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ARTICLE INFO ABSTRACT

Keywords: Sulfonamides are among the most promising potential inhibitors for carbonic anhydrases (CAs), which are
Carbonic a“hydfa'se pharmaceutically relevant targets for treating several disease conditions. Herein, a series of benzenesulfonamides
Benzenesulfonamide bearing 1,2,3-triazole moiety as inhibitors of human (h) a-CAs (hCAs) were designed using the tail approach. The
Selective inhibitor . . . . . . . . R

Cytotoxicity design method combines a benzenesulfonamide moiety with a tail of oxime and a zinc-binding group on a 1,2,3-

triazole scaffold. Among the synthesized derivatives, the naphthyl (6m, Kj of 68.6 nM, S; of 10.3), and methyl
(6a, K of 56.3 nM, S; of 11.7) derivatives (over hCA IX) and propyl (6¢, Kj of 95.6 nM, S; of 2.7), and pentyl (6d,
K; of 51.1 nM, S; of 6.6) derivatives (over hCA XII) displayed a noticeable selectivity for isoforms hCA I and II,
respectively. Meanwhile, derivative 6e displayed a potent inhibitory effect versus the cytosolic isoform hCA I (K;
of 47.8 nM) and tumor-associated isoforms hCA IX and XII (Kis of 195.9 and 116.9 nM, respectively) compared
with the reference drug acetazolamide (AAZ, Kis of 451.8, 437.2, and 338.9 nM, respectively). Derivative 6b
showed higher potency (Kj of 33.2 nM) than AAZ (K; of 327.3 nM) towards another cytosolic isoform hCA I
Nevertheless, substituting the lipophilic large naphthyl tail to the 1,2,3-triazole linked benzenesulfonamides (6a-
n) raised inhibitory effect versus hCA I and XII and selectivity towards hCA I and II isoforms over hCA IX.
Evaluation of the cytotoxic potential of the synthesized derivatives was conducted in L929, MCF-7, and Hep-3B
cell lines. Several compounds in the series demonstrated significant antiproliferative activity and minimal
cytotoxicity. In the molecular docking study, the sulfonamide moiety interacted with the zinc-ion and neatly fit
into the hCAs active sites. The extension of the tail was found to participate in diverse hydrophilic and hydro-
phobic interactions with adjacent amino acids, ultimately influencing the effectiveness and specificity of the
derivatives.

In silico study

1. Introduction

Sulfonamides constitute a significant class of sulfa drugs [1] and
have become significant species of pharmacophores thanks to their
unique properties such as less toxicity, oral absorption, cost-
effectiveness, and increased reactivity [2]. Due to the numerous bio-
logical activities, including antibacterial [3], anti-inflammatory [4],
anti-viral [5], and anti-diabetic activity [6], thousands of sulfonamide
derivatives were synthesized and widely used to treat various diseases

* Corresponding authors.

[7]. Furthermore, in recent years, triazole compounds have gained
special attention based on their solid pharmacological activity, low
toxicity [8], high bioavailability and stability [9], suitable pharmaco-
kinetics property [10], broad spectrum [11], and better curative effect
[12,13]. Oxime ethers have important motifs due to their significant
medicinal chemistry applications and presence in many medicinal and
various pharmaceutical products [14]. They have become increasingly
popular in pharmaceutical synthesis due to their biological properties,
such as antifungal [15], antibacterial [16], anti-inflammatory [17],
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anticonvulsant [18], and antitumor [19] (Fig. 1).

Both prokaryotes and eukaryotes have the ubiquitous class of zinc-
containing metalloenzymes known as carbonic anhydrase (EC 4.2.1.1,
CA) [20-23]. These metalloenzymes effectively catalyze carbon di-
oxide’s reversible essential hydration. [24,25]. Because the bicarbonate
and proton ions formed as a result of this reaction are some cornerstones
in maintaining the acid-base balance in most living things [26-28]. In
addition to maintaining pH balance, they are essential for biosynthetic
reactions, carbon dioxide, bicarbonate transport, electrolyte secretion,
bone resorption, calcification, and many other physiological functions
[29,30]. Humans only have one subset of the a-class, known as human-
associated carbonic anhydrases (hCAs), which are further divided into
fifteen isoforms based on their catalytic activity, tissue distribution,
subcellular localization, and inhibitor affinities [31-33]. Some of these
fifteen hCAs are catalytically active: (i) Cytosolic isoforms, hCA I, II, III,
VII, and XIII; (ii) Membrane-bound isoforms, hCA 1V, IX, XII, and XIV;
(iii) Mitochondrial isoforms, hCA VA and VB; and (iv) A secreted hCA VI
isoform [34-36]. It is undeniable that these hCAs contribute signifi-
cantly to many physiological processes through their regular expression
and tightly controlled activity. However, their involvement in numerous
pathological processes is also well known due to their overexpression
and uncontrolled activity, which contribute to several diseases [37-39].
For instance, cerebral/retinal edema is linked to overexpression of the
hCA 1 isoform; the hCA 1II is connected to altitude sickness, edema, epi-
lepsy, and glaucoma. Whereas overexpression of the hCA IX is linked to
cancer, the hCA IV isoform is associated with glaucoma, pigmentosa,
retinitis, and stroke [40]. The roles of these hCAs in the various patho-
logical conditions mentioned above clearly demonstrate their impor-
tance as potential therapeutic drug targets. Additionally, because the
active site architecture of all twelve catalytically active hCAs is similar
[41,42], it is important to create selective inhibitors of a particular
isoform in order to generate good leads that can be further developed
into medicines without the disparate side effects frequently associated
with off-target inhibition. Despite discovering other techniques for
producing selective hCA inhibitors (hCAIs), the “tail approach” proved
to be the most effective and popular [43,44]. In fact, it has been claimed
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that practically all drug design studies conducted during the past ten
years have considered this strategy [45]. The process involves intro-
ducing multiple chemical appendages, such as primary sulfamoyl and
carboxylic acid functional groups, onto an aromatic or heterocyclic ring
bearing a zinc-binding moiety through a flexible linker.

As an extension of our research aimed at developing highly effica-
cious and specific inhibitors of hCAs, the present investigation is focused
on evaluating the impact of the tail approach on the inhibitory activity
and selectivity of the synthesized compounds towards different hCA
isoforms [46]. Different spectroscopic techniques were employed to
ascertain the structural features of the novel synthesized 1,2,3-triazole
benzenesulfonamide substituted oxime ether derivatives (6a-n) in this
approach (Scheme 1). Subsequently, the inhibitory effects of the syn-
thesized derivatives were assessed on four human carbonic anhydrase
isoforms, namely hCA I, II, IX, and XII. Additionally, molecular docking
analyses were carried out to elucidate the theoretical binding mecha-
nisms of the novel compounds (6a-n) with the active sites of the target
hCAs.

2. Results and discussions
2.1. Drug design strategy and chemistry

Given the marked similarity among the active sites of various hCA
isoforms, the tail technique has emerged as one of the most promising
strategies for the design and synthesis of hCAlIs [47]. This strategy in-
volves appending diverse aryl or heterocyclic frameworks to the aro-
matic sulfonamide ring of hCAls to selectively target hydrophobic or
hydrophilic residues in the outer region of the isoform’s active site [48].
The target compounds (6a-n) possess a benzenesulfonamide zinc-
binding group attached to a rigid triazole scaffold, ensuring that the
compound’s tail is properly oriented towards the hydrophobic or hy-
drophilic rims of the active site. By establishing favorable interactions
with specific residues in the hydrophilic region of the active site, the
1,2,3-triazole moiety increases the flexibility and hydrophilicity of the
designed compounds, thereby imparting selectivity towards hCA IX. For

o N-N O o o)

3 S S 1
)LNJ'\S>“§‘NH2 \@ P—S-NH;

A ° N o

N
o 'N-N C
M AN,

e}
e}

Acetazolamide
(hCA inhibitor)
1

(0]
Hy

CAl
(Anticancer)
v

o)
)—(: :)—N
N\/ ;
OH o)
Acetophenone oxime
(Anti-inflammatory)
Vi

Ccl o
WN cl cl
N

Ethoxzolamide
(hCA inhibitor)
Il

Tazobactam
(Antibacterial)
\"

Nafimidone
(Anticonvulsant)

Vil

Methazolamide
(hCA inhibitor)
mn

N

N
TBSO N
o) s’ o O

TBSO

TSAO
(Anti HIV)
Vi

-

1.,

Oxiconzole
(Antifungal)
1X

Fig. 1. Some clinically used sulfonamide (I-III), 1,2,3-triazole (IV-VI), and oxime ether (VII-IX) based drugs.
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Scheme 1. Synthetic pathway of target 1,2,3-triazole benzenesulfonamide substituted oxime ethers (6a-n). (i) HoO/HCl, NaNO,; (ii) NaNg; (iii) Acetyl acetone,

DMSO, K,COs; (iv) DMF/Et;N, NH,OH/HCI; (v) R-X/NaOH/TBAB, DMSO.

this reason, the different elongated linkers were employed to manipulate
the hCA inhibitory effect of the target compounds (6a-n). The hydro-
phobic tail was also synthesized using the 1,3-dioxoisoindoline-5-
carboxylate moiety.

In this study, 14 novel oxime ether-linked 1,4-disubstituted 1,2,3-
triazole sulfonamides (6a-n) have been synthesized starting from ben-
zenesulfonamide by 1,3 dipolar cycloadditions of 4-(4-hydroxyimino)
ethyl)-5-methyl -2H-1,2,3-triazol-2yl)benzenesulfonamide (5) and alkyl
or aryl halides (Scheme 1). The synthesized compounds were charac-
terized using FT-IR, 'H NMR, 3C NMR, and mass spectrometry and their
spectra of the compounds (6a-n) were given in Supplementary Material.

From the 'H NMR spectra, sulfanilamide NH, and the = CH proton
peaks on aromatic ring resonances at around 7.60 ppm and between
7.00 and 8.00 ppm, respectively. CHs protons are seen around 2.4 and
2.6 ppm, and Methyl or methylene attached to oxime-ether comes
around 4.2 ppm. In the 13C NMR spectra, Carbon atom attached to ox-
ygen atom resonance at around 70 ppm and carbon atom bonded to NOR
with double bond comes around 150 ppm. Carbon atoms in triazole ring
are seen at around 130 and 140 ppm.

In the infrared spectra of compounds 6a-n, it was possible to observe
the absorptions between 3200 and 3350 em! relating to NH; peaks. As
seen in the literature [49], two peaks are assigned to SO, as symmetric
and asymmetric stretching. The asymmetric and symmetric stretch
peaks were appeared around 1350 and 1160 cm ™, respectively.
Aliphatic C—H and C—=C bond absorption peaks were seen around 2990
and 1550 cm™}, respectively. C=NO double bond peaks were appeared
around 1590 cm™!. In the compound 6i, the hydrogen bonded to triple
bond comes around 3300 cm™!. All spectra support the structure of the
synthesized compounds.

2.2. Carbonic anhydrase inhibitory effect of the target compounds

The inhibitory potential of the 1,2,3-triazole benzenesulfonamide
substituted oxime ether derivatives (6a-n) was evaluated against four
physiologically and pharmacologically relevant hCA isoforms cytosolic
hCAIand II, as well as transmembrane hCA IX and XII, using the esterase
assay according to Verpoorte’s method. Acetazolamide (AAZ, PubChem
CID: 1986), a commonly prescribed medication, was utilized as a
reference inhibitor in the assays, despite its lack of specificity towards a
particular hCA isoform. Table 1 summarizes the inhibition constants (Ky)
and their corresponding coefficient of determination (Rz) for the tested
enzymes.

The cytosolic isoform hCA I was potently inhibited by 1,2,3-triazole
benzenesulfonamide substituted oxime ethers (6a-n) with Kjs in the low
nanomolar range of 47.8-257.6 nM, indicating that all synthesized
compounds (6a-n) are more potent inhibitors than reference drug AAZ
(K7 of 451.8 nM). The most active derivatives in this series enclose heptyl
6e, naphthyl 6m, and ethyl 6b groups, which have Kjs of 47.8, 68.6, and
75.9 nM, respectively. Compounds having acetylamide 6j and propargyl
6i groups exhibited Kjs of 195.0 and 197.5 nM, respectively, whilst the
weakest inhibitor in this group, 61, which has a K; of 257.6 nM, in-
corporates the benzyl group.

The inhibitory potential of the 1,2,3-triazole benzenesulfonamide
substituted oxime ether derivatives (6a-n) reported herein was investi-
gated, and all compounds exhibited potent inhibition against the phys-
iologically prominent hCA II isoform, with Kjs ranging from 33.2 to
248.3 nM. This potency was even superior to that of the conventional
drug AAZ, which exhibited a Kj of 327.3 nM. Notably, the ethyl deriv-
ative 6b displayed the most effective inhibition of hCA II, with a Ky in the
two-digit nanomolar range (33.2 nM). Derivatives 6¢ and 6f also
demonstrated potent inhibition of hCA II, with Kjs in the two-digit
nanomolar range (40.4 and 42.2 nM, respectively), while compounds
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Table 1
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Inhibition data of human CA isoforms hCA 1, II, IX, and XII with novel synthesized 1,2,3-triazole benzenesulfonamide substituted oxime ethers (6a-n) and the reference
inhibitor acetazolamide, a clinically used drug.

R
N=N N—o’
Nﬁ
o IS
HQN’S\\O
6a-n
Compounds hCA 1 hCA TI hCA IX hCA XII
D R K R? K R? K R? K R?
(nM) (nM) (nM) (nM)
6a Methyl 124.9 + 24.1 0.9478 56.3 £ 12.5 0.9315 660.0 £ 73.2 0.9634 284.3 + 36.0 0.9771
6b Ethyl 75.9 £ 11.6 0.9659 33.2+6.7 0.9480 228.0 +£ 31.2 0.9782 192.3 + 28.5 0.9711
6¢ Propyl 95.6 £ 16.7 0.9591 40.4 + 8.8 0.9349 394.4 £+ 435 0.9633 258.9 + 53.8 0.9447
6d Pentyl 171.9 + 28.9 0.9647 51.2 £ 12.0 0.9328 298.3 + 46.3 0.9689 337.3 £ 63.8 0.9546
6e Heptyl 47.8 £ 8.5 0.9519 64.7 £ 14.5 0.9391 195.9 + 26.4 0.9710 116.9 + 18.3 0.9650
6f Nonyl 95.8 £ 14.2 0.9718 422+ 7.4 0.9558 200.7 + 28.2 0.9745 147.8 + 26.0 0.9626
6g Allyl 108.3 + 19.7 0.9495 61.0 +£10.8 0.9516 241.9 £+ 345 0.9682 231.3 £ 41.9 0.9533
6h n-Butenyl 121.3 + 20.5 0.9595 83.3 £ 13.6 0.9624 456.3 + 65.4 0.9734 216.7 £ 32.5 0.9661
6i Propargyl 197.5 + 26.8 0.9735 159.1 + 26.4 0.9643 443.0 +£ 81.2 0.9589 403.5 + 78.2 0.9494
6j Acetylamide 195.0 + 31.0 0.9656 159.0 + 25.8 0.9713 1072 + 111 0.9810 207.6 + 43.3 0.9379
6k Diethylacetylamide 81.6 £ 11.1 0.9731 74.7 £ 13.0 0.9631 254.4 + 46.5 0.9624 151.5 + 30.9 0.9390
6l Benzyl 257.6 + 48.2 0.9491 248.3 + 33.9 0.9770 528.0 + 93.4 0.9590 558.6 + 110.5 0.9606
6m Naphthyl 68.6 + 8.9 0.9750 63.3 £ 14.4 0.9346 704.8 + 86.5 0.9742 120.8 + 19.1 0.9657
6n Anthryl 167.0 + 26.9 0.9622 176.6 + 32.3 0.9619 297.9 + 45.0 0.9718 254.2 £+ 58.0 0.9336
AAZ" - 451.8 +£ 59.1 0.9398 327.3 + 32.8 0.9712 437.2 £ 53.9 0.9420 338.9 + 33.4 0.9688
@ The test results were expressed as means of triplicate assays + SEM.
b Acetazolamide.
6i, 6n, and 61 exhibited weaker inhibitory activity, with Kis in the three- Table 2
able

digit nanomolar range (159.1, 176.6, and 248.3 nM, respectively).

All of the newly synthesized 1,2,3-triazole benzenesulfonamide
substituted oxime ether derivatives (6a-n) were found to exhibit
inhibitory activity towards the transmembrane tumor-associated hCA IX
isoform, with Kis ranging from three to four digits (195.9-1072 nM).
Notably, the heptyl 6e, nonyl 6f, ethyl 6b, allyl 6g, and dieth-
ylacetylamide 6k derivatives displayed potent inhibition, with Kjs of
195.9, 200.7, 228.0, 241.9, and 254.4 nM, respectively, surpassing that
of the standard drug AAZ (K; of 437.2 nM). Furthermore, the anthryl 6n
derivative (K7 of 297.9 nM) demonstrated activity equivalent to that of
the pentyl 6d derivative (Kj of 298.3 nM). Conversely, the methyl 6a,
naphthyl 6m, and acetylamide 6j derivatives exhibited the weakest in-
hibition within the group, with Kis of 660.0, 704.8, and 1072 nM,
respectively.

The 1,2,3-triazole benzenesulfonamide substituted oxime ether
compounds 6a-n were found to effectively inhibit the transmembrane
tumor-associated hCA XII isoform with K; values ranging from 116.9 to
558.6 nM, which is superior to the reference drug AAZ (K of 338.9 nM).
Notably, heptyl 6e, naphthyl 6m, nonyl 6f, diethylacetylamide 6 k, and
ethyl 6b derivatives displayed robust inhibition of hCA XII with K;
values <200 nM, while the benzyl 61 derivative exhibited the weakest
inhibition (K7 of 558.6 nM).

2.3. SARs parameters of the target compounds

The findings presented in Tables 1 and 2 provided insights into the
structure-activity relationships (SARs) of the compounds investigated.
Regarding SAR, replacing the benzyl (61, K; of 257.6 nM) or anthryl rings
(6n, K; of 167.0 nM) with a linear alkyl chain raised the inhibitory effect
against the cytosolic isoform hCA I by 9.5 and 6.0 times compared to
AAZ, as seen in the heptyl 6e and ethyl 6b derivatives (K;s of 47.8 and
75.9 nM, respectively). Also, as with 6m, replacing the benzyl ring with
the more lipophilic naphthalene group significantly increased the
inhibitory effect versus hCA L.

The reduction of the inhibition potent against hCA II was observed
when the linear alkyl chains were elongated as in ethyl 6b, propyl 6c,
pentyl 6d, and heptyl 6e derivatives (K;s of 33.2, 40.4, 51.1, and 64.7

Selectivity indexes for the inhibition of cytosolic hCA I and II isoforms over
transmembrane hCA IX and XII isoforms for targeted 1,2,3-triazole benzene-
sulfonamide substituted oxime ethers (6a-n).

Compounds ID Selectivity index”

IX/1 IX/II XII/I XII/II
6a 5.3 11.7 2.3 5.0
6b 3.0 6.9 2.5 5.8
6c 4.1 9.8 2.7 6.4
6d 1.7 5.8 2.0 6.6
6e 4.1 3.0 2.4 1.8
6f 2.1 4.8 1.5 3.5
6g 2.2 4.0 2.1 3.8
6h 3.8 5.5 1.8 2.6
6i 2.2 2.8 2.0 2.5
6j 5.5 6.7 1.1 1.3
6k 3.1 3.4 1.9 2.0
61 2.0 2.1 2.2 2.2
6m 10.3 11.1 1.8 1.9
6n 1.8 1.7 1.5 1.4

 Selectivity index (S;) of inhibitors for hCA I and II over off-targets isoforms,
hCA IX and XII, calculated as the ratio of K; off-target hCA/K; target hCA. A high-
value ratio characterizes a potent, selective inhibitor.

nM, respectively). Replacing the benzyl (61, Kj of 248.3 nM) or anthryl
(6n, Ky of 176.6 nM) rings with naphthalene ring in 6m (K of 63.3 nM)
significantly increased the inhibitory effect versus hCA II as in hCA L.
Additionally, propargyl 6i (K; of 159.1 nM) exhibited an equipotent
activity relative to the acetylamide 6j derivative (K; of 159.0 nM).

The ethyl derivative 6b showed potent inhibitory effect with a K; of
228.0 nM against the tumor-associated isoform hCA IX, and the
replacement of a substituent, such as a nonyl group (6f, K; of 200.7 nM)
or a heptyl group (6e, K; of 195.9 nM) increased the inhibitory action. In
contrast, the pentyl (6d, Kj of 298.3 nM), propyl (6¢, K; of 394.4 nM),
and methyl (6a, K7 of 660.0 nM) groups led to a reduction in activity.
The presence of propargyl (6i), n-butenyl (6h), and acetylamide (6;) led
to a considerable decrease in activity (Kis of 443.0, 456.3, and 1072 nM,
respectively). Furthermore, the replacement of the anthryl group (6n, K;
of 297.9 nM) with a benzyl group (61, Kj of 528.0 nM) or with a naphthyl
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group (6m, Ky of 704.8 nM) reduced the inhibitory effect.

As previously noted in relation to hCA IX, the kinetic profile of this
compound series for the hCA XII isoform did not demonstrate significant
differences and was largely similar. Remarkably, having the linear alkyl
chains such as in methyl 6a, ethyl 6b, and propyl 6c derivatives or
elongation by these chains resulted in an increase of affinity against the
tumor-associated isoform hCA XII. For example, the heptyl derivative 6e
(K7 of 116.9 nM) resulted to be 2.9-fold more active than 6d (K; of 337.3
nM) as well as the nonyl derivative 6f (K; of 147.8 nM) was 2.3-fold
more active than 6d. When compared to naphtyl derivative 6m (K of
120.8 nM), anthryl and benzyl bearing ether derivatives 6n and 61 (Kis
of 254.2 and 558.6 nM, respectively) importantly decreased inhibitory
effect towards hCA XII. Furthermore, replacing the acetylamide (as in
compound 6j, Kj of 207.6 nM) with diethylacetylamide group led to a
more potent hCA XII inhibition with K; of 151.5 nM.

Their primary sequences in the active sites of hCAs resemble one
another by >30 %. Regardless of the species, all the known hCAs
generally possess rather big active sites divided into two distinct sides,
one lined with hydrophobic residues and the other e with polar, hy-
drophilic ones. Here, SARs parameters exhibited that compounds with
benzene rings are weak inhibitors as compared to aliphatic compounds.

2.4. Selectivity parameters of the target compounds

The hCAs are closely linked since their primary sequences resemble
one another by >30 %. It is not easy to construct isoform-selective hCAIs
since most of the sequence identity matches residues found in the active
site of hCA isoforms [50]. Synthesized 1,2,3-triazole benzenesulfona-
mide substituted oxime ether derivatives (6a-n) developed notable
selectivity versus the cytosolic hCA I and II isoforms over the trans-
membrane hCA IX and XII isoforms. The selectivity of the synthesized
compounds towards the hCA isoforms was evaluated using the enzyme
selectivity index (Sy), which is the ratio of the K values for hCA I and II to
hCA IX and XII. The S; values, presented in Table 2, were used to
determine the relative enzyme selectivity of the compounds.

Regarding selectivity towards hCA I over the isoform hCA IX, the
determined S; IX/I for 1,2,3-triazole benzenesulfonamide substituted
oxime ethers (6a-n) were ranged from 10.3 to 1.7. Compound 6m with a
naphthyl showed high selectivity towards hCA I. The electron-donating
groups, such as acetylamide 6j and methyl 6a derivatives, mainly
decreased the selectivity with listed lower Sis of 5.5 and 5.3, respec-
tively. Also, the presence of the diethylacetylamide group on 6k
moderately reduced the selectivity (S; of 3.1) relative to the acetylamide
substituted 6j. Replacement of the naphthyl group with another lipo-
philic benzyl or anthryl group in 61 and 6n also decreased the selectivity
(Sis of 2.0 and 1.8, respectively).

The selectivity of the 1,2,3-triazole benzenesulfonamide substituted
oxime ether compounds (6a-n) towards hCA II over hCA IX was evalu-
ated by calculating the enzyme S; based on the Kj values presented in
Table 2. The target compounds displayed high potency towards hCA II,
with S; IX/1I values ranging from 11.7 to 1.7. Compound 6a, featuring a
methyl group, showed the highest selectivity towards hCA II, with an S;
of 11.7. However, modifications to the structure of 6a led to decreased
selectivity. Replacing the methyl group with a lipophilic naphthyl group
in 6m, and linear alkyl chains such as propyl in 6¢ and ethyl in 6b,
resulted in decreased selectivity, with Sis of 11.1, 9.8, and 6.9, respec-
tively. Additionally, the presence of the diethylacetylamide moiety in 6k
(Sy of 6.7) led to a decline in selectivity compared to the acetylamide-
substituted 6j (Sy of 3.4).

Concerning selectivity towards hCA I over the isoform hCA XII, the
calculated S; XII/I for 1,2,3-triazole benzenesulfonamide substituted
oxime ether derivatives (6a-n) ranged from 2.7 to 1.1. Derivative 6c
with a propyl group displayed a high selectivity against hCA I, S; of 2.7.
Replacement of the propyl group (6c) with linear alkyl chains, such as
ethyl in 6b, heptyl in 6e, and methyl in 6a, slightly decreased the
selectivity (Sis of 2.5, 2.4, and 2.3, respectively). Furthermore, replacing
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of the benzyl group in 61 (S; of 2.2) with a naphthyl group in 6m (S; of
1.8) or anthryl group 6n (S; of 1.5) also declined the selectivity. Also, the
presence of the diethylacetylamide group on 6k increased the selectivity
relative to the acetylamide substituted 6j with Sis of 1.9 and 1.1,
respectively.

In relation to selectivity towards hCA II over the isoform hCA XII,
1,2,3-triazole based benzenesulfonamide derivatives 6a-n exhibited
selectivity with S; XII/II from 6.6 to 1.3. The presence of electron-
donating groups like the pentyl in 6d, propyl in 6¢, ethyl in 6b, and
methyl in 6a showed the highest selectivity towards hCA II with S;s of
6.6, 6.4, 5.8, and 5.0, respectively. The presence of the dieth-
ylacetylamide group on 6k (S; of 2.0) increased the selectivity relative to
the acetylamide substituted 6j (S; of 1.3). Moreover, replacement of the
benzyl group (61, S; of 2.2) with a more lipophilic groups, such as
naphthyl in 6m or anthryl in 6n declined the selectivity (S of 1.9 and
1.4, respectively).

In summary, the results of this study demonstrate the strong impact
of structural modifications on the selectivity profile of hCAs, leading to
the development of highly selective drug candidates. The naphthyl (6m)
and methyl (6a) derivatives exhibited the best selectivity towards hCA
IX, while the propyl (6¢) and pentyl (6d) derivatives were highly se-
lective towards hCA XII. The most potent compounds, 6e (K of 47.8 nM
for hCA 1) and 6b (K; of 33.2 nM for hCA II), showed good selectivity
with S;s of 4.1 and 2.5 (hCA I over hCAs IX and XII, respectively) and 3.0
and 5.8 (hCA II over hCAs IX and XII, respectively).

2.5. Cytotoxic activity of the target compounds

Based on the inhibition data of hCA IX and XII isoforms, a drug target
for various cancer types, the selected most active 1,2,3-triazole benze-
nesulfonamide substituted oxime ethers (6b, 6e, 6f, 6g, and 6k) were
investigated in terms of cytotoxic activity against some cell lines, human
breast adenocarcinoma (MCF-7), human liver adenocarcinoma
(Hep—3B), and normal mouse fibroblast (1929). Doxorubicin (DOX,
PubChem CID: 31703), a clinically used drug, was included in the ex-
periments as a reference inhibitor. Additionally, the selectivity index for
cell line (S{! 1i"®)y was also calculated to evaluate these derivatives as
potential anticancer agents. Here, agents with a selectivity index higher
than 1 were regarded as selective against cancer cells [51] (Table 3).

Table 3

The cytotoxic activity and selectivity data of some 1,2,3-triazole benzenesulfo-
namide substituted oxime ethers and the reference inhibitor doxorubicin, a
clinically used drug on normal mouse fibroblast (L929), human breast adeno-
carcinoma (MCF-7), and human liver adenocarcinoma (Hep—3B) cell lines using
the MTT assay.

Compounds ICso” S{MCE- S{Hep—3Bb
D (uM) 7)b
1929 MCF-7 Hep-3B
6b 19.0+0.1 57.4+01 245+ 0.3 0.8
0.1
6e 591.1 + 23.0+0.1 472+ 25.7 12,5
0.3 0.1
6f 142.3 + 28.3 + 0.1 ND! 5.0 ND
0.2
6g ND! 50.1+01 533+07 ND° ND¢
6k 52.3+0.3 0.0l + 1950 + 5230 0.03
0.001 3.2
DOX® 96.9+0.1 149+01 111+ 6.5 8.7
0.6

# ICso values are the concentration of the compound that reduces the cell
viability to 50 %, measured at 24 h of continuous exposure. The analysis results
were expressed as means of triplicate assays + SEM.

b The selectivity index for cell line (S ®)); (ICs, for normal cell line L929)/
(ICs for respective cancerous cell line).

¢ Doxorubicin.

4 Not determined.
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Concerning activity towards breast cancer MCF-7 cells, dieth-
ylacetylamide derivative 6k emerged as the most cytotoxic agent among
these compounds, showing the lowest ICs of 1.2 pM in this series better
than that of the reference drug DOX (ICs¢ of 14.9 pM). Moreover, the
heptyl (6e, ICs¢ of 23.0 pM) and nonyl (6f, ICs of 28.3 pM) derivatives
exhibited moderate activity against MCF-7 cells. On the other hand,
ethyl 6b and heptyl 6e derivatives showed moderate anticancer activity
against Hep-3B cells. However, none of the compounds were as active as
DOX for Hep-3B cell lines. Additionally, these derivatives were
compared to determine their cytotoxic profile against normal mouse
fibroblast L929, the healthy cell line. Except for 6b and 6k from the
tested compounds (6b, 6e, 6f, 6g, and 6k), others (6e, 6f, and 6g) were
safe against L929 cells compared to standard drug DOX (ICsg of 96.9 pM)
and were non-toxic. Given the above S{° "® index, derivative 6k for
MCEF-7 (Sy of 43.6) and derivative 6e for both cell lines, MCF-7 and Hep-
3B (Sis of 25.7 and 12.5, respectively) selectively inhibited the growth of
cancerous cells compared to healthy cells. Based on the ICs( values and
noticeable selectivity, heptyl 6e and diethylacetylamide 6k derivatives
may be recommended for further investigation of their mechanism of
cytotoxic action on various cancer cell lines.

2.6. In silico study

The binding patterns of 1,2,3-triazole benzenesulfonamide
substituted oxime ethers (6a-n), synthesized in this study, were inves-
tigated using X-ray crystallographic structures of hCA I (PDB ID 1AZM)
[52], hCAII (PDB ID 3HS4) [53], hCA IX (PDB ID 3IAI) [54], and hCA XII
(PDB ID 1JDO0) [55] isoforms. The docking setup was validated by re-
docking the co-crystallized native ligand AZM (AAZ, 5-acetamido-
1,3,4-thiadiazole-2-sulfonamide) into the enzyme binding sites. The
docking methodology was deemed reliable, as evidenced by minimal
RMSD values (0.21, 1.02, 1.29, and 1.33 for 1AZM, 3HS4, 3IAI, and
1JDO, respectively) and the ability of the docking poses of the co-
crystalized ligands to reproduce all essential interactions.

The binding patterns were tested using a validated docking setup,
and the most potent inhibitors, 6e (for hCA I, IX, and XII isoforms) and
6b (for hCA II isoform), were found to exhibit strong binding affinity
with predicted docking scores in the range of —1.71 to —6.33 kcal/mol
and MM-GBSA values of —13.26 to 30.33 kcal/mol. The binding patterns
of the synthesized agents in the hCA isoforms showed comparable ac-
commodation of the sulfonamide moiety deeply in the active site,
interacting with the zinc-ion, and by hydrogen bonding with gatekeeper
residues, such as Thr199 and Thr200. The triazole moiety was involved
in hydrogen bonding and pi-pi stacking interactions with specific resi-
dues, such as Trp5 in hCA IX, while the benzenesulfonamide phenyl ring
interacted through pi-pi stacking with polar residue His94 in hCA XII.
Furthermore, the 1,2,3-triazole moiety showed hydrophobic interaction
with Phe91 in hCA I, Phel31 in hCA II, and Trp5 in hCA IX isoform
(Figs. 2-5). The novel synthesized agents displayed varying binding af-
finity and selectivity patterns in each hCA isoform, which could be
attributed to the different structural modifications that imparted various
steric and electronic properties. Therefore, the present study provides
valuable insights into the binding mechanisms of the 1,2,3-triazole
benzenesulfonamide substituted oxime ethers in hCA isoforms and
highlights their potential as selective drug candidates for the treatment
of diseases associated with carbonic anhydrase dysfunction.

Additionally, using the QikProp module of the Schrodinger Suite
2022-3 for Mac, the chemical drug-likeness of the targeted novel 1,2,3-
triazole benzenesulfonamide substituted oxime ethers (6a-n) was eval-
uated. The relevant ADME/T (absorption, distribution, metabolism,
elimination, and toxicity) parameters were calculated and subsequently
presented in Table 4. Based on physicochemical characteristics, it is
evident that the oxime ethers under examination exhibited drug-like
characteristics, and all of the derivatives (6a-n) adhere to Lipinski’s
five [56], Jorgensen’s three [57] rules and PAINS alert [58].
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3. Conclusion

In the present study, a novel series of 1,2,3-triazole benzenesulfo-
namide substituted oxime ethers (6a-n) were synthesized using the tail
method. The molecular hybridization strategy was employed to combine
the zinc-binding 4-benzenesulfonamide moiety with the 1,2,3-triazole
scaffold. The hydrophobic tail was constructed using the oxime moi-
ety. The inhibitory potential of these derivatives was evaluated against
four isoforms of a-hCA, namely hCA I, II, IX, and XII. Compared to AAZ,
compound 6e (Kis of 47.8, 195.9, and 116.9 nM, respectively) had
significantly more potent inhibitory action against cytosolic isoform
hCA 1 and tumor-associated isoforms hCA IX and hCA XII. Another
cytosolic isoform hCA II was more effectively inhibited by ethyl deriv-
ative 6b (K of 33.2 nM) than by AAZ (K; of 327.3 nM). The naphtyl (6m,
Sp of 10.3), and methyl (6a, S; of 11.7) derivatives (over hCA IX) and
propyl (6¢, Sy of 2.7), and pentyl (6d, S; of 6.6) derivatives (over hCA XII)
exhibited a remarkable selectivity for isoforms hCA I and II, respectively.
Additionally, adding the lipophilic large naphthyl tail to the 1,2,3-tria-
zole benzenesulfonamide substituted oxime ether derivatives
increased inhibitory effect versus hCA I and XII and selectivity towards
hCA T and II isoforms over hCA IX. Cytotoxic screening in L929, MCF-7,
and Hep-3B cells identified heptyl (6e, IC50s of 591.1, 23.0, and 47.2 uM,
respectively) and diethylacetylamide (6k, ICsgs of 52.3, 0.01, and 1950
uM, respectively) derivatives with good antiproliferative activity and
low cytotoxicity. Moreover, the present study employed molecular
docking techniques to investigate the binding of these compounds (6a-
n) within the active sites of hCAs. The results revealed that the sulfon-
amide moiety was accommodated deeply in the active site and inter-
acted with the zinc-ion within the binding site. Furthermore, the
sulfonamide moiety formed hydrogen bonds with the crucial residue
Thr199, indicating the significance of this residue in the binding process.

4. Experimental section
4.1. General procedure for the preparation of the target compounds

All the chemicals and solvents used during the study were purchased
from Sigma-Aldrich and used without further purification. Melting
points were determined by Yanagimoto micro-melting point apparatus
and uncorrected. Infrared (IR) spectra were measured on a Shimadzu
Prestige-21 (200 VCE) spectrometer. 'H and *C NMR spectra were
obtained using VARIAN Infinity Plus at 300 and 75 Hz, respectively. 'H
and 13C chemical shifts were referenced to the internal deuterated sol-
vent. Mass spectra were measured on a 6200 series TOF/6500 series Q-
TOF B.08.00 (B8058.0) spectrometer.

4.1.1. General procedure for preparation of 4-azidobenzenesulfanilamide
3

Sulfanilamide (1) (0.5 g, 3 mmol) was dissolved in H,O and 6 M HCI
(10 mL) and cooled to 0 °C. Sodium nitrite (248 mg, 3.6 mmol) dissolved
in 15 mL of cold water was added dropwise to the mixture and stirred
continuously for 25 min at 0 °C. At the end of this step, sulfonilamide
diazonium salt was prepared. Then, Sodium azide (282 mg, 4.4 mmol)
was added to the solution containing diazonium salt and continued to
stir for 2 h more at room temperature to give the corresponding azido
derivative (3). The final product was washed with water, collected by
filtration, and dried. The compound was used for the next step without
further purification.

4.1.2. General procedure for preparation of 1,2,3-triazole
benzenesulfonamide (4)

A solution of azido benzenesulfonamide (1 mmol) in DMF has added
acetylacetone (1.5 mmol) using potassium carbonate (2 mmol) as a base
at 80 °C refluxing with continuous stirring for 5-6 h. At the end of the
reaction, the mixture was extracted with ethyl acetate and washed with
1 M sodium hydroxide solution, saturated NaHCOs solution, and brine.
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Fig. 2. Molecular docking of hCA I
isoform (PDB ID 1AZM) with 4-(4-{1-
[(heptyloxy)imino]ethyl}-5-methyl-
1H-1,2,3-triazol-1-yl)benzenesulfona-
mide (6e). (A) 3D docking pose of de-
rivative 6e within the binding pocket
of 1AZM. In the 3D panel, hydrogen
bonds and pi-pi stacking interactions
are shown in yellow and blue dashed
lines, respectively. Only the interact-
ing amino acids are demonstrated for
the sake of clarity. (B) 2D interaction
diagram of 1AZM with derivative 6e.
(For interpretation of the references to
colour in this figure legend, the reader
is referred to the web version of this
article.)
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Fig. 3. Molecular docking of hCA II
isoform (PDB ID 3HS4) with 4-{4-[1-
(ethoxyimino)ethyl]-5-methyl-1H-
1,2,3-triazol-1-yl}benzenesulfonamide
(6b). (A) 3D docking pose of derivative
6b within the binding pocket of 3HS4.
In the 3D panel, hydrogen bonds and
pi-pi stacking interactions are shown
in yellow and blue dashed lines,
respectively. Only the interacting
amino acids are demonstrated for the
sake of clarity. (B) 2D interaction dia-
gram of 3HS4 with derivative 6b. (For
interpretation of the references to
colour in this figure legend, the reader
is referred to the web version of this
article.)
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Fig. 4. Molecular docking of hCA IX
isoform (PDB ID 3IAI) with 4-(4-{1-
[(heptyloxy)imino]ethyl}-5-methyl-
1H-1,2,3-triazol-1-yl)benzenesulfona-
mide (6e). (A) 3D docking pose of de-
rivative 6e within the binding pocket
of 3IAL In the 3D panel, hydrogen
bonds and pi-pi stacking interactions
are shown in yellow and blue dashed
lines, respectively. Only the interact-
ing amino acids are demonstrated for
the sake of clarity. (B) 2D interaction
diagram of 3IAI with derivative 6e.
(For interpretation of the references to
colour in this figure legend, the reader
is referred to the web version of this
article.)
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Fig. 5. Molecular docking of hCA XII
isoform (PDB ID 1JD0) with 4-(4-{1-
[(heptyloxy)imino]ethyl}-5-methyl-
1H-1,2,3-triazol-1-yl)benzenesulfona-
mide (6e). (A) 3D docking pose of de-
rivative 6e within the binding pocket
of 1JDO. In the 3D panel, hydrogen
bonds and pi-pi stacking interactions
are shown in yellow and blue dashed
lines, respectively. Only the interact-
ing amino acids are demonstrated for
the sake of clarity. (B) 2D interaction
diagram of 1JDO with derivative 6e.
(For interpretation of the references to
colour in this figure legend, the reader
is referred to the web version of this
article.)
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(ES-API, pos. ion): (M + 1) m/z = 366.1594, calcd. For 366.1600

4.1.4.5. 4-(4-{1-[(Heptyloxy)imino]ethyl}-5-methyl-1H-1,2,3-triazol-1-
yDbenzenesulfonamide (6e). Yield 79 %; m.p.126 °C; IR (v, cm): 3373
(N—H), 2878 (C—H sp°), 1543 (C=C), 1347 and 1164 (SOz), 'H NMR
(300 MHz, DMSO-dg, ppm): 7.87-8.05 (4H, d, -Ar-H), 7.62 (2H, s,
-NHy), 4.15- (2H, t, -CH3), 1.33-1.68(10H, m, -CHy), 2.52 (3H, s, -CH3),
2.09 (3H, s, -CHj), 0.84-0.88(3H, t-CHs); *3C NMR (75 MHz, DMSO-dg,
ppm): 149.75, 145.49, 138.55, 132.30, 127.81 (2C), 125.69 (2C), 78.36,
74.42, 31.95, 29.28(2C), 26.10, 22.78, 14.49, 12.91, 11.24;
C18H27N503SH: (ES-API, pos. ion): (M + 1) m/z = 394.1903, calcd. For
394.1913

4.1.4.6. 4-(5-Methyl-4-{1-[(octyloxy)imino]ethyl}-1H-1,2,3-triazol-1-yl)
benzenesulfonamide (6f). Yield 88 %; m.p.174 °C; IR (v, cm™1): 3380
(N—H), 2875 (C—H Sps), 1596 (C=N), 1540 (C=C), 1350 and 1164
(SOy); 'H NMR (300 MHz, DMSO-dg, ppm): 7.87-8.05 (4H, d, -Ar-
H),7.59 (2H, s-NHy), 4.07-4.12 (2H, t, -CH>), 2.50 (3H, s, -CH3), 2.29
(3H, s, -CH3), 1.25-1.66 (12H, m, -CH3), 0.81-0.83 (3H, t, -CH3); 3¢
NMR (75 MHz, DMSO-dg, ppm): 150.1, 145.6, 141.4, 138.6, 133.02,
127.8 (20), 126.4 (2C), 74.3, 31.8, 29.4, 26.1 (2), 22.7,14.6,13.2,11.1;
C10H29N503SH™: (ES-API, pos. ion): (M + 1) m/z = 408.2064, calcd. For
408.2069

4.1.4.7. 4-(4-{1-[(Allyloxy)imino]ethyl}-5-methyl-1H-1,2,3-triazol-1-yl)
benzenesulfonamide (6g). Yield 85 %; m.p.175 °C; IR (v, cm V) 3371
(N—H), 1648 (C=N); 1596 (C=C), 1350 and 1163 (SO5); 'H NMR (300
MHz, DMSO-dg, ppm): 7.76-8.02 (4H, d, -Ar-H), 7.52 (2H, s-NHj),
5.95-6.02 (1H, m = CH), 5.25-5.30 (1H, d, =CH), 5.16-5.19 (1H, d,
=CH), 4.60-4.63 (2H, d, -CHy), 3.37 (3H, s, -CH3), 2.33 (3H, s, -CHj3);
13¢ NMR (75 MHz, DMSO-dg, ppm): 150.5, 145.6, 141.3, 138.5, 135.1,
132.8,127.8 (2C), 126.1 (2C), 117.9, 78.9, 13.1, 11.2; C14H;7N503SH™:
(ES-API, pos. ion): (M + 1) m/z = 336.1124, calcd. For 335.1130

4.1.4.8. 4-(4-{1-[(But-3-en-1-yloxy)imino]ethyl}-5-methyl-1H-1,2, 3-tri-
azol-1-yl)benzenesulfonamide (6h). Yield 79 %; m.p.135 °C; IR (v,
em™1): 3370 (N—H), 2937 (C—H sp?), 1642 (C=N),1596 (C=C), 1355
and1162 (SO,); 'H NMR (300 MHz, DMSO-dg, ppm): 7.88-8.05 (4H, d,
-Ar-H), 7.61 (2H, s-NH,), 5.82-5.91(1H, m, =CH), 5.08-5.13 (1H, d,
=CH), 5.02-5.07 (1H, d, =CH), 4.16-4.19 (2H, t, -CH5), 3.37 (3H, s,
-CH3), 2.41-2.52 (2H, q, -CHy), 2.31-(3H, s, -CH3); 3¢ NMR (75 MHz,
DMSO-dg, ppm): 150.5, 145.6, 141.3, 138.6, 135.7, 133.1, 127.8 (2Q),
126.5(20),117.5,73.4,33.9,13.3,11.1; C15H19N5038H+: (ES-AP], pos.
ion): (M + 1) m/z = 350.1282 calcd. For 350.1287

4.1.4.9. 4-(5-Methyl-4-{1-[(prop-2-yn-1-yloxy)imino]ethyl}-1H-1,2,3-tri-
azol-1-yl)benzenesulfonamide (6i). Yield 95 %; m.p.118 °C; IR (v, cm’l):
3370 (N—H), 3300 (triplebond-H, stretch), 2937 (C—H sp3), 1642
(C=N), 1596 (C=C), 1347 and 1160 (SOy); IH NMR (300 MHz,
DMSO-dg, ppm): 7.90-8.07 (4H, d, -Ar-H), 7.63 (2H, s-NH2), 4.81 (2H,
s, -CHy), 3.52 (1H, s, =CH), 2.52 (3H, s, -CHa), 2.35 (3H, s, -CH3); 13C
NMR (75 MHz, DMSO-dg, ppm): 151.7, 145.6, 140.9, 138.5, 133.5,
127.8 (20), 126.5(2C), 81.1, 78.1, 62.1, 13.4, 11.1; C14H15N503SH+:
(ES-API, pos. ion): (M + 1) m/z = 334.0968, calcd. For 334.0974

4.1.4.10. 2-[({1-[5-Methyl-1-(4-sulfamoylphenyl)-1H-1,2, 3-triazol-4-yl]
ethylidene}amino)oxy]acet amide (6j). Yield 95 %; m.p.220 °C; IR (v,
cmfl): 3318 (N—H), 1690 (C = 0), 1642 (C=N), 1598 (C=C), 1345
and1160 (SO,); 'H NMR (300 MHz, DMSO-dg, ppm): 7.89-8.05 (4H, d,
-Ar-H), 7.61 (2H, s-NH,), 4.50 (2H, s, -CHy), 3.37 (3H, s, -CH3), 2.55
(3H, s, -CH3), 2.28 (2H, s, -NH,); 13C NMR (75 MHz, DMSO-dg, ppm):
11.1,13.7,73.3,126.5,171.7,170.1, 152.0, 145.6, 141.0, 138.6, 133.4,
128.8, 127.8; C13H1gNgO4SH™: (ES-API, pos. ion): (M + 1) m/z =
353.1027, calcd. For 353.1032
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4.1.4.11. N,N-Diethyl-2-[({1-[5-methyl-1-(4-sulfamoylpheny))-1H-1,2,3-
triazol-4-yl]ethylidene}amino) oxy]acetamide (6k). Yield 92 %; m.p.198
°C; IR (v, cmfl): 3271 (N—H), 1728 (C = 0O) 1499 (C=C,), 1345 and
1160 (SO2); 'H NMR (300 MHz, DMSO-ds, ppm): 7.86-8.04 (4H, d, -Ar-
H), 7.60 (2H, s-NHy), 4.81 (2H, s, -CHj), 3.28-3.31 (4H, q, -CHj), 3.23
(3H, s, -CH3), 2.07 (3H, s, -CH3), 1.07-1.12 (6H, t, -CH3); 13¢ NMR (75
MHz, DMSO-ds, ppm): 167.7, 151.1, 145.6, 141.1, 138.6, 133.4, 127.8
(2C), 126.4 (20), 72.3, 41.2 (2C), 14.8 (2C), 13.5, 10.9
C17H24NgO4SH™: (ES-API, pos. ion): (M + 1) m/z = 409.1653, calcd. For
409.1658

4.1.4.12. N,N-Diethyl-2-[({1-[5-methyl-1-(4-sulfamoylphenyl)-1H-1,2, 3-
triazol-4-yl]ethylidene}amino)oxy]acetamide (6l). Yield 88 %; m.p.182
°C; IR (0, cm™1): 3345 (N—H), 1598 (C=N), 1350 and 1161 (SO), 1559
(C=C); 'H NMR (300 MHz, DMSO-dg, ppm): 7.82-8.04 (4H, d, -Ar-H),
7.60 (2H, s-NH,), 7.33-7.41 (5H, m, —Ar —H), 5.18 (2H, s, -CHj), 3.39
(3H, s, -CHs), 2.41 (3H, s, -CHs); 3C NMR (75 MHz, DMSO-dg, ppm):
150.9, 145.6, 141.1, 138.6, 138.5, 133.2, 129.0 (2C), 128.8 (2C), 128.5,
127.8 (20), 126.5 (2C), 76.1, 13.4, 11.1; C1gH;oN503SH™: (ES-API, pos.
ion): (M + 1) m/z = 386.1281, calcd. For 386.1287

4.1.4.13. 4-(5-Methyl-4-{1-[(naphthalen-1-ylmethoxy)imino]ethyl}-1H-
1,2,3-triazol-1-yl)benzenesulfonamide (6m). Yield 91 %; m.p.163 °C; IR
(v, em™Y): 3256 (N—H), 1628 (C=N), 1595 (C=C), 1355 and 1167
(S02); H NMR (300 MHz, DMSO-dg, ppm): 8.02-8.18 (4H, d, -Ar-H),
7.61 (2H, s-NH>), 7.49-7.96 (7H, m, —Ar —H), 5.65 (2H, s, -CH,), 3.41
(3H, s, -CHs), 2.40 (3H, s, -CHz); '3C NMR (75 MHz, DMSO-ds, ppm):
150.9, 145.6, 141.1, 138.5, 134.0, 133.2, 131.9, 129.3, 129.1 (2C),
127.9, 127.8, 127.1, 126.6 (2C), 126.5, 126.0, 124.6 (2C), 74.7, 13.3,
11.2; C22H21N5035H+: (ES-AP], pos. ion): M + 1) m/z = 436.1438,
calcd. For 436.1443

4.1.4.14. 4-(4-{1-[(Anthracen-9-ylmethoxy)imino]ethyl}-5-methyl-1H-
1,2,3-triazol-1-yl)benzenesulfonamide (6n). Yield 85 %; m.p.248 °C; IR
(v, cm_l): 3259 (N—H), 1634 (C=N) 1594 (C=C), 1358 and 1168 (S02);
THNMR (300 MHz, DMSO-dg, ppm): 7.94-8.46 (4H, d, -Ar-H), 7.40-8.02
(9H, m, —Ar —H), 7.59 (2H, s-NH,), 6.14 (2H, s, -CHy), 2.49 (3H, s,
-CHs), 2.22 (3H, s, -CHg); 13C NMR (75 MHz, DMSO-dg, ppm):150.8,
145.5, 141.2,138.4, 132.6, 131.5, 131.2, 129.3 (2C), 128.9 (2C), 128.8
(30), 127.8 (20), 126.7, 125.8 (2C), 125.5 (20C), 124.9 (2C), 68.3, 12.9,
11.1; CgeH23N503SH™: (ES-API, pos. ion): (M + 1) m/z = 486.1595,
calced. For 485.1600

4.2. Carbonic anhydrase inhibitory effect study

In order to ascertain the inhibitory effects of novel 1,2,3-triazole
benzenesulfonamide substituted oxime ether derivatives (6a-n), the
esterase activity of the hCAs, hCA I, II, IX, and XII isoforms were
examined using Verpoorte’s method [59] of determining the change in
absorbance at 348 nm [60-62]. At a starting concentration of 1 mg/mL,
these oxime ethers (6a-n) and AAZ were dissolved in DMSO. In the final
reaction mixture, DMSO was present at a concentration of around 1 %.
As in other studies, the hCA isoforms’ activity was evaluated using the
substrate 4-nitrophenyl acetate (PubChem CID: 13243) [63-65]. An
enzyme unit was defined as the quantity of enzyme needed to catalyze
the reaction of 1 pmol of substrate per minute at 25 °C. Each sample
underwent three measurements. In order to explore the in vitro inhibi-
tory mechanisms of the 1,2,3-triazole linked benzenesulfonamides 6a-n,
we conducted kinetic assays with varying substrate and chemical con-
centrations. The obtained data were then employed to generate
Michaelis-Menten curves [66] and Lineweaver-Burk plots [67], as well
as to compute Kj values and identify the types of inhibition [68].
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4.3. Cytotoxic activity study

Human breast adenocarcinoma (MCF-7), human liver adenocarci-
noma (Hep—3B), and normal mouse fibroblast (1L929) cell lines were
obtained from the American Type Culture Collection (ATCC). The cells
were cultured in DMEM medium supplemented with 2 mL t-glutamine,
10 % heat-inactivated fetal bovine serum, and 1 % penicillin/strepto-
mycin according to routine culture protocols. All cells were maintained
at 37 °C in a humidified atmosphere with 5 % CO,. After culturing for
24 h, cell viability was determined using an MTT assay, as previously
reported [69,70]. Optical density was measured at 570 nm using the
ELISA plate reader. All the measurements were repeated thrice. S{¢!
hne), the ratio of ICsq values calculated for healthy and cancer cells, was
then determined as in previous studies [71,72].

4.4. In silico study

The most recent version, Small-Molecule Drug Discovery Suite
2022-3 for Mac, was employed for the molecular docking analysis
(Schrodinger, LLC, NY, USA). For the hCA isoforms used as the model for
the experiment, the PDB IDs 1AZM (hCA I, A chain, 2.00 A [52], 3HS4
(hCA I, A chain, 1.10 A) [53], 3IAI (hCA IX, B chain, 2.20 A) [54], and
1JDO (hCA XII, A chain, 1.50 A) [55] were retrieved from the RCSB
Protein Data Bank (https://www.rcsb.org) [73]. In order to get the
enzyme structures ready for docking, the suite’s Protein Preparation
Wizard was used [74,75]. ChemDraw program V21 for Mac was used to
sketch the structures of the novel 1,2,3-triazole benzenesulfonamide
substituted oxime ether derivatives (6a-n) (PerkinElmer, Inc., Waltham,
MA, USA). The LigPrep module of the same software program [76-78]
was used to optimize these oxime ethers (6a-n) at pH 7.4 + 0.5 in the
optimal potential liquid simulations 4 (OPLS4) force field with Epik
[79-81]. To generate the receptor grid in the Maestro panel, the active
site residues discovered by the SiteMap tool [82,83] were defined in the
Receptor Grid Generation module [84]. With the default settings, the
extra precision (XP) method of the Glide application [85-88] was
employed to dock ligands to hCAs. Additionally, using the hCA-ligand
complexes 1AZM, 3HS4, 3IAI, and 1JDO, it has been determined how
effectively the MM-GBSA predicts [89] relative binding affinity in the
VSGB energy model and OPLS force field [90,91].

4.5. Statistical study

The data was analyzed and graphical representation was produced
using GraphPad Prism V9 for Mac (GraphPad Software, La Jolla Cali-
fornia USA). Kj constants were calculated with SigmaPlot V12 for
Windows (Systat Software, San Jose California USA). To compare the fit
of enzyme inhibition models, the extra sum-of-squares F test and the AIC
approach were used. Results were presented as mean =+ standard error of
the mean (95 % confidence intervals) and statistical significance was
determined using a p-value <0.05.

Abbreviations
AAZ acetazolamide
AIC Akaike information criterion

ATCC American type culture collection

DMF dimethylformamide

DMSO  dimethylsulfoxide

hCA human a-carbonic anhydrase

hCAIs human a-carbonic anhydrase inhibitors
K; enzyme inhibition constants

R? K; coefficient of determination

MM-GBSA Molecular mechanics with generalized Born and surface
area solvation

optimal potential liquid simulations

structure-activity relationships

OPLS
SARs
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