6.6 Hz, 2H, CH2NH), 4.60 (t, J = 5.8 Hz, 1H,

NHSO2), 5.35 (s, 2H, CH2O), 6.26 (d, J = 9.5, 1H,

COCH=CH), 6.91–6.98 (m, 2H, ArH), 7.07 (d, J = 6.6 Hz,

2H, ArH), 7.17–7.29 (m, 3H, ArH), 7.40 (d, J = 9.2 Hz,

1H, ArH), 7.63 (d, J = 9.5 Hz, 1H, COCH=CH), 7.87 (d,

J = 8.7 Hz, 2H, ArH), 7.93 (d, J = 8.7 Hz, 2H, ArH),

8.50 (s, 1H, CHN). 13C NMR (75 MHz, CDCl3) d 35.8

(CH2), 44.3 (CH2), 62.2 (OCH2), 102.2 (CH), 112.7 (CH),

113.2 (CH), 113.7 (CH), 120.7 (CH), 121.0 (C), 127.0

(CH), 128.7 (CH), 128.9 (CH), 129.0 (CH), 137.4 (C),

139.5 (C), 140.4 (C), 143.2 (C), 155.8 (C), 161.0 (C), 161.1

(C). HRMS–TOF: m/z [M?H]? 503.1392 (Calcd for

C26H23N4O5S: 503.1384).

4-(4-(((2-Oxo-2H-chromen-4-yl)oxy)methyl)-1H-1,2,3-

triazol-1-yl)-N-phenethylbenzenesulfonamide (5m)

White solid. 77 %. mp 181–182 �C. IR (UATR) cm-1:

3147 (NH), 1719 (C=O), 1624 (C=C), 1328 (S=O), 1157

(S=O). 1H NMR (300 MHz, DMSO-d6) d 2.70 (t,

J = 6.8 Hz, 2H, ArCH2), 3.02 (q, J = 6.8 Hz, 2H,

CH2NH), 5.56 (s, 2H, CH2O), 6.22 (s, 1H, COCH),

7.13–7.46 (m, 5H, ArH), 7.36 (t, J = 8.0, 1H, ArH), 7.43

(d, J = 7.8 Hz, 1H, ArH), 7.66 (dt, J = 8.0, 1.4 Hz, 1H,

ArH), 7.85 (dd, J = 7.9, 1.4 Hz, 1H, ArH), 7.92 (t,

J = 5.7 Hz, 1H, NHSO2), 7.99 (d, J = 8.8 Hz, 2H, ArH),

8.18 (d, J = 8.8 Hz, 2H, ArH), 9.21 (s, 1H, CHN). 13C

NMR (75 MHz, DMSO-d6) d 35.7 (CH2), 44.5 (CH2), 63.2

(OCH2), 92.0 (CH), 115.5 (CH), 116.9 (CH), 121.2 (CH),

123.5 (CH), 124.1 (CH), 124.7 (CH), 126.7 (CH), 128.8

(CH), 128.9 (CH), 133.3 (C), 139.0 (C), 139.3 (C), 140.9

(C), 143.1 (C), 153.3 (C), 162.0 (C), 164.8. HRMS–TOF:

m/z [M?H]? 503.1383 (Calcd for C26H23N4O5S:

503.1384).

N-(3,4-Dimethoxyphenethyl)-4-(4-phenyl-1H-1,2,3-triazol-

1-yl)benzenesulfonamide (5n)

Pale yellow solid. 94 %. mp 147–148 �C. IR (UATR)

cm-1: 3271 (NH), 1596 (ar C=C), 1516 (ar C=C), 1330

(S=O), 1157 (S=O). 1H NMR (300 MHz, CDCl3) d 2.74 (t,

J = 6.8 Hz, 2H, ArCH2), 3.26 (q, J = 6.8 Hz, 2H,

CH2NH), 3.78, 3.81 (2s, 6H, 2 9 OCH3), 4.59 (t,

J = 6.2 Hz, 1H, NHSO2), 6.56 (d, J = 1.7 Hz, 1H, C2-

ArH), 6.61 (dd, J = 8.1,1.7 Hz, 1H, C6-ArH), 6.74 (d,

J = 8.1 Hz, 1H, C5-ArH), 7.35–7.50 (m, 3H, ArH),

7.87–7.98 (m, 6H, ArH), 8.27 (s, 1H, CHN). 13C NMR

(75 MHz, CDCl3) d 35.4 (CH2), 44.4 (CH2), 55.9 (OCH3),

56.0 (OCH3), 111.6 (CH), 111.9 (CH), 117.3 (CH), 120.5

(CH), 120.8 (CH), 126.0 (CH), 128.8 (CH), 128.9 (CH),

129.7 (C), 129.9 (C), 139.7 (C), 140.0 (C), 148.1 (C), 149.0

(C), 149.2 (C). HRMS–TOF: m/z [M?H]? 465.1590

(Calcd for C24H25N4O4S: 465.1591).

N-(3,4-Dimethoxyphenethyl)-4-(4-((4-

formylphenoxy)methyl)-1H-1,2,3-triazol-1-

yl)benzenesulfonamide (5o)

Light brown solid. 90 %. mp 143–144 �C. IR (UATR)

cm-1: 3262 (NH), 1688 (C=O), 1597 (ar C=C), 1508 (ar

C=C), 1330 (S=O), 1159 (S=O). 1H NMR (300 MHz,

CDCl3) d 2.73 (t, J = 6.5 Hz, 2H, ArCH2), 3.24 (q,

J = 6.2 Hz, 2H, CH2NH), 3.76, 3.80 (2s, 6H, 2 9 OCH3),

4.58 (t, J = 6.0 Hz, 1H, NHSO2), 5.38 (s, 2H, CH2O), 6.55

(br d, 1H, C2-ArH), 6.60 (d, J = 7.8 Hz, 1H, C6-ArH),

6.73 (d, J = 8.1 Hz, 1H, C5-ArH), 7.81–7.96 (m, 6H,

ArH), 7.12 (d, J = 8.6 Hz, 2H, ArH), 8.17 (s, 1H, CHN),

9.88 (s, 1H, CHO). 13C NMR (75 MHz, CDCl3) d 35.4

(CH2), 44.4 (CH2), 55.8 (OCH3), 55.9 (OCH3), 62.0

(OCH2), 111.5 (CH), 111.8 (CH), 115.1 (CH), 120.6 (CH),

120.7 (CH), 120.8 (C), 121.0 (C), 128.9 (C), 129.8 (C),

130.6 (C), 132.0 (CH), 139.5 (C), 140.4 (C), 144.7 (C),

148.1 (C), 149.2 (C), 162.9 (C), 190.7 (C=O). HRMS–

1778 Med Chem Res (2014) 23:1768–1780
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TOF: m/z [M?H]? 523.1650 (Calcd for C26H27N4O6S:

523.1646).

N-(3,4-Dimethoxyphenethyl)-4-(4-((4-

nitrophenoxy)methyl)-1H-1,2,3-triazol-1-

yl)benzenesulfonamide (5p)

Light brown solid. 95 %. mp 183–184 �C. IR (UATR)

cm-1: 3257 (NH), 1593 (ar C=C), 1519 (ar C=C), 1343

(S=O), 1160 (S=O). 1H NMR (300 MHz, DMSO-d6) d
2.62 (t, J = 7.4 Hz, 2H, ArCH2), 3.03 (q, J = 7.0 Hz, 2H,

CH2NH), 3.65, 3.68 (2s, 6H, 2 9 OCH3), 5.45 (s, 2H,

CH2O), 6.64 (dd, J = 8.1, 1.8 Hz, 1H, C6-ArH), 6.72 (d,

J = 1.7 Hz, 1H, C2-ArH), 6.78 (d, J = 8.2 Hz, 1H, C5-

ArH), 7.32 (d, J = 9.3 Hz, 2H, C200-ArH and C600-ArH),

7.85 (t, J = 5.6 Hz, 1H, NHSO2), 7.94 (d, J = 8.7 Hz, 2H,

C30-ArH and C50-ArH), 8.11 (d, J = 8.7 Hz, 2H, C20-
ArH and C60-ArH), 8.25 (d, J = 9.2 Hz, 2H, C300-ArH and

C500-ArH), 9.09 (s, 1H, CHN). 13C NMR (75 MHz,

DMSO-d6) d 35.3 (CH2), 44.7 (CH2), 55.8 (OCH3), 55.9

(OCH3), 62.2 (OCH2), 112.2 (CH), 113.0 (CH), 115.9

(CH), 121.0 (CH), 123.9 (CH), 126.4 (CH), 128.8 (CH),

131.4 (C), 139.2 (C), 140.9 (C), 141.7 (C), 143.8 (C), 147.8

(C), 149.0 (C), 163.6 (C). HRMS–TOF: m/z [M?H]?

540.1563 (Calcd for C25H26N5O7S: 540.1548).

Cytotoxic assay

The cells suspended in the corresponding culture medium

were inoculated in 96-well microtiter plates (Corning Inc.,

NY, USA) at a density of 10,000–20,000 cells per well, and

incubated for 24 h at 37 �C in a humidified atmosphere

with 95 % air and 5 % CO2. An equal volume of additional

medium containing either the serial dilutions of the test

compounds, positive control (etoposide and/or doxorubi-

cin) or negative control (DMSO) was added to the desired

final concentrations, and the microtiter plates were further

incubated for an additional 48 h. The number of surviving

cells in each well was determined using MTT assay (Car-

michael et al., 1987; Mosmann, 1983) (for adherent cells:

HuCCA-1, HepG2, and A549 cells) and XTT assay (Doyle

and Griffiths, 1997) (for suspended cells: MOLT-3 cells).

The IC50 value is defined as the drug (or compound) con-

centration that inhibits cell growth by 50 % (relative to

negative control).
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Abstract A series of arylsulfonyl mono-indoles (10–15),
bis-indoles (16–27), and tris-indoles (28–32) have been syn-
thesized and evaluated for their cytotoxicity toward four
human cancer cell lines including HuCCA-1 (cholangiocar-
cinoma), HepG2 (hepatocellular carcinoma), A-549 (lung
carcinoma), and MOLT-3 (lymphoblastic leukemia). Most
of the synthesized indoles displayed cytotoxicity against
the MOLT-3 cell line except for analogs 16, 17, and
32. Significantly, the N -sulfonylphenolic bis-indole series
(18–27) and the N -chlorobenzenesulfonyl tris-indole (30)
showed higher antiproliferative activity against HepG2 cell
than the reference drug, etoposide. Promisingly, the N -
chlorobenzenesulfonyl bis-indole (20) and tris-indole (30)
provided 3-fold and 2-fold stronger activity, respectively,
against HepG2 cell than etoposide. Moreover, the phenolic
bis-indole (20) was also shown to be the most potent cyto-
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toxic agent against HuCCA-1 and A-549 cell lines with IC50

values of 7.75 and 8.74 µM, respectively. The tris-indole
analogs 28, 29, and 31 also exhibited selectivity against
MOLT-3 cell. The findings disclosed that N -arylsulfonyl bis-
indoles-bearing phenolic groups are potentially interesting
lead pharmacophores of anticancer agents that should be fur-
ther investigated in more detail.

Keywords Indole · Sulfonamide · Heteropoly acid ·
Antiproliferative activity · Structure–activity relationship

Introduction

Several natural products containing the indole ring sys-
tem have received much interest due to their potent bio-
logical activities especially anticancer properties [1–4]. For
instance, convolutamydine A (1), an indolin-2-one isolated
from the Floridian bryozoans Amathia convoluta, was found
to exhibit potent activity in the differentiation of HL-60
human promyelocytic leukemic cells [5]. Furthermore, 3,3-
di(indol-3-yl)-indolin-2-one (2) isolated from the expres-
sion of Rhodococcus-derived oxygenase gene in Escherichia
coli has been shown to exert cytotoxic effects toward both
parental (MES-SA and HCT15) and multidrug-resistant
(MDR; MES-SA/DX5 and HCT15/CL02) cell lines. It was
found to be more effective in killing MDR cancer cells when
compared with the control drug, etoposide [6].

Recently, a series of synthetic di(indolyl)indolin-2-ones
(3) have been reported to display anticancer potencies
without affecting normal cell lines [7]. Bis-indolylmethane
(BIM) is recognized as one of the scaffolds that are
found in many natural products isolated from both ter-
restrial and marine natural sources [8]. BIMs also exhibit
a broad range of bioactivities including anticancer activ-
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ity against several common cancer cell lines [9]. Among
the family of BIM, 3,3′-bis-indolylmethane (4) is a major
metabolite of the anticancer agent belonging to indole-
3-carbinol, which is found in vegetables of the Brassica
genus. It has been shown to inhibit the proliferation of both
estrogen-dependent and -independent breast cancer cell lines
[10,11]. (±)-Gelliusines A and B (5), brominated tris-indole
alkaloids isolated from the deep water New Caledonian
sponge Gellius or Orina sp., could inhibit cancer cell lines
(e.g., KB, P-388, P-388/dox, HT-29, and NSCLCN-6) with
IC50 values in the range of 10–20 µg/mL [12]. In addi-
tion, bengacarboline (6) as cyclic tris-indolylmethane, iso-
lated from the Fijian ascidian Didemnum sp., displayed
in vitro cytotoxicity on a wide range of tumor cell lines
with a mean IC50 value of 0.9 µg/mL. It acted as an
inhibitor of topoisomerase II at 32 µM [13]. The syn-
thetic tris-indolylmethane analogs 7 and 8 of bengacarbo-
line were shown to be more potent cytotoxic agents than
the parent compound (6). Analogs 7 and 8 exhibited anti-
cancer activity as well as the ability to induce the accu-
mulation of cells in the S phase of DNA synthesis [14]
(Fig. 1).

Recently, our group had reported the synthesis and
cytotoxic activity of N,N ′-(2,2′-(2,2′-(aryl-methylene)bis
(1H -indole-3,2-diyl)bis(ethane-2,1-diyl)bis(4-nitrobenzen-
esulfonamide) derivatives 9 (Fig. 2) [15]. The study revealed
that the phenolic hydroxyl group plays an important role
in cytotoxicity. Particularly, the ortho- and para-hydroxy
phenyl (R = OH) BIM analogs (9b and 9c) displayed cyto-
toxic potency toward HepG2 and MOLT-3 cancer cell lines,

NH

NHS

O2N

O
O

HN

HN S
O

O

NO2

9a : R = H
9b : R = 2-OH
9c : R = 4-OH

R

Fig. 2 Cytotoxic N -4-nitrobenzenesulfonyl-bis-indole derivatives (9)

whereas the unsubstituted phenyl (R = H) BIM compound
9a was shown to be inactive.

Considering the reported cytotoxic property of indoles in
the mono-, bis-, and tris-form, their indole rings were substi-
tuted at various positions, particularly at C-2, C-3, C-2,3, or
C-2,3,3. It was noted that the indole moiety of the compounds
was mostly substituted at the C-3 position. Taken together,
we designed and synthesized indole analogs having sulfon-
amides at the C-3 position as a continuation of our ongoing
efforts in the design of indole scaffolds that afford potential
chemotherapeutic activities. The strategic design of the target
indole analogs (10–32) was based on the reported literature
and turned out as follows (Fig. 3):

(i) use the mono-indole (type I), bis-indole (type II–IV),
and tris-indole (typeV) as core structures having 3-
benzenesulfonamide moieties;
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(ii) use different electron-donating or -withdrawing groups
substituted on aryl rings of the benzenesulfonamide
moiety (R = NO2, OMe, Me, Cl); and

(iii) vary the substitution on the phenyl ring of the bis-indole
portion (X = H, OH).

In this study, we employed the Friedel–Crafts reaction
for the synthesis of BIM and tris-indole core structures as
potential anticancer agents that are catalyzed by tungstosili-
cic acid hydrate (H4O40SiW12 ·aq). Thus far, the catalyst has
received considerable attention owing to its environmental-
friendly property, high catalytic activities, commercial avail-
ability, high stability toward humidity and air, as well as
ease of handing [15–18]. Herein, the antiproliferative activ-
ity of the synthesized indole analogs on cancer cell lines,
as well as their structure–activity relationship (SAR), is
reported.

Results and discussion

Chemistry

Five series of N -arylsulfonylindole derivatives mono-indoles
(type I), bis-indoles (type II–IV), and tris-indoles (type V)
were synthesized. Various mono-indoles 10–15 were read-
ily prepared by the condensation of tryptamine with corre-
sponding arylsulfonyl chlorides in the presence of sodium
carbonate in good yields (85–95 %) as shown in Scheme 1
[15]. Subsequently, alkylations of N -sulfonyltryptamines
11–15 with benzaldehyde (a), o-hydroxybenzaldehyde (b),
or p-hydroxybenzaldehyde (c) catalyzed by 20 mol %
H4O40SiW12 · aq in acetonitrile were investigated. The reac-
tions readily furnished three series of BIMs (type II–IV) in
moderate to good yields (38–75 %) (Scheme 2).

Structures of the desired bis-indoles (16–27) were charac-
terized by 1H NMR spectra, which showed the existence of

a singlet of methine proton at δ in the range of 5–7 ppm indi-
cating that the alkylation products (16–27) were formed. In
addition, the spectra displayed a typical symmetrical signal
of two N -arylsulfonyl tryptamine parts.

Analogously, treatment of the N -sulfonyltryptamines
11–15 with isatin (d) under similar conditions gave the
desired tris-indoles (28–32) (Scheme 2). To the best of our
knowledge, these are the first few reports using the applica-
tion of this catalyst for the synthesis of tris-indoles (28–32).
1H NMR spectra of tris-indoles displayed the presence of a
symmetrical signal of two N -sulfonyltryptamine moieties,
while the indolinone scaffold showed the NH amide singlet
proton at δ in the range of 10–11 ppm. 13C NMR signal
showed the rest of the amide carbonyls in the δ range of
170–180 ppm. These observations confirmed that the alky-
lation took place at a ketone group. The structures of all
obtained compounds were further supported by 2D NMR,
IR, and HRMS.

A plausible mechanism for the formation of BIMs and
TIMs may be rationalized by the nucleophilic addition of
indole to the carbonyl component, the formation of a vinyl-
ogous iminium ion by losing a water molecule, followed by
re-addition of another molecule of indole [15].

Anticancer activity

The cytotoxicity [19] of the synthesized mono-indole
(10–15), bis-indole (16–27), and tris-indole (28–32) analogs
was evaluated against HuCCA-1, HepG2, A549, and MOLT-
3 human cancer cell lines as summarized in Table 1.

Most compounds of the mono-indole series (10–15)
showed poor cytotoxicity against all of the tested cell lines,
whereas p-chloro (13) and m-nitro (14) derivatives were
inactive toward HuCCA-1 cells. The o-nitro compound (15)
was shown to be selectively active against MOLT-3 cells.
Significant cytotoxicities were noted for phenolic bis-indoles
(18–27) and tris-indoles (28–32) against the tested cell lines.
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Scheme 1 Synthesis of
N -(2-(1H -indol-3-yl)ethyl)-
benzenesulfonamides
(10–15)
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Scheme 2 Synthesis of bis-indole and tris-indole derivatives (16–32)

Structure–activity relationship (SAR)

As noted, the phenolic bis-indole and tris-indole core struc-
tures bear diverse substituents (R1–R3) on the aryl ring of the
benzenesulfonamide moiety. Thus, SAR information of the
compounds is discussed as follows.

Cytotoxic potencies were totally lost when mono-indoles
(10, 11, and 12) were alkylated with benzaldehyde to form
bis-indoles (9a, 16, and 17) incorporating the phenyl ring.
The results indicated that the bis-indoles required a pheno-
lic moiety for their cytotoxicities. Notably, this was seen for
bis-indole analogs (18–27) bearing o- and p-hydroxyl groups
(phenolics) that exhibited greater activity than their phenyl
counterparts (16 and 17). The results were in accordance with
the previous observation for bis-indoles (9b and 9c vs. 9a)
[15]. It was suggested that compounds 9b and 9c required H-
bonding from the phenolic moiety for their cytotoxic activi-
ties. Para-substitution (R3 = Me, OMe, Cl) on the benzene-
sulfonamide group of bis-indoles (18–20, 23–25) displayed
superior inhibitory potency than analogs containing o-, m-,
and p-nitro groups (9b, 9c, 21–22, 26–27) against HuCCA-
1, HepG2, and A549 cells. Apparently, the cytotoxic potency
decreased in the following series: Cl > Me > OMe > NO2.
In the case of nitro group substitutions on the benzenesul-
fonyl moiety, they were shown to afford different cytotoxic-

ity. Particularly, the results showed that the nitro group at the
ortho site was preferred over the para and meta positions as
observed for compounds 22 vs. 9b and 21, as well as 27 vs.
9c and 26 against HuCCA-1 cell. It should be noted that all
bis-indoles (9b, 9c, 18–27) containing phenolic groups dis-
played antiproliferative activity against HepG2 and MOLT-3
cell lines. Significantly, they were shown to exhibit higher
activity against the HepG2 cell than the control drug etopo-
side, in which the chloro derivative 20 had the lowest IC50

value of 8.62 µM (i.e., 3-fold stronger activity than etopo-
side). This may be attributed to the hydrophobic effect of
the Cl group, which enhanced the absorption of the com-
pound into the cells. Moreover, analog 20 also showed the
highest potency toward HuCCA-1 and A549 cells. Cytotox-
icity tests in MOLT-3 cell line of bis-indoles bearing the
phenol ring reported IC50 in the range of 2.04 − 9.95 µM,
whereas the bis-indole 9c was shown to be the most potent
compound. At this point, it was observed that substituents
(R3) on the benzene sulfonamide moiety and the phenolic
group of bis-indoles played important roles in cytotoxicity.
The most remarkable activity against HepG2 was seen for
compound 20 (R3 = Cl) possessing the o-phenolic group.
On the other hand, the p-nitro bis-indole (9c, R3 = NO2)
showed the most potent cytotoxicity against the MOLT-3 cell
line.
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Table 1 Cytotoxic activity of
compounds (10–32) against four
cancer cell lines

Inactive = IC50 > 50 µg/mL
Cancer cell lines comprise the
following: HuCCA-1 human
cholangiocarcinoma cancer cell,
HepG2 human hepatocellular
carcinoma cell line, A549
human lung carcinoma cell line,
MOLT-3 human lymphoblastic
leukemia cell line
a The assays were performed in
triplicate
b Data from reference number
15
c,d Etoposide and doxorubicin
were used as reference
drugs
ND not determined

Compounds R1 R2 R3 Cytotoxic activity (IC50,µM)a

HuCCA-1 HepG2 A549 MOLT-3

10 H H NO2 136.09 ± 1.14 95.55 ± 2.82 124.50 ± 1.41 68.91 ± 2.63

11 H H Me 128.18 ± 1.53 83.75 ± 4.73 132.00 ± 2.12 50.41 ± 1.69

12 H H OMe 134.69 ± 6.36 86.77 ± 2.08 119.55 ± 0.71 50.15 ± 1.41

13 H H Cl Inactive 69.68 ± 2.89 71.68 ± 0.64 46.23 ± 1.65

14 H NO2 H Inactive 99.40 ± 4.04 128.85 ± 4.95 54.38 ± 2.34

15 NO2 H H Inactive Inactive Inactive 59.21 ± 3.13

9ab H H NO2 Inactive Inactive Inactive Inactive

16 H H Me Inactive Inactive Inactive Inactive

17 H H OMe Inactive Inactive Inactive Inactive

9bb H H NO2 Inactive 22.23 ± 2.08 Inactive 4.97 ± 0.13

18 H H Me 15.69 ± 0.71 11.15 ± 1.44 64.13 ± 1.41 6.94 ± 0.90

19 H H OMe 30.72 ± 0.71 18.73 ± 2.08 47.06 ± 2.83 7.35 ± 0.54

20 H H Cl 7.75 ± 0.37 8.62 ± 1.04 8.74 ± 0.79 6.06 ± 0.81

21 H NO2 H Inactive 26.00 ± 4.04 Inactive 5.47 ± 0.68

22 NO2 H H 61.65 ± 1.41 22.02 ± 3.79 Inactive 9.95 ± 0.82

9cb H H NO2 Inactive 22.02 ± 2.08 Inactive 2.04 ± 0.10

23 H H Me 14.33 ± 2.12 9.55 ± 1.73 15.69 ± 0.71 6.30 ± 0.91

24 H H OMe 33.99 ± 1.41 13.30 ± 1.44 Inactive 7.22 ± 1.21

25 H H Cl 9.69 ± 0.16 9.91 ± 1.04 12.39 ± 0.58 7.13 ± 0.34

26 H NO2 H Inactive 26.00 ± 1.15 Inactive 8.49 ± 1.19

27 NO2 H H 20.93 ± 3.76 9.94 ± 1.93 Inactive 5.06 ± 0.56

28 H H Me Inactive Inactive Inactive 5.49 ± 0.58

29 H H OMe Inactive Inactive Inactive 53.84 ± 8.25

30 H H Cl 15.95 ± 0.37 12.52 ± 0.58 Inactive 6.25 ± 0.35

31 H NO2 H Inactive Inactive Inactive 31.57 ± 4.71

32 NO2 H H Inactive Inactive Inactive Inactive

Etoposidec ND 30.92 ± 5.35 ND 0.032 ± 0.001

Doxorubicind 0.79 ± 0.06 1.01 ± 0.13 0.70 ± 0.11 ND

All of the tris-indoles (28–32) displayed cytotoxic activ-
ities against MOLT-3 cells except for o-nitro analog 32. In
addition, analog 32 also exhibited no cytotoxicity against
the other tested cell lines. However, all tris-indoles were
shown to be inactive against the A549 cell line. Signif-
icant cytotoxicity of p-chloro tris-indole 30 (R3 = Cl)
was observed against HepG2 cell that provided 2-fold
stronger activity (IC50 12.52 µM) than etoposide (IC50 30.92
µM).

Conclusion

A variety of mono-, bis-, and tris-indole sulfonamide deriv-
atives have been synthesized and evaluated for their cyto-
toxic activity. Most of the indole analogs (10–15, 18–31)
with various substituents (R1–R3) on the benzene ring of the

sulfonamide moiety displayed cytotoxicity against MOLT-
3 cell lines. Significantly, bis-indoles containing pheno-
lic groups and chloro tris-indole showed higher anticancer
activity against HepG2 cell than the control drug, etopo-
side. The phenolic bis-indoles seem to be the most impor-
tant core structures responsible for the strong antiprolif-
erative activity observed in all of the tested cancer cell
lines. Promisingly, the chloro bis-indole (20) and tris-
indole (30) provided 3-fold and 2-fold stronger activity,
respectively, against HepG2 cell than etoposide. More-
over, chloro bis-indole (20) was the most potent compound
against HuCCA-1 and A549 cell lines affording IC50 of
7.75 and 8.74 µM, respectively. The p-nitro phenolic bis-
indole analog 9c was shown to be the most potent com-
pound against MOLT-3 cells providing IC50 of 2.04 µM.
In summary, cytotoxic bis- and tris-indole analogs have
been successfully synthesized using environmental-friendly
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tungstosilicic acid. Significant antiproliferative activity
was observed for bis- and tris-indole core structures endowed
with a phenolic group or with a functional group that can
form H-bonding together with the highly hydrophobic p-
substituent on the benzenesulfonamide moiety.

Experimental

Chemistry

Column chromatography was carried out using silica gel
60 (70–230 mesh ASTM). Analytical thin-layer chromatog-
raphy (TLC) was performed with silica gel 60 F254 alu-
minium sheets. 1H- and 13C- NMR spectra were recorded
on a Bruker AVANCE 300 NMR spectrometer (operating
at 300 MHz for 1H and 75 MHz for 13C). Residual sol-
vent shifts of the deuterated solvents were used as internal
standards for calibration of spectra. The following standard
abbreviations were used for signal multiplicities: singlet (s),
doublet (d), triplet (t), quartet (q), multiplet (m), and broad
(br). FTIR spectra were obtained using a universal atten-
uated total reflectance attached on a Perkin–Elmer Spec-
trum One spectrometer. Mass spectra were recorded on a
Bruker Daltonics (microTOF). Melting points were deter-
mined using a Griffin melting point apparatus and were
uncorrected.

General procedure for the synthesis
of N-(2-(1H-indol-3-yl)ethyl)-benzenesulfonamides
(10–15)

A solution of tryptamine (10 mmol) in dichloromethane (50
mL) was added in a dropwise manner to a stirred mixture of
appropriate benzenesulfonyl chloride (10 mmol) and sodium
carbonate (14 mmol) in dichloromethane (20 mL). The reac-
tion mixture was stirred at room temperature overnight,
and distilled water (20 mL) was added. The organic phase
was separated and the aqueous phase was extracted with
dichloromethane (2 × 30 mL). The organic extracts were
combined and washed with water (30 mL). The organic layer
was dried over anhydrous sodium sulfate, filtered, and evap-
orated to dryness under reduced pressure. The crude product
was further purified by column chromatography on silica gel
to obtain the pure product.

1H NMR spectra of 4-nitro-N -(2-(1H-indol-3-yl)ethyl)-
benzenesulfonamide (10) [15], 4-methyl-N -(2-(1H-indol-3-
yl)ethyl)-benzenesulfonamide (11) [20] and 2-nitro-N -(2-
(1H-indol-3-yl)ethyl)-benzenesulfonamide (15) [21] were
consistent with those reported in the literature.

4-Methoxy-N-(2-(1H-indol-3-yl)ethyl)-benzenesulfonamide
(12)

White solid. 85 % Yield; mp 100–101 ◦C; IR (UATR) cm−1:
3406, 3298, 1596, 1498, 1321, 1260, 1151. 1H NMR (300
MHz, DMSO-d6) δ 2.77 (t, J = 7.1 Hz, 2H, ArCH2),
2.96 (q, J = 6.8 Hz, 2H, CH2NH), 3.82 (s, 3H, OCH3),
6.95 (t, J = 7.6 Hz, 1H, C5-ArH), 7.00–7.14 (m, 4H, C2-
ArH, C6-ArH, C3′-ArH and C5′-ArH ), 7.31 (d, J = 8.0
Hz, 1H, C7-ArH), 7.37 (d, J = 7.8 Hz, 1H, C4-ArH),
7.59 (t, J = 5.6 Hz, 1H, NHSO2), 7.72 (d, J = 8.8
Hz, 2H, C2′-ArH and C6′-ArH ), 10.82 (s, 1H, NH). 13C
NMR (75 MHz, DMSO-d6) δ 25.8, 43.9, 56.1, 111.4, 111.9,
114.7, 118.4, 118.7, 121.4, 123.4, 127.4, 129.1, 132.7, 136.6,
162.5. TOF-MS m/z: 331.1116 (Calcd. for C17H19N2O3S:
331.1111).

4-Chloro-N-(2-(1H-indol-3-yl)ethyl)-benzenesulfonamide
(13)

White solid. 90 % Yield; mp 126–127 ◦C; IR (UATR)
cm−1: 3400, 3260, 1587, 1315, 1156. 1H NMR (300 MHz,
DMSO-d6) δ 2.78 (t, J = 7.2 Hz, 2H, ArCH2), 3.01 (t,
J = 7.2 Hz, 2H, CH2NH), 6.94 (t, J = 7.7 Hz, 1H, C5-
ArH), 7.05 (t, J = 7.7 Hz, 1H, C6-ArH), 7.10 (d, J = 1.7
Hz, 1H, C2-ArH), 7.31 (d, J = 8.0 Hz, 1H, C7-ArH),
7.36 (d, J = 7.8 Hz, 1H, C4-ArH), 7.61 (d, J = 8.5
Hz, 2H, C3′-ArH and C5′-ArH ), 7.76 (d, J = 8.6 Hz,
2H, C2′-ArH and C6′-ArH ), 7.87 (s, 1H, NHSO2), 10.81
(s, 1H, NH). 13C NMR (75 MHz, DMSO-d6) δ 25.8, 43.9,
111.3, 111.9, 118.4, 118.8, 121.4, 123.4, 127.4, 128.8, 129.7,
136.6, 137.6, 139.9. TOF-MS m/z: 335.0610 (Calcd. for
C16H16ClN2O2S: 335.0616).

3-Nitro-N-(2-(1H-indol-3-yl)ethyl)-benzenesulfonamide
(14)

Yellow solid. 95 % Yield; mp 108–109 ◦C; IR (UATR)
cm−1: 3412, 3309, 1607, 1529, 1350, 1162. 1H NMR
(300 MHz, DMSO-d6) δ 2.79 (t, J = 7.3 Hz, 2H,
ArCH2), 3.10 (q, J = 7.3 Hz, 2H, CH2NH), 6.91 (t,
J = 7.8 Hz, 1H, C5-ArH), 7.02 (t, J = 7.8 Hz, 1H,
C6-ArH), 7.09 (d, J = 2.2 Hz, 1H, C2-ArH), 7.26 (d,
J = 7.8 Hz, 1H, C7-ArH), 7.36 (d, J = 8.0 Hz, 1H,
C4-ArH), 7.77 (t, J = 8.0 Hz, 1H, C5′-ArH ), 8.07–
8.16 (m, 2H, C4′-ArH and C6′-ArH ), 8.34–8.45 (m, 2H,
NHSO2, C2′-ArH ), 10.78 (s, 1H, NH). 13C NMR (75 MHz,
DMSO-d6) δ 25.8, 43.8, 111.1, 111.8, 118.4, 118.7, 121.4,
121.5, 123.6, 127.2, 131.4, 132.7, 136.5, 142.6, 148.1.
TOF-MS m/z: 368.0665 (Calcd. for C16H15N3NaO4S:
368.0676).
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General procedure for the synthesis
of bis- and tris-indoles (16–32)

A mixture of N -sulfonyltryptamine (11–15) (0.5 mmol), ben-
zaldehyde (a), 2-hydroxybenzaldehyde (b), 4-hydroxybenz-
aldehyde (c) or isatin (d) (0.3 mmol), and H4O40SiW12 · aq
(20 mol %) in acetonitrile (5 mL) was stirred at room tem-
perature for 2–6 h. After complete conversion, as indicated
by TLC, the reaction mixture was concentrated in a vacuum
and purified by silica gel column chromatography to obtain
the corresponding bis- or tris-indole pure products.

N,N′-((2,2′-(Phenylmethylene)bis(1H-indole-3,2-
diyl))bis(ethane-2,1-diyl))bis(4-
methylbenzenesulfonamide) (16)

Light brown solid. 52 % Yield; mp 166–167 ◦C; IR (UATR)
cm−1: 3378, 1598, 1458, 1320, 1155. 1H NMR (300 MHz,
acetone-d6) δ 2.36 (s, 6H, 2 × CH3), 2.80–3.00 (m, 8H,
4 × CH2), 6.16 (s, 1H, CH), 6.39 (br t, 2H, 2 × NHSO2),
6.97–7.08 (m, 4H, ArH), 7.14–7.30 (m, 11H, ArH), 7.45
(d, J = 7.1 Hz, 2H, ArH), 7.58 (d, J = 8.2 Hz, 4H,
2C2′-ArH, 2C6′-ArH ), 9.66 (s, 2H, 2 × NH ). 13C NMR
(75 MHz, acetone-d6) δ 20.5, 25.0, 40.5, 43.6, 108.8, 111.3,
118.1, 119.0, 121.1, 126.8, 128.4, 128.5, 128.6, 129.5, 135.2,
136.1, 138.0, 141.2, 142.7. TOF-MS m/z: 717.2568 (Calcd.
for C41H41N4O4S2: 717.2564).

N,N′-((2,2′-(Phenylmethylene)bis(1H-indole-3,2-
diyl))bis(ethane-2,1-diyl))bis(4-
methoxybenzenesulfonamide) (17)

Light brown solid. 60 % Yield; mp 119–120 ◦C; IR (UATR)
cm−1: 3292, 1596, 1497, 1321, 1259, 1149. 1H NMR (300
MHz, acetone-d6) δ 2.80–3.00 (m, 8H, 4×CH2), 3.80 (s, 6H,
2 × OCH3), 6.14 (s, 1H, CH), 6.34 (br t, 2H, 2 × NHSO2),
6.89 (d, J = 8.8 Hz, 4H, 2C3′-ArH and 2C5′-ArH ), 6.99 (2t,
J = 7.1 Hz, 4H, 2C5-ArH and 2C6-ArH), 7.10–7.30 (m, 7H,
2C7-ArH, C2′′-ArH, C3′′-ArH, C4′′-ArH, C5′′-ArH and C6′′
-ArH ), 7.42 (d, J = 7.2 Hz, 2H, 2C4-ArH), 7.58 (d, J = 8.8
Hz, 4H, 2C2′-ArH and 2C6′-ArH ), 9.66 (s, 1H, NH). 13C
NMR (75 MHz, acetone-d6) δ 25.0, 40.4, 43.6, 55.2, 108.9,
111.3, 114.0, 118.1, 119.0, 121.1, 126.9, 128.4, 128.6, 128.9,
132.5, 135.2, 136.1, 141.2, 162.6. TOF-MS m/z: 749.2431
(Calcd. for C41H41N4O6S2: 749.2462).

N,N′-((2,2′-((2-Hydroxyphenyl)methylene)bis(1H-indole-
3,2-diyl))bis(ethane-2,1-diyl))bis(4-
methylbenzenesulfonamide) (18)

Yellow solid. 63 % Yield; mp 149–150 ◦C; IR (UATR)
cm−1: 3384, 1597, 1456, 1318, 1153. 1H NMR (300 MHz,
dmso-d6) δ 2.32 (s, 6H, 2 × CH3), 2.50–2.70 (m, 8H,

4 × CH2), 6.06 (s, 1H, CH), 6.67 (t, J = 7.3 Hz,
1H, C5′′-ArH ), 6.79 (d, J = 8.1 Hz, 1H, C3′′-ArH ),
6.85 (d, J = 6.8 Hz, 1H, C6′′-ArH ), 6.90–7.10 (m, 5H,
2 × C5-ArH, 2 × C6-ArH, C4′′-ArH ), 7.20–7.31 (m, 8H,
2 × C4-ArH, 2 × C7-ArH, 2 × C3′-ArH, 2 × C5′-ArH ),
7.45 (br t, 2H, 2 × NHSO2), 7.52 (d, J = 8.1 Hz, 4H,
2 × C2′-ArH, 2 × C6′-ArH , 9.56 (s, 1H, OH), 10.21 (s,
2H, 2 × NH ). 13C NMR (75 MHz, dmso-d6) δ 21.4, 25.2,
34.9, 43.5, 108.0, 111.8, 115.5, 117.9, 118.8, 119.4, 120.9,
126.4, 126.9, 127.8, 128.3, 128.5, 129.6, 129.9, 135.6, 135.9,
138.0, 142.8, 154.9. TOF-MS m/z: 755.2317 (Calcd. for
C41H40N4NaO5S2: 755.2332).

N,N′-((2,2′-((2-Hydroxyphenyl)methylene)bis(1H-indole-
3,2-diyl))bis(ethane-2,1-diyl))bis(4-
methoxybenzenesulfonamide) (19)

Yellow solid. 75 % Yield; mp 157–158 ◦C; IR (UATR) cm−1:
3383, 1596, 1498, 1456, 1259, 1147. 1H NMR (300 MHz,
dmso-d6) δ 2.50–2.74 (m, 8H, 4 × CH2), 3.78 (s, 6H,
2 × OCH3), 6.09 (s, 1H, CH), 6.67 (t, J = 7.6 Hz, 1H,
C5′′-ArH ), 6.80 (d, J = 8.0 Hz, 1H, C3′′-ArH ), 6.86 (d, J =
7.7 Hz, 1H, C6′′-ArH ), 6.90–7.09 (m, 9H, 2 ×C5-ArH, 2 ×
C6-ArH, 2 × C3′-ArH, 2 × C5′-ArH, C4′′-ArH ), 7.26 (d,
J = 7.7 Hz, 2H, 2 × C7-ArH ), 7.29 (d, J = 7.6 Hz,
2H, 2 × C4-ArH ), 7.38 (br t, 2H, 2 × NHSO2), 7.55 (d,
J = 8.1 Hz, 4H, 2 × C2′-ArH, 2 × C6′-ArH ), 9.57 (s, 1H,
OH), 10.23 (s, 2H, 2 × NH ). 13C NMR (75 MHz, dmso-d6)
δ 25.2, 34.9, 43.5, 56.0, 108.0, 111.9, 114.6, 115.5, 117.9,
118.9, 119.5, 120.9, 127.8, 128.3, 128.5, 129.0, 129.6, 132.6,
135.7, 135.9, 154.9, 162.4. TOF-MS m/z: 787.2231 (Calcd.
for C41H40N4NaO7S2: 787.2231).

N,N′-((2,2′-((2-Hydroxyphenyl)methylene)bis(1H-indole-
3,2-diyl))bis(ethane-2,1-diyl))bis(4-
chlorobenzenesulfonamide) (20)

Light brown solid. 38 % Yield; mp 134–135 ◦C; IR (UATR)
cm−1: 3385, 3306, 1587, 1456, 1320, 1156. 1H NMR (300
MHz, dmso-d6) δ 2.55–2.70 (m, 8H, 4 × CH2), 6.08 (s, 1H,
CH), 6.66 (t, J = 7.1 Hz, 1H, C5′′-ArH ), 6.79 (d, J = 8.0
Hz, 1H, C3′′-ArH ), 6.85 (d, J = 7.1 Hz, 1H, C6′′-ArH ),
6.91–7.09 (m, 5H, 2 × C5-ArH, 2 × C6-ArH, C4′′-ArH ),
7.23-7.31 (m, 4H, 2 × C4-ArH, 2 × C7-ArH ), 7.46 (d, J =
8.6 Hz, 4H, 2×C3′-ArH, 2×C5′-ArH ), 7.58 (d, J = 8.6 Hz,
4H, 2×C2′-ArH, 2×C6′-ArH ), 7.68 (br t, 2H, 2×NHSO2),
9.58 (s, 1H, OH), 10.24 (s, 2H, 2 × NH ). 13C NMR (75
MHz, dmso-d6) δ 25.2, 34.9, 43.4, 107.8, 111.9, 115.4, 117.9,
118.9, 119.5, 120.9, 127.7, 128.3, 128.5, 128.7, 129.6, 135.7,
135.9, 137.5, 139.7, 154.8. TOF-MS m/z: 790.1677 (Calcd.
for C39H38Cl2N5O5S2: 790.1686).
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N,N′-((2,2′-((2-Hydroxyphenyl)methylene)bis(1H-indole-
3,2-diyl))bis(ethane-2,1-diyl))bis(3-
nitrobenzenesulfonamide) (21)

Yellow solid. 57 % Yield; mp 141–142 ◦C; IR (UATR)
cm−1: 3404, 3314, 1606, 1530, 1456, 1351, 1267, 1162. 1H
NMR (300 MHz, dmso-d6) δ 2.60–2.80 (m, 8H, 4 × CH2),
6.07 (s, 1H, CH), 6.64 (t, J = 7.6 Hz, 1H, C5′′-ArH ),
6.76 (d, J = 7.9 Hz, 1H, C3′′-ArH ), 6.85–7.05 (m, 6H,
2 × C5-ArH, 2 × C6-ArH, C4′′-ArH, C6′′-ArH ), 7.23 (d,
J = 7.8 Hz, 2H, 2 × C7-ArH ), 7.27 (d, J = 7.5 Hz,
2H, 2 × C4-ArH ), 7.68 (t, J = 8.1 Hz, 2H, C5′-ArH ),
7.92 (d, J = 7.7 Hz, 4H, 2 × C6′-ArH, 2 × C4′-ArH ),
8.38 (s, 2H, 2 × C2′-ArH ), 8.34 (br t, 2H, 2 × NHSO2),
9.60 (s, 1H, OH), 10.22 (s, 2H, 2 × NH ). 13C NMR (75
MHz, dmso-d6) δ 25.1, 34.8, 43.5, 107.8, 111.8, 115.5,
117.9, 118.9, 119.4, 120.9, 121.5, 127.3, 127.6, 128.3,
128.4, 129.7, 131.4, 132.7, 135.7, 135.8, 142.5, 148.1, 154.8.
TOF-MS m/z: 817.1706 (Calcd. for C39H34N6NaO9S2:
817.1721).

N,N′-((2,2′-((2-Hydroxyphenyl)methylene)bis(1H-indole-
3,2-diyl))bis(ethane-2,1-diyl))bis(2-
nitrobenzenesulfonamide) (22)

Light brown solid. 43 % Yield; mp 156–157 ◦C; IR (UATR)
cm−1: 3398, 1594, 1538, 1457, 1338, 1163. 1H NMR (300
MHz, dmso-d6) δ 2.65–2.85 (m, 8H, 4 × CH2), 6.12 (s, 1H,
CH), 6.65 (t, J = 7.6 Hz, 1H, C5′′-ArH ), 6.79 (d, J = 7.6
Hz, 1H, C3′′-ArH ), 6.85–7.08 (m, 6H, 2 × C5-ArH, 2 ×
C6-ArH, C4′′-ArH, C6′′-ArH ), 7.28 (d, J = 7.8 Hz, 2H,
2 × C7-ArH ), 7.35 (d, J = 7.5 Hz, 2H, 2 × C4-ArH ), 7.60-
7.81 (m, 6H, 2 × C4′-ArH, 2 × C5′-ArH, 2 × C6′-ArH ),
7.90 (d, J = 7.9 Hz, 2H, 2 × C3′-ArH ), 7.97 (br t, 2H,
2 × NHSO2), 9.62 (s, 1H, OH), 10.26 (s, 2H, 2 × NH ).
13C NMR (75 MHz, dmso-d6) δ 25.4, 35.0, 43.6, 107.7,
111.9, 115.5, 118.0, 118.9, 120.9, 124.9, 127.7, 128.5,
129.6, 129.7, 132.9, 133.2, 134.3, 135.8, 135.9, 148.0, 154.9.
TOF-MS m/z: 817.1686 (Calcd. for C39H34N6NaO9S2:
817.1721).

N,N′-((2,2′-((4-Hydroxyphenyl)methylene)bis(1H-indole-
3,2-diyl))bis(ethane-2,1-diyl))bis(4-
methylbenzenesulfonamide) (23)

Red-brown solid. 54 % Yield; mp 150–151 ◦C; IR (UATR)
cm−1: 3382, 1598, 1512, 1458, 1319, 1155. 1H NMR
(300 MHz, dmso-d6) δ 2.33 (s, 6H, 2 × CH3), 2.60–
2.85 (m, 8H, 4 × CH2), 5.73 (s, 1H, CH), 6.65 (d,
J = 8.4 Hz, 2H, C3′′-ArH, C5′′-ArH ), 6.79 (d, J =
8.4 Hz, 2H, C2′′-ArH, C6′′-ArH ), 6.95 (t, J = 7.2 Hz,
2H, 2 × C5-ArH ), 7.02 (t, J = 7.2 Hz, 2H, 2 ×

C6-ArH ), 7.22-7.35 (m, 8H, 2×C4-ArH, 2×C7-ArH, 2×
C3′-ArH, 2 × C5′-ArH ), 7.55 (d, J = 8.0 Hz, 6H, 2 ×
C2′-ArH, 2 × C6′-ArH, 2 × NHSO2), 9.36 (s, 1H, OH),
10.38 (s, 2H, 2 × NH ). 13C NMR (75 MHz, dmso-d6)
δ 21.4, 25.0, 39.7 (superimposed with dmso-d6 peaks),
44.0, 108.7, 111.7, 115.6, 118.2, 119.0, 121.2, 127.0, 128.1,
129.4, 130.0, 131.6, 135.9, 136.1, 137.9, 142.9, 156.6.
TOF-MS m/z: 755.2346 (Calcd. for C41H40N4NaO5S2:
755.2332).

N,N′-((2,2′-((4-Hydroxyphenyl)methylene)bis(1H-indole-
3,2-diyl))bis(ethane-2,1-diyl))bis(4-
methoxybenzenesulfonamide) (24)

Red-brown solid. 61 % Yield; mp 166–167 ◦C; IR (UATR)
cm−1: 3376, 1596, 1459, 1150. 1H NMR (300 MHz,
dmso-d6) δ 2.60–2.85 (m, 8H, 4 × CH2), 3.79 (s, 6H,
2 × OCH3), 5.77 (s, 1H, CH), 6.67 (d, J = 8.4 Hz,
2H, C3′′-ArH, C5′′-ArH ), 6.81 (d, J = 8.4 Hz, 2H,
C2′′-ArH, C6′′-ArH ), 6.91–7.06 (m, 8H, 2 × C5-ArH, 2 ×
C6-ArH, 2 × C3′-ArH, 2 × C5′-ArH ), 7.28 (d, J = 7.9
Hz, 2H, 2 × C7-ArH ), 7.32 (d, J = 7.6 Hz, 2H, 2 ×
C4-ArH ), 7.47 (br t, 2H, 2 × NHSO2), 7.58 (d, J = 8.7
Hz, 4H, 2 × C2′-ArH, 2 × C6′-ArH ), 9.37 (s, 1H, OH),
10.37 (s, 2H, 2 × NH ). 13C NMR (75 MHz, dmso-d6)
δ 25.0, 39.7 (superimposed with dmso-d6 peaks), 44.0,
56.0, 108.7, 111.7, 114.6, 115.6, 118.2, 119.0, 121.2, 128.1,
129.1, 129.5, 131.7, 132.4, 135.9, 136.1, 156.5, 162.4.
TOF-MS m/z: 787.2230 (Calcd. for C41H40N4NaO7S2:
787.2231).

N,N′-((2,2′-((4-Hydroxyphenyl)methylene)bis(1H-indole-
3,2-diyl))bis(ethane-2,1-diyl))bis(4-
chlorobenzenesulfonamide) (25)

Red-brown solid. 44 % Yield; mp 157–158 ◦C; IR (UATR)
cm−1: 3291, 1641, 1528, 1319, 1158. 1H NMR (300 MHz,
dmso-d6) δ 2.65–2.85 (m, 8H, 4 × CH2), 5.78 (s, 1H, CH),
6.68 (d, J = 8.6 Hz, 2H, C3′′-ArH, C5′′-ArH ), 6.82 (d,
J = 8.5 Hz, 2H, C2′′-ArH, C6′′-ArH ), 6.96 (t, J = 7.3 Hz,
2H, 2 × C5-ArH ), 7.03 (t, J = 6.9 Hz, 2H, 2 × C6-ArH ),
7.28 (d, J = 7.7 Hz, 2H, 2 × C7-ArH ), 7.33 (d, J =
7.7 Hz, 2H, 2 × C4-ArH ), 7.50 (d, J = 8.6 Hz, 4H,
2 × C3′-ArH, 2 × C5′-ArH ), 7.62 (d, J = 8.6 Hz, 4H,
2 × C2′-ArH, 2 × C6′-ArH ), 7.76 (br t, 2H, 2 × NHSO2),
9.37 (s, 1H, OH), 10.37 (s, 2H, 2 × NH ). 13C NMR (75
MHz, dmso-d6) δ 25.1, 39.7 (superimposed with dmso-d6

peaks), 43.9, 108.5, 111.7, 115.7, 118.2, 119.0, 121.2, 128.1,
128.8, 129.5, 129.6, 131.6, 135.9, 136.1, 137.6, 139.7, 156.6.
TOF-MS m/z: 790.1688 (Calcd. for C39H38Cl2N5O5S2:
790.1686).
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N,N′-((2,2′-((4-Hydroxyphenyl)methylene)bis(1H-indole-
3,2-diyl))bis(ethane-2,1-diyl))bis(3-
nitrobenzenesulfonamide) (26)

Red-brown solid. 58 % Yield; mp 119–120 ◦C; IR (UATR)
cm−1: 3411, 3318, 1608, 1530, 1457, 1351, 1162. 1H
NMR (300 MHz, dmso-d6) δ 2.70-2.90 (m, 8H, 4 ×
CH2), 5.80 (s, 1H, CH), 6.64 (d, J = 8.5 Hz, 2H,
C3′′-ArH, C5′′-ArH ), 6.82–7.01 (m, 6H, 2 × C5-ArH, 2 ×
C6-ArH, C2′′-ArH, C6′′-ArH ), 7.24 (d, J = 7.8 Hz, 2H,
2 × C7-ArH ), 7.33 (d, J = 7.6 Hz, 2H, 2 × C4-ArH ), 7.70
(t, J = 8.1 Hz, 2H, 2 × C5′-ArH ), 7.94 (d, J = 7.9 Hz,
2H, 2 × C6′-ArH ), 8.37 (d, J = 8.1 Hz, 2H, 2 × C4′-ArH ),
8.41 (s, 2H, 2×C2′-ArH ), 8.01 (br t, 2H, 2×NHSO2), 9.33
(s, 1H, OH), 10.34 (s, 2H, 2 × NH ). 13C NMR (75 MHz,
dmso-d6) δ 25.0, 39.7 (superimposed with dmso-d6 peaks),
43.9, 108.5, 111.7, 115.6, 118.1, 119.0, 121.2, 121.5, 127.3,
128.1, 129.5, 131.4, 131.5, 132.7, 136.0, 142.4, 148.2, 156.6.
TOF-MS m/z: 817.1734 (Calcd. for C39H34N6NaO9S2:
817.1721).

N,N′-((2,2′-((4-Hydroxyphenyl)methylene)bis(1H-indole-
3,2-diyl))bis(ethane-2,1-diyl))bis(2-
nitrobenzenesulfonamide) (27)

Red-brown solid. 52 % Yield; mp 129–130 ◦C; IR (UATR)
cm−1: 3393, 1614, 1594, 1538, 1338, 1163. 1H NMR (300
MHz, dmso-d6) δ 2.75-3.00 (m, 8H, 4 × CH2), 5.84 (s,
1H, CH), 6.67 (d, J = 8.5 Hz, 2H, C3′′-ArH, C5′′-ArH ),
6.87 (d, J = 8.5 Hz, 2H, C2′′-ArH, C6′′-ArH ), 6.95
(t, J = 7.0 Hz, 2H, 2 × C5-ArH ), 7.02 (t, J = 7.3
Hz, 2H, 2 × C6-ArH ), 7.28 (d, J = 7.9 Hz, 2H, 2 ×
C7-ArH ), 7.39 (d, J = 7.6 Hz, 2H, 2 × C4-ArH ), 7.63–
7.82 (m, 6H, 2 × C4′-ArH, 2 × C5′-ArH, 2 × C6′-ArH ),
7.90 (d, J = 7.9 Hz, 2H, 2 × C3′-ArH ), 8.03 (br
t, 2H, 2 × NHSO2), 9.36 (s, 1H, OH), 10.38 (s, 2H,
2 × NH ). 13C NMR (75 MHz, dmso-d6) δ 25.3, 39.7
(superimposed with dmso-d6 peaks), 44.0, 108.4, 111.7,
115.7, 118.2, 119.0, 121.2, 124.9, 128.2, 129.5, 129.7,
131.6, 132.9, 133.1, 134.3, 136.0, 136.1, 148.1, 156.6.
TOF-MS m/z: 817.1696 (Calcd. for C39H34N6NaO9S2:
817.1721).

N,N′-((2′-Oxo-1′,2′-dihydro-1H,1′′H-[2,3′:3′,2′′-terindole]-
3,3′′-diyl)bis(ethane-2,1-diyl))bis(4-
methylbenzenesulfonamide) (28)

Yellow solid. 46 % Yield; mp 161–162 ◦C; IR (UATR) cm−1:
3329, 1710, 1617, 1599, 1320, 1153. 1H NMR (300 MHz,
dmso-d6) δ 2.35 (s, 6H, 2 × CH3), 2.35–2.80 (m, 8H,
4 × CH2), 6.88–7.05 (m, 6H, ArH), 7.18–7.35 (m, 10H,
ArH), 7.50 (br t, 2H, 2 × NHSO2), 7.59 (d, J = 7.8 Hz,
4H, 2 × C2′-ArH, 2 × C6′-ArH ), 10.44 (s, 2H, 2 × NH ),

10.85 (s, 1H, NHCO). 13C NMR (75 MHz, dmso-d6) δ 21.4,
25.4, 43.2, 55.0, 109.3, 110.8, 112.1, 118.3, 119.0, 121.6,
122.9, 125.7, 127.0, 128.7, 129.4, 129.9, 131.8, 132.2, 135.9,
138.1, 141.4, 142.8, 176.4. TOF-MS m/z: 780.2294 (Calcd.
for C42H39N5NaO5S2: 780.2285).

N,N′-((2′-Oxo-1′,2′-dihydro-1H,1′′H-[2,3′:3′,2′′-terindole]-
3,3′′-diyl)bis(ethane-2,1-diyl))bis(4-
methoxybenzenesulfonamide) (29)

Light brown solid. 57 % Yield; mp 166–167 ◦C; IR (UATR)
cm−1: 3336, 1709, 1617, 1597, 1259, 1147. 1H NMR (300
MHz, dmso-d6) δ 2.35–2.74 (m, 8H, 4 × CH2), 3.81 (s, 6H,
2 × OCH3), 6.88–7.07 (m, 10H, ArH), 7.20–7.30 (m, 6H,
ArH), 7.42 (br t, 2H, 2 × NHSO2), 7.64 (d, J = 8.8 Hz, 4H,
2 × C2′-ArH, 2 × C6′-ArH ), 10.45 (s, 2H, 2 × NH ), 10.86
(s, 1H, NHCO). 13C NMR (75 MHz, dmso-d6) δ 25.4, 43.2,
55.0, 56.0, 110.84, 112.06, 114.64, 118.35, 119.0, 121.7,
122.9, 125.7, 128.7, 129.1, 129.4, 131.8, 132.2, 132.6, 135.9,
141.4, 162.4, 176.4. TOF-MS m/z: 812.2181 (Calcd. for
C42H39N5NaO7S2: 812.2183).

N,N′-((2′-Oxo-1′,2′-dihydro-1H,1′′H-[2,3′:3′,2′′-terindole]-
3,3′′-diyl)bis(ethane-2,1-diyl))bis(4-
chlorobenzenesulfonamide) (30)

Light brown solid. 34 % Yield; mp 221–222 ◦C; IR (UATR)
cm−1: 3339, 1708, 1617, 1587, 1321, 1156. 1H NMR (300
MHz, dmso-d6) δ 2.35–2.80 (m, 8H, 4 × CH2), 6.90–7.07
(m, 6H, ArH), 7.20–7.30 (m, 6H, ArH), 7.57 (d, J = 8.6 Hz,
4H, 2 × C3′-ArH, 2 × C5′-ArH ), 7.68 (d, J = 8.7 Hz, 4H,
2 × C2′-ArH, 2 × C6′-ArH ), 7.72 (br t, 2H, 2 × NHSO2),
10.45 (s, 2H, 2 × NH ), 10.86 (s, 1H, NHCO). 13C NMR
(75 MHz, dmso-d6) δ 25.4, 43.2, 55.0, 112.1, 118.3, 119.0,
121.7, 123.0, 125.7, 128.7, 128.8, 129.6, 131.8, 132.2, 135.8,
137.5, 139.9, 141.4, 176.4. TOF-MS m/z: 820.1206 (Calcd.
for C40H33Cl2N5NaO5S2: 820.1192).

N,N′-((2′-Oxo-1′,2′-dihydro-1H,1′′H-[2,3′:3′,2′′-terindole]-
3,3′′-diyl)bis(ethane-2,1-diyl))bis(3-
nitrobenzenesulfonamide) (31)

Yellow solid. 50 % Yield; mp 163–164 ◦C; IR (UATR) cm−1:
3367, 1706, 1617, 1529, 1350, 1163. 1H NMR (300 MHz,
dmso-d6) δ 2.30–2.83 (m, 8H, 4 × CH2), 6.84–7.02 (m, 6H,
ArH), 7.15–7.28 (m, 6H, ArH), 7.74 (t, J = 7.9 Hz, 2H,
2 × NHSO2), 7.93–8.05 (m, 4H, ArH), 8.31–8.40 (m, 4H,
ArH), 10.41 (s, 2H, 2×NH ), 10.94 (s, 1H, NHCO). 13C NMR
(75 MHz, dmso-d6) δ 25.3, 43.2, 55.0, 109.1, 110.9, 112.1,
118.2, 119.1, 121.5, 121.7, 123.0, 125.8, 127.3, 128.6, 129.4,
131.5, 131.7, 132.2, 132.7, 135.7, 141.4, 142.5, 148.1, 176.6.
TOF-MS m/z: 842.1678 (Calcd. for C40H33N7NaO9S2:
842.1673).
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N,N′-((2′-Oxo-1′,2′-dihydro-1H,1′′H-[2,3′:3′,2′′-terindole]-
3,3′′-diyl)bis(ethane-2,1-diyl))bis(2-
nitrobenzenesulfonamide) (32)

Yellow solid. 55 % Yield; mp 157–158 ◦C; IR (UATR) cm−1:
3354, 1710, 1617, 1595, 1537, 1335, 1162. 1H NMR (300
MHz, dmso-d6) δ 2.45–3.00 (m, 8H, 4 × CH2), 6.89–7.07
(m, 6H, ArH), 7.20–7.39 (m, 6H, ArH), 7.67–7.83 (m, 6H,
ArH), 7.90 (d, J = 7.8 Hz, 2H, 2 × C3′-ArH ), 8.05 (br
t, 2H, 2 × NHSO2), 10.48 (s, 2H, 2 × NH ), 10.87 (s, 1H,
NHCO). 13C NMR (75 MHz, dmso-d6) δ 25.6, 43.4, 55.0,
109.1, 110.9, 112.1, 118.5, 119.1, 121.7, 123.0, 124.8, 125.7,
128.7, 129.4, 129.7, 131.7, 132.3, 132.9, 133.2, 134.2, 135.9,
141.5, 148.2, 176.4. TOF-MS m/z: 842.1671 (Calcd. for
C40H33N7NaO9S2: 842.1673).

Cytotoxic assay

The cytotoxic assay was performed as previously described
by Tengchaisri et al. [19]. Briefly, cell lines suspended in
RPMI 1640 containing 10 % FBS were seeded at 1 ×104 cells
(100 µL) per well in a 96-well plate and incubated in humidi-
fied atmosphere, 95 % air, 5 % CO2 at 37 ◦C. After 24 h, addi-
tional medium (100 µL) containing the test compound and
vehicle was added to a final concentration of 50 µg/mL, 0.2 %
DMSO, and further incubated for 3 days. After that, the cells
were fixed with EtOH–H2O (95:5, v/v), stained with crystal
violet solution, and lysed with a solution of 0.1 N HCl in
MeOH. The absorbance was measured at 550 nm. The num-
ber of surviving cells was determined from the absorbance.
Etoposide and/or doxorubicin were used as reference drugs.
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