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A novel series of 4-(1,2,3-triazol-1-yl) salicylic acid derivatives was synthesized from 4-azidosalicylic acid
and diverse alkynes using copper catalyzed azide-alkyne cycloaddition as key process and fully charac-
terized by using different analytical techniques. The in vitro antiproliferative activity of these new com-
pounds was explored against a series of tumoral cell lines which included U251 (human glioblastoma),
PC-3 (human prostate cancer cell line), K562 (human leukemia), HCT-15 (human colorectal adenocarci-
noma), MCF-7 (human breast adenocarcinoma) and SKLU (human lung adenocarcinoma), showing selec-
tive activity in some compounds. Moreover, molecular docking studies suggest a strong interaction be-
tween ARG-154 in STAT3 and the triazole fragment which can explain the inhibitory activity observed in

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

Nowadays cancer represents one of the most challenging dis-
eases in the world. In this regard, the signal transducer and ac-
tivator of transcription 3 (STAT3) is a cytosolic protein identi-
fied as a key regulator of human cancers that contributes to un-
controlled differentiation, proliferation, survival and tumorigenesis.
Recent studies have shown that STAT3 factor is active in many
types of cancer including breast, stomach, brain and lung [1].
STAT3 belongs to a family of transcription factors (TFs) of STAT
type (signal transducer and activator of transcription) which play
an important role in cell growth described in the activation of
about 70% of both solid and hematological tumors [2]. Hence,
some current therapies aimed to treat various types of cancer are
based on the inhibition of the STAT3 factor using diverse com-
pounds such as N-[2-(1,3,4-oxadiazolyl)]-4-quinolinecarboxamide
derivatives [3], anthraquinone compounds [4,5], bis-dipicolylamine
copper(ll) complexes [6], and 4-aminosalicylic acid derivatives
(molecule 1, scheme 1) that have demonstrated antiproliferative
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Scheme 1. Structure of 4-aminosalicylic acid derivatives 1 and general structure for
molecules 2 proposed in this work.

activity by inhibition of the STAT3 phosphorylation process induc-
ing apoptosis in cell lines at low concentrations [7-9].

These elements prompted us to investigate the possible appli-
cation of CuAAC reaction, the best-known click reaction, in the
preparation of a series of 4-aminosalicylic acid derivatives. Because
1,2,3-triazoles derived from CuAAC reaction are amide bioisosteres
and biocompatible molecular structures for drug design [10-13],
we proposed the synthesis of triazolyl salicylic acid derivatives 2
as 4-aminosalicylic acid derivatives aimed to find more and bet-
ter STAT3 inhibitors. Herein is described a summary of our recent
successful endeavors in this area.
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Scheme 2. Structure of 4-(1,2,3-triazol-1-yl) salicylic acid derivatives 4-17.
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Scheme 3. Synthesis of 4-(1,2,3-triazol-1-yl) salicylic acid derivatives.

2. Experimental
2.1. General Remarks

The starting materials were purchased from Aldrich Chemical
Co. and were used without further purification. Solvents were dis-
tilled before use. Silica plates of 0.20 mm thickness were used for
thin layer chromatography. Melting points were determined with a
Kriiss Optronic melting point apparatus and they are uncorrected.
TH and 3C NMR spectra were recorded using a Bruker Avance 300
MHz, and a Varian 500 MHz; the chemical shifts (§) are given
in ppm relative to TMS as internal standard (0.00). For analytical
purposes the mass spectra were recorded on a Shimadzu GCMS-

QP2010 Plus in the EI mode, 70 eV, 200°C via direct inlet probe.
Only the molecular and parent ions (m/z) are reported. IR spectra
were recorded on a Bruker TENSOR 27 FT instrument.

2.2. Synthesis of 4-Azido-2-hydroxybenzoic acid (3)

Typical procedure. A solution of NaNO, (1.3 g, 18.84 mmol)
in H,O (12.5 mL) was added to a cold solution of 4-amino-2-
hydroxybenzoic acid (2.06 g, 13.46 mmol) and H,SO4 (5mL) in
H,0 (30 mL) and the resulting mixture was stirred at 0°C for 20
min. Urea (7 g) was added keeping the temperature at 0°C and
a solution of NaN3 (2 g, 30.7 mmol) in H,O (10 mL) was added.
The product was filtered under reduced pressure and washed with
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Scheme 4. Fragmentation mechanisms for 4-(1,2,3-triazol-1-yl) salicylic acid derivatives.

cold H,O (30 mL). Purification by crystallization (EtOH) afforded
4-Azido-2-hydroxybenzoic acid 3 as pale-yellow solid (2.07 g, 11.5
mmol, 86 %), m. p. 160°C (lit. 160-161°C) [14]. UV (MeOH) Amax
(log €) 272 (1.197), 310 (0.589) nm. IR (ATR) vmax 3600, 3200, 2104,
1757 cm~1. TH NMR: (300 MHz, CDCl3) § = 8.91 (s, 1H), 8.49 (s,
1H), 7.59 - 7.22 (m, 2H). 13C NMR: (75 MHz, CDCl3) § = 170.75 (C),
169.34 (C), 145.43 (C), 124.93 (CH), 112.42 (CH), 108.02 (C), 107.35
(CH).

2.3. General procedure of synthesis of 4-(1,2,3-triazol-1-yl) salicylic
acid derivatives

A solution of the corresponding alkyne (1.0 mmol) in CH,Cl,
(0.5 mL) was added to a solution of 4-azido-2-hydroxybenzoic acid
3 (11.43 mmol), Cul (0.010 g, 0.052 mmol) and DIPEA (0.5 mL) in
CH,Cl, (1.5 mL). The mixture was stirred at room temperature for
24 h. The solvent was removed under reduced pressure, a 0.2 %
aqueous solution of EDTA (5 mL) was added and the mixture was
stirred at room temperature for 30 min. A 1 M HCI solution was
added (2 mL) and the product was filtered and washed with H,0
(5 mL). The product was purified by crystallization (MeOH). Com-
pounds 4-17 are represented in Scheme 2.

4-(4-((2,4-dinitrophenoxy )methyl)-1,2,3-triazol-1-yl)-2-hydroxy-
benzoic acid (4)

4-azido-2-hydroxybenzoic acid 3 and 2,4-dinitro-1-prop-2-
ynyloxy-benzene afforded 4-(4-((2,4-dinitrophenoxy)methyl)-1,2,3-
triazol-1-yl)-2-hydroxybenzoic acid as a white solid. Yield: 0.127g
(34 %), m. p. 200°C. UV (MeOH) Amax (log &) 256 (0.090) nm. IR
(ATR) vmax 3200, 2900, 1700, 1640, 1600, 1520, 1480, 1300 cm™'.
TH NMR: (300 MHz, DMSO-dg) § 14.84 (s, 1H), 11.54 (s, 1H), 8.74
(t, ] = 3.0 Hz, 1H), 8.49 (dd, J = 9.1, 3.0 Hz, 1H), 8.41 (s, 1H), 8.04
(s, 1H), 7.74 (d, ] = 9.2 Hz, 1H), 7.53 (d, J = 3.2 Hz, 1H), 7.27 (s, 1H),
7.19 (s, 1H), 5.61 (s, 2H). 13C NMR: (75 MHz, DMSO-dg) 8 = 155.36
(C), 139.74 (C), 138.41 (2XC), 128.66 (2xCH), 121.84 (CH), 121.11
(2xCH), 115.22 (CH), 108.47 (CH), 107.42 (C), 63.30 (CH,). MS [EIl+]
m/z (%): 401 [M]* (5), 172 [M-C1gHgN303] * (100). Anal. calcd. for
Ci6H11N50g (%): C 47.89, H 2.76, N 17.45; found: C 47.85, H 2.77, N
17.41.

4-[4-(4-Bromophenoxymethyl)-1,2,3-triazol-1-yl]-2-hydroxy-benzoic
acid (5)

4-azido-2-hydroxybenzoic acid 3 and 1-Bromo-4-prop-2-
ynyloxy-benzene afforded 4-[4-(4-Bromophenoxymethyl)-1,2,3-
triazol-1-yl]-2-hydroxy-benzoic acid as a white solid. Yield: 0.298
g (73 %), m.p. 190°C. UV (MeOH) Amax (log &) 255 (0.101) nm.
IR (ATR) ymax 3180, 3100, 1680, 1600, 1450, 1287, 820, 790, 700
cm~'. TH NMR: (300 MHz, DMSO-dg) 8 8.96 (s, 1H), 8.49 (s, 1H),
7.86 (d, ] = 81 Hz, 1H), 7.55 - 741 (m, 2H), 7.25 (d, ] = 8.8
Hz, 2H), 710 - 7.03 (m, 2H), 5.22 (s, 2H). 13C NMR: (75 MHz,
DMSO0-d6) § = 170.55 (C), 163.94 (C), 157.25 (2xC), 143.47 (C),
139.44 (C), 132.19 (2xCH), 131.49 (CH), 122.93 (C), 117.11 (2xCH),
112.42 (CH), 107.97 (CH), 107.35 (CH), 61.20 (CH,). MS [EI+] m/z
(%): 189 [M]*+ (12), 190 [M-C1gH5N30]* (89), 172 [M-CogHINO5]*
(100), 114 [M-C]3H13 N304] + (40) Anal. calcd. for C]GleBrN304
(%): C 49.25, H 3.10, N 10.77; found: C 49.29, H 3.07, N 10.71.

2-Hydroxy-4-[4-(3-isopropyl-5-methyl-phenoxymethyl)-
1,2,3-triazol-1-yl]-benzoic acid (6)

4-azido-2-hydroxybenzoic acid 3 and 1-isopropyl-3-methyl-
5-prop-2-ynyloxy-benzene afforded 2-hydroxy-4-[4-(3-isopropyl-5-
methyl-phenoxymethyl)-1,2,3-triazol-1-yl]-benzoic acid as a white
solid. Yield: 0. 189 g (43 %), m.p. 202°C. UV (MeOH) Amax (log
&) 257 (0.315), 313 (0.133) nm. IR (ATR) ymax 3600, 3200, 1680,
1600, 1450, 1290 cm~'. 'H NMR: (300 MHz, DMSO-dg) & 8.87 (s,
1H), 799 (d, ] = 8.5 Hz, 1H), 7.59 - 736 (m, 2H), 6.86 - 6.50
(m, 3H), 5.19 (s, 2H), 2.83 (p, J = 6.9 Hz, 1H), 1.21 (d, J = 6.9
Hz, 6H). 13C NMR: (75 MHz, DMSO-dg) § = 171.25 (C), 162.42
(C), 157.93 (C), 149.81 (C), 144.25 (C), 140.95 (C), 131.87 (CH),
122.25 (CH), 119.79 (CH), 113.50 (CH), 112.24 (CH), 109.86 (CH),
109.75 (CH), 107.52 (CH), 60.77 (CH,), 33.43 (CHj3), 23.66 (CHj3),
21.20 (CH3). MS [El+] m/z (%): 367 [M]* (21), 190 [M-C1,H{;0]*
(65), 172 [M-CgHgN303]* (75), 150 [M-C1gH;035N3]* (96), 135 [M-
Ci3HigON3]* (100), 119 [M-CsHy;03]* (40), 91 [M-Ci4HigN304]*
(75). Anal. calcd. for CygHy1N304 (%): C 65.38, H 5.76, N 11.44;
found: C 6545, H 5.71, N 1141.

4-[4-(4-Formyl-2-methoxy-phenoxymethyl)-1,2,3-triazol-1-yl]-
2-hydroxy-benzoic acid (7)

4-azido-2-hydroxybenzoic acid 3 and 3-methoxy-4-prop-
2-ynyloxy-benzaldehyde  afforded  4-[4-(4-formyl-2-methoxy-
phenoxymethyl)-1,2,3-triazol-1-yl]-2-hydroxy-benzoic acid as a
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pale-yellow solid. Yield: 0.298 g (84 %), m.p. 185°C. UV (MeOH)
Amax (log &) 273 (0.0451), 312 (0.037) nm. IR (ATR) ymax 3500,
3200, 1680, 1640, 1470, 1265 cm~!. "H NMR: (300 MHz, DMSO-dg)
8 9.79 (s, 1H), 8.88 (s, 1H), 7.75 (d, ] = 8.1 Hz, 1H), 7.52 (dd, ] = 8.3,
1.9 Hz, 1H), 7.37 (d, | = 8.4 Hz, 1H), 7.35 (d, ] = 1.8 Hz, 1H), 7.13 -
7.01 (m, 2H), 5.26 (s, 2H), 3.75 (s, 3H). 3C NMR: (75 MHz, DMSO-
dg) § = 191.50 (C), 170.44 (C), 164.72 (C), 152.76 (C), 149.33(C),
142.86 (C), 138.73(C), 131.21 (CH), 130.02 (CH), 125.93 (CH), 123.31
(CH), 120.31 (CH), 112.68 (C), 109.71 (C), 107.26 (CH), 107.04 (CH),
61.58 (CH,), 55.51 (CHs). MS [El+] m/z (%): 369[M]* (5), 310
[M-C,H30,] * (10), 190 [M-CoHONOs] * (61), 172 [M-CgHy; N3O3]
+(72), 151 [M-C1oHg N303] * (100), 133 [M-CyoHig NoOs] *+ (59),
105 [M-Cy3Hg NyO4] * (72). Anal. calcd. for CigHy5N3504 (%): C
58.54, H 4.09, N 11.38; found: C 58.57, H 4.07, N 11.35.

2-Hydroxy-4-[4-(pyrimidin-2-ylsulfanylmethyl)-
1,2,3-triazol-1-yl]-benzoic acid (8)

4-azido-2-hydroxybenzoic acid 3 and 2-prop-2-
ynylsulfanyl-pyrimidine  afforded 2-hydroxy-4-[4-(pyrimidin-2-
ylsulfanylmethyl)-1,2,3-triazol-1-yl|-benzoic acid as a pale-yellow
solid. Yield: 0.078 g (64 %), m.p. 205°C. UV (MeOH) Amax (log ¢)
274 (0.400), 311 (0.338) nm. IR (ATR) ymax 3150, 3060, 1660, 1610,
1560, 1450, 1380, 1300 cm~!. TH NMR: (300 MHz, DMSO-dg) §
8.76 (s, 1H), 8.62 (d, J = 4.9 Hz, 2H), 7.86 (s, 1H), 7.46 (s, 1H), 7.40
(s, 1H), 719 (t, ] = 4.9 Hz, 1H), 4.46 (s, 2H). 13C NMR: (75 MHz,
DMSO0-d6) § = 169.93 (2xC), 157.94 (2xCH), 144.98 (C), 140.94 (C),
132.41 (CH), 121.71 (CH), 117.50 (2xCH), 110.00 (CH), 107.81 (C),
53.55 (CH;). MS [El+] m/z (%): 329[M] * (30), 227 [M-C3HgN,S]
* (30), 172 [M-C4H;NsS] * (100), 119 [M-CgH;; N3OS] *+ (60).
Anal. calcd. for Ci4H11N503S (%): C 51.06, H 3.37, N 21.27; found:
C 51.09, H 3.39, N 21.28.

4-[4-(4-Chloro-phenoxymethyl)-1,2,3-triazol-1-yl]-2-hydroxy-benzoic
acid (9)

4-azido-2-hydroxybenzoic acid 3 and 1-chloro-4-prop-2-
ynyloxy-benzene afforded 4-[4-(4-chloro-phenoxymethyl)-1,2,3-
triazol-1-yl]-2-hydroxy-benzoic acid as a pale-yellow solid. Yield:
0.309 g (89 %), m.p. 199-200°C. UV (MeOH) Amax (log ¢€) 273
(0.053), 312 (0.045) nm. IR (ATR) ,max 3550, 3200,1680, 1600,
1480, 1310 cm~'. 'H NMR: (300 MHz, DMSO-dg) & 9.08 (s, 1H),
7.96 (s, 1H), 7.63 (s, 1H), 7.54 (s, 1H), 7.41-7.32 (m, 2H), 7.16 - 7.07
(m, 2H), 5.25 (s, 2H). 3C NMR: (75 MHz, DMSO-dg) § = 156.71
(C), 143.84 (C), 141.09 (C), 129.26 (2xCH), 129.18 (C), 124.69 (CH),
123.04 (CH), 116.61 (C), 116.52 (2xCH), 110.36 (CH), 108.12 (C),
61.19 (CHy). MS [EI+] m/z (%): 345 [M]* (14), 190 [M-C;H3N30]*+
(81), 172 [M_C9H9N03]+ (100), 128 [M—C11H11N302]+ (49) Anal.
calcd. for CigH12CIN3O4 (%): C 55.58, H 3.50, N 12.15; found: C
55.51, H 3.54, N 12.17.

4-[4-(2-Chloro-phenoxymethyl)-1,2,3-triazol-1-yl]-2-hydroxy-benzoic
acid (10)

4-azido-2-hydroxybenzoic acid 3 and 1-chloro-2-prop-2-
ynyloxy-benzene afforded 4-[4-(2-chloro-phenoxymethyl)-1,2,3-
triazol-1-yl]-2-hydroxy-benzoic acid as a white solid. Yield: 0.247
g (68 %), m.p. 200-201°C. UV (MeOH) Amax (log &) 273 (0.052),
311 (0.044) nm. IR (ATR) ymax 3200, 2800, 1680, 1600, 1440,
1295 cm~!. 'H NMR: (300 MHz, DMSO-dg) & 9.03 (s, 1H), 7.92
(d, ] = 83 Hz, 1H), 7.52 - 745 (m, 2H), 741 - 722 (m, 4H),
6.94 (dd, ] = 74, 1.6 Hz, 1H), 5.27 (s, 2H). 13C NMR: (75 MHz,
DMSO0-dg) § = 171.04 (C), 162.42 (C), 152.51 (C), 146.44 (C), 141.09
(CH), 130.08 (CH), 128.33 (CH), 128.15 (C), 123.26 (CH), 122.21
(CH), 122.03 (CH), 121.49 (C), 107.77 (CH), 106.83 (C), 61.77 (CH,).
MS [El+] m/z (%): 345 [M]" (9), 190 [M-C;H3N30]* (65), 172
[M-C9HONO3]* (100), 128 [M-Cy1H11N30,]* (50). Anal. calcd. for
Ci6H12CIN3Oy4 (%): C 55.58, H 3.50, N 12.15; found: C 55.59, H 3.56,
N 12.13.

4-[4-(4-Acetyl-2-methoxy-phenoxymethyl)-1,2,3-triazol-1-yl]-
2-hydroxy-benzoic acid (11)

4-azido-2-hydroxybenzoic acid 3 and 1-(3-methoxy-4-prop-
2-ynyloxy-phenyl)ethanone afforded 4-[4-(4-Acetyl-2-methoxy-
phenoxymethyl)-1,2,3-triazol-1-yl]-2-hydroxy-benzoic acid as a
pale yellow solid. Yield: 0.140 g 81 %), m.p. 210°C. UV (MeOH)
Amax (log &) 270 (0.226), 307 (0.154) nm. IR (ATR) ymax 3200, 1680,
1590, 1490, 1270 cm~!. TH NMR: (300 MHz, DMSO-dg) § 9.07 (s,
1H), 7.97 (d, ] = 8.2 Hz, 1H), 7.65 (dd, ] = 8.4, 2.0 Hz, 1H), 7.55
- 741 (m, 3H), 7.32 (d, ] = 8.4 Hz, 1H), 5.33 (s, 2H). 3C NMR:
(75 MHz, DMSO-dg) § = 196.39 (C), 171.55 (C), 170.94 (C), 162.50
(C), 151.54 (C), 148.73 (C), 143.44 (C), 140.68 (C), 132.06 (CH),
130.37 (CH), 123.36 (CH), 122.89 (CH), 112.38 (CH), 110.44 (CH),
109.80 (C), 107.67 (CH), 61.44 (CH,), 55.46 (CHs3), 26.34 (CHj).
MS [EI+] m/z (%): 383[M]* (5), 204 [M-CgH{3N30]* (90), 165
[M—C12H15N30]+ (100), 114 []\/I—(:1(3I‘[19N30]+ (75) Anal. calcd. for
C19H17N30g (%): C 59.53, H 4.47, N 10.96; found: C 59.55, H 4.43,
N 10.98.

2-Hydroxy-4-[4-(1-hydroxycyclohexyl)-1,2,3-triazol-1-yl]-benzoic
acid (12)

4-azido-2-hydroxybenzoic acid 3 and 1-ethynylcyclohexanol
afforded 2-hydroxy-4-[4-(1-hydroxycyclohexyl)-1,2,3-triazol-1-yl]-
benzoic acid as a pale-yellow solid. Yield: 0.267 g (88 %), m.p.
225°C UV (MeOH) Amax (log €) 235 (0.198), 257 (0.461) nm. IR
(ATR) ymax 3250, 3140, 2900, 2800, 1650, 1620, 1440, 1300 cm.
1H NMR: (300 MHz, DMSO-dg) § 8.67 (s, 1H), 7.93 - 7.85 (m, 1H),
751 - 7.42 (m, 2H), 1.88 (ddd, J = 13.8, 10.4, 3.8 Hz, 2H), 1.76 -
1.59 (m, 4H), 144 - 1.31 (m, 3H), 1.23 - 117 (m, 1H). 3C NMR:
(75 MHz, DMSO-dg) § = 17113 (C), 162.21(C), 156.92 (C), 141.45
(C), 132.14 (CH), 119.50 (CH), 113.06 (C), 109.99 (CH), 107.29 (CH),
67.89 (CH,), 37.56 (2xCH,), 25.21 (CH,), 21.68 (2xCH,). MS [El+]
m/z (%): 303 [M]* (5), 190 [M-CsHy;N|™ (60), 172 [M-CgH;N,]*
(55), 114 [M-C1oH1;N30]* (100),

72 [M-Ci4Hp1N3]* (90). Anal. caled. for Ci5sHi7N304 (%): C
59.40, H 5.65, N 13.85; found: C 59.43, H 5.67, N 17.87.

2-Hydroxy-4-[4-(1-methyl-2,5-dioxo-cyclopentylmethyl)-
1,2,3-triazol-1-yl]-benzoic acid (13)

4-azido-2-hydroxybenzoic acid 3 and 2-methyl-2-prop-2-ynyl-
cyclopentane-1,3-dione afforded 2-hydroxy-4-[4-(1-methyl-2,5-
dioxo-cyclopentylmethyl)-1,2,3-triazol-1-yl]-benzoic acid as a pale
yellow solid. Yield: 0.136 g (41 %), m.p. 185°C. UV (MeOH) Amax
(log €) 256 (0.0239), 270 (0.201) nm. IR (ATR) ymax 3110, 1680,
1605, 1440, 1400, 1305, 1200cm~'. TH NMR: (300 MHz, DMSO-dg)
8 8.55 (s, 1H), 7.89 (d, J = 8.4 Hz, 1H), 7.29 (d, ] = 7.7 Hz, 3H),
3.03 (s, 2H), 2.89 - 2.67 (m, 4H), 1.14 (s, 4H). 13C NMR: (75 MHz,
DMSO-dg) § = 216.10 (2xC), 171.89 (2xC), 163.05(C), 143.40 (C),
140.23 (C), 131.90 (CH), 120.85 (CH), 108.99 (CH), 107.37 (CH),
54.86 (C), 54.66 (2xCH,), 34.77 (CH,), 20.27 (CH3). MS [El+] m/z
(%): 329 [M]* (15), 190 [M-C7HgNO,]* (53), 172 [M-CgH{5NO, ]+
(70), 42 [NI-ClGHZ]NgOZ]Jr (100). Anal. calcd. for Ci6H15N305 (%):
C 58.36, H 4.59, N 12.76; found: C 58.38, H 4.61, N 12.74.

4-[4-(Benzothiazol-2-ylsulfanylmethyl)-1,2,3-triazol-1-yl|-
2-hydroxy-benzoic acid (14)

4-azido-2-hydroxybenzoic acid 3 and 2-prop-2-ynylsulfanyl-
benzothiazole afforded 4-[4-(Benzothiazol-2-ylsulfanylmethyl)-
1,2,3-triazol-1-yl]-2-hydroxy-benzoic acid as a white solid. Yield:
0.169 g (42 %), m.p. 205°C. UV (MeOH) Amax (log &) 281 (0.032)
nm. IR (ATR) ymax 3560, 2990, 1680, 1460, 1380, 1330, 1230 cm.
IH NMR: (300 MHz, DMSO-dg) 8 8.80 (s, 1H), 7.99 (d, ] = 8.1
Hz, 1H), 7.90 (t, ] = 9.1 Hz, 2H), 747 (t, ] = 7.6 Hz, 1H), 7.36 (t,
J = 7.3 Hz, 1H), 7.26 (d, ] = 8.1 Hz, 2H), 4.76 (s, 2H). 13C NMR:
(75 MHz, DMSO-dg) § = 171.57 (C), 165.69 (2xC), 152.71 (C),
140.0 (C), 134.87 (C), 131.92 (C), 126.62 (C), 126.55 (CH), 124.73
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(2xCH), 12191 (2xCH), 12143 (2xCH), 108.76 (CH), 107.52 (CH),
5122 (CHy). MS [El+] m/z (%): 384[M]* (5), 248 [M-CsH;oN3]*
(30), 166 [M-CioH;oN303]* (50), 69 [M-CisHigN4S,]* (100), 55
[M—C16H26N452]+ (90) Anal. calcd. for C17H]2N40352 (%): C 5311,
H 3.15, N 14.57; found: C 53.18, H 3.17, N 14.54.

4-[4-(1H-Benzoimidazol-2-ylsulfanylmethyl)-
1,2,3-triazol-1-yl]-2-hydroxy-benzoic acid (15)

4-azido-2-hydroxybenzoic acid 3 and 2-prop-2-ynylsulfanyl-
1H-benzoimidazole afforded 4-[4-(1H-benzoimidazol-2-
ylsulfanylmethyl)-1,2,3-triazol-1-yl]-2-hydroxy-benzoic  acid as
a white solid. Yield: 0.228 g (62 %), m.p. 220°C. UV (MeOH) Amax
(log €) 256 (0.218) nm. IR (ATR) ymax 3026, 1670, 1610, 1560, 1450,
1290, 1230 cm~'. TH NMR: (300 MHz, DMSO-dg) & 8.92 (s, 1H),
8.82 (s, 1H), 7.91 (d, J = 8.4 Hz, 2H), 7.64 (ddd, | = 8.8, 6.0, 2.8 Hz,
2H), 741 (d, ] = 7.3 Hz, 3H), 7.24 - 7.18 (m, 2H), 5.54 (s, 2H). 13C
NMR: (75 MHz, DMSO-dg) 8 = 171.47 (C), 171.00 (C), 150.38 (C),
143.34 (C), 142.97 (C), 140.71 (C), 140.59 (C), 132.05 (2xCH), 122.07
(CH), 121.95 (CH), 117.93 (CH), 110.17 (C), 109.76 (CH), 107.60 (CH),
107.55 (CH), 54.56 (CH,). MS [EI+] m/z (%): 367 [M]" (40), 210
[M-CsHgN4S|* (20), 188 [M-C7H5N303]* (35),172 [M-CgH3N3S]™
(50), 146 [l\/l—C]Ol‘Il3N451Jr (100), 88 [M—C14H15NSS]+ (40) Anal.
calcd. for Cy7H13N503S (%): C 55.58, H 3.57, N 19.06; found: C
55.55, H 3.59, N 19.11.

4-[4-(4-Formylphenoxymethyl)-1,2,3-triazol-1-yl]-2-hydroxy-benzoic
acid (16)

4-azido-2-hydroxybenzoic acid 3 and 4-prop-2-ynyloxy-
benzaldehyde  afforded  4-[4-(4-formylphenoxymethyl)-1,2,3-
triazol-1-yl]-2-hydroxy-benzoic acid as a white solid. Yield:
0.290 g (85 %), m.p. 210°C. UV (MeOH) Amax (log &) 273 (0.208)
nm. IR (ATR) ymax 3100, 1690, 1600, 1500, 1480, 1300, 1250
cm~!. TH NMR: (300 MHz, DMSO-dg) § 9.89 (s, 1H), 9.06 (s, 1H),
8.00 (d, J] = 83 Hz, 1H), 790 (d, J = 7.9 Hz, 2H), 7.53 (s, 1H),
7.26 (dd, ] = 8.9, 5.5 Hz, 2H), 5.38 (s, 2H). 13C NMR: (75 MHz,
DMSO0-dg) 6 = 191.09 (C), 171.27 (C), 162.26(C), 162.23 (C), 143.53
(C), 141.25 (C), 132.21 (CH), 131.83 (2xCH), 130.01 (C), 123.09 (CH),
115.20 (2xCH), 113.05 (CH), 110.36 (C), 107.79 (CH), 61.32 (CH,).
MS [EI+] m/z (%): 339 [M]* (15), 190 [M-C;H;N30]* (85), 172
[M—C8H13N30]+ (100) Anal. calcd. for C]7H13N305 (%): C 6018, H
3.86, N 12.38; found: C 60.19, H 3.88, N 12.36.

4-[4-(2-Formylphenoxymethyl)-1,2,3-triazol-1-yl]-2-hydroxy-benzoic

acid (17)
4-azido-2-hydroxybenzoic acid 3 and 2-prop-2-ynyloxy-
benzaldehyde  afforded  4-[4-(2-Formylphenoxymethyl)-1,2,3-

triazol-1-yl]-2-hydroxy-benzoic acid as a white solid. Yield: 0.252g
(78 %), 220°C. UV (MeOH) Amax (log €) 273 (0.324) nm. IR (ATR)
ymax 3440, 1685, 1675, 1600, 1485, 1280, 1200 cm~!. 'H NMR:
(300 MHz, DMSO-dg) § 10.38 (s, 1H), 9.06 (s, 1H), 791 (d, ] = 8.4
Hz, 1H), 7.64 (dd, ] = 11.6, 7.6 Hz, 2H), 7.54 - 7.35 (m, 3H), 7.06
(t, ] = 7.5 Hz, 1H), 5.39 (s, 2H). 13C NMR: (75 MHz, DMSO-dg)
8 = 189.44 (C), 170.99 (C), 162.28 (C), 160.27 (C), 143.91 (C), 140.92
(C), 136.37 (CH), 132.12 (CH), 127.62 (CH), 124.57 (C), 122.78 (C),
121.29 (CH), 114.15 (CH), 110.07 (CH), 107.69 (CH), 106.77 (C), 62.17
(CHy). MS [EI+] m/z (%): 401 [M]* (5), 172 [M-C10H9N303]*"
(100). Anal. calcd. for C{7H13N305 (%): C 60.18, H 3.86, N 12.38;
found: C 60.15, H 3.84, N 12.39.

2.4. Cell lines culture and culture medium

The compounds were screened in vitro against human cancer
cell lines: HCT-15 (human colorectal adenocarcinoma), MCF-7 (hu-
man mammary adenocarcinoma), K562 (human chronic myeloge-
nous leukemia), U251 (human glioblastoma), PC-3 (human pro-
static adenocarcinoma) which were supplied by National Cancer

Institute (USA); SKLU-1 (human lung adenocarcinoma) from Na-
tional Institute of Cancerology, Mexico, and COS-7, adherent mon-
key kidney fibroblasts (ATTC).

The human tumor cytotoxicity was determined using the
protein-binding dye sulforhodamine B (SRB) in microculture assay
to measure cell growth, as described in the protocols established
by the NCI [15]. The cell lines were cultured in RPMI-1640 medium
supplemented with 10% fetal bovine serum, 2mM L-glutamine,
Penicillin-Streptomycin solution 100x (Gibco) and 1% non-essential
amino acids (Gibco®). They were maintained at 37°C in humidi-
fied atmosphere with 5% CO,. The viability of the cells used in the
experiments exceed 95% as determined with trypan blue.

2.5. Cytotoxicity assay

Cytotoxicity after treatment of the tumors cells and normal
cell with the test compounds was determined using the protein-
binding dye sulforhodamine B (SRB) in microculture assay to mea-
sure cell growth as described in the reference [15]. The cells were
removed from the tissue culture flasks by treatment with trypsin
and diluted with fresh media. Of this cell suspension, 100 ul con-
taining 5000-10,000 cell per well, were pipetted into 96 well mi-
crotiter plates (Costar) and the material was incubated at 37°C for
24 h in a 5% CO, atmosphere. Each cell line is deposited by tripli-
cate and subsequently, 100 ul of a solution of the compound ob-
tained by diluting the stocks were added to each well. The cultures
were exposed for 48 h to the compound at concentrations 25 pM.
After the incubation period, cells were fixed to the plastic substra-
tum by the addition of 50 wl of cold 50 % aqueous trichloroacetic
acid. The plates were incubated at 4°C for 1 h, washed with tap
H,O0, and air-dried. The trichloroacetic-acid-fixed cells were stained
by the addition of 0.4% SRB. Free SRB solution was the removed by
washing with 1% aqueous acetic acid. The plates were the air-dried,
and the bound dye was solubilized by the addition of 10 mM un-
buffered Tris base (100 wl). The plates were placed on a shaker for
10 min, and the absorption was determined at 515 nm using an
ELISA plate reader (Bio-Tex Instruments).

2.6. Molecular modeling

All optimizations of compounds 4-17 were performed at
wB97X-D/6-311+G(d,p) level of theory. Frequencies were calculated
to confirm that the structures are on an energetic minimum. For
docking calculations, the PDB files of STAT 3 protein (1BHH for SH2
domain and 4ZIA for N-terminal domain) were used from Protein
Data Bank. The best binding modes were chosen by binding en-
ergy and the type of interactions between the aminoacids and the
compounds 4-17. These binding sites were isolated and partially
optimized, leaving backbone atoms fixed and sidechains flexibles.
Also, hydrogens on backbone atoms were optimized. A first pre-
optimization with PM6 semiempirical method was performed and
a wB97X-D/cc-pVDZ level of theory partial optimization were per-
formed later. Non-Covalent Interactions index (NCI) was performed
on these sites for a complete study of the intermolecular interac-
tions on binding sites. Geometry optimizations with quantum me-
chanics methods were performed with Gaussian09 Rev. E.O1 pack-
age [16], and docking calculations were performed with AutoDock-
Tools 1.5.6 version package [17]. NCI analisis were performed with
a DensToolkit development version [18].

3. Results and discussion
3.1. Chemistry

Initial studies were focused to prepare 4-azido-2-
hydroxybenzoic acid 3 from a modification of the procedure
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Table 1
Synthesis of 4-(1,2,3-triazol-1-yl) salicylic acid derivatives.

Compound R % Yield
4 CH,0(2,4-NO, )CsHs 85
5 CH,0(4-Br)CsHa 99
6 CH,0(3-iPr-5-CH3 )CsH3 43
7 CH,0(2-0CH;-4-CHO)CgHs 84
N
S_</ \>
8 _—/ N=— 64
9 CH,0(4-Cl)CsH,4 89
10 CH,0(2-Cl)CsHa 68
1 CH,0(2-0CH;-4-COCH3 )CgHs 46
\O
12 HO 51
0]
-CH,
13 (0] 66
S
S—
14 pr— N 84
H
N
S—
15 =/ N 55
16 CH,0(4-CHO)CgHy 66
17 CH,0(2-CHO)CgH4 68

described by Dupuis [14]| through a consecutive diazotization-
azidation process on 4-amino-2-hydroxybenzoic acid (Scheme 3).
A characteristic band at 2104 cm™! corresponding to stretch-
ing N=N=N azide vibration [19] is present in the IR spectrum;
furthermore, carboxylic acid group was identified by the C=0
stretching vibration band at 1757 cm™' and a wide O-H stretching
band at 3600 cm~!; an additional O-H vibration band (3200 cm™1)
corroborates salicylic acid arrange in agreement to previous re-
ports [20-22] which also describe a strong absorption peak found
approximately at 270 nm in the respective UV spectra.

Subsequent CuAAC reaction of azide 3 with the appropriate
alkynes in presence of catalytic amounts of Cul afforded the corre-
sponding 4-(1,2,3-triazol-1-yl) salicylic acid derivatives 4-17 in 43-
99% yields. The results in Table 1 illustrate the product yields and
the functional groups used on the alkyne part which integrate the
substituents at C5 position in obtained triazole rings.

Compounds 4-17 are quite stable in solution after 48 h, which is
important to know because these molecules are structural specifics
and there are not transformations in solution. The 1,2,3-triazole
moiety in these compounds was unambiguously determined by
the conventional spectroscopic techniques; for instance, IR spec-
tra of triazoles 4-17 exhibit the distinctive aromatic C=C stretch-
ing vibration band at 1600 cm™! together to a N=N band at 1450
cm~! according to literature [23-26]. A remarkable absorption
band detected in these spectra is located at 1300 cm~! which has
been correlated to a cyclic -N-N=N- configuration present in 1,2,3-
triazole core [27,28]. On the other hand, high energy absorption
bands ranged at 255-280 nm are present in UV spectra of com-
pounds 4-17 which are assigned to a w — m* transition in aro-
matic rings [29].

The presence of 1,2,3-triazole ring was categorically established
through the NMR spectra analysis. In this way, a typical singlet sig-
nal assigned to the hydrogen on triazole C-5 at 7.5-8.8 ppm is ob-

served in 'H NMR spectra of compounds 4-17, whereas the corre-
sponding 13C NMR spectra reveal C-4 and C-5 triazole carbon sig-
nals at 143 and 112 ppm respectively. Some selected spectral data
of compounds triazoles 4-17 are summarized in Table 2.

A noteworthy fact derived from MS analysis that should be con-
sidered to complete this spectroscopic information is the appear-
ance in most of mass spectra of specific ions at m/z 190 and at m/z
172 which in some cases is presented as base peak. Two possible
fragmentation patterns to rationalize these peaks are showed in
Scheme 4. An ionization on triazole N1 followed by loss of RO-/RS:
fragment generates a methylene triazolium ion 19 which in turn
loses HCO,H to give radical cation 20 with m/z 172. Other plau-
sible fragmentation mechanism involves the well documented ex-
trusion of N, from 1,2,3-triazole [30,31] affording azirinyl radical
cation 21 which undergoes a cleavage of RO-CH,/RS-CH, bond pro-
viding successively methylene azirinyl cations 22 (m/z 190) and 23
(m/z 172) after losing of H,O.

3.2. Biological evaluation and Cytotoxic Activity

The anti-proliferative activity of compounds 4-17 was evaluated
against a series of tumoral cell lines which included U251 (human
glioblastoma), PC-3 (human prostate cancer cell line), K562 (hu-
man leukemia), HCT-15 (human colorectal adenocarcinoma), MCF-
7 (human breast adenocarcinoma) and SKLU (human lung adeno-
carcinoma), the results are summarized in Table 3.

Although a direct comparison among all these compounds is
not simple, some relationships can be found through an analysis
of compounds that share common structural features. Thus, in or-
der to facilitate this analysis, four groups of 4-(1,2,3-triazol-1-yl)
salicylic acid derivatives were considered according to a structural
similarity premise.

A first 4-(1,2,3-triazol-1-yl) salicylic acid group included phe-
noxymethyl derivatives substituted at C4 position on triazole moi-
ety (compounds 4-7, 9-11, 16 and 17). In general, these molecules
exhibit good activities for HCT-15, U251 and MCF-7, however, these
compounds are also toxic against COS7 healthy cells. The molecule
that displays the highest toxicity in this group is compound 6, with
64.64% cell growth inhibition against HCT-15 and 52.3 % inhibi-
tion against COS7 cell lines. This activity can be attributed to the
bioavailability provided by the m-cymene moiety present in several
natural products with well-known biological activity [32,33]. Other
interesting example from this triazole group is compound 4 bear-
ing a 2,4-dinitrophenyl fragment which probably causes the high
activity against HCT-15 (39.0 % cell growth inhibition) and also
against COS7 (30.6 %) due to the nitro group ability to interact with
biological nucleophiles such as proteins, amino acids, nucleic acids,
and enzymes through non-covalent interactions found in some an-
tineoplasic, antibiotic, and antiparasitic agents which contain this
group [34]. On the other hand, the aryl methoxy group together
with aldehyde/ketone carbonyl group present in molecules 11 and
7 promotes a low polarity effect and formation of non-covalent hy-
drogen interactions with carbonyl substituent increasing the cyto-
toxic activity observed in these compounds, 45.2% growth inhibi-
tion against PC-3 cells with compound 7, whereas compound 11
showed 32.85% growth inhibition against MCF-7 cells.

An outstanding characteristic perceived in a second 4-(1,2,3-
triazol-1-yl) salicylic acid derivatives group is the existence of an
alicyclic part directly attached to the triazole ring bearing a cyclo-
hexanol fragment in compound 12 or a methylcyclopentanedione
moiety in compound 13, which resulted more active in this series
with 52.4% and 38.05% growth inhibition of U251 and HCT-15 cell
lines respectively, but also more toxic against healthy cells (47.4%
cell growth inhibition of COS7). This behavior could be related to
the chemical nature of the cyclopentanedione fragment present in
several biologically active natural products [35,36] as well as other
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Table 2

Selected spectral data of 4-(1,2,3-triazol-1-yl) salicylic acid derivatives.

Compound  Amax log IR (Vmax, cm~1) TH NMR (ppm)  3C NMR (ppm)
€ C=Cuom N=Nyom -N-N=N- Triazole C5-H  C4 cs
4 256 0.090 1600 1480 1300 8.04 139.7 115.2
5 255 0.101 1600 1450 1287 8.49 143.4 112.4
6 257 0315 1600 1450 1290 7.99 144.5 112.2
7 273 0.045 1640 1470 1265 8.88 142.8 112.6
8 274 0.400 1610 1450 1300 7.86 144.9 110.0
9 273 0.053 1600 1480 1310 7.54 143.8 110.3
10 273 0.052 1600 1440 1295 7.52 146.4 107.7
11 270 0.226 1590 1490 1270 7.55 143.4 1123
12 257 0.461 1620 1440 1300 7.93 141.4 109.9
13 256 0.023 1605 1440 1305 7.89 1434 1089
270 0.201
14 281 0.032 1680 1460 1330 7.99 140.0 108.7
15 256 0.218 1610 1450 1290 7.91 143.3 110.1
16 273 0.208 1600 1480 1300 7.53 143.5 110.3
17 273 0.324 1600 1485 1280 7.54 143.9 110.0
Table 3
Growth inhibition (%) of tumor cell lines at 25 ©M by compounds 4-17°

Compound U251 PC-3 K562 HCT-15 MCF-7 SKLU-1 C0oSs7

4 18.28 NCP 9.0 39.03 20.6 NC 30.61

5 12.0 9.9 18.1 26.53 173 NC 16.9

6 2343 NC 13.56 64.64 10.5 NC 523

7 4.4 45.2 9.4 26.56 NC NC 203

8 20.45 3.9 15.23 67.63 2041 NC 4428

9 2.5 9.1 12.7 16.3 11.8 NC 2.5

10 NC NC 4.2 19.1 3.5 NC 5.0

11 10.66 NC 10.21 10.57 32.85 NC 9.13

12 11.01 NC 3.6 17.21 23.23 NC 5.26

13 52.4 NC 13.9 38.05 11.69 NC 47.4

14 1155 NC 4.86 10.93 33.53 NC 14.67

15 57.9 NC 5.51 35.24 NC NC 47.64

16 4.66 NC NC 6.25 12.82 NC 3.96

17 6.78 NC 1.28 8.97 20.41 NC 8.71

@ The values indicate the mean calculated from experiments conducted in triplicate.

b NC: not cytotoxic.

similar nitrogen 5-membered rings such as pyrrole and phthalim-
ide analogs used as anticancer agents [37]. Moreover, this observed
activity can also be boosted by the potential ability of compound
13 to promote non-covalent interactions in physiologic media due
to the presence of the two bioavailable ketone groups. These com-
pounds are interesting; however, their toxicity against healthy cells
reduces their potential attractiveness for further studies.

Group 3 of 4-(1,2,3-triazol-1-yl) salicylic acid derivatives com-
prises heterocyclic rings attached to 1,2,3-triazole moiety through
a -SCH2- linkage, these heterocycles include pyrimidine in com-
pound 8, benzothiazole (14) and benzimidazole (15) which would
incorporate the well-known biological activities from these hetero-
cyclic fragments to final molecules. The results of cytotoxic activ-
ity show that compounds 8 and 15 are highly active against HCT-
15 (67.63 and 35.24 % respectively) but at the same time these
molecules display high toxicity to COS7 cells (44.28 and 47.64 %
respectively) as well as other groups discussed above. A notewor-
thy property found in compound 14 is the selective activity against
MCF-7 cell line (33.53 % cell growth inhibition) in contrast to ac-
tivity against HTC-15 and COS7 (10.93 and 14.67% cell growth in-
hibition respectively). On the other hand, triazole 15 proved to be
the most active compound of this series, showing 57.9 % growth
inhibition of U251 cells, 35.24 % growth inhibition of HCT-15 and
47.64 % growth inhibition of COS7 cells. This feature could drive
next investigations to study the effect of substituents in benzimi-
dazole core on antitumoral activity of this kind of molecules.

A fourth group of triazoles involves compounds 5, 9, 10, 16 and
17 holding halogen atoms and aldehyde/ketone carbonyl groups

in their structures. From this group, benzaldehyde derivatives re-
vealed activity against MCF-7, 20.41 and 12.82% cell growth inhibi-
tion respectively for 17 and 16 besides low toxicity against COS7
cells (8.71 and 3.96 % cell growth inhibition for compounds 17
and 16 respectively). In this case, the aldehyde substituent clearly
plays a relevant role in the triazole activity which is almost dupli-
cated by changing the position in the aromatic ring from 4- to 2-,
this behavior is also reflected in the toxicity of these compounds
against healthy cells. The cytotoxic activity of this pair of com-
pounds contrasts to observed activity in compounds 5, 9 and 10
which produce 26.53, 16.3 and 19.1 % growth inhibition into HCT-
15 cells similar to aldehyde derivatives discussed above and con-
siderably less active than triazoles classified in other series. How-
ever, a promising molecule in this group is triazole 10 which ex-
hibits 19.1 % cell growth inhibition against HCT-15 cancer cells and
low toxicity with healthy COS7 cells (5.0 %). In addition, this com-
pound is quite selective showing no activity against U251, PC-3 and
SKLU-1 cancer cell lines, and just a reduced toxicity with K562 (4.2
%) and MCF-7 (3.5 %) cancer cells, which is apparently associated
with o- position between substituents in aromatic ring identified
in other molecules with this substitution pattern and similar activ-
ity. Although this work is not conclusive, it provides several lines
that should be explored, some of which are currently under devel-
opment in our research group.

Inhibitory activity showed by compounds 4-17 is comparable
to some 1,2,3-triazole-based tumor cell growth inhibitors [38-45].
This feature opens the possibility of considering 4-(1,2,3-triazol-
1-yl) salicylic acid derivatives as an emerging group of STAT3 in-
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Fig. 1. Docking interaction energies by domain.

hibitors together to other small molecules [46-49]. Accordingly,
further studies will be necessary to modify biological activity pro-
viding higher selectivity in terms of a cytotoxic activity increase
against specific cancer lines with low impact to healthy cells in-
cluding intensive studies on antiproliferative activity against tumor
renewal [50]. These challenges might be overcome through the use
of the Click Chemistry approach due to this concept would allow
an easy biological activity modulation by a simple functional group
exchange in alkyne fragment; these are some advantages of using
1,2,3-triazole moiety as a versatile scaffold, besides possessing a
metal coordination ability which gives an additional chance to ex-
tend inhibitory potency such as Kandioller and coworkers have ob-
served [51].

3.3. Molecular modeling

All optimized geometries show an intramolecular H-bond in the
salicylate fragment. The structures are enough rigid by not showing
any additional intramolecular interactions. STAT3 protein is one of
the most studied cancer-related factors, being modeled by classical
molecular dynamics and molecular docking [52] and also docking
calculations for inhibit the STAT3 dimerization [53], however, there
was none work with triazole-derivatives as a STAT3 inhibitors.

A blind molecular docking was carried out into both SH2 and
N-terminal domains. Most of the molecules show a high affinity to
N-terminal domain, such as the delta G binding energy is in the
range from 6.3 to 7.9 kcal/mol, but for the SH2 domain the delta G
binding energy range is from 6.4 to 7.5 kcal/mol (Fig. 1). By com-
paring binding energies, only four compounds show more affinity
for the SH2 domain, and two show the same binding energy for
the SH2 and N-terminal domains, which means that compounds
are non-selective through the STAT3 principal domains.

The best binding models were chosen from each domain, two
for SH2 domain and three for N-Terminal domain. In both domains
are shown hydrogen bonds between the amino acids in the binding
site and the compounds synthesized in this work. For SH2 domain,
compounds 4 and 6 represent the best binding models, whereas
for the N-Terminal domain, 6, 12 and 13 are the best binding mod-
els.

For SH2 domain, compound 6 shows hydrogen bonds, also
m-stacking between the salicylate ring and the PHE-191 residue
(Fig. 2). The carboxylate group from salicylate ring is H-bond ac-
ceptor and donor with the surrounding amino acids, such as ASN-
185 and the GLY-190 residues.

Attraction

Repulsion

Fig. 3. Non-covalent interactions between 6 and predicted N-Terminal binding site.
The H-bonds between the carboxylate of the salicylate group and the amino acids
are shown in blue.

Other representative intermolecular interaction displayed with
SH2 domain involves H-bonds between the SER-158-backbone
residue and R fragment as well as steric interactions with SER-164
residue. In addition, an interaction with the triazole fragment and
ARG-154 residue is also detected.

For N-Terminal domain, all models include H-bonds between
salicylate fragment and amino acids, like in SH2 model, with GLN-
3 and with SER-113. The compound that showed the best affin-
ity by energy binding with N-terminal domain is 6 (Fig. 3), but
the protein-ligand interactions shown on docking are only two H-
bonds: one between the salicylate and the GLN-3, the salicylate
and LEU-109 and a Van Der Waals interaction between the triazole
and ALA-44. This means that the H-bonds are quite strong to bind
the ligand consistent with experimental inhibition results and the
Van Der Waals interaction is not affecting the binding mode by a
repulsive interaction one.

Steric interactions are also important between 4 and N-Terminal
binding site. As shown in Fig. 3, the salicylate ring interacts with
the LEU-109 sidechain. On the studied models there are strong H-
bonds between the salicylate group and the amino acid sidechains
(Fig.s 4 and 5).

H-bond interactions between salicylate fragment and amino
acids in both domains are constant and consistent in all binding
sites given by the blind docking, but also m-stacking interactions
are present on many of the chosen models. These interactions are
quite strong to explain experimental biological activity. Therefore,
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Attraction

Repulsion '

Fig. 4. Intermolecular interactions between 12 and N-Terminal domain. H-bond in-
teractions are shown in blue.

Attraction Repulsion

)

Fig. 5. Non-covalent interactions between 13 and N-Terminal domain. The H-bonds
are shown in blue.

molecular docking calculations suggest a non-selective binding site
between domains due to the similar binding energies in both SH2
and N-terminal domains.

As far we know, these are the first examples of 1,2,3-triazolyl
compounds derived from 4-amino salicylic acid displaying anti-
cancer activity and providing new opportunities to design and syn-
thesize more STAT 3 inhibitors, either as antitumor agents them-
selves or as a part of a combined therapy [54].

4. Conclusions

In brief, CuAAC reaction demonstrated to be a useful method
in the preparation of a collection of 4-(1,2,3-triazol-1-yl) salicylic
acid derivatives with outstanding specific activity against some tu-
moral cell lines. According to experimental data, the theoretical re-
sults show that the interactions are crucial into the molecular in-
hibition of the SH2 and N-terminal domains of STAT3. The strong
H-bond interactions between N-terminal, SH2 domain and ligand
show that the synthesized compounds are non-selective between
STAT3 domain; instead, a strong interaction between ARG-154 and
the triazole fragment is observed which can probably be associ-
ated to cytotoxic activity in these molecules. The simplicity of syn-
thetic methods and anticancer activities found in some compounds
suggests that this class of 4-(1,2,3-triazol-1-yl) salicylic acid deriva-
tives will enjoy a widespread application.
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