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ABSTRACT

A novel library of human carbonic anhydrase (hCA) inhibitors based on the 2-sulfanilamido[1,24]tria-
zolo[1,5-alpyrimidine skeleton modified at its 7-position was prepared by an efficient convergent proced-
ure. These derivatives were evaluated in vitro for their inhibition properties against a representative panel
of hCA isoforms (hCA |, II, IV, IX, and XIlI). The target tumour-associated isoforms hCA IX and Xl were
potently inhibited with Kis in the low nanomolar range of 5-96 nM and 4-72 nM, respectively. Compounds
1d, 1j, 1v, and 1x were the most potent hCA IX inhibitors with Ks of 5.1, 8.6, 4.7, and 5.1 nM, respectively.
Along with derivatives 1d and 1j, compounds 1r and 1ab potently inhibited hCA XlI isoform with Kis in a
single-digit nanomolar range of 8.8, 5.4, 4.3, and 9.0 nM, respectively. Compounds 1e, Tm, and 1p exhib-
ited the best selectivity against hCA IX and hCA XIlI isoforms over off-target hCA I, with selectivity indexes

ranging from 5 to 14.

Introduction

Carbonic anhydrases (CAs, EC 4.2.1.1) are a ubiquitous superfamily
of zinc-metalloenzymes responsible for the reversible catalytic
hydration of carbon dioxide (CO,) to bicarbonate and a proton,
facilitating various biochemical and physiological functions in
both prokaryotes and eukaryotes' ™. To date, eight genetically dis-
tinct CA families (¢ —1) have been identified in nature, among
which only the alpha class of carbonic anhydrases is expressed in
humans (hCAs)*®.

The human aCAs encompass 15 distinct isoforms (I-XV), 12 of
which are catalytically active (CAs I-IV, CA VA-VB, CA VI, CA VI,
CA IX, and CAs XII-XIV). These isoforms are differentiated by their
unique catalytic activity, cellular localisation, and organ/tissue dis-
tribution”®, whereas hCAs VIIl, X, and XI are non-catalytically
active CA-related proteins®'®. The catalytically active isoforms can
be further classified into four distinct classes based on localisation:
cytosolic isoforms (hCAs I-lll, VII, and XlIll), transmembrane iso-
forms (hCAs IV, IX, XIl, and XIV), mitochondrial isoforms (hCAs VA
and VB), and the secreted isoenzyme hCA VI released in saliva and
milk'".

hCAs are widely distributed across various tissues and organs
in our body, helping to maintain ion and pH cellular homeostasis.
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They play pivotal roles in numerous physiological and pathological
conditions'>"®. As such, dysregulation of hCAs is linked with a
broad spectrum of diseases, including glaucoma (hCA |, II, IV, and
Xl), epilepsy (hCA VII and XIV), cerebral and retinal oedema (hCA |
and 1I), and tumours (hCA IX and hCA XII)'*~>%,

Within the superfamily of a-CAs, isoforms CA IX and XIl have
been extensively studied due to their crucial role in the survival of
hypoxic tumours®>™?’. These cancer-associated CAs exhibit limited
expression in normal tissues whereas they are frequently overex-
pressed in various hypoxic solid tumours. This is likely due to the
strong transcriptional activation of the hypoxia-inducible transcrip-
tion factor 1 (HIF1)%®, where they can influence cell proliferation,
cell adhesion, and malignant cell invasion®.

The overexpression of hCA IX isoform in hypoxic tumours con-
tributes to an acidic extracellular microenvironment. This acidity is
essential to maintaining a slightly alkaline intracellular pH that
supports cancer cell survival and proliferation, compromising the
survival and proliferation of normal cells**~*. Concurrently, CA XII
is overexpressed in numerous solid tumours, such as breast, lung,
brain, and cervical cancer’>3¢. Consequently, the development of
selective hCA IX and hCA XIlI inhibitors represents an encouraging
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approach for antitumor/antimetastatic
agents3773°,

However, achieving selectivity of hCA IX/XII inhibitors over the
off-targets, the ubiquitous hCA | and Il isoforms involved in sev-
eral physiological processes, remains a challenging task. This
selectivity is crucial to prevent side effects*®*!, despite some stud-
ies reporting the overexpression of intracellular CA Il in certain
malignant cells**™’. The development of selective and potent
inhibitors of hCA IX/XIl isoforms has been hindered due to the
structural similarity between the off-target isoenzymes, CA | and II,
and CA IX*°,

All catalytically active hCAs feature a Zn*>" ion at their highly
conserved active site coordinated by three histidine residues
(His94, His96, and His119) and a water molecule, playing a crucial
role in the catalytic process. The majority of hCA inhibitors func-
tion as zinc-binders, with aromatic/heterocyclic primary sulphona-
mides (RSO,NH,) comprising the most significant class of hCA
inhibitors (CAls) due to their high affinity for numerous CA iso-
forms>' >3, In their deprotonated form (SO,NH"), these inhibitors
interact with the Zn®" ion in the active site and displace the Zn-
coordinated water molecule, thereby inhibiting the enzyme.

Despite the efficacy of primary sulphonamide in developing
potent CAls, these molecules suffer from a lack of selectivity for a
particular human isoform. This drawback is caused by the similar-
ity in active site architecture among the human isoforms, leading
to off-target side effects'>"”.

To address this issue, the most effective adopted strategy has
been the “tail approach”*. Here, one or more different aryl or het-
eroaryl “tails” are appended to an aromatic or heterocyclic scaffold
possessing the zinc-binding group (ZBG) such as sulphonamide or
its bioisostere, such as sulfamate and sulfamide®?, through various
functionalised linkers>>~>%, This strategy optimises the interactions
with specific hydrophobic/hydrophilic residues in the peripheral
part of the active site cavity, which varies among the different
hCA isoforms>°-52,

A successful example for the “tail approach” led to the discov-
ery of the selective hCA IX inhibitor SLC-0111 (Figure 1)°3. This
ureido substituted sulphonamide is currently undergoing clinical
trials for treating advanced hypoxic tumours with metastases®.
Given its promise, significant research efforts are being devoted to
developing potent and selective SLC-0111 analogues®>™®.

The [1,2,4]triazolo[1,5-a]lpyrimidine skeleton has been gained
remarkable research attention due to its biological importance as
a pharmacophore for designing anticancer agents®®. Depending
on the particular substitution pattern at the 2-, 5-, 6-, and 7-posi-
tions of the triazolopyrimidine scaffold, these agents can act on
different targets, such as tubulin®~74, BRD4°, LSD17%77, ABCB17¢,
and CDK2”°. In our search for new selective hCA IX and hCA XII
inhibitors, we identified the [1,2,4]triazolo[1,5-a]pyrimidine bicyclic
system with appropriate substituents at its 2- and 7-positions as a
suitable scaffold for producing compounds that inhibit both these
tumour-associated hCA isoforms.

This new library of compounds, characterised by the general
structure 1, incorporated a common p-sulphanilamide
(4’-NH,SO,CgH4NH) group as the Zn-binding function (ZBG) at the
2-position of the [1,2,4]triazolo[1,5-alpyrimidine nucleus. Different
aryl or heteroaryl “tails” were inserted to the 7-position to interact
with the variable amino acid residues within the active sites of dif-
ferent CA isoforms. For compounds 1b-e, we evaluated the effect
of replacing the phenyl group of compound 1a with bioisosteric
heterocyclic rings, such as 2'-thienyl, 4’-piridinyl, and 3'-piridinyl,
to yield derivatives 1b-d, respectively. For compound 1e, the

discovering potential

unsubstituted phenyl ring was substituted with the more lipo-
philic 2’-naphthyl group.

In preparing derivatives 1f-1ac, we explored the structure-
activity relationship (SAR) by examining the impact of various sub-
stitutions with electron-withdrawing groups (EWGs) such as nitro
(NO,) and halogens (F, Cl, Br, and I) or electron-releasing groups
(ERGs), namely methyl (Me), methoxy (MeO), and ethoxy (EtO), on
the phenyl ring at the 7-position of triazolopyrimidine scaffold.

A noteworthy point is that the preparation of these derivatives
was accomplished via an efficient and flexible one-step procedure,
starting from a common intermediate, 4-((5-amino-1H-1,2,4-triazol-
3-yl)amino)benzenesulfonamide (compound 2). To the best of our
knowledge, this is the first study of compounds characterised by
the [1,2,4]triazolo[1,5-a]pyrimidine skeleton as the main scaffold
for CA inhibitors. This represents unexplored territory, providing a
potentially fruitful avenue for further research.

Materials and methods
Chemistry-general

'H and "3C NMR spectra were recorded on a Bruker AC 200 and
Varian 400 Mercury Plus spectrometer, respectively. Chemical
shifts (0) are given in ppm upfield from tetramethylsilane as
internal standard, and the spectra were recorded in appropriate
deuterated solvents, as indicated. Mass spectra were recorded by
an ESI single quadrupole mass spectrometer Waters ZQ 2000
(Waters Instruments, Wilmslow, UK) and the values are expressed
as [M+11". Melting points (mp) were determined on a Buchi-
Tottoli apparatus and are uncorrected. All products reported
showed "H and '*C NMR spectra in agreement with the assigned
structures. The purity of tested compounds was determined by
combustion elemental analyses conducted by the Microanalytical
Laboratory of the Chemistry Department of the University of
Ferrara with a Yanagimoto MT-5 CHN recorder elemental analyser.
All tested compounds yielded data consistent with a purity of at
least 95% as compared with the theoretical values. All reactions
were carried out under an inert atmosphere of dry nitrogen.
Standard syringe techniques were used for transferring dry sol-
vents. Reaction courses and product mixtures were routinely
monitored by TLC on silica gel (precoated F,s, Merck plates), and
compounds were visualised with aqueous KMnO,. Flash chroma-
tography was performed using 230-400 mesh silica gel and the
indicated solvent system. Organic solutions were dried over
anhydrous Na,SO4 '"H NMR, '*C NMR, UV-vis, and ESl-mass spec-
tra of final compounds 1a-ac are included in the Supplementary
Material.

Preparation of (Z)-phenyl N'-cyano-N-(4-sulfamoylphenyl)carbami-
midate (2)

To a suspension of diphenyl cyanocarbonimidate (952 mg, 4 mmol)
in THF (5mL) was added 4-aminobenzenesulfonamide (688 mg,
4mmol) and the mixture was refluxed for 24 h. After this time, the
solvent was removed under reduced pressure, the resulting resi-
due was washed CH,Cl, (10 mL) and filtered to furnish the desired
product 2 as a white solid. Yield: 79%, mp: 204-205°C. '"H NMR
(ds-DMSO) 6: 7.29-7.32 (m, 3H), 7.34 (s, 3H), 744 (t, J = 7.2Hz,
2H), 7.62 (d, J = 8.8Hz, 1H), 7.80 (d, J = 8.8Hz, 1H), 11.1 (s, TH).
MS (ESI): [M+1]" = 317.3.
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Figure 1. Structure of SLC-0111 and molecular structures of 2-sulphanilamide-7-substituted [1,2,4]triazolo [1,5-alpyrimidines 1a-ac reported in this article.

Preparation of 4-[(5-amino-1-benzoyl-1H-1,2,4-triazol-3-yl)Jamino]-
benzenesulfonamide (3)

To a stirred suspension of compound 2 (1g, 3.15mmol) in THF
(1T0mL) was added hydrazine monohydrate (0.3mL, 6.3 mmol,
2 equiv.) and the mixture was heated to reflux for 18 h. After this
time, the reaction mixture was warmed to room temperature, the
solid was collected by filtration and washed with tetrahydrofuran
to afford compound 3 as a white solid. Yield 84%; mp 260°C. 'H
NMR (ds-DMSO) 6: 5.92 (s, 2H), 7.02 (bs, 2H), 7.55 (d, J = 9.2, 2H),
758 (d, J = 9.2Hz, 2H), 9.18 (s, 1H), 11.1 (bs, TH). MS (ESI):
[M+1]" = 2553.

General synthetic procedures
General procedure A for the preparation of compounds 5a-ac. A
mixture of the appropriate 1-arylethanones 4a-ac (5mmol) and
DMF-DMA (2.7 mL, 2.38g, 20mmol, 4 equiv.) in DMF (2mL) was
stirred at reflux for 4h. The reaction mixture was evaporated in
vacuo, the crude residue was purified by flash chromatography on
silica gel or suspended with diethyl ether, filtered and used for
the next step without further purification, to afford enaminone
derivatives 5a-ac, respectively.

Compounds (E)-3-(dimethylamino)-1-(thiophen-2-yl)prop-2-en-1-
one (5b), (E)-3-(dimethylamino)-1-(4-nitrophenyl)prop-2-en-1-one
(5q), (E)-3-(dimethylamino)-1-(p-tolyl)prop-2-en-1-one (5t),

(E)-3-(dimethylamino)-1-(o-tolyl)prop-2-en-1-one (5v), (E)-3-(dime-
thylamino)-1-(4-methoxyphenyl)prop-2-en-1-one  (5w), (E)-1-(3,4-
dimethoxyphenyl)-3-(dimethylamino)prop-2-en-1-one (5ab), and
(E)-3-(dimethylamino)-1-(3,4,5-trimethoxyphenyl)prop-2-en-1-one
(5ac) showed spectroscopic and analytical data in agreement with
those previously published in the article: Huo et al. (71).

General procedure B for the synthesis of compounds 1a-ac

To a solution of the appropriate enaminones 5a-ac (0.4 mmol,
2 equiv.) in glacial acetic acid (2mL) was added 4-[(5-amino-1-ben-
zoyl-1H-1,2,4-triazol-3-yl)Jamino]-benzenesulfonamide 3 (51 mg,
0.2mmol), and the resulting mixtures were stirred for 4h at 80°C
and then evaporated to dryness in vacuo. The crude residue was
suspended in dichloromethane (5mL) and filtered. The filtrate was
rinsed with ethyl ether (2 x 3mlL) to afford the appropriate 2-(4-
aminobenzenesulfonamido)-7-substituted [1,2,4]triazolo[1,5-a]pyri-
midines 1a-ac.

(E)-3-(Dimethylamino)-1-phenylprop-2-en-1-one  (5a).  Synthesised
according to procedure A, the crude residue was purified by flash
chromatography, using EtOAc as eluent, to furnish compound 5a
as a yellow solid. Yield 84%, mp 82-84°C. 'H NMR (CDCl5) §: 2.94
(s, 3H), 3.18 (s, 3H), 5.80 (d, J/ = 12.4Hz, 1H), 7.41-7.46 (m, 3H),
7.80-7.88 (m, 2H), 790 (d, J = 124Hz, 1H). MS (ESI):
IM+11" = 176.3.
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(E)-3-(Dimethylamino)-1-(pyridin-4-yl)prop-2-en-1-one (5¢). Synthesised
according to procedure A, the crude residue was taken up in ethyl
ether and the suspension stirred at room temperature for 15 min.
Filtration of the solid provided 5c as an orange solid. Yield: 82%,
mp 115-117°C. "H NMR (CDCl5) 8: 2.96 (s, 3H), 3.19 (s, 3H), 5.63
(d, J = 12.4Hz, 1H), 7.67 (d, J = 6.0Hz, 2H), 7.83 (d, J = 12.4Hz,
1H), 8.70 (d, J = 6.0 Hz, 2H). MS (ESI): [M+ 11" = 177.3.

(E)-3-(Dimethylamino)-1-(pyridin-3-yl)prop-2-en-1-one (5d). Synthesised
according to procedure A, the crude residue was taken up in ethyl
ether and the suspension stirred at room temperature for 15 min.
Filtration of the solid provided 5d as an orange solid. Yield: 79%,
p.f. 85-87°C, 'H NMR (CDCl5) 6: 2.95 (s, 3H), 3.18 (s, 3H), 5.65 (d,
J = 12.2Hz, 1H), 7.39 (m, 1H), 7.83 (d, J = 12.2Hz, 1H), 8.22 (d,
J = 80Hz, 1H), 866 (m, 1H), 9.08 (s, 1H). MS (ESI):
IM+11" =177.2.

(E)-3-(Dimethylamino)-1-(naphthalen-2-yl)prop-2-en-1-one (5e).
Synthesised according to procedure A, the crude residue was puri-
fied by flash chromatography, using EtOAc as eluent, to furnish
compound 5e as a yellow solid. Yield 92%, mp 66-67°C. '"H NMR
(CDCl3) d: 2.96 (s, 3H), 3.20 (s, 3H), 5.86 (d, J = 12.4Hz, 1H), 7.50-
7.54 (m, 2H), 7.84-7.88 (m, 2H), 7.92 (d, J = 8.8Hz, 1H), 7.96 (d,
J = 8.8Hz, 1H), 8.00 (d, J = 12.4Hz, 1H), 8.41 (s, 1H). MS (ESI):
[M+11" = 225.9.

(E)-3-Dimethylamino-1-(4-fluorophenyl)-prop-2-en-1-one (51).
Synthesised according to procedure A, the crude residue was puri-
fied by flash chromatography, using EtOAc as eluent, to furnish
compound 5f as a yellow solid. Yield 87%, mp 90-92°C. 'H NMR
(CDCl3) 0: 2.95 (s, 3H), 3.17 (s, 3H), 5.66 (d, J = 12.3Hz, 1H), 7.05 (t,
J = 9.0Hz, 2H), 7.88-7.96 (m, 3H). MS (ESI): [M+ 1] = 194.3.

(E)-3-(Dimethylamino)-1-(3-fluorophenyl)prop-2-en-1-one (59).
Synthesised according to procedure A, the crude residue was puri-
fied by flash chromatography, using EtOAc as eluent, to furnish
compound 5g as a yellow solid. Yield 95%, mp 86-88°C. "H NMR
(CDCl3) 0: 2.95 (s, 3H), 3.18 (s, 3H), 5.65 (d, J = 12.4Hz, 1H), 7.13-
7.16 (m, 1H), 7.30-7.36 (m, 1H), 7.56 (d, J = 9.2Hz, 1H), 7.62 (d,
J = 78Hz, 1H), 780 (d, J = 122Hz, 1H). MS (ESI):
M+1]" = 194.2.

(E)-3-(Dimethylamino)-1-(2-fluorophenyl)prop-2-en-1-one (5h).
Synthesised according to procedure A, the crude residue was puri-
fied by flash chromatography, using EtOAc as eluent, to furnish
compound 5h as a yellow oil. Yield 92%. 'H NMR (CDCl5) &: 2.92
(s, 3H), 3.15 (s, 3H), 5.65 (d, J = 12.4Hz, 1H), 7.06-7.10 (m, 1H),
7.21 (d, J = 9.2Hz, 1H), 7.30-7.38 (m, 1H), 7.65 (m, 1H), 7.72 (d,
J = 122Hz, 1H). MS (ESI): [M + 11" = 194.1.

(E)-1-(2,6-Difluorophenyl)-3-(dimethylamino)prop-2-en-1-one  (5i).
Synthesised according to procedure A, the crude residue was puri-
fied by flash chromatography, using EtOAc as eluent, to furnish
compound 5i as a yellow solid. Yield 89%, mp 114-116°C. 'H
NMR (CDCls) o: 2.88 (s, 3H), 3.12 (s, 3H), 5.64 (d, J = 12.4Hz, 1H),
6.88-6.92 (m, 2H), 7.28-7.32 (m, 2H). MS (ESI): [M+ 11" = 211.3.

(E)-3-(Dimethylamino)-1-(2,3,6-trifluorophenyl)prop-2-en-1-one (5j).
Synthesised according to procedure A, the crude residue was puri-
fied by flash chromatography, using EtOAc-petroleum ether 8-2
v/v as eluent, to furnish compound 5j as a yellow solid. Yield
82%, mp 110-112°C. "H NMR (CDCls) 6: 2.96 (s, 3H), 3.18 (s, 3H),

5.62 (d, J = 12.4Hz, 1H), 6.83-6.87 (m, 1H), 7.10-7.14 (m, 1H), 7.72
(d, J = 12.4Hz, 1H). MS (ESI): [M+ 1]% = 229.9.

(E)-3-Dimethylamino-1-(4-chlorophenyl)-prop-2-en-1-one (5k).
Synthesised according to procedure A, the crude residue was puri-
fied by flash chromatography, using EtOAc-petroleum ether 8-2
v/v as eluent, to furnish compound 5k as a yellow solid. Yield
94%, mp 96-98 °C. "H NMR (CDCl3) d: 2.94 (s, 3H), 3.06 (s, 3H),
565 (d, J = 124Hz, 1H), 736 (d, J = 84Hz, 2H), 7.81 (d,
J = 84Hz, 2H), 788 (d, J = 124Hz, 1H). MS (ESI):
M+ 11" = 210.6.

(E)-3-Dimethylamino-1-(3-chlorophenyl)-prop-2-en-1-one (51).
Synthesised according to procedure A, the crude residue was puri-
fied by flash chromatography, using EtOAc-petroleum ether 8-2
v/v as eluent, to furnish compound 5l as a yellow solid. Yield
93%, mp 96-98°C. "H NMR (CDCl3) d: 2.97 (s, 3H), 3.19 (s, 3H),
565 (d, J = 124Hz, 1H), 732 (t, J = 7.6Hz, 1H), 7.43 (ddd,
J =80, 22 and 1.2Hz, 1H), 7.75 (dd, J = 8.0 and 1.2Hz, 1H), 7.86
(d, J = 16Hz, 1H), 796 (d, J = 124Hz 1H). MS (ESI):
[M+11" = 210.3.

(E)-3-Dimethylamino-1-(2-chlorophenyl)-prop-2-en-1-one (5m).
Synthesised according to procedure A, the crude residue was puri-
fied by flash chromatography, using EtOAc as eluent, to furnish
compound 5m as a yellow oil. Yield 84%. '"H NMR (CDCl3) &: 2.85
(s, 3H), 3.06 (s, 3H), 533 (d, J/ = 12.4Hz, 1H), 7.24-7.26 (m, 2H),
7.34-7.38 (m, 3H). MS (ESI): [M+11F = 210.6.

(E)-3-Dimethylamino-1-(4-bromophenyl)-prop-2-en-1-one (5n).
Synthesised according to procedure A, the crude residue was puri-
fied by flash chromatography, using EtOAc as eluent, to furnish
compound 5n as a yellow solid. Yield 92%, mp 84-86°C. "H NMR
(CDCl3) 0: 2.96 (s, 3H), 3.18 (s, 3H), 5.65 (d, J = 12.4Hz, 1H), 7.53
(d, J = 9.2Hz, 2H), 7.75 (d, J = 9.2Hz, 2H), 7.92 (d, J = 12.4Hz,
TH). MS (ESI): [M]™ = 254.2, [M+2]" = 256.2.

(E)-3-Dimethylamino-1-(3-bromophenyl)-prop-2-en-1-one (50).
Synthesised according to procedure A, the crude residue was puri-
fied by flash chromatography, using EtOAc as eluent, to furnish
compound 50 as a yellow solid. Yield 92%, mp 90-92°C. "H NMR
(CDCl3) 0: 2.97 (s, 3H), 3.19 (s, 3H), 5.64 (d, J = 11.6 Hz, TH), 7.59 (t,
J = 8.0Hz, 1H), 7.72 (dd, J = 8.0 and 1.6 Hz, 1H), 7.82 (dd, J = 8.0
and 1.6Hz, 1H), 7.94 (d, J = 11.6Hz, 1H), 8.01 (d, J = 1.6 Hz, TH).
MS (ESI): [M]" = 254.2, [M+2]" = 256.2.

(E)-3-Dimethylamino-1-(4-iodophenyl)-prop-2-en-1-one (5p). Synthesised
according to procedure A, the crude residue was taken up in ethyl
ether and the suspension was stirred at room temperature for
15 min. Filtration of the solid provided 5p as a yellow solid. Yield:
76%, mp 117-119°C, "H NMR (CDCl3) &: 2.98 (s, 3H), 3.15 (s, 3H),
563 (d, J = 124Hz, 1H), 760 (d, J = 84Hz 2H), 7.74 (d,
J = 84Hz, 2H), 782 (d, J = 124Hz, 1H). MS (ESI):
M+ 11" = 302.07.

(E)-3-(Dimethylamino)-1-(3-nitrophenyl)prop-2-en-1-one (5r). Synthesised
according to procedure A, the crude residue was taken up in ethyl
ether and the suspension was stirred at room temperature for
15 min. Filtration of the solid provided 5r as a yellow solid. Yield:
87%, mp 112-114°C, "H NMR (CDCl5) 8: 2.99 (s, 3H), 3.21 (s, 3H),
57 (d, J = 124Hz, 1H), 759 (t, J = 8.0Hz, 1H), 7.98 (d,



J = 124Hz, 1H),
M+ 11" = 221.2.

826 (m, 2H), 868 (s, 1H). MS (ESI):

(E)-3-(Dimethylamino)-1-(2-nitrophenyl)prop-2-en-1-one (5s).
Synthesised according to procedure A, the crude residue was sus-
pended with diethyl ether and filtered to furnish compound 5s as
a yellow solid. Yield 94%, mp 163-165°C. 'H NMR (CDCl5) &: 2.90
(s, 3H), 3.14 (s, 3H), 5.70 (d, J = 12.4Hz, 1H), 7.62 (td, J = 7.8 and
2.0Hz, 1H), 7.68 (dd, J = 7.8 and 2.0Hz, 1H), 7.72 (d, J = 7.8Hz,
1H), 7.82 (d, J = 12.4Hz, 1H). MS (ESI): [M+ 117 = 221.3.

(E)-3-(Dimethylamino)-1-(m-tolyl)prop-2-en-1-one (5u). Synthesised
according to procedure A, the crude residue was purified by flash
chromatography, using EtOAc as eluent, to furnish compound 5u
as a yellow solid. Yield 88%, mp 90-92°C. '"H NMR (CDCl5) : 2.39
(s, 3H), 2.93 (s, 3H), 3.12 (s, 3H), 5.68 (d, / = 12.4Hz, 1H), 7.23-7.33
(m, 2H), 7.66 (d, J = 7.2Hz, 1H), 7.70 (s, 1H), 7.77 (d, J = 12.4Hz,
TH). MS (ESI): [M+ 11" = 189.9.

(E)-3-(Dimethylamino)-1-(3-methoxyphenyl)  prop-2-en-1-one  (5x).
Synthesised according to procedure A, the crude residue was puri-
fied by flash chromatography, using EtOAc as eluent, to furnish
compound 5x a yellow oil. Yield 78%. '"H NMR (400 MHz, CDCls) é:
2.86 (s, 3H), 2.93 (s, 3H). 3.84 (s, 3H), 5.70 (d, J = 12.4Hz, 1H),
6.99-7.02 (m, 1H), 7.29-7.33 (m, 1H), 7.43-7.45 (m, 2H), 7.79 (d,
J = 12.4Hz, 1H). MS (ESI): [M + 11" = 206.2.

(E)-3-(Dimethylamino)-1-(2-methoxyphenyl)  prop-2-en-1-one  (5y).
Synthesised according to procedure A, the crude residue was puri-
fied by flash chromatography, using EtOAc-MeOH 9.5-0.5 (v/v) as
eluent, to furnish compound 5x a yellow oil. Yield: 70.6%, 'H NMR
(CDCl3) 6: 2.87 (m, 2H), 2.95 (s, 3H), 3.84 (s, 3H) 5.58 (d, J = 12Hz,
1H), 691 (m, 2H), 733 (m, 1H), 7.45-7.6 (bs, 2H). MS (ESI):
M+ 11" = 206.14.

(E)-3-Dimethylamino-1-(4-ethoxyphenyl)-prop-2-en-1-one (52).
Synthesised according to procedure A, the crude residue was sus-
pended with diethyl ether and filtered to furnish compound 5z a
yellow solid. Yield 68%, mp 113-115°C. "H NMR (CDCls) J: 1.43 (t,
J = 7.0Hz, 3H), 3.06 (s, 3H), 3.15 (s, 3H), 4.06 (g, J = 7.0Hz, 2H),
570 (d, J = 122Hz, 1H), 687 (d, J = 7.0Hz, 2H), 7.87 (d,
J = 70Hz, 2H), 802 (d, J = 122Hz, 1H). MS (ESI):
M+ 11" = 220.3.

(E)-1-(3,5-Dimethoxyphenyl)-3-(dimethylamino)prop-2-en-1-one (5aa).
Synthesised according to procedure A, the crude residue was puri-
fied by flash chromatography, using EtOAc as eluent, to furnish
compound 5aa as a yellow solid. Yield 67%, mp 134-135°C. 'H
NMR (CDCl3) o6: 2.92 (s, 3H), 3.14 (s, 3H), 3.83 (s, 6H), 5.72 (d,
J = 12.4Hz, 1H), 6.56 (t, J = 2.4Hz, 1H), 7.03 (d, J = 2.4Hz, 2H),
7.82 (d, J = 12.4Hz, 1H). MS (ESI): [M+1]" = 236.3.

4-((7-Phenyl-[1,2,4]triazolo[1,5-a]pyrimidin-2-yl)amino)benzenesulfo-

namide (1a). Following general procedure B, compound 1a was
obtained as a yellow solid. Yield: 63%, mp 230-232°C. UV (EtOH):
Jmax NM (log &/M™" cm™): 355 (4.67). '"H NMR (DMSO-dy) d: 7.14
(s, 2H), 745 (d, J = 4.8Hz, 1H), 7.65-7.66 (m, 3H), 7.72 (d,
J = 8.6Hz, 2H), 7.81 (d, J = 8.6 Hz, 2H), 8.21-8.23 (m, 2H), 8.73 (d,
J = 48Hz, 1H), 1037 (s, 1H). C NMR (DMSO-ds) &: 109.05,
110.00, 116.60, 127.37 (2C), 129.15 (2C), 129.82 (2C), 130.38,
132.01, 136.00, 144.24, 146.11, 153.78, 155.65, 163.13. MS (ESI) m/z
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(%) 367.13 ([M+1]+, 100), calcd for C17H14N502S [N‘]+ 366.09.
Anal. calcd for C;7H14NgO,S. C, 55.73; H, 3.85; N, 22.94; found: C,
55.51; H, 3.69; N, 22.69.

4-((7-(Thiophen-2-yl)-[1,2,4]triazolo[1,5-a]pyrimidin-2-yl)Jamino)benze-
nesulfonamide (1b). Following general procedure B, compound 1b
was obtained as a yellow solid. Yield: 74%, mp 244-246°C. UV
(EtOH): /imax nm (log &/M™' cm™): 345 (4.82). '"H NMR (DMSO-d)
0: 717 (s, 2H), 744 (t, J = 4.5Hz, 1H), 7.74-7.88 (m, 3H), 7.96 (d,
J = 85Hz 2H), 824 (d, J = 5.0Hz, 1H), 854 (d, J = 3.9Hz, 1H),
866 (d, J = 4.8Hz, 1H), 1048 (s, 1H). >C NMR (DMSO-ds)
105.12, 116.74 (2C), 127.50 (2C), 128.73 130.23, 133.15, 136.03,
136.17, 140.06, 143.94, 153.09, 155.18, 162.57. MS (ESI) m/z (%):
373.14 (M+11%, 100), 353.35 (80), 33148 (51); caled for
C;5H12Ng05S [M]7: 372.05. Anal. caled for CisH15NgO,S. C, 48.38; H,
3.25; N, 22.57; found: C, 48.27; H, 3.12; N, 22.35.

4-((7-(Pyridin-4-yl)-[1,2,4]triazolo[1,5-a]pyrimidin-2-yl)Jamino)benzene-
sulfonamide (1c). Following general procedure B, compound 1c
was obtained as a yellow solid. Yield: 65%, mp >300°C. UV
(EtOH): /max NM (log &/M™" cm™): 373 (4.55). '"H NMR (DMSO-d,):
7.15 (s, 2H), 7.58 (d, J = 4.8Hz, 1H), 7.74-7.85 (m, 4H), 8.17-8.21
(m, 2H), 8.79 (d, J = 4.8Hz, 1H), 8.88-8.90 (m, 2H), 10.42 (s, 1H).
3C NMR (DMSO-dg) : 109.47, 116.69 (2C), 123.55 (2C), 127.43
(2C), 136.14, 137.74, 143.50, 144.09, 150.74 (2C), 153.95, 155.56,
163.24. MS (ESI) m/z (%): 381.38 (51), 368.18 (IM + 117, 90), 341.50
(100), 313.43 (57), 268.28 (51); calcd for C;6H13N;0,S [M]: 367.09.
Anal. calcd for Ci6H;3N;0,S. C, 52.31; H, 3.57; N, 26.69; found: C,
52.10; H, 3.46; N, 26.50.

4-((7-(Pyridin-3-yl)-[1,2,4]triazolo[1,5-a]pyrimidin-2-yllamino)benzene-
sulfonamide (1d). Following general procedure B, compound 1d
was obtained as a yellow solid. Yield: 68%, mp 280-282°C. UV
(EtOH): Jmax M (log &/M™" cm™): 364 (4.51). '"H NMR (DMSO-dy) o:
"H NMR (DMSO-dg): 7.15 (s, 2H), 7.56 (d, J = 4.8 Hz, 1H), 7.69-7.75
(m, 3H), 7.77-7.87 (m, 2H), 8.64 (dt, J = 8.1 and 2.0Hz, 1H), 8.77
(d, J = 48Hz, 1H), 881 (dd, J = 4.8 and 1.6Hz, 1H), 9.35 (d,
J = 23, TH), 10.39 (s, TH). "*C NMR (DMSO-d,) &: 109.26, 116.66
(20), 123.99, 127.38 (20Q), 136.11, 137.44, 143.68, 144.15, 150.17,
152.36, 153.85, 155.53, 163.16, 172.44. MS (ESI) m/z (%): 381.41
(52), 368.26 (IM+11%, 100), 341.33 (63), 313.47 (50); calcd for
C16H13N505S [M]7: 367.09. Anal. caled for CigH13N50,S. C, 52.31; H,
3.57; N, 26.69; found: C, 52.17; H, 3.44; N, 26.52.

4-((7-(Naphthalen-2-yl)-[1,2,4]triazolo[1,5-a]pyrimidin-2-yl)Jamino)ben-
zenesulfonamideide (Te). Following general procedure B, com-
pound 1e was obtained as a yellow solid. Yield: 59%, mp 230-
232°C. UV (EtOH): Jmax NM (log &/M™" cm™): 325 (4.79). 'H NMR
(DMSO-dg) o: 7.15 (bs, 2H), 7.60 (d, J = 5.9Hz, 1H), 7.64-7.70 (m,
2H), 7.71-7.76 (m, 2H), 7.81-7.89 (m, 2H), 8.03-8.14 (m, 2H), 8.17
(d, J = 88Hz, 1H), 8.28 (dd, J = 8.8 and 1.8Hz, 1H), 8.78 (d,
J = 48Hz, 1H), 892 (d, J = 1.8Hz1H), 1040 (s, 1H). *C NMR
(DMSO-dg) o: 109.29, 116.66 (2C), 126.00, 127.35 (2C), 127.61,
127.74, 128.23, 128.59, 128.76, 129.38, 130.67, 132.70, 134.44,
136.04, 144.23, 146.04, 153.81, 155.72, 163.16. MS (ESI) m/z (%):
313.41 (48), 353.46 (100), 381.55 (51), 417.38 (M + 11", 50); calcd
for Cy1H1gNgO,S [M]*: 416.11. Anal. caled for CyH;6NgO5S. C,
60.56; H, 3.87; N, 20.18; found: C, 60.46; H, 3.70; N, 20.02.

4-((7-(4-Fluorophenyl)-[1,2,4]triazolo[1,5-a]pyrimidin-2-yl)amino)ben-
zenesulfonamide (1f). Following general procedure B, compound 1f
was obtained as a yellow solid. Yield: 63%, mp 212-214°C. UV
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(EtOH): Jmax M (log &/M™" cm™): 355 (4.57). '"H NMR (DMSO-dy) o:
7.14 (bs, 2H), 7.46 (d, J = 4.8Hz, 1H), 7.52 (t, J = 8.9Hz, 2H), 7.74
(d, J = 89Hz, 2H), 7.80 (d, J = 8.8 Hz, 2H), 8.31-8.34 (m, 2H), 8.72
(d, J = 4.8Hz, 1H), 10.38 (s, 1H). ">*C NMR (DMSO-d,) &: 108.97,
116.19 and 116.41 (Jocr = 22.2Hz, 2C), 116.62 (2C), 126.84, 127.42
(20), 132.55 and 132.64 (Jscr = 9.0Hz, 2C), 136.03, 144.20, 145.12,
153.75, 155.64, 163.11 and 165.48 (J;cg = 237 Hz), 172.46. MS (ESI)
m/z  (%): 17827 (72), 38522 (IM+1]", 100); caled for
C17H13FN6025 [M]+: 384.08. Anal. calcd for C17H13FN6025. C, 53.12;
H, 3.41; N, 21.86; found: C, 53.01; H, 3.29; N, 21.70.

4-((7-(3-Fluorophenyl)-[1,2,4]triazolo[1,5-a]pyrimidin-2-yl)Jamino)ben-
zenesulfonamide (1g). Following general procedure B, compound
1g was obtained as a yellow solid. Yield: 68%, mp 218-220°C. UV
(EtOH): Zmax M (log &/M™" cm™): 361 (4.68). '"H NMR (DMSO-dy) o:
7.15 (bs, 2H), 7.50-7.58 (m, 2H), 7.68-7.76 (m, 3H), 7.81 (d,
J = 8.8Hz, 2H), 8.06 (d, J = 8.0Hz, 1H), 8.18 (d, J = 9.2Hz, 1H),
875 (d, J = 4.8Hz, 1H), 1040 (s, TH). °C NMR (DMSO-d) o:
109.25, 116.64 (2C), 116.73 and 116.97 (Jycf = 24 Hz), 118.80 and
119.01 (g = 21Hz), 126.09, 12736 (2C), 131.31 and 132.39
(s = 8.0H2z), 132.34 and 13243 (Jsc¢ = 9Hz), 136.10, 144.18,
144.55, 153.78, 155.64, 163.14, 160.99 and 163.41 (J;cf = 242 Hz).
MS (ESl) m/z (%): 353.49 (49), 385.15 ([IM+1]", 100); calcd for
Cy7H13FNgO,S [M]*: 384.08. Anal. calcd for Cy,H;3FNgO,S. C, 53.12;
H, 3.41; N, 21.86; found: C, 53.02; H, 3.26; N, 21.75.

4-((7-(2-Fluorophenyl)-[1,2,4]triazolo[1,5-a]pyrimidin-2-yl)Jamino)ben-
zenesulfonamide (1h). Following general procedure B, compound
Th was obtained as a yellow solid. Yield: 52%, mp 223-225°C. UV
(EtOH): Jmax M (log &/M™" cm™): 354 (4.55). '"H NMR (DMSO-dy) o:
7.13 (bs, 2H), 7.38 (d, J = 4.8Hz, 1H), 7.45-7.53 (m, 3H), 7.69 (d,
J = 8.6Hz, 2H), 7.76 (d, J = 8.4Hz 2H), 7.89 (t, J = 8.2Hz, 1H),
8.76 (d, J = 4.8Hz, 1H), 1038 (s, 1H). °C NMR (DMSO-d) o:
111.12, 116.59 (2C), 116.59 and 116.81 (,cr = 21Hz), 118.75,
125.29, 127.33 (2C), 131.95, 133.97 and 134.05 (Jsc; = 8.4Hz),
136.06, 141.69, 144.16, 153.56, 155.14, 15848 and 160.98
(Jick = 250Hz), 163.15. MS (ESI) m/z (%): 280.38 (50), 385.24
(IM+ 11", 100); caled for Cq7H;3FNgO,S [M]™: 384.08. Anal. calcd
for C;7H,3FNgOSS. C, 53.12; H, 3.41; N, 21.86; found: C, 52.94; H,
3.18; N, 21.63.

4-((7-(2,6-Difluorophenyl)-[1,2,4]triazolo[1,5-a]pyrimidin-2-yl)Jamino)-
benzenesulfonamide (1i). Following general procedure B, com-
pound 1i was obtained as a yellow solid. Yield: 59%, mp 248-
250°C. UV (EtOH): Jmax nM (log &/M™" cm™): 355 (4.64). 'H NMR
(DMSO-dg) 0: 7.14 (bs, 2H), 7.43 (td, J = 8.5 and 4.5Hz, 2H), 7.52-
7.61 (m, 1H), 7.69-7.71 (m, 2H), 7.74-7.83 (m, 3H), 8.81 (d,

= 4.8Hz, 1H), 10.43 (s, TH). ">*C NMR (DMSO-dg) : 112.49, 112.79
and 113.01 (g = 22Hz, 20), 116.66 (2C), 127.33 (2C), 134.68,
134.78 and 134.88 (Jscg = 10.0Hz), 135.92, 136.21, 144.01, 153.48,
155.00, 158.69 and 161.19 (J;cg = 250Hz, 2C), 163.29. MS (ESI) m/z
(%): 353.52 (51), 403.11 (IM+ 11", 100); calcd for Ci7H;5F,NgO,S
[M]T: 402.07. Anal. calcd for Ci,H;5F>NgO,S. C, 50.74; H, 3.01; N,
20.89; found: C, 50.55; H, 2.85; N, 20.71.

4-((7-(2,3,6-Trifluorophenyl)-[1,2,4]triazolo[1,5-a]pyrimidin-2-yl)amino)-
benzenesulfonamide (1j). Following general procedure B, com-
pound 1j was obtained as a yellow solid. Yield: 52%, mp 263-
265°C. UV (EtOH): Amax NM (log &/M™" cm™): 359 (4.62). "H NMR
(DMSO-dg) o: 7.14 (bs, 2H), 7.50 (tdd, J = 9.2, 3.7 and 2.0Hz, 1H),
7.58 (d, J = 4.8Hz, 1H), 7.69 (d, J = 9.2Hz, 2H), 7.75 (d, / = 9.2 Hz,
2H), 7.89 (qd, J = 9.6 and 5.0Hz, 1H), 8.84 (d, J = 4.8Hz, 1H),

1045 (s, 1H). '3C NMR (DMSO-ds) &: 109.82 and 109.98
(sce = 16.0Hz), 112,52, 112.98 and 113.22 (Jycr = 24 Hz), 114.99,
116.71 (2C), 121.31 and 121.50 (g = 19Hz), 121.41 and 121.60
(Usce = 19Hz), 127.34 (20), 133.53, 134.69, 136.30, 143.96 and
146.42 (Jycr = 245Hz), 148.15 145.86 and 14827 (Jicr = 241 Hz),
153.59, 154.10 and 156.58 (J;c¢ = 248 Hz), 155.00, 163.34. MS (ESI)
m/z (%): 421.29 (IM+1]T, 100); calcd for Ci;Hi1F3NgO,S M
420.06. Anal. calcd for Cq7H;1F3sNgO,S. C, 48.57; H, 2.64; N, 19.99;
found: C, 48.45; H, 2.48; N, 19.77.

4-((7-(4-Chlorophenyl)-[1,2,4]triazolo[1,5-a]pyrimidin-2-yl)Jamino)ben-
zenesulfonamide (1k). Following general procedure B, compound
1k was obtained as a yellow solid. Yield: 62%, mp 242-244°C. UV
(EtOH): /max nm (log &/M™" cm™): 360 (4.63). "H NMR (DMSO-dy) o:
7.14 (bs, 2H), 7.47 (d, J = 4.8Hz, 1H), 7.74 (d, J = 8.8Hz, 4H), 7.80
(d, J = 8.8Hz, 2H), 8.26 (d, J = 8.8Hz, 2H), 8.73 (d, J = 4.8Hz, 1H),
10.38 (s, TH). *C NMR (DMSO-d) 4: 109.01, 116.65 (2C), 127.43
(2Q), 129.16, 129.27 (2C), 131.71 (2C), 136.06, 136.81, 144.15,
144,92, 153.80, 155.61, 163.10. MS (ESI) m/z (%): 331.34 (35),
353.33 (100), 401.23 ([M + 11*, 41), 402.63 (IM+ 11", 18); calcd for
Cy7H13CINGO,S [M]F: 400.05. Anal. calcd for C;7H;3CINgO,S. C,
50.94; H, 3.27; N, 20.97; found: C, 50.78; H, 3.12; N, 20.78.

4-((7-(3-Chlorophenyl)-[1,2,4]triazolo[1,5-a]pyrimidin-2-yl)Jamino)ben-
zenesulfonamide (11). Following general procedure B, compound 1l
was obtained as a yellow solid. Yield: 64%, mp 238-240°C. UV
(EtOH): Jmax M (log &/M™" cm™): 363 (4.60). 'H NMR (DMSO-dy) o:
7.16 (bs, 2H), 7.52 (d, J = 4.4Hz, 1H), 7.66-7.77 (m, 4H), 7.82 (d,
J = 88Hz, 2H), 813 (d, J = 7.6Hz, 1H), 8.40 (s, 1H), 8.74 (d,
J = 48Hz, 1H), 10.41 (s, 1H). "3C NMR (DMSO-d,) &: 109.23, 116.64
(2Q), 127.35 (2Q), 128.52, 129.65, 131.11, 131.76, 132.27, 133.72,
136.10, 144.18, 144.45, 153.83, 155.58, 163.09. MS (ESI) m/z (%):
331.42 (32), 353.47 (76), 381.56 (40), 401.14 (IM+ 11", 100), 402.72
(IM411%, 41); calcd for Cy7H;5CINgO5S [M]1: 400.05. Anal. caled
for Cy7H;3CINGO,S. C, 50.94; H, 3.27; N, 20.97; found: C, 50.72; H,
3.15; N, 20.76.

4-((7-(2-Chlorophenyl)-[1,2,4]triazolo[1,5-a]pyrimidin-2-yl)Jamino)ben-
zenesulfonamide (1m). Following general procedure B, compound
Tm was obtained as a yellow solid. Yield: 67%, mp 242-243°C. UV
(EtOH): Jmax M (log &/M™" cm™): 349 (4.57). '"H NMR (DMSO-dy) o:
7.12 (bs, 2H), 7.34 (d, J = 4.4Hz, 1H), 7.58 (td, J = 7.5 and 1.3 Hz,
1H), 7.64 (dd, J = 8.8 and 1.8Hz, 1H), 7.68 (q, / = 1.8Hz, 1H), 7.70
(d, J = 2.2Hz, 1H), 7.72-7.76 (m, 4H), 878 (d, J = 4.8Hz, 1H),
10.40 (s, TH). *C NMR (DMSO-dg) &: 111.16, 116.55 (2C), 127.32
(20), 128.05, 130.19, 131.92 (2C), 132.67, 132.86, 136.06, 144.14,
144.23, 153.57, 155.00, 163.29. MS (ESI) m/z (%): 353.41 (78),
381.43 (40), 401.14 (IM+ 1], 100), 403.25 (IM + 117, 40); calcd for
Cy7H13CINgO,S [M]F: 400.05. Anal. calcd for C;7H;3CINgO,S. C,
50.94; H, 3.27; N, 20.97; found: C, 50.70; H, 3.12; N, 20.78.

4-((7-(4-Bromophenyl)-[1,2,4]triazolo[1,5-a]pyrimidin-2-ylJamino)ben-

zenesulfonamide (1n). Following general procedure B, compound
1n was obtained as a yellow solid. Yield: 62%, mp 242-244°C. UV
(EtOH): /imax NM (log &/M™" cm™): 312 (4.79), 360 (4.64). 'H NMR
(DMSO-dg) 6: 7.14 (bs, 2H), 747 (d, J = 4.8Hz, 1H), 7.74 (d,
J = 8.8Hz, 2H), 7.80 (d, J = 8.8Hz, 2H), 7.88 (d, J = 8.8Hz, 2H),
8.18 (d, J = 8.4Hz, 2H), 8.73 (d, J = 4.8Hz, 1H), 10.38 (s, TH). "°C
NMR (DMSO-dg) o: 108.97, 116.66 (2C), 125.75, 127.43 (2C), 129.53,
131.84 (2C), 132.22 (2C), 136.07, 144.15, 145.01, 153.82, 155.63,
163.11. MS (ESI) m/z (%): 313.39 (52), 331.36 (50), 353.39 (100),
381.57 (72), 445.19 (M + 11", 70), 447.19 (IM+ 11", 78); calcd for



C17H13BrNgO,S. [M]': 444.00, 446. Anal. calcd for Cq7H;3BrNgO,S.
C, 45.85; H, 2.94; N, 18.87; found: C, 45.69; H, 2.77; N, 18.73.

4-((7-(3-Bromophenyl)-[1,2,4]triazolo[1,5-a]pyrimidin-2-yl)Jamino)ben-
zenesulfonamide (10). Following general procedure B, compound
10 was obtained as a yellow solid. Yield: 65%, mp 252-254°C. UV
(EtOH): Jmax M (log &/M™" cm™): 363 (4.60). '"H NMR (DMSO-dy) o:
7.16 (bs, 2H), 7.52 (d, J = 4.8Hz, 1H), 7.62 (t, J/ = 8.0Hz, 1H), 7.74
(d, J = 8.8Hz, 2H), 7.82-7.87 (m, 3H), 8.15 (d, J = 8.0Hz, 1H), 8.57
(s, TH), 8.74 (d, J = 4.8Hz, 1H), 10.41 (s, 1H). '*C NMR (DMSO-dj)
0: 109.17, 116.64 (2C), 122.12, 127.35 (2C), 128.86, 131.33, 132.49
(2C), 134.63, 136.10, 144.17, 144.37, 153.86, 155.56, 163.06. MS
(ESI) m/z (%): 313.42 (54), 331.33 (50), 353.47 (100), 381.56 (52),
44520 (IM+11%, 33), 44722 (M+11", 35); «caled for
Cy7H13BrNgO,S. [M]: 444.00, 446. Anal. calcd for Cq7H;3BrNgO,S.
C, 45.85; H, 2.94; N, 18.87; found: C, 45.71; H, 2.74; N, 18.70.

4-((7-(4-lodophenyl)-[1,2,4]triazolo[1,5-a]pyrimidin-2-ylJamino)benze-
nesulfonamide (1p). Following general procedure B, compound 1p
was obtained as a yellow solid. Yield: 75%, mp 265-267°C. UV
(EtOH): Jimax M (log &/M™" cm™): 314 (4.87). "H NMR (DMSO-dy) &:
7.14 (s, 2H), 7.46 (d, J = 4.8Hz, 1H), 7.74 (d, J = 8.8Hz, 2H), 7.78
(d, J = 8.8Hz, 2H), 8.01-8.07 (m, 4H), 872 (d, J = 4.8Hz, 1H),
10.37 (s, T1H). 13C NMR (DMSO-dg) 6: 99.79, 108.78, 116.65 (20Q),
12743 (2C), 129.76, 131.56 (2C), 136.06, 138.05 (2C), 144.14,
145.26, 153.80, 158.96, 163.09. MS (ESl) m/z (%): 491.25 (IM-1]1",
100), 492.63 (IM-11", 38); calcd for C;7H;3INgO5S. [M-11": 491.29.
Anal. calcd for Cy7H,5INgO,S. C, 41.48; H, 2.66; N, 17.07; found: C,
41.33; H, 2.46; N, 16.88.

4-((7-(4-Nitrophenyl)-[1,2,4]triazolo[1,5-a]pyrimidin-2-yl)Jamino)benze-
nesulfonamide (1q). Following general procedure B, compound 1q
was obtained as a yellow solid. Yield: 73%, mp 263-265°C. UV
(EtOH): Jmax M (log &/M™" cm™): 380 (4.76). '"H NMR (DMSO-dy) o:
7.14 (bs, 2H), 7.55 (d, J = 4.8Hz, 1H), 7.74 (d, J = 8.4Hz, 2H), 7.80
(d, J = 8.8, 2H), 8.45-8.50 (m, 4H), 8.79 (d, J = 4.8Hz, 1H), 10.41
(s, TH). *C NMR (DMSO-dg) o0: 109.79, 115.01, 116.71 (2C), 124.13
(2Q), 127.46 (2C), 131.39 (2C), 136.14, 136.40, 144.06, 149.31,
153.98, 155.52, 163.19. MS (ESI) m/z (%): 318.58 (100), 412.25
(IM+ 117, 97); calcd for Cy7H;3N;04S [M]™: 411.07. Anal. calcd for
Cy7H13N50,4S. C, 49.63; H, 3.19; N, 23.83; found: C, 49.50; H, 2.98; N,
23.71.

4-((7-(3-Nitrophenyl)-[1,2,4]triazolo[1,5-alpyrimidin-2-yl)Jamino)benze-

nesulfonamide (1r). Following general procedure B, compound 1r
was obtained as a yellow solid. Yield: 56%, mp >300°C. UV
(EtOH): Jmax M (log &/M™" cm™): 370 (4.48). '"H NMR (DMSO-dy) o:
7.17 (s, 2H), 7.64 (d, J = 4.0Hz, 1H), 7.74 (d, J = 8.0Hz, 2H), 7.84
(d, J = 8.0Hz, 2H), 7.95 (t, J = 7.6 Hz, 1H), 848 (d, J = 7.6 Hz, 1H),
8.57 (d, J = 7.6Hz, 1H), 8.79 (d, J = 4.4Hz, 1H), 9.36 (s, 1H), 10.43
(s, TH). >C NMR (DMSO-d,) d: 109.18, 116.72 (2C), 124.95, 126.52,
127.42 (2C), 130.91, 131.65, 136.07, 136.17, 143.60, 144.03, 148.13,
154.06, 155.52, 163.04. MS (ESI) m/z (%): 313.51 (50), 341.47 (100),
359.43 (58), 381.66 (70), 41225 (M+117, 15); caled for
Cy7H13N50,4S [MI™: 411.07. Anal. caled for C;7H,3N50,S. C, 49.63; H,
3.19; N, 23.83; found: C, 49.46; H, 3.05; N, 23.70.

4-((7-(2-Nitrophenyl)-[1,2,4]triazolo[1,5-alpyrimidin-2-yl)Jamino)benze-
nesulfonamide (1s). Following general procedure B, compound 1s
was obtained as a yellow solid. Yield: 62%, mp 263-264°C. UV
(EtOH): Jimax M (log &/M™" cm™): 323 (4.58). 'H NMR (DMSO-dy) &:
7.14 (bs, 2H), 7.49 (d, J = 4.4Hz, 1H), 7.64-7.70 (m, 4H), 7.87 (dd,
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J =76 and 1.6Hz, 1H), 7.95 (t, J = 7.6Hz, 1H), 8.04 (td, J = 7.6
and 1.6Hz, 1H), 8.39 (d, J = 8.0Hz 1H), 8.83 (d, J = 4.8Hz, 1H),
10.31 (s, TH). ™*C NMR (DMSO-dg) &: 109.70, 116.59 (2C), 125.18,
125.53, 127.25 (20), 133.17 (20), 135.42, 136.21, 143.83, 144.47,
147.95, 154.45 (2C), 163.05. MS (ESI) m/z (%): 313.41 (50), 331.38
(45), 341.49 (25), 353.39 (100), 381.23 (48), 412.33 (M + 117, 100);
calcd for Ci7H13N504S [M]*: 411.07. Anal. calcd for Cyi7Hi3N50,S.
C, 49.63; H, 3.19; N, 23.83; found: C, 49.48; H, 3.03; N, 23.68.

4-((7-(p-Tolyl)-[1,2,4]triazolo[1,5-a]pyrimidin-2-yl)Jamino)benzenesulfo-
namide (1t). Following general procedure B, compound 1t was
obtained as a white solid. Yield: 54%, mp 234-236°C. UV (EtOH):
Amax NM (log &/M™" cm™): 315 (4.79). "H NMR (DMSO-dg) &: 2.44 (s,
3H), 7.14 (bs, 2H), 7.44 (d, J = 4.8Hz, 1H), 7.46 (d, J = 8.0 Hz, 2H),
7.73 (d, J = 8.8Hz, 2H), 7.81 (d, J = 8.8Hz, 2H), 8.16 (d, / = 8.0Hz,
2H), 8.70 (d, J = 4.8Hz, 1H), 10.36 (s, TH). *C NMR (DMSO-d) &:
21.59, 108.59 (2C), 116.60 (2C), 127.38 (2C), 124.43, 129.73, 129.77,
135.99, 142.33, 144.24, 146.12, 153.70 (2C), 155.69, 163.07. MS (ESI)
m/z (%): 38130 (IM+1]", 100); caled for CygHigNgO,S [M]T:
380.11. Anal. calcd for CygH6NgO5S. C, 56.83; H, 4.24; N, 22.09;
found: C, 56.67; H, 4.13; N, 21.88.

4-((7-(m-Tolyl)-[1,2,4]triazolo[1,5-a]pyrimidin-2-yl)Jamino)benzenesulfo-
namide (1u). Following general procedure B, compound 1u was
obtained as a white solid. Yield: 73%, mp 224-226°C. UV (EtOH):
Jemax NM (log &/M™" cm™): 355 (4.63). "H NMR (DMSO-dj) d: 2.45 (s,
3H), 7.15 (bs, 2H), 7.44 (d, J = 4.8Hz, 1H), 7.45-7.49 (m, 1H), 7.54
(t, J = 7.6Hz, 1H), 7.72 (d, J = 8.4Hz, 2H), 7.82 (d, J = 8.4Hz, 2H),
8.01 (d, J = 7.6 Hz, 1H), 8.08 (s, 1H), 8.71 (d, J = 4.8Hz, 1H), 10.37
(s, TH). *C NMR (DMSO-dy) d: 21.50, 108.92, 116.61 (2C), 126.98,
127.33 (2CQ), 129.08 (2C), 130.24, 132.65, 136.02, 138.43, 144.25,
146.20, 153.78, 155.65, 163.09. MS (ESI) m/z (%): 313.41 (50),
33145 (47), 35346 (52), 381.23 [M+1]", 100); caled for
C18H16N605S [M]T: 380.11. Anal. calcd for C;gH6NgO,S. C, 56.83; H,
4.24; N, 22.09; found: C, 56.62; H, 4.15; N, 21.81.

4-((7-(o-Tolyl)-[1,2,4]triazolo[1,5-a]pyrimidin-2-yl)amino)benzenesulfo-
namide (1v). Following general procedure B, compound 1v was
obtained as a white solid. Yield: 69%, mp 220-222°C. UV (EtOH):
Jmax NM (log &/M™" cm™): 344 (4.66). "H NMR (DMSO-dg) J: 2.18 (s,
3H), 7.12 (bs, 2H), 7.23 (d, J = 4.4Hz, 1H), 7.37-7.45 (m, 3H), 7.49
(t, J = 7.2Hz 1H), 7.67 (d, J = 8.4Hz, 2H), 7.73 (d, J = 8.4Hz, 2H),
8.74 (d, J = 4.8Hz, TH), 10.36 (s, TH). *C NMR (DMSO-d,) &: 19.81,
110.95, 116.46 (2C), 126.41, 127.33 (2C), 129.96, 130.80 (20Q),
131.00, 135.95, 137.15, 144.23, 147.07, 153.48, 155.18, 163.30. MS
(ESI) m/z (%): 381.23 (IM+ 117, 100); calcd for CigH1gNgO5S [M]*:
380.11. Anal. calcd for CigHq6NgO5S. C, 56.83; H, 4.24; N, 22.09;
found: C, 56.60; H, 4.11; N, 21.85.

4-((7-(4-Methoxyphenyl)-[1,2,4]triazolo[1,5-a]pyrimidin-2-yl)Jamino)-
benzenesulfonamide (1w). Following general procedure B, com-
pound 1w was obtained as a yellow solid. Yield: 68%, mp 236-
238°C. UV (EtOH): Amax NM (log &/M™" cm™): 331 (4.91). "H NMR
(DMSO-dg) 9: 3.89 (s, 3H), 7.14 (bs, 2H), 7.20 (d, J = 8.8Hz, 2H),
743 (d, J = 4.8Hz, 1H), 7.74 (d, J = 8.8Hz, 2H), 7.82 (d, J = 8.8Hz,
2H), 8.30 (d, J = 8.8Hz, 2H), 8.67 (d, J = 4.8Hz, 1H), 10.36 (s, 1H).
>C NMR (DMSO-d,) &: 56.05, 108.07, 114.65 (2C), 116.58 (20),
122.25, 127.42 (2C), 131.75 (2C), 135.94, 144.27, 145.84, 153.52,
155.77, 162.32, 163.02. MS (ESI) m/z (%): 353.21 (33), 381.36 (24),
397.23 (IM+ 11", 100); calcd for CigH16NgOsS [M]T: 396.10. Anal.
calcd for CygHq6NgO3S. C, 54.54; H, 4.07; N, 21.20; found: C, 54.42;
H, 3.98; N, 21.07.



8 R. ROMAGNOLI ET AL.

4-((7-(3-Methoxyphenyl)-[1,2,4]triazolo[1,5-ajpyrimidin-2-yl)Jamino)-
benzenesulfonamide (1x). Following general procedure B, com-
pound 1x was obtained as a yellow solid. Yield: 63%, mp 267-
269°C. UV (EtOH): Amax NM (log &/M™" cm™): 324 (4.65). '"H NMR
(DMSO-dg) o6: 3.87 (s, 3H), 7.16 (bs, 2H), 7.21 (dd, J = 8.4 and
2.6Hz, 1H), 748 (d, J = 48Hz, 1H), 7.57 (t, J = 8.0Hz, 1H), 7.72-
7.77 (m, 3H), 7.82-7.87 (m, 3H), 8.72 (d, J = 4.8Hz, 1H), 10.38 (s,
1H), "*C NMR (DMSO-ds) &: 55.88, 109.09, 115.13, 116.60 (2Q),
117.91, 122.06, 127.33 (2C), 130.37, 131.54, 136.04, 144.22, 145.89,
153.79, 155.66, 159.56, 163.09. MS (ESI) m/z (%): 313.40 (24),
341.49 (34), 397.35 (IM+ 11", 100); calcd for CygH16NgOsS [MI*:
396.10. Anal. calcd for CigHq6NgO3S. C, 54.54; H, 4.07; N, 21.20;
found: C, 54.38; H, 3.88; N, 21.10.

4-((7-(2-Methoxyphenyl)-[1,2,4]triazolo[1,5-a]pyrimidin-2-ylJamino)-
benzenesulfonamide (1y). Following general procedure B, com-
pound 1y was obtained as a yellow solid. Yield: 52%, mp 252-
254°C. UV (EtOH): Amax NM (log &/M™" cm™): 343 (4.64). "H NMR
(DMSO-dg) o: 3.78 (s, 3H), 7.12-7.21 (m, 3H), 7.26-7.29 (m, 2H),
7.58-7.64 (m, 2H), 7.68 (d, J = 9.2Hz, 2H), 7.75 (d, J = 9.2 Hz, 2H),
8.70 (d, J = 4.4Hz, 1H), 10.33 (s, TH). >C NMR (DMSO-dj) &: 56.25,
111.14, 112,40, 116.46 (2C), 119.65, 120.88, 127.30 (2C), 131.08,
133.04, 135.89, 144.30, 144.96, 153.24, 155.04, 157.38, 162.99. MS
(ESI) m/z (%): 313.40 (15), 341.41 (17), 397.18 (IM+ 117, 100); calcd
for CqgHi6NgO3S [M]™: 396.10. Anal. calcd for CigH;gNgOsS. C,
54.54; H, 4.07; N, 21.20; found: C, 54.40; H, 3.90; N, 21.03.

4-((7-(4-Ethoxyphenyl)-[1,2,4]triazolo[1,5-a]pyrimidin-2-yl)amino)ben-
zenesulfonamide (1z). Following general procedure B, compound
1z was obtained as a white solid. Yield: 60%, mp 280-282°C. UV
(EtOH): Zmax M (log &/M™" cm™): 334 (4.99). '"H NMR (DMSO-dy) ¢:
1.37 (t, J = 7.2Hz, 3H), 416 (q, J = 7.2Hz, 2H), 7.14 (s, 2H), 7.18
(d, J = 88Hz, 2H), 7.43 (d, J = 5.2Hz, 1H), 7.74 (d, J = 9.2 Hz, 2H),
7.82 (d, J = 9.2Hz, 2H), 8.28 (d, J = 8.8 Hz, 2H), 8.66 (d, / = 4.8 Hz,
TH), 10.35 (s, 1H), >C NMR (DMSO-ds) d: 14.99, 64.04, 108.01,
115.01 (2C), 116.59 (2C), 122.07, 127.41 (2C), 131.76 (2C), 135.94,
144.28, 145.84, 153.49, 153.78, 161.63, 163.02. MS (ESI) m/z (%):
31352 (22), 34146 (46), 41124 (IM-+1]", 100); caled for
Cy9H1s8NgO3 [M]T: 410.12. Anal. caled for Cy9H1gNgO5S. C, 55.60; H,
4.42; N, 20.48; found: C, 55.50; H, 4.33; N, 20.36.

4-((7-(3,5-Dimethoxyphenyl)-[1,2,4]triazolo[1,5-a]pyrimidin-2-yl)ami-
no)benzenesulfonamide (1aa). Following general procedure B, com-
pound 1aa was obtained as a yellow solid. Yield: 53%, mp 245-
246°C. UV (EtOH): Amax NM (log &/M™" cm™): 317 (4.73). "H NMR
(DMSO-dg) o: 3.85 (s, 6H), 6.79 (t, J = 2.3Hz, 1H), 7.16 (bs, 2H),
742 (d, J = 2.4Hz 2H), 7.50 (d, J = 4.8Hz, 1H), 7.71 (d, J = 8.8 Hz,
2H), 7.82 (d, J = 8.8Hz, 2H), 8.72 (d, J = 4.8Hz, 1H), 10.39 (s, T1H).
*C NMR (DMSO-ds) &: 56.05 (2C), 104.00, 107.87 (2C), 109.11,
116.59 (2C), 127.28 (2C), 131.97, 136.07, 144.20, 145.82, 153.79,
155.62, 160.85 (2C), 163.05. MS (ESI) m/z (%): 353.51 (61), 381.44
(51), 427.35 (IM+ 117, 100); calcd for CqoHqgNgO,S [MI*: 426.11.
Anal. calcd for Ci9Hq18Ng04S. C, 53.51; H, 4.25; N, 19.71; found: C,
53.38; H, 4.13; N, 19.59.

4-((7-(3,4-Dimethoxyphenyl)-[1,2,4]triazolo[1,5-a]pyrimidin-2-yl)ami-

no)benzenesulfonamide (1ab). Following general procedure B, com-
pound 1ab was obtained as a yellow solid. Yield: 61%, mp 286-
288°C. UV (EtOH): Amax NM (log &/M™" cm™): 344 (4.95). "H NMR
(DMSO-ds) o: 3.89 (s, 3H), 3.90 (s, 3H), 7.16 (s, 2H), 7.22 (d,
J = 8.6Hz, 1H), 749 (d, J = 5.2Hz, 1H), 7.72 (d, J = 8.8Hz, 2H),
7.82 (d, J = 8.8Hz, 2H), 7.92 (dd, J = 8.4 and 2.4Hz, 1H), 7.99 (d,

J = 24Hz, 1H), 867 (d, J = 48Hz, 1H), 10.36 (s, TH), '*C NMR
(DMSO-ds) &: 56.15, 56.25, 108.15, 112.01, 113.04, 116.60 (2C),
122.24, 123.67, 127.33 (2C), 130.03, 144.21, 145.97, 148.79, 152.12,
153.99, 155.74, 162.96. MS (ESI) m/z (%): 313.49 (36), 341.48 (51),
427.22 (IM+11%, 100); calcd for CyoH1gNgO4S [M]T: 426.11. Anal.
caled for Cy9H1gNg04S. C, 53.51; H, 4.25; N, 19.71; found: C, 53.33;
H, 4.12; N, 19.54.

4-((7-(3,4,5-Trimethoxyphenyl)-[1,2,4]triazolo[1,5-a]pyrimidin-2-yl)a-
mino) benzenesulfonamide (1ac). Following general procedure B,
compound 1ac was obtained as a yellow solid. Yield: 53%, mp
223-224°C. UV (EtOH): Zmax NM (log &/M™" cm™): 3.38 (4.64). H
NMR (DMSO-de) d: 3.79 (s, 3H), 3.91 (s, 6H), 7.17 (bs, 2H), 7.55 (d,
J = 48Hz, 1H), 7.65 (s, 2H), 7.71 (d, J = 8.8Hz, 2H), 7.83 (d,
J = 88Hz, 2H), 8.71 (d, J = 4.8Hz, 1H), 10.37 (s, TH). *C NMR
(DMSO-dg) o: 56.65 (2C), 60.74, 107.75 (2C), 108.76, 116.64 (2Q),
125.28, 127.26 (2C), 136.14, 140.75, 144.14, 145.93, 153.20 (20),
153.79, 155.63, 162.98. MS (ESI) m/z (%): 266.32 (100), 457.34
(IM+11", 100), 595.55 (61); calcd for CyoHaoNgOsS [M]T: 456.12.
Anal. calcd for CyoHy0NgOsS. C, 52.62; H, 4.42; N, 18.41; found: C,
52.52; H, 4.28; N, 18.30.

Ultraviolet-visible spectrophotometry assay

Stock solutions of compounds 1a-ac (10 mM) dissolved in DMSO
were diluted in EtOH at the final concentration of 50 uM. UV-vis
spectra (290-500 nm) were recorded in a Spark spectrophotomer
(Tecan, Mannedorf, Switzerland).

Biological assays

In vitro carbonic anhydrase inhibition

An SX.18MV-R Applied Photophysics stopped-flow instrument
(Oxford, UK) has been used for the CO, hydration activity meas-
urements of various CA isoenzymes. Phenol red (at a concentra-
tion of 0.2mM) has been used as indicator, working at the
absorbance maximum of 557 nm, with 10 mM Hepes (pH 7.5) as
buffer, 0.1 M Na,SO, (for maintaining constant the ionic strength),
following the CA-catalysed CO, hydration reaction for a period of
10-100s. Saturated CO, solutions in water at 20°C were used as
substrate. Stock solutions of inhibitors were prepared at a concen-
tration of 1-3mM (in DMSO-water 1:1, v/v) and dilutions up to
0.1nM done with the assay buffer mentioned above. At least
seven different inhibitor concentrations were used for measuring
the inhibition constant. Inhibitor and enzyme solutions were pre-
incubated together for 10 min at room temperature prior to assay,
in order to allow for the formation of the E-/ complex. ICs5o values
were obtained from dose response curves working at seven differ-
ent concentrations of the test compound (from 0.1 nM to 50 uM)
by fitting the curves using PRISM (www.graphpad.com) and non-
linear least squares methods. Triplicate experiments were done for
each inhibitor concentration, and the values reported throughout
the paper are the mean of such results. The inhibition constants
(K;) were derived from the ICso values by using the Cheng-Prusoff
equation as follows: K, = 1Cs5o/(1 + [SI/Km) where [S] represents
the CO, concentration at which the measurement was carried out,
and Ky, represents the concentration of the substrate at which the
enzyme activity was at half maximal. All CA isoforms were recom-
binant proteins obtained in house, as described in the
Supplementary data. The concentrations of enzymes used in the
assay system were: hCA |, 11.9nM; hCA II, 7.7 nM; hCA IV, 8.2nM;
hCA 1X, 9.1 nM, and hCA XII, 11.5 nM.
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Molecular docking studies

The X-ray crystal structure of human carbonic anhydrases (hCAs)
in complex with inhibitors were downloaded from the Protein
Data Bank (CA I: 7q0d, CA II: 6ypw, CA IV: 3fw3, CA IX: 6g9u, CA
Xll: 6réy) and prepared with Prep-Wizard module (Schrodinger
Release 2022-3). Protonation states of protein residues were calcu-
lated considering a temperature of 300 K and a pH of 7, waters,
and other co-crystallised molecules were removed, except for the
ligand and Zn ions. The molecules were prepared using Lig-Prep
(Schrodinger Release 2022-3) considering the ionisation states at
pH 7 + 2. A 12 A docking grid (inner-box 10 A and outer-box
20 A) was prepared using as centroid the co-crystallised ligand.
The docking studies were performed using Glide SP precision
(Schrodinger Release 2022-3) keeping the default parameters and
setting, and it was combined with molecular mechanics general-
ised Born surface area (MMGBSA) calculations, implemented in the
Prime module from Maestro, to re-score the three output docking
poses of each compound. Molecular Operating Environment
(MOE-2022.2) was used to visualise the structures and acquire the
images.

Cell lines and primary GBM cell isolation and culturing

In this study, we take advantage of patient derived glioblastoma
cell lines already established in our laboratory. Primary glioblast-
oma cells (GBM) were isolated from GBM tumours (HuTu-109 and
HuTu-192) at surgery and cultured as previously described®.
Informed written consent was obtained from adult patients to
acquire brain tissue samples for research purposes, in accordance
with the ethical guidelines approved by the Ethical Committee of
the Padova University-Hospital (Protocol 2462P). Freshly resected
GBM samples were subjected to mechanical dissociation using
sterile scalpels and enzymatic digestions with collagenase and
dispase (Roche, Basel, Switzerland), resulting in the generation of
single-cell suspensions. Cells were then seeded onto fibronectin-
coated plates and cultured as monolayers using a "primary GBM
medium” consisting of DMEM/F12 supplemented with 10%
BIT9500 (StemCell Technologies Inc., Vancouver, Canada), 20 ng/
mL basic fibroblast growth factor (bFGF), and 20 ng/mL epidermal
growth factor (EGF) (Cell Guidance Systems Ltd, Cambridge, UK).

After isolation, cells were plated at the density of
25 000 cells/cm?.
Two human medulloblastoma (MB) cell lines, HD-MBO03

(CVCL_S506) and DAOY (CVCL_1167), were purchased from ATCC
(Manassas, VA) and cultured in RPMI 1640 and MEM-ALPHA
(Thermo Fisher Scientific, Waltham, MA), respectively, both sup-
plemented with 10% foetal bovine serum (FBS), 1% glutamine
and 1% penicillin-streptomycin  (Thermo Fisher Scientific,
Waltham, MA).

To mimic the hypoxic microenvironment characteristic of GBM
and MB, cells were maintained in a H35 hypoxic cabinet (Don
Whitley Scientific Ltd, Shipley, UK) with an atmosphere comprising
2% oxygen, 5% CO,, and balanced nitrogen®'.

Cell proliferation analysis

Drug stock solutions were prepared for each compound by dis-
solving in DMSO at the final concentration of 10 mM. Cells were
seeded in 50 pL of medium in a 96-well plate at the concentration
of 10 000 cells/well for HD-MBO03, HuTuP108, and HuTuP192 and
1250 cells/well for DAOY. After 24h, MDB cells were treated with
the test compounds at the concentration of 10uM, 1.8 uM
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cisplatin or with their combination meanwhile GBM cells were
treated with the test compounds at the concentration of 10 uM,
500 uM temozolomide (TMZ) or with their combination. After 72 h
of incubation, 10 uL of 100 ug/mL resazurin solution was added to
each well and the plate was re-incubated for 3-4h. The fluores-
cence of the wells in each plate was monitored using a Spark
10 M spectrophotometer (Tecan Group Ltd, Mannedofrf,
Switzerland) with a 535 nm excitation wavelength and a 600 nm
emission wavelength.

Apoptosis assay

To assess the apoptotic effects of the test compounds, flow cyto-
metric analysis was employed using the Annexin-V Fluos kit
(Roche Diagnostics, Rotkreuz, Switzerland), following the manufac-
turer’s instructions. Cells treated with the test compounds, cis-
platin for MB cells and TMZ for GBM cells as described above,
were subsequently labelled with Annexin V/FITC and propidium
iodide (PI). In particular, each sample was incubated for 15 min in
the dark at room temperature with 2 puL of Annexin V reagent
and 2 pL of Pl solution in 100 pL of staining buffer and then ana-
lysed by flow cytometry. The flow cytometric analysis was con-
ducted using a Coulter Cytomics FC500 instrument (Beckman
Coulter, Brea, CA), with annexin V/FITC detected in the FL1 chan-
nel (525nm/40) and Pl fluorescence detected in the FL3 channel
(620nm/20). The whole cell population was considered in the
analysis.

Antiproliferative activity in PBLs

Further experiments were conducted using peripheral blood lym-
phocytes (PBLs) obtained from human peripheral blood (leucocyte
rich plasma-buffy coats) from healthy volunteers using a
Lymphoprep™ (Serumwerk Bernburg AG, Bernburg, Germany) gra-
dient and were used for the evaluation of the cytotoxic potential
of compounds under study in normal human cells®,

Buffy coats were obtained from the Blood Transfusion Service,
Azienda Ospedaliera of Padova and provided at this institution for
research purposes without identifier. The samples were not
obtained specifically for this study, and for this reason ethical
approval was not required. Informed consent was obtained from
blood donors according to Italian law no. 219 (21 October 2005).
Data have been treated by the Blood Transfusion Service accord-
ing to Italian law on personal management “Codice in materia di
protezione dati personali” (Testo Unico D.L. giugno 30, 2003 196).
The experimental procedures were carried out in strict accordance
with approved guidelines.

After extensive washing with saline solution (BioConcept,
Hank’s buffer saline solution), quiescent PBLs were resuspended
(1.0 x 10° cells/mL) in RPMI-1640 medium supplemented with
10% FBS. Cytotoxicity evaluations were conducted also in cultures
of proliferating PBLs, stimulated with 2.5mg/mL PHA (Irvine
Scientific, Irvine, CA).

To evaluate cytotoxicity in proliferating PBL cultures, non-
adherent cells were resuspended at a concentration of 5 x 10°
cells/mL in a growth medium containing 2.5 g/mL of PHA (Irvine
Scientific, Irvine, CA). The same cellular density was utilised for
resting PBL cultures, but without the addition of PHA. The test
compounds were added at different concentrations, and after a
72-h incubation period, cell viability was determined using the
Resazurin test.
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Statistical analysis

All statistical analyses were performed using GraphPad Prism 8
(GraphPad Software, La Jolla, CA). The data presented in bar
graphs are represented as mean + standard error of the mean
(SEM). Statistical comparisons among three or more experimental
groups were performed using one-way ANOVA followed by
Newman-Keuls post-test multiple comparison. Statistical signifi-
cance is indicated by asterisks placed above the bars to denote a
significant difference compared to control cells or specific experi-
mental groups (indicated within brackets, if applicable). The sig-
nificance levels were defined as follows: *p < 0.05, **p < 0.01,
*kp < 0.001, and ****p < 0.0001.

Results and discussion
Synthesis

The novel designed 2-(4’-aminobenzenesulfonamido)-7-substi-
tuted-[1,2,4]triazolo[1,5-alpyrimidines 1a-ac were synthesised
using a three-step synthetic procedure described in Scheme 1.
The condensation of diphenyl cyanocarbonimidate with 4-ami-
nobenzensulfonamide resulted in the formation of intermediate 2,
which was heated to reflux with hydrazine hydrate in tetrahydro-
furan to form the 4-((5-amino-1H-1,2,4-triazol-3-ylJamino)benzene-
sulfonamide derivative 3. This latter compound was the key
intermediate for the preparation of final compounds 1a-ac via a

HoNOoS
a 2 2\@\
N
H

1a, 4a, 53, R=CGH5

1b, 4b, 5b, R=2'-thienyl

1c, 4c, 5¢, R=4"-pyridinyl

1d, 4d, 5d, R=3"-pyridinyl

1e, 4e, 5e, R=2"-naphthyl

1f, 4f, 5f, R=4'-F-CgH,4

1g, 49, 59, R=3"-F-CgH,4

1h, 4h, 5h, R=2'-F-CgH,

1i, 4i, 5i, R=2',6'-2F-CgH3

1j, 4j, 5j, R=2',3',6'-3F-CgH,

1k, 4k, 5k, R=4'-C|-CgH,

11, 41, 51, R=3"-CI-CgH4

1m, 4m, 5m, R=2"-CI-CgH,4

1n, 4n, 5n, R=4"-Br-CgH,

10, 40, 50, R=3"-Br-CgH,

1p, 4p, 5p, R=4"-1-C¢H,

1q, 4q, 5q, R=4'-NO,-CgH4

1I', 4l', 5r, R=3'-N02-06H4

1s, 4s, 5s, R=2'-NO,-CgH4

1t, 4t, 5t, R=4'-CH3-CgH,4

1u, 4u, 5u, R=3"-CH3-C¢H4

1v, 4v, 5v, R=2'-CH3-CgH,4

1w, 4w, 5w, R=4'-OCH3-C¢H,4

1x, 4x, 5x, R=3'-OCH3-CgH,4

1y, 4y, 5y, R=2'-OCH3-CgH,4

1z, 4z, 5z, R=4'-OC,H5-CgH4

1aa, 4aa, 5aa, R=3',5'-(OCH3),-CgH3
1ab, 4ab, 5ab, R=3',4'-(OCH3),-CgH3
1ac, 4ac, 5ac, R=3',4',5'-(OCHj3)3-CgH>

Scheme 1. Reagents. (a) THF, sulphanilamide, reflux, 18 h; (b) NH,NH,-H,0, THF, rx,

N,CN
A

PhO

N
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parallel synthesis. The best cyclisation reaction conditions to syn-
thesise  2-(4-aminobenzenesulfonamido)-7-substituted-[1,2,4]tria-
zolo[1,5-alpyrimidine derivatives 1a-ac were treating triazole 3
(1 equiv.) and enaminones 5a-ac (2 equiv.) in glacial acetic acid
at 80°C for 4h. Through this procedure, the insoluble triazole
derivative 3 was completely consumed. Enaminones 5a-ac were
generated by the condensation of commercially available ketones
4a-ac with an excess of N,N-dimethylformamide dimethyl acetal
(DMF-DMA) at reflux for 4 h.

As far as we know, all the prepared compounds reported in
this study are novel and were structurally characterised and con-
firmed by means of spectral analysis ("H NMR, '*C NMR, ESI-MS,
and UV-vis) as well as elemental analysis. The synthetic details
were described in “Materials and methods” section and the ori-
ginal spectra of these compounds were provided in the supple-
mentary materials.

The "H NMR spectra of the target compounds 1a-ac confirmed
the success of the cyclisation reaction, revealing increased integra-
tion of the aromatic protons corresponding to the additional aryl
or heteroaryl ring at the C-7 position of [1,2,4]triazolo[1,5-a]pyrimi-
dine scaffold.

In the "H NMR spectra of all synthesised molecules 1a-ac, the
aromatic protons at the C-5 and C-6 positions of pyrimidine por-
tion of triazolopyrimidine core can be identified as an AX system.
A down-field doublet signal around ¢ 8.70-8.90 ppm with cou-
pling constant of 4.8Hz can be attributed to the proton (H-5) at
the C-5 position.

.CN

OPh

H,NO,S N
N—

/
N/A\N’N

H R

3a-v

18 h; (c) DMF-DMA, DMF, reflux, 4 h; (d) AcOH, 80°C, 4h.
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In the "H NMR spectra of compounds 1a-ac, the proton of ani-
linic nitrogen (NH) of p-sulphanilamide moiety was attributed to
the singlet signal around ¢ 10.3-10.4 ppm, while both the hydro-
gens of sulphonamide moiety (SO,NH,) were identified by a signal
as a sharp singlet around 6 7.14 ppm.

'H NMR spectra of compounds 1t, 1u, and 1v showed a char-
acteristic up-field singlet peak at ¢ 2.44, 245, and 2.18 ppm,
respectively, corresponding to the methyl protons on the phenyl
ring at the 7-position of the triazolopyrimidine scaffold. For com-
pounds 1w, 1x, and 1y, the presence of methoxy group on C-7
phenyl ring of the triazolopyrimidine nucleus was detected by the
singlet signals at  3.89, 3.87, and 3.78 ppm, respectively.

The "H NMR spectra of compound 1z revealed the presence of
triplet signal at 1.37 ppm and a quartet signal around 4.17 ppm
due to the ethoxy group at p-position of C-7 phenyl ring. The *C
NMR spectra of compounds 1z revealed two signals at 14.99 and
64.04 ppm assigned for the two carbon atoms of the ethoxy
moiety.

3C NMR spectral analysis for tolyl derivatives 1t, 1u, and 1v
displayed the typical absorptions for methyl carbons in the ali-
phatic region at § 21.59, 21.50, and 19.81 ppm, respectively. *C
NMR spectra exhibit the signal referring to methoxy carbon of
compounds 1w, 1x, and 1y at J 56.05, 55.88, and 56.25, respect-
ively. >C NMR spectra for compound 1ab exhibited the signals
with ¢ of 56.15 and 56.25ppm assigned to the two methoxy
groups at the 3'- and 4'-position of phenyl ring, confirmed by 'H
NMR spectra with two peaks at & 3.89 and 3.90 ppm. *C NMR
spectra for 1aa revealed the signal at ¢ 56.05ppm assigned to
magnetic equivalent 3’ and 5-methoxy groups, verified by 'H
NMR spectra with peak at ¢ 3.85 ppm.

The UV-vis spectra of compounds 1a-ac showed a single
absorption with a Ana ranging from 312 to 380nm, with the
exception of compound 1n that displayed two absorption bands
with Amax at 312 and 360nM. Compound 1r showed an absorp-
tion band shoulder at 370nM. Absorption data for compounds
1a-ac are presented in Table 1s as Supplementary data.

Carbonic anhydrase in vitro inhibition activity

The inhibition profiles for all the triazolopyrimidine derivatives 1a-
ac against a panel of five different hCA isoforms involved in cru-
cial physiologic/pathologic processes, namely hCAs |, 1I, IV, IX, and
Xll, are reported in Table 1. All inhibition constants (Kis) were
determined by means of the stopped-flow CO, hydrase assay®>.
Results are compared with the sulphonamide CA inhibitors aceta-
zolamide (AAZ) and SLC-0111 used as reference compounds. All
synthesised compounds showed remarkable variation among the
different CA isoenzymes and the following SARs might be drawn
from the inhibition data reported in Table 1.

The off-target cytosolic ubiquitous hCA | isoform was weakly
inhibited by all the synthesised compounds reported in this
manuscript, with Kis ranging between 0.50 and 9.2 uM, resulting
less efficient inhibitors than reference drug AAZ (K: 250nM). In
particular, compound 1j that incorporated the 2',3',6'-trifluoro-
phenyl substitution displayed the highest inhibition profile among
other compounds with a K; of 0.50 pM, while derivatives 1Tm (2'-
chlorophenyl), 10 (3/-bromophenyl), and 1s (2'-nitrophenyl)
showed less effective inhibition properties, with Kis of 9.1, 9.2, and
8.4 uM, respectively.

The in vitro kinetic data listed in Table 1 revealed that all syn-
thesised triazolopyrimidine derivatives 1a-ac displayed moderate
to potent inhibitory activity towards the ubiquitous and physiolo-
gically dominant cytosolic off-target isoform hCA Il (K, values
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Table 1. Inhibition data of human CA isoforms I, II, IV, IX, and Xl with novel
synthesised triazolopyrimidine derivatives 1a-ac using acetazolamide (AAZ) and
SLC-0111 as standard inhibitors.

N=—
IR
H

Ki (nm)?
Compound R hCA1 hCAIl hCAIV hCAIX hCAXI
1a CeHs 841.0 753 1326 33.2 71.7
1b 2'-Thienyl 500.8 98.2 2659 49.5 66.9
1c 4'-Pyridinyl 7250 437 7265 416 15.3
1d 3'-Pyridinyl 601.9 24.8 3329 5.1 8.8
Te 2'-Naphthyl 5874 3264 8201 577 625
1f 4-F-CgH,4 763.1 82.7 992.7 28.8 62.4
19 3'-F-CgH, 551.2 459 8534 224 42.6
1h 2'-F-CgH, 682.1 359 920.1 19.5 25.8
1i 2',6/-2F-CeHs 7429 176 7026 219 225
1j 2',3',6/-3F-CeH, 496.3 13.9 662.1 8.6 5.4
1k 4'-Cl-CgH, 2253 624 3997 741 29.2
11 3'-Cl-CH, 6579 123.7 5983 30.4 46.4
Tm 2'-Cl-CH, 9150 1549 6482 14.8 16.9
Tn 4'-Br-CgH, 3365 2004 5212 52.7 58.2
1o 3'-Br-CgHy4 9201 133.0 4329 38.1 78.6
1p 4-|-CgH, 7632 5594 8854 95.7 39.0
1q 4'-NO,-CgH, 4287 86.3 3257 69.4 42.1
1r 3-NO,-CcH, 3468 480 6895 499 43
1s 2'-NO»-CgH,4 8455 771 3982 20.4 489
1t 4'-CH3-CgHy 1472 64.0 2289 41.5 61.2
Tu 3'-CH3-CgH,4 1402 552 4847 26.2 70.2
v 2-CHy-CoHy 2678 08 8821 47 304
w 4'-0CH3-CgHy 1628 89.6 2004 50.8 39.8
1x 3'-0OCH;-CgH4 1056 338 559.5 5.1 12.5
1y 2'-0OCH;-CgH, 2198 729 6324 11.0 316
12 4-OCH,CHs-CeH, 2258 693 3652 435 552
laa 3,5'-(0CHs),CeH3 4528 1104 1008 46.8 271
1ab 3',4'-(0OCHs),CeH3 992.7 952 1520 358 9.0
lac 3',4',5'-(0CH3)3CeH; 1230 169.8 1598 734 319
SLC-0111 / 5080 960.0 286.0 45.0 4.5
AAZ / 250 12 74 25 57

®Mean from three different assays, by a stopped flow technique (errors were in
the range of £5-10% of the reported values).

ranging between 14 and 560nM). Out of 29 evaluated com-
pounds, eight molecules displayed the weakest hCA Il inhibitory
activity with K; values superior to 100nM. In particular, com-
pounds 1e (napht-2’-yl), 1l (3’-chlorophenyl), Tm (2’-chlorophenyl),
1n (4-bromophenyl), 10 (3’-bromophenyl), 1p (4’-iodophenyl),
1aa (3',5-dimethoxyphenyl), and 1ac (3',4,5'-trimethoxyphenyl)
showed the weakest inhibition profile with K, values of 110-
559 nM. Compounds 1i (2/,6'-difluorophenyl) and its homologue 1j
(2/,3',6'-trifluorophenyl) emerged as the most efficient hCA Il inhib-
itors with Kis of 18 and 14 nM, respectively, compared with the
reference drug AAZ (K: 12nM), while all remaining compounds
are weaker inhibitors than AAZ with no relevant SAR considera-
tions to report. Noteworthy, replacement of the phenyl ring in the
triazolopyrimidine derivative 1a (K;: 75.3nM) with the lipophilic
bulky 2’-napthyl (1e, K;: 326 nM) or the insertion of a sterically
bulky iodo group at the 4’-position of the phenyl group (1p, K;:
559nM) led to about four- and sevenfold reduced hCA Il inhibi-
tory effect, respectively.

As for the slow cytosolic isoform hCA |, also the membrane-
bound isoform hCA IV was weakly inhibited by all of the reported
compounds within the inhibition constants in the range of 0.33-
8.8 uM. hCA IV inhibitory profiles of all evaluated compounds
were found to be lower than the reference compound AAZ.


https://doi.org/10.1080/14756366.2023.2270180
https://doi.org/10.1080/14756366.2023.2270180

12 R. ROMAGNOLI ET AL.

Among them, compounds 1d (pyridin-3-yl) and 1x (3’-methoxy-
phenyl) showed slightly better activity as compared to other com-
pounds from the series, with K;s of 0.33 and 0.56 UM, respectively.

Based on the in vitro kinetic data displayed in Table 1, all tria-
zolopyrimidine derivatives reported here potently inhibited the
target transmembrane tumour-associated hCA IX isoform with sin-
gle/two-digit K, values ranging between 4.7 and 96nM.
Compounds 1d (pyridin-3-yl), 1j (2/,4',6'-trifluoro), 1v (2'-methyl),
and 1x (3’-methoxy) showed better inhibitory efficacy against hCA
IX, as compared to other derivatives with K, in the single-digit
nanomolar range, with derivative 1v (Ki: 4.7 nM) as the best inhibi-
tor in this series, which showed a selectivity index (SI) of 9.1 on
off-target hCA Il (Table 2). The shift of the 2-methyl group in com-
pound 1v to the 3’-position, to yield compound 1u, resulted in a
5.5-fold decrease in activity. The reduction in activity was more
dramatic (8.8-fold) for the 4’-tolyl derivative 1t. Another interest-
ing result was for compound 1m (2'-chloro) that had best selectiv-
ity (10-fold) against hCA Il, although it has threefold reduced
potency as compared to the one of 1v (4.7 and 14.8 nM, respect-
ively) for inhibiting hCA IX.

Further analysis of the results revealed that bioisosteric replace-
ment of the phenyl ring in the derivative 1a (K;: 33.2 nM) with the
heterocyclic 3’-pyridinyl ring (1d) led to about sevenfold enhanced
hCA IX inhibition potency (K;: 5.1 nM), while there were only minor
differences in activity between unsubstituted phenyl and 4'-pyri-
dinyl derivatives 1a and 1c, respectively. Also, the incorporation of
the electron-donating methoxy group on the phenyl ring (3'-
methoxy derivative 1x; K;: 5.1 nM) resulted in sevenfold enhanced
activity compared to the unsubstituted analogues 1a (K;: 38.1 nM),

Table 2. Selectivity indexes (Sls) for the inhibition of transmembrane human CA
isoforms hCA IX and XII over off-targets isoforms hCA |, IV, and Il for target 2-
sulfanilamido triazolopyrimidines 1a-ac, acetazolamide (AAZ) and SLC-0111.

Selectivity indexes®

Compd 1/1X 1/1X IV/IX I/XIl /X1 IV/XII
1a 25.3 2.3 39.9 1.7 1.0 18.5
1b 10.1 2.0 537 7.5 15 39.7
1c 17.4 1.0 17.5 47.4 29 47.5
1d 118 49 65.3 68.4 2.8 378
Te 102 5.7 142 94 5.2 131
1f 26.5 29 345 12.2 13 159
19 24.6 2.0 38.1 129 1.1 20.0
1h 35.0 1.8 47.2 264 1.4 357
1i 339 0.8 321 33 0.8 31.2
1j 57.7 1.6 77.0 91.9 2.6 123
1k 30.4 0.8 53.9 77.1 2.1 137
1l 216 4.06 197 142 2.7 129
m 618 10.5 438 541 9.2 384
Tn 63.8 3.8 98.9 57.8 34 89.6
1o 241 35 114 17 17 55.1
1p 79.7 5.8 925 196 14.3 227
1q 61.8 1.2 46.9 102 2.0 77.4
1r 69.5 1.0 13.8 806 11.2 160
1s 414 3.8 195 173 1.6 81.4
1t 355 15 55.1 240 1.0 374
Tu 535 2.1 185 20.0 0.8 69.0
v 570 9.1 1877 88.1 1.4 290
w 32.0 18 394 40.9 2.2 50.3
1x 207 6.6 110 84.5 2.7 44.8
1y 200 6.6 575 69.5 2.3 200
1z 519 1.6 83.9 40.9 1.2 66.1
laa 96.7 2.4 215 167 4.1 37.2
1ab 27.7 2.6 424 110 10.6 169
lac 16.7 2.3 21.8 38.6 53 50.1
SLC-0111 113 21 6.3 1,129 213 63.5
AAZ 10 0.5 3.0 43.8 2.1 13

?Selectivity index (SI) of inhibitors for transmembrane hCA IX, and XII over iso-
forms hCA |, Il, and IV calculated as the ratio of K| off-target hCA/K; target hCA.
A potent, selective inhibitor is characterised by a high value ratio.

while grafting three lipophilic and electron-withdrawing fluorine
atoms at the 2/, 3/, and 6’-positions on the phenyl ring led to four-
fold enhanced activity (1j, K;: 8.6nM). In contrast, the incorpor-
ation of the large electron-withdrawing iodine substituent at the
4'-position of phenyl ring (compound 1p, K;: 96 nM) elicited a wor-
sening of effectiveness towards hCA IX in comparison to its
unsubstituted counterpart 1a, with a threefold reduced potency
and recording the least inhibiting activity in the group.
Comparison of the halogenated derivatives at the 4’-position of
the phenyl ring indicated that the order of activity was F
(1f) > Br (1n) > Cl (1k) > | (1p), with Kis of 28.8, 52.7, 74.1, and
95.7 nM, respectively. Turning specifically to the para-substituted
phenyl derivatives, these showed highly variable potencies. With
the exception of 4'-fuoro derivative 1f, it was found that electron-
withdrawing chlorine (1k), bromine (1n) and nitro (1q) substitu-
ents in the 4’-position resulted in lower activity against hCA IX as
compared to the unsubstituted parent compound 1a, with the fol-
lowing order of activity F > Br > Cl = NO, > I. The insertion of a
weak electron-releasing methyl group at the 4’-position of phenyl
group (1t) was tolerated and had minor effects on activity, while
its replacement with a stronger electron-releasing methoxy group
(1w) slightly reduced the potency (K: 41.5 and 50.8 nM, respect-
ively). Moreover, by shifting the electron-withdrawing chlorine and
nitro or the electron releasing methyl or methoxy groups from
the para- to the meta- or ortho-position of the phenyl ring, an
improved inhibitory activity towards hCA IX isoform (1k vs. 1l and
Tm, 1q vs. 1r and 1s, 1t vs. Tu and 1v, 1w vs. 1x and 1y, respect-
ively) was observed. The best results were obtained with the
chloro (1m), nitro (1s), or methyl (1v) groups at the ortho-position.
Only in the case of fluorine substituent on the phenyl ring, no
appreciable differences were observed between the three
regioisomers 1f (4-F), 1g (3'-F), and 1h (2’-F), which showed very
close inhibition potencies with K of 28.8, 22.4, and 19.5nM,
respectively. On the contrary, a progressive reduction of the K; val-
ues and increased activity were observed when the nitro group
was shifted from the para- to the meta- and ortho positions on
the phenyl ring in compounds 1q, 1r, and 1s, respectively, with K|
values of 69.4, 49.9, and 20.4nM. The same effect was observed
for the three chlorine isomers 1k, 11, and 1m, as well as for the
ortho-, meta-, and para-toluidine analogues 1v, 1u, and 1t
respectively. Starting from the 3’-methoxy derivative 1x, moving
the methoxy group from the meta- to the ortho- or para-positions
(compounds 1y and 1w, respectively) led to a drop in potency,
which resulted in twofold for 1y and 10-fold for 1w. Although the
3’-methoxy group of 1x proved beneficial in enhancing potency
against hCA IX isoform (K;: 5.1nM), introducing an additional
methoxy group, to yield the corresponding 3',5'-dimethoxy (1y)
and 3’,4’-dimethoxy (1ab) analogues, led to a significant decrease
in activity. Specifically, these alterations resulted in a 9.2-fold
reduction in activity for 1y and a 6.9-fold reduction for 1ab,
respectively, compared to 1x. These findings further illustrate the
delicate balance in the placement and number of methoxy groups
for optimal activity against the hCA IX isoform. The addition of a
third methoxy group in the 3',4’,5'-trimethoxy derivative 1ac, led
to an even greater reduction in hCA IX activity compared to both
the 3’,4-dimethoxy and 3',5-dimethoxy analogues. Meanwhile,
the p-ethoxyphenyl homologue 1z showed equivalent potency to
its methoxy counterpart 1w. This information is vital for under-
standing the SAR of these inhibitors and for further refinement of
their design.

It is worth highlighting that 10 out of the 29 prepared com-
pounds (1d, 1g-j, 1Tm, 1s, 1v, and 1x-y) demonstrated a potent
inhibitory activity (Kis: 5.1-22.4) against CA IX surpassing the



reference drug AAZ, which had a K| of 25 nM. These data highlight
not only the promising potential of these newly developed com-
pounds but also the potential for improvement and refinement in
their future design for even greater inhibitory activity against
CA IX.

A similar situation to the one previously described for hCA IX
was observed in the inhibition of the second transmembrane iso-
form under investigation, hCA XII. Much like the hCA IX inhibition
profile, all the compounds investigated turned out to be potent
inhibitors of the second tumour-associated isoform, hCA XII, with
K values ranging from 4.3 to 79 nM. Four analogues, 1d (pyridin-
3'-yl), 1j (2/,4,6'-trifluorophenyl), 1r (3'-nitrophenyl), and 1ab (3/,
4'-dimethoxyphenyl), emerged as the most potent hCA XII inhibi-
tors with K values of 8.8, 5.4, 4.3, and 9.0 nM, respectively. In par-
ticular, derivatives 1d and 1j demonstrated excellent inhibitory
activity against hCA IX isoform as well (K; < 10nM). Moreover,
only compounds 1j and 1r showed comparable (K;: 5.4nM) and
higher (Ki: 4.3 nM) potency, respectively, in comparison to AAZ (K;:
5.7nM) and SLC-0111 (K;: 4.5nM) against the tumour-associated
isoform CA XIl.

The position of the nitro substituent on the phenyl ring influ-
enced activity against the hCA XII isoform. There was no signifi-
cant difference between the isomeric 2- and 4’-nitro analogues 1s
and 1q (Kis of 489 and 42.1nM for 1s and 1q, respectively),
whereas both were up to 10-fold less potent than the 3'-nitro
counterpart 1r (K;: 4.3 nM).

When the unsubstituted phenyl ring in compound 1a was
replaced with its bioisosteric thien-2-yl or the more lipophilic
naphth-2-yl, to afford derivatives 1b and 1e, respectively, the
inhibitory effect was retained (Kis: 71.7, 66.9, and 62.5nM). On the
contrary, the isomeric pyridin-4-yl (1c) and pyridin-3'-yl (1d) deriv-
atives displayed enhanced activity by 4.7- and 12.8-fold, respect-
ively, compared to the phenyl compound 1a.

The introduction of substituents with different electronic and
steric properties on the phenyl ring allows to maintain, such as 4'-
F (1f), 3’-Br (10), 4'-CH3 (1t), or 3’-CH; (1u), or improve the inhib-
ition potency against the hCA Xll isozyme, with activity increased
by up to 16.6-fold for the 3'-nitrophenyl derivative 1r. In particu-
lar, ortho substitutions on the phenyl ring with both electron-
releasing and ERGs, such as fluorine (1h, K 25.8nM), chlorine
(1m, K;: 16.9nM), nitro (1s, K;: 48.9nM), methyl (1v, K;: 30.4nM), or
methoxy (1y, K;: 42.6 nM) led to an increase in activity compared
to the unsubstituted phenyl derivative 1a (Ki: 71.7 nM). For the 2'-
fluorophenyl derivative 1h, a double substitution introducing an
additional fluorine atom in the ortho position, to furnish the 2',6'-
difluoro derivative 1i, maintained the activity (K: 22.5nM). The
activity was enhanced up to fourfold by introducing a third fluor-
ine atom at the meta-position, as in the 2'.3,6'-trifluorophenyl
analogue 1j (K;: 5.4nM).

Most of the potent compounds against both tumour-associated
CA IX and Xl isoforms had one or more fluorine atoms on the
phenyl ring (compounds 1f-j with Kis spanning from 5.4 to
62nM), proving to be key moieties to achieve potent inhibitors
against both these isoforms. The replacement of 4'-fluorine atom
with a chlorine (compounds 1f and 1k, respectively) produced a
twofold increase in activity on hCA XlI isoform. Moving the chlor-
ine atom into 3’-position (compound 1) caused a slight reduction
(1.5-fold) in potency, while the shift of the chlorine atom from the
3'-to the 2'-position (compound 1m) improved about threefold
the activity. The replacement of 4'-chlorine with a bromine atom
(compound 1n) maintained the activity, slightly worsening shifting
the bromine into 3’-position (10). Increasing the size of the halo-
gen from bromine to iodine (compound 1p) caused about a 1.5-
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fold increase in activity. The replacement of the bromine atom
with an a weak electron-releasing methyl group (compound 1t)
did not affect the activity, which was maintained moving the
methyl group from 4’- to 3’-position (compounds 1t and 1u,
respectively). The shift of the methyl group into 2’-position (com-
pound 1v) produced a twofold increased activity as compared to
the isomeric 4-methyl analogue 1t. For compound 1p, the
replacement of the iodine atom with a strong electron-releasing
methoxy group (compound 1w) retained the activity, which was
slightly improved shifting the methoxy group from the 4'- to 2/-
position (compound 1y). Among the three isomeric methoxy
derivatives 1w-y, the 3’-methoxy derivative 1x resulted in twofold
more potent than 2’-methoxy 1y and 4’-methoxy 1w analogues.
The 4’-ethoxy homologue 1z was slightly less active (1.3-fold)
than methoxy counterpart 1w, while the introduction of a second
methoxy group at the 3’-position (compound 1ab) produced a
4.4-fold increase in hCA Xl activity when compared with the
derivative 1w. For the 3’,4'-dimethoxy compound 1ab, the shift of
methoxy group into the 5’-position to furnish the isomeric 3',5'-
dimethoxy derivative 1aa, reduced the activity (threefold), which
was similar to that of 3’,4/,5'-trimethoxy analogue 1ac (Ks: 27.1,
9.0, and 31.9nM for 1aa, 1ab, and 1ac, respectively).

Comparing the effects of ERGs and EWGs on the phenyl at the
C-7 position of the triazolopyrimidine core, no clear influence on
inhibition of tumour-associated hCA IX and Xl isoforms was
observed. Several compounds with substituents showing opposite
electronic effects displayed the same potency. For instance, com-
pound 1g containing the electron-withdrawing fluoro group
showed the same potency on hCA IX as compound 1u containing
the electron-donating methyl group. Similarly, for hCA XIlI isoform,
compound 1n containing the electron-withdrawing bromo group
displayed the same potency as compound 1z containing the elec-
tron-donating methoxy group.

In conclusion, SAR analysis demonstrated that all the com-
pounds 1a-ac were weaker hCAl and hCA IV inhibitors than AAZ.
The slow cytosolic hCA | and the membrane-bound hCA IV were
the least inhibited among the isoforms that were tested in the
current work, with Kis in the range of 0.5-9.2 uM and 0.33-
8.8 uM, respectively. Sixteen of the 29 synthesised compounds
(1e, 1k-q, 1s-v, 1w, 1y-z, and 1ac) showed K;s superior to 1 puM
against both these isoforms. With only few exceptions, hCA IX and
XIl inhibitory effects of compounds 1a-ac were superior than that
on hCA |, II, and IV isoenzymes. The best inhibition for compounds
1a-ac was observed for the transmembrane tumour-associated
isoforms hCA IX and hCA Xll, with Kis ranging between 5-96 nM
and 4-72nM, respectively. Noteworthy, compounds 1e (2’-naph-
thyl), Th (2'-fluorophenyl), 1i (2/,6'-difluorophenyl), 1j (2/,3’,6'-tri-
fluorophenyl), 1m (2’-chlorophenyl), and 1n (4’-bromophenyl)
were equally potent on both the tumour-associated isoforms hCA
IX and XII.

Selectivity parameters of the target compounds 1a-ac

Given that hCA IX and XIl isoforms are recognised targets for the
treatment of human malignancies, designing selective inhibitors
for these isoforms can be challenging due to the high level of
amino acid conservation among the different hCA isoforms. This
has often resulted in inhibitors that also impact the physiologically
relevant off-target isoforms hCA |, II, and IV, which can lead to
unwanted side effects.

To understand and quantify the selectivity of the synthesised
compounds, a Sl is typically used. The Sl is calculated as the ratio
of the K, (inhibition constant) values for the off-target isoforms



14 R. ROMAGNOLI ET AL.

(hCA 1, 1l, and IV) to the K, values for the target isoforms (hCA IX
and XlI). The Sl can be used as a measure of how selective a given
inhibitor is for the target isoforms. Inhibitors with a higher SI have
a higher degree of selectivity for hCA IX and Xll, meaning they are
more likely to inhibit these isoforms specifically and less likely to
inhibit hCA |, I, and IV. Conversely, inhibitors with a lower SI are
less selective and more likely to inhibit the off-target isoforms.
The S| values for each of the synthesised compounds discussed
are listed in Table 2.

These values can provide insight into which compounds might
be the most promising as selective hCA IX and Xll inhibitors. It is
important to note that while SI can provide a helpful metric in
early stages of drug development, it is not the only factor to con-
sider. Other aspects like the drug’s pharmacokinetic properties,
toxicity profile, and overall efficacy must also be taken into
account.

According to the calculated off-target/target Sls displayed in
Table 2, all the tested compounds possessed good selectivity
towards hCA IX and XIl over hCA | and hCA IV. In detail, all the
series of synthesised compounds were characterised by an excel-
lent selectivity towards hCA IX and XIl over hCA | (Sls in the range
17-618 and 7.5-806, respectively) and over hCA IV (SIs ranges 17—
1877 and 18-384, respectively). In relation to selectivity towards

hCA IX and XIlI over the off-target isoenzyme hCA II, most of the
synthesised molecules displayed interesting selectivity profile with
SI1I/IX and 1I/XIl in the range 0.8-10.5 and 0.8-14.3, respectively,
regardless of their efficient inhibition of hCA IX and XlI isoforms.

Of note, only compounds 1e (2'-naphtyl), Tm (2'-chlorophenyl),
and 1p (4'-iodophenyl) were capable of achieving the highest Sls
(ranging from 5.2 to 14.3) towards both hCA IX and XIlI isoforms
over hCA Il isoform. Regarding selectivity towards hCA IX over the
off-target isoform hCA Il, compounds 1m and 1v (2'-tolyl) showed
the highest SI values (10.5 and 9.1, respectively), while derivative
1m along with derivatives 1p, 1ab (3'.4’-dimethoxyphenyl) and 1r
(3’-nitrophenyl) displayed the best selectivity towards hCA XIlI over
the isoform hCA I, with SIs of 9.2, 143, 106, and 11.2,
respectively.

Molecular docking

In an effort to elucidate the interactions between the novel inhibi-
tors identified in this study and various CAs, we executed a series
of molecular docking simulations. These were carried out utilising
the available X-ray structures of hCAs complexed with known
inhibitors. As depicted in Figure 2, most of the compounds dis-
played a consistent binding mode across the different CAs.

Figure 2. Binding mode of compound 1a in the active site of CA isoforms | (A). Binding modes of compound 1j in the active site of CA isoforms Il (B), IV(C), and Xl

(E). Binding mode of compound 1v in the active site of CA isoforms IX (D).
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Figure 3. Binding modes of 1x (A), 1y (B), and 1w (C) in the active site of CA isoforms IX, and the superposition of the binding poses of the three analogues

1w-y (D).

The sulphonamide moiety is located deep in the active site,
showing the typical well-known coordination cluster that includes
the zinc ion and the three histidine residues (His94, His96, and
His119). The triazolopyrimidine core can be well accommodated
within the binding pocket of CA |, Il, IX, and XII, interacting with
the surrounding hydrophobic and polar residues. However, the CA
IV shows a smaller binding site, and despite an H-bond interaction
with GIn92 and a hydrophobic interaction with the backbone of
Ans62, the triazolopyrimidine core remains largely exposed to the
solvent in this scenario. The aromatic ring, situated in 7-position
of the triazolopyrimidine ring, forms additional interaction with
the neighbouring hydrophobic residues, resulting to a general sta-
bilisation of the binding.

Nonetheless, considering the inherent rigidity of the heterocyc-
lic moiety, the different substituents on the phenyl group could
potentially drive the selectivity of the different compounds. For
instance, the methoxy group in ortho, para, or meta-position (com-
pounds 1y, 1x, and 1w, respectively) might contribute towards the
selectivity for the anhydrase IX, as illustrated in Figure 3.

Compound 1x, featuring the meta-methoxy group, demon-
strated higher activity against this isoform compared to its ortho-
and para-isomers 1y and 1w, respectively. Notably, with the latter
analogue 1w, the substitution changes the binding mode such
that the substituted phenyl moiety becomes more exposed to the
solvent, justifying the observed approximately 10-fold drop in
inhibitory activity compared to the meta-isomer 1x. However, we

could not observe an apparent distinction between the binding of
the 4-pyridyl and the 3-pyridyl analogues 1c and 1d, respectively,
towards isoform IX. On the other hand, the corresponding fluori-
nated analogues demonstrated reduced selectivity towards the
different anhydrases, with no observable specificity in the docking
results for these compounds. However, fluorination increases the
overall activity against all the anhydrases, which could be related
to an increase in lipophilicity for these compounds. These studies
show that these compounds are promising starting points for the
identification of highly selective inhibitors. As suggested from our
results, modification of the aromatic ring can modulate not only
the activities of compounds against CAs but also their selectivity
towards the different isoforms.

Evaluation of cytotoxicity in peripheral blood lymphocytes

To get an indication of the potential toxicity of the synthesised
compounds in human healthy cells, the most active compounds
were tested on human lymphocytes isolated from healthy volun-
teers. As summarised in Table 3, as the reference compound SLC-
0111, the tested compounds were inactive with a Glsp > 10 uM
both in quiescent and in proliferating lymphocytes stimulated
with phytohaemagglutinin (PHA). The only exception was the
compound 1x that presents a Glsy of 6.0 uM in PHA stimulated
lymphocytes. Altogether, these results indicate that the com-
pounds potentially exhibit a good toxicity profile.
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Biological evaluation on brain tumour cells under hypoxic
conditions

hCA IX expression is controlled by the transcriptional activity of
hypoxia-inducible factor 1 alpha (HIF-1a), the master regulator of
the cellular response to hypoxia. hCA IX has been reported to be
overexpressed in malignant brain tumours as results of the hyp-
oxic intratumoural conditions, and have been described to be
implicated in invasiveness, and correlated with therapeutic
resistance®®.

For these reasons, to evaluate the biological activity of those
derivatives (1d, 1j, 1m, 1x, and 1y) that showed the best inhibi-
tory activity on the hCA IX enzyme, we used two MB lines, HD-
MBO03 and DAOQY, and two patient derived glioblastoma multi-
forme (GBM) cell lines, HuTuP-108 and HuTuP-192. To ensure the
activation of HIF1 and the expression of CAIX, these brain tumour
cell lines were grown in hypoxic conditions (1.5% oxygen
tension)?%%°,

As depicted in Figure 4, in the two MB lines, at the concentra-
tion of 10 uM, the derivatives 1d, 1j, 1m, and 1y induced a
decrease in cell viability in the range of about 20-35%, while com-
pound 1x showed the best activity causing a remarkable decrease
in viability around 50-60% in both cell lines. Of note, SLC-0111
taken as reference drugs and used at a concentration of 10 uM,
induced only a modest decrease in viability (about 10-15%) com-
pared to untreated cells. In order to evaluate the ability of these

Table 3. Cytotoxicity of selected compound in PBL.

PBL resting® PBL -+ PHA®
Compounds Glsg (UM)c Glsg (UM)c
1d >10 >10
1j >10 >10
Tm >10 >10
1x >10 6.0 £ 0.8
1y >10 >10
SLC-0111 >10 >10
?PBL not stimulated with PHA.
PPBL stimulated with PHA.
“Compound concentration required to reduce cell growth by 50%.
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compounds to improve the cytotoxic activity of chemotherapeu-
tics commonly used in clinical practice for the treatment of MB,
we tested the new derivatives in combination with cisplatin
(CDDP or cis-Pt). CDDP was used at concentration that induced
approximately 50% viability reduction to which we added the test
compounds at a concentration of 10 pM. As shown in Figure 4,
compounds 1j, Tm, and 1x significantly improved the efficacy of
CDDRP in reducing cell viability in both cell lines, while compound
1d and SLC-0111 did not.

As far as the primary glioblastoma cell lines are concerned, the
response of the new hCA IX inhibitors, various compounds includ-
ing also the reference compound SLC-0111, was quite variable
between the two lines used. In particular, as shown in Figure 5, in
HuTuP192, the hCA IX inhibitors induced a decrease in viability in
a range from 20 to 40% (where compounds 1d and 1x are the
most potent), while in HuTuP108 their antiproliferative activity is
reduced. It is worthy to note that HuTuP108 cells were resistant
also towards the TMZ, the chemotherapeutics commonly used for
the clinical treatment of glioblastoma. In both cell lines, the treat-
ment with the new compounds 1d, 1j, 1m, and 1y did not signifi-
cantly improve the effect of TMZ.

Compound 1j induced apoptosis in brain tumour cells

One of the best compounds resulting from the previous experi-
ments was further studied for its ability to induce apoptosis both
alone and in combination with cis-Pt and TMZ in MB and glio-
blastoma cells, respectively. As depicted in Figure 6, at the con-
centration of 10 pM, the compound 1j induced apoptosis (about
25%) in HD-MBO3 cells (Figure 6, panel A), whereas, it was inef-
fective in HuTuP108 GBM primary cells (Figure 6, panel C).
Interestingly, when both HD-MB03 and HuTuP108 cell lines were
treated with 1j in combination with cis-Pt and TMZ, respectively,
we observed a significant increase in the percentage of apoptotic
cells compared to both the single treatment with 1j and the che-
motherapeutic drug.

On the contrary, the reference drug SLC-0111 did not signifi-
cantly induce apoptosis and did not cause any increase in cytotox-
icity neither alone nor in combination with cis-Pt or TMZ in both
cell lines (Figure 6, panels B and D).
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Figure 4. Antiproliferative activity of the indicated compounds in medulloblastoma cell lines (DAOY, upper panels; HDMB lower panels). Cells were treated with the
compounds at the concentration of 10 pM alone or in combination with cis-Pt (1.8 pM) for 72 h. SLC-0111 was used as reference compounds at the concentration of
10 uM. Data are expressed as mean = SE of three independent experiments. *p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001.



1d 1j
100 100 .
zg ™ zg
2= 2=
Sg o0 S5 %
s s
55 40 58w
o o
20 20 l
1/ [\ &
& 8 & &
RS <
1d 1,
100 100
23 80 zg
) 22 w0
sSa g o
s s
55 a0 58w
oL os
20 20
> N > ¢
N & & <8
R Y

JOURNAL OF ENZYME INHIBITION AND MEDICINAL CHEMISTRY 17

100 1

Cell Viability
(%on DMSO)

2
3

Cell Viability
(%0n DMSO)

im 1x

100 .
20 8 2o
32 52
s 60 85 60
S s
58 38 w
oL og

20 20

[ [
¢ &
& ,\\g' x,\\x’ N «& x/\\‘l'
& N4
im
,

100 100
§‘§ 8o 25 80
H =]
g 3w
Zc c
g § 40 E,q\g 40

20 20

ol T T
+ ’\, &
& /\\“ /\kﬁ’ NN x,\

o

00

80

60

40

20

@
S

@
3

IS
S

n
S

o

1y SLC-0111
100
26 80
32

fz
8 § 40
20
0
Mg K«& 9\'5 & x«“"b
S 9\9 9\5'

1y SLC-0111
120
100
%g 80
gn:-: 60
3 1% 40
20
0

R ;@cv & ,’\“L
[S) 9\9 9\5/

Figure 5. Antiproliferative activity of the indicated compounds in glioblastoma primary cell lines (HuTuP192, upper panels; HuTuP108 lower panels). Cells were treated
with the compounds at the concentration of 10 pM alone or in combination with TMZ (500 pM) for 72 h. SLC-0111 was used as reference compounds at the concen-

tration of 10 uM. Data are expressed as mean * SE of three independent experiments.
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Figure 6. Induction of apoptosis in medulloblastoma (HDMB, panels A and C) and GBM cells (HuTu-108, panels B and D) by 1j and SLC-0111 as reference compounds.
Cells were treated with 1j (10 uM) or SLC-0111 (10 uM) both alone or in combination with cis-Pt (1.8 uM) or TMZ (500 pM) for 72 h. The cells were then labelled with
Annexin-V and Pl as described in “Materials and methods” section and analysed by flow cytometry. Data are expressed as mean + SE of three independent experi-
ments. *p < 0.05; **p < 0.01; ***p < 0.001.

Conclusions

In this study, we have detailed the design, synthesis and evalu-
ation of [1,2,4]triazolo [1,5-alpyrimidine-based hCA inhibitors. We

investigated the influence of the substitution pattern at the 7-pos-
ition, while maintaining the para-sulphanilamide moiety at its
2-position. The synthesised compounds, product of an efficient
three-step procedure, were evaluated for their inhibitory profiles
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against five therapeutically important hCA isoforms, specifically
hCA |, 1, IV, IX, and XII. The hCA inhibitory activity demonstrated
by the synthesised analogues was highly dependent on the struc-
tural modifications at the 7-position of the triazolopyrimidine
nucleus. The results unveiled their capabilities to variably influence
the investigated isoforms, with K; ranges: 500-9200 nM for CA |,
14-560 nM for CA Il, 330-8800nM for CA IV, 5-96 nM for CA IX,
and 4.3-79nM for CA XIl. All synthesised molecules powerfully
inhibited both the transmembrane tumour-associated target iso-
forms hCA IX and Xll, with single/two-digit K| ranging from 5 to
96 nM, with notable selectivity against the tumour isoforms hCA
IX and Xll over the off-target isoforms hCA | and IV. Notably, the
2',3".6/-trifluorophenyl (1j), 3'-nitrophenyl (1r), and 3',5’-dimethoxy-
phenyl (1ab) analogues displayed superior potency towards hCA
Xl isoform with K; values <10nM (K, = 5.4, 9.0, and 4.3nM,
respectively), in comparison with the reference compound AAZ.
Moreover, only the pyridin-3'-yl and 2',3’,6'-trifluorophenyl deriva-
tives 1d and 1j, respectively, emerged as single-digit nanomolar
inhibitors against both the tumour-associated isoforms CA IX and
CA XIl. Compounds 1e (2’-naphtyl), 1m (2’-chlorophenyl), and 1p
(4’-iodophenyl) also emerged as effective hCA IX (Ks: 58, 15, and
96 nM, respectively) and hCA XIl (Ks: 62, 17, and 39nM, respect-
ively) inhibitors and displayed notable hCA IX/XIl selectivity over
the off-target hCA |, II, and IV isoforms.

Bioisosteric replacement of the phenyl with pyridin-3-yl (1d)
ring considerably enhanced inhibitory activity against both hCA IX
and hCA Xll. The isomeric pyridin-4-yl (1c), on the other hand,
yielded a fourfold increase of potency only against hCA-XII, sug-
gesting that the substitution of phenyl with pyridine ring is
advantageous for the inhibitory activity towards hCA XII. The three
isomeric mono-fluorine compounds 1f-h were equally effective
against hCA IX isoform, whereas their inhibitory activity against
hCA XlII isoform followed the order: 2’-F (1h) > 3'-F (1g) > 4/-F
(1f). For the 2'-fluorophenyl derivative 1h, the insertion of an add-
itional fluorine atom at the ortho-position on the phenyl ring,
resulting in the 2/,6'-difluoro analogue 1i, sustained the activity
against both hCA IX and Xll isoforms. An additional fluorine at the
meta-position of 1i, yielding the 2/,3’,6'-trifluorophenyl derivative
1j, led to a 2.5- and 4-fold increase in activity against hCA IX and
XlI isoforms, respectively.

The in vitro activity on human brain tumour cell lines showed
that the compounds demonstrating the best inhibitory towards
CA IX enzyme effectively suppressed the proliferation in compari-
son to the reference molecule SLC-0111, especially when paired
with chemotherapeutics currently in clinical use. Preliminary cyto-
toxicity experiments further demonstrate that these compounds
do not induce cytotoxicity in human non-tumour cells.

Overall, these results indicate that through small structural
changes to the phenyl tail portion at the 7-position of triazolopyri-
midine scaffold, allow modulation of both inhibitory activity and
hCA isoform selectivity of this novel series of synthesised
molecules.
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