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ABSTRACT

Herein we report the design and synthesis of thierent sets of novel benzenesulfonamides
(5a-e 7a-eand 10a-d incorporating hydrophilic/hydrophobic tails bydmazido or hydrazino
linkers. The newly synthesized benzenesulfonamidese examinedin vitro for their
inhibitory activity towards four human (h) carboranhydrase (hCA, EC 4.2.1.1) isoforms,
hCA |, 1l, IX and XII using a stopped-flow COhydrase assay. All these isoforms were
inhibited by the sulfonamide®4-e 7a-eand 10a-d with variable degrees in the followirgy
ranges: 76.8-357.4 nM for hCA [, 8.2-94.6 nM forAh(T, 2.0-46.3 nM for hCA XI, and 8.3—
88.3 nM for hCA XIl. The sulfonamidéd exhibited potent anti-proliferative activity agsin
breast MCF-7 cancer cell line under both normoxid aypoxic conditions with 1§ values
equal 3.32 = 0.06 and 8.53 + 0,32, respectively, which are comparable to the refeeedrug
doxorubicin (IGy = 2.36 = 0.04 and 8.39 * 0.28M, respectively). Furthermored was
screened for cell cycle disturbance and apoptosladtion in MCF-7 cells. It was found to
persuade cell cycle arrest at G2-M stage as wedb atter the Sub-G1 phase, alZd,resulted

in a significant increase in the percent of annéxTC positive apoptotic cells from 1.03 to
18.54%. Molecular docking study was carried out #drwithin the hCA IX and hCA XII

active sites to rationalize the obtained inhibitresults.
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1. Introduction

Carbonic anhydrases (CAs, EC 4.2.1.1) catalyzehyleation of CQ to bicarbonate and

proton as well as other hydrolytic reactions [1p td now, seven genetic families have been
discovered, the-, B, v-, -, (-, n-, and6-CAs [1]. Fifteen differenti-CA isoforms have been
identified and characterized in human (h) so fanvbich twelve are catalytically active and
three are inactive (CA-related proteins) [2]. hC&e involved in a plethora of physiological
and pathological processes, such as gas excharayesport of CQ and HCQ across
membranes, biosynthetic reactions, acid-base tuningcalcification and
tumorigenesis/metastatization [2,3]. The latter cpeses see isoforms hCA IX and XII
implicated in the tumor cells pH regulatory machynewith their inhibition having been
validated as a winning anti-tumor strategy [3]. &y, hCA IX expression is strictly related to
cancer and poor prognosis in tumors, while hCA Xlpresent in many normal tissues and
organs, such as endometrium, colon, kidney and @& | and Il are cytosolic ubiquitous
isoforms to whom most CA activity in human bodydige. Their inhibition, unless desired,
should be avoided to overcome the unpleasant fielet®due to promiscuous inhibition [3].
Literature survey regarding several hCA inhibiti€Als) revealed that the main skeleton of
these compounds consists of a certain linker betvadeenzene sulfonamide group on one side
and another aryl or heteroaryl moiety on the osiide. The previous finding was concluded
from studying the structure of different potent rg&JAhibitors as shown iRig. 1. For example,
a ureido linker was incorporated between benzelfiersumide group and 4-flourophenyl group
in SLC-0111(l); a synthetic compound in phase I/l clinical Isian combination therapy for
the treatment of metastatic solid tumors, With(hCA 1X) = 45 nM andKi (hCA XII) = 4.5
nM [4-8]. The ureido linker was again involved ither hCA inhibitors with a heteroaryl
oxindole moiety attached in the other side as impoundslla (hCA 1X; Ki = 5.3 nM,hCA
XlI; Ki = 6.3 nM)andllb (hCA IX; Ki = 14.8 nM,hCA XlI; Ki = 0.64 nM Fig. 1) [9,10]. In
other hCA inhibitors, the ureido linker was replddey a hydrazido linker as represented in
compoundll (Ki (hCA IX) = 8.9 nM;Ki (hCA XIlI) = 9.2 nM), compoundV (Ki (hCA IX) =
17.3 nM) and compound (Ki (hCA IX) = 30.4 nM) [11-13]. The approach of usiadinker
between a benzene sulfonamide moiety and aryl arderyl moiety was applied again but
through using a hydrazine linker as shown in compiddl (hCA IX; Ki = 5.3 nM) Fig. 1)
[14].

In this study, our target is to synthesize threeieseof hCA inhibitors using the

aforementioned approach. A hydrazido group was us®eda linker between a benzene



sulfonamide moiety from one side and a para subbstitphenyl group at the other side as in
the target compoundsga-e The choice of the other side moiety was based upe same
rational of compoun&Il (hCA; Il Ki = 0.5 nM, hCA VII;Ki = 0.45 nM) Fig. 1) [15] which
assumes that mixing hydrophilic/hydrophobic ringsthis region will allow the synthesized
compounds to target both the hydrophilic and theérdyhobic regions in the middle of hCA
enzyme. Consequentlyp-substituted phenyl ring with aliphatic secondanyirses were
employed in this region to achieve the previousonai. Two other serieSa-e and 10a-d
containing a hydrazine linker, again coupled witixed hydrophilic/hydrophobic moieties
were synthesized=(g. 1). The target compounds were biologically evaluatgdinst different
isoforms of hCA and were tested for their cytotdyiagainst cancer cells under hypoxic
conditions. Moreover, molecular docking studieseveerformed to rationalize their biological

activities.
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Fig. 1. Structures of some reported CA inhibitd#gll , and the targeted sulfonamides-g
7a-eandl0a-d

2. Results and Discussion

2.1. Chemistry



As a starting point for preparation of the targetedhpounda-g¢ 7a-e and10a-d p-
substituted aldehyde84-9 (Scheme ] andp-substituted acetophenone derivativ@a-()
(Scheme 2 were synthesized from-fluorobenzaldehyde angfluoroacetophenone through
nucleophilic substitution reactionga different secondary amines where the amines aged
nucleophiles in exchange of the fluorine atom gsored [16, 17]. Consequently, the
aforementioneg-substituted aldehyde84-6 were reacted with both 4-hydrazinobenzene
sulfonamide 4) and 4-sulfamidobenzoic acid hydrazide) to give the corresponding

hydrazone®a-eand hydrazidega-g respectively$cheme L

1 2a-e
i
(@)
HN—
H2N H,N—NH
4
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H H
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Scheme 1 Synthetic scheme for compoun8a-e and 7a-e Reagents and condition§)
K2COs/ DMSOV reflux for 3-5 hyii) EtOH/ AcOH / reflux for 3 h{iii) AcOH / reflux for 2
h.

On the other hand, the previously synthesipeslibstituted acetophenone derivatives
(9a-d) were subjected to the reaction with both 4-hymh@zenzene sulfonamidd)(and 4-
sulfamidobenzoic acid hydrazidé) (using the same conditions adopted in the reaetidm

aldehydes 3a-¢ as in scheme 1. However, we managed to obtainctreesponding



hydrazoned Oa-d only and not the hydrazides (scheme 2). Furthaistwere performed to
get the corresponding hydrazides using conditibias &re more drastic. But unfortunately

we failed to obtain the desired hydrazides evethénpresence of strong dehydrating agents

as conc. HSO, or ZnCb.
R
P HN. i a 4
1] H
10a-d

8 2a-c, f 9a-d
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c & N:\O
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Scheme 2 Synthetic scheme for compounti8a-d Reagents and condition§) K,COs/
DMSO / reflux for 6 hyii)) EtOH/AcOH / reflux for 3 h.

2.2. Biological Evaluation.
2.2.1. Carbonic anhydrase inhibition

All the newly prepared sulfonamideSa-e 7a—e and 10a—d were evaluated for their
ability to inhibit hCA isoforms, hCA | and Il (cysolic) as well as hCA IX and XII
(transmembrane, tumor associated isofovresa stopped flow Cehydrase assay [18] using
acetazolamide (AAZ) as a standard inhibitor. TH&¥ang SAR can be gathered from the

data shown in Table 1:



Table 1 Inhibition data of human CA isoforms hCA 1, IIXland XII with compounds
reported here and the standard sulfonamide inmibtetazolamide (AAZ) by a stopped flow
CO, hydrase assay.

Compound Ki (nM)*
hCA | hCA Il hCA IX hCA XII
5a 96.2+5.8 29.9+ 2.0 19.4+ 1.2 50.2+ 4.2
5b 100.8+ 6.9 24.0+1.8 20.9+1.3 29.6t1.5
SC 87.4+5.1 34.5+ 2.6 16.5t1.1 13.1+ 0.8
5d 76.8+4.3 17.9t1.2 14.6£ 0.9 31624
5e 240.4+ 16.7 94.6+ 5.3 46.3+ 2.7 88.3t 6.2
7a 347.3+27.0 125:1.1 3.1+ 0.2 10.1+ 0.7
7b 152.9+ 14.2 9.3t 0.7 3.3t0.2 10.1+1.2
7c 175.4+11.3 15.6+ 1.2 8.6+ 0.5 9.2+ 0.7
7d 129.8+10.5 8.2+ 0.6 10.1+ 0.8 8.3t 0.6
fe 357.4+ 24.8 62.3t 4.3 23.7+ 0.1 51.4+ 45
10a 95.4+7.1 57.7+5.0 18.3t 1.2 36.4+ 2.2
10b 110.6+ 9.5 69.2+ 4.7 7.2+ 0.5 8.7+ 0.6
10c 149.5+ 13.2 65.6t 3.9 8.9+ 0.6 9.7t 0.4
10d 266.1+19.4 89.5t5.8 2.0+ 0.1 9.2+ 0.5
AAZ 250+ 15 12+ 0.8 25+1.4 5.7t 0.4

* Inhibition data are expressed as means + SEMdiff8rent assays.

(i) The ubiquitous hCA 1 is quite effectively inhibd by all reported sulfonamides. The
inhibition constants (1§) span in the range 76.8-357.3 nM. Notably, unsuibsd
hydrazone$a-eare slightly more effective (K 76.8-100.8 nM, excepte) than hydrazides
7a-e and methylhydrazonesOa-d Within subset$a-e and 7a-¢ compounds bearing a
benzotriazole tail feel the effect of the sterindrance of the pendant and shoys Kf 240.4
and 357.4 nM. All other heterocycles incorporatoampounds show similar inhibition to
hCA 1.

(i) The other ubiquitous and physiologically reden isoform, hCA I, is potently inhibited
by most of the reported compoundsg18.2-94.6 nM). In particular, hydrazidéa-eact as
the most potent hCA Il inhibitors in this studypshng K;s in the low nanomolar range (8.2-
15.6 nM) with the exception ofe whose K rises to 62.3 nM likely because of steric
hindrance. As a general trend, hydrazdseegeand10a-dshow a partially lowered inhibitory
efficacy compared to hydrazide compounds. One cgplkeculate about a H-bond in the
ligand-target adduct where the carbonyl group afrayides acts as acceptor with an active
site residue of hCA Il enhancing the binding widtspect to hydrazone compounds. The
addition of a methyl group to the hydrazone linkegda-d) further decreases the binding with
respect to unsubstituted derivativesa{d) probably arousing unfavorable clashes to the



binding of 5a-d. The benzotriazole group of compoube elicits a worsening of the
inhibitory activity to 94.6 nM.

(i) The tumor-associated isoforms hCA IX and Xdre potently inhibited in a low
nanomolar range by the screened sulfonamides. 8gd€A IX, Ks reach one-digit
nanomolar values with hydrazidéa-c (3.1-8.6 nM) and methylhydrazon&8b-d (2.0-8.9
nM). The unsubstituted hydrazortes-eshow the worst hCA IX inhibition though remaining
very potent inhibitors (6 14.6-46.3 nM). The rather flat inhibition reparteith different
substituents disables to devise more accurate SAR.

(iv) hCA XiIl is also inhibited with single-digit |§ by hydrazide3c and7d (8.3-9.2 nM) and
methylhydrazoneslOb-d (8.7-9.7 nM). Increasing the size of the tail suah in the
benzotriazole derivativeSe and 7e decreases the inhibition efficacy to 88.3 and 51V
respectively.

(v) the selectivity index (SI) data reported in Tea® show that while actually all compounds
are selective CAls for the tumor-associated isofoaower hCA | (Sl in the range 4.8-133.1
for hCA I1X and 1.9-34.4 for hCA XiII), significanetectivity for the target CAs over hCA I
exist only within the subset of methylhydrazore3a-d In detail, the four compounds
exhibit a 1l/1X selectivity ranging between 3.2 add.8, wheread0b-d are 7- to 10-fold
[I/XI1l selective CAls. The latter compounds coulpresent interesting candidates for further

anti-tumor assessments.

Table 2 Selectivity index (SI) of sulfonamides reporteztdafor hCA IX and XIl over hCA |
and Il calculated as ratio K-target ca’/ Ki target ca

Sl (KI off-target CA / KI target CA)

Compound
I/1X 1/ XII /X /X
S5a 5.0 1.9 1.5 0.6
5b 4.8 3.4 1.1 0.8
5c 5.3 6.7 2.1 2.6
5d 5.3 2.4 1.2 0.6
5e 5.2 2.7 2.0 1.1
7a 112.0 34.4 4.0 1.2
7b 46.3 15.1 2.8 0.9
7cC 20.4 19.1 1.8 1.7
7d 12.9 15.6 0.8 1.0
7e 15.1 7.0 2.6 1.2
10a 5.2 2.6 3.2 1.6
10b 154 12.7 9.6 8.0



10c 16.8 154 7.4 6.8
10d 133.1 28.9 44.8 9.7
AAZ 10.0 43.9 0.5 2.1

2.2.2. In vitro anti-proliferative activity towards breast cancer MCF-7 cell line

On account of hCA IX high expression in differen¢dst malignancies, hCA IX has been

correlated with the prognosis and therapy outcaméseast cancer patients [19].

Herein, the sulfonamide&d and 10d were evaluated for their anti-proliferative adies
towards breast cancer MCF-7 cell line using doxminkas positive control, under normoxic
and hypoxixc conditions adopting the MTT colorinetassay as reported by T. Mosmann
[20]. Induction of hypoxia was chemically estabédivia the usage of cobalt (ll) chloride
hexahydrate as a chemical inducer of HtE-The results were expressed as median growth
inhibitory concentration (I§z) values that represented the concentration of oomgp
required to produce a 50% inhibition of cell grovetiter 48 h of incubation, compared to the

untreated controlsT@ble 3).

Table 3.1n vitro anti-proliferative activity of sulfonamidé& and10d against breast MCF-7
cancer cell line.

Comp. IC 50 (UM)?

Normoxia Hypoxia
7d 3.32 £ 0.06 8.53+0.32
10d 7.72 +0.22 17.34 + 0.66
Dox. 2.36 £0.04 8.39+0.25

#1Cso values are the mean + S.D. of three separate iexg@ets.

As displayed inTable 3, sulfonamide7d displayed potent anti-proliferative activities
under both normoxic and hypoxic conditions withyd@alues equal 3.32 + 0.06 and 8.53 +
0.32uM, respectively, which are comparable to the refeeedrug doxorubicin (I§g = 2.36
0.04 and 8.39 + 0.28M, respectively). Whereas, the sulfonamibigd exhibited moderate
activity against MCF-7 cell line with Kg values equal 7.72 £ 0.22 and 17.34 + Ouf6
under normoxic and hypoxic conditions, respectively
2.2.3. Céll Cycle Analysis

In the current study, the sulfonamidd was examined for its effect on the cell cycle

progression in MCF-7 cellg={g. 2). This impact was illustrated by DNA flow cytometr

10



analysis; where MCF-7 cells were treated with conmalyd at its 1G, concentration (16 =
3.32 uM).

Control 7d

' Pre-G1,1.89
G2:M, 237 | Pre-G1,19.36

’ G2-M, 33.85
S, 41.36
G0-G1, 56.27 GO0-G1, 36.49
S, 29.66

Fig. 2. Effect of sulfonamid&d on the phases of cell cycle of MCF-7 cells.

As displayed inFig. 2, the assay outcomes highlighted that exposure ©@FM cells to
sulfonamiderd resulted in a significant increase in the peragmtaf cells at Sub-oy more
than 10-folds, with concurrent significant arresthe G-M phase by 14-folds in comparison

to the control.
2.2.4. AnnexinV-FITC/Propidium lodide Analysis of Apoptosis.

AnnexinV-FITC/PI dual staining assay was utilized evaluate the impact of
sulfonamide7d on both early and late apoptosis percentages ifr¥ICells Fig. 3, Table
4).

11
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Fig. 3. Effect of sulfonamidé’d on the percentage of annexin V-FITC-positive stegrin MCF-7
cells. The experiments were done in triplicatese Tdur quadrants identified akL , viable; LR,
early apoptoticUR, late apoptotictJL, necrotic.

As shown inFig. 3, the AnnexinV assay results revealed that treatraEMCF-7 cells
with sulfonamide7d led to a significant increase in the percentageamfiexinV-FITC-
positive apoptotic cells for both the early (LRgrit 1.05% to 4.29%) and late apoptotic (LR;
from 1.05% to 4.29%) phases, which represents mare tenfold total increase compared to
the control Table 4).

Table 4. Distribution of apoptotic cells in the AnnexinAFC/P1 dual staining assay in
MCEF-7 cells.

Com Early Apoptosis Late Apoptosis Total
P- (Lower Right %) (Upper Right %) (L.R % + U.R %)
7d 4.29 11.93 16.22
Control 1.05 0.49 1.54

3. Molecular docking studies

Regarding the inhibitory activity of the sulfonaraidd against both hCA IX and hCA
XIl, docking simulations were performed in orderdiotain a detailed explanation about the
method of its interaction with the active site ottbisoforms. Molecular docking simulations
of the sulfonamidé&d inside the active site of hCA IX (PDB code 5FL&ntirmed the role
of the different parts of this compound in its bimgl with the receptor as discussed in the
introduction section. At first, the sulfonamide gpoplayed an important role as ZBG by
interacting with the catalytic zinc atom througmatallic bond, beside formation of H-bond

with Thr200. In addition, the carbonyl group withihe hydrazide moiety accepted a H-bond

12



from GLN92. The terminal imidazole moiety in itsoppnated state was able to form ionic

bond with carboxylate ion of Glu 13Fi{. 4).

Leul99 \
. 4 Glul73
p ‘ g \
i ' ) Gln71
Thr200 /| i

Thr201

Fig. 4. Predicted binding orientations of compourd within the active site of CA IX (PDB code:
5FL4). Hydrogen bonds and salt bridged are repteddyy red and green dashed lines, respectively.

Concerning docking simulations of compouraiwithin hCA XII active site (PDB code
1JDO0), the sulfonamide group played the same relemahCA IX. Here, we can find the
hydrazide linker did not show any interaction imsithe active site, but the terminal
imidazole moiety stabilized the binding orientatioy forming an anchoring- = interaction

with Tyr20 as illustrated ifrig. 5.

Pro201 Thr199 : ‘ E i

A His94

Fig. 5. Predicted binding orientations of compourdiwithin the active site of CA Xll (PDB code:
1JDO0). Hydrogen bonds angtn interactions are represented by red and black edadimes,
respectively.

4. Conclusions

In conclusion, we report here the design and swighef three series of novel
sulfonamides Ra-e¢ 7a-e and 10a-d incorporating mixed hydrophilic/hydrophobic tails
linked to benzenesulfonamide (as zinc anchoring eties) through hydrazide and

hydrazine linkers. The structures of the novel \dgives were confirmed by different

13



spectral and elemental analyses methods. Biologigaluation of the newly prepared
sulfonamides was performed against hCA |, I, Ddafil. All the tested isoforms were
inhibited by the synthesized sulfonamidese 7a-eand 10a-d in variable degrees with
the followingK;s ranges: 76.8-357.4 nM for hCA |, 8.2-94.6 nMHQA I, 2.0-46.3 nM
for hCA Xl, and 8.3-88.3 nM for hCA XII. Best aditly was observed towards the tumor
associated isoform hCA IX, where compountisc and 10b-d emerged as single-digit
nanomolar hCA IX inhibitorsK;s in the range of 2.0-8.9 nM). Besides, all theaiamg
compounds, excefie, were more potent than AAZ witk;s in a range of 10.1-23.7 nM.
On the other hand, the sulfonamide displayed potent anti-proliferative activity agstin
breast MCF-7 cancer cell line under both normoxid hypoxic conditions (1§ = 3.32
0.06 and 8.53 + 0.321M, respectively), which is comparable to the refee drug
doxorubicin (IGy = 2.36 + 0.04 and 8.39 = 0,28, respectively). Furthermor&d was
screened for cell cycle disturbance and apoptaosisation in MCF-7 cells. It was found to
persuade cell cycle arrest at G2-M stage as wetbaater the Sub-G1 phase, alSal
resulted in a significant increase in the percemtafjannexinV-FITC positive apoptotic
cells from 1.03 to 18.54%. Finally, a molecular king study for7d was carried out within
the hCA IX and hCA XII active sites to rationalites obtained inhibition results.

5. Experimental
5.1. Chemistry
5.1.1. General

Melting points were determined using Stuart SMPital melting point apparatus and
were uncorrected. Infrared (IR) Spectra were restrals KBr disks using a Shimadzu FT-IR
8400S infrared spectrophotometer. Mass spectra weasured as m/z (Intensity %) using
Thermo Scientific ISOLT mass spectroscopy at theidtel Center for Mycology and
Biotechnology.NMR spectra were recorded on a Brukscend 400/ R'H: 400, **C: 100
MHz) spectrometer'H NMR spectra were run at 400 MHz ahi€ spectra were run at 100
MHz in deuterated dimethylsulfoxide (DMSd3}. Chemical shifts are expressedarvalues
(ppm) using the solvent peak as internal standsidoupling constantJ) values are given in
hertz. The abbreviations used are as follows: rgjlest; d, doublet; m, multiplet. Elemental
analyses were performed at the Regional CenteMfaology and Biotechnology, Al-Azhar
University, Egypt. Analytical thin layer chromataghy (TLC) on silica gel pre-coated F254

14



Merck plates containing UV indicator was employealtinely to follow the course of
reactions. Unless otherwise noted, all solventsraadents were commercially available and
used without further purification. Synthesis andlgtical data of compounda-e[16], 4 [21],

6 [11] and9a-d[16, 17]were found as reported.

5.1.2. General procedure for the preparation of compounds 5a-e.

To a solution of the appropriate substituted laydes3a-e (1 mmol) in absolute ethanol in
the presence of two drops of glacial acetic acidydrazinobenzenesulfonamide hydrochloride
4 (0.223 g, 1 mmol) was added. The reaction mixtuas heated under reflux for 3-6 hours.
The obtained solid was collected by filtration,edriand recrystallized from ethanol/DMF to
afford compound$a-e

5.1.2.1. 4-(2-(4-(pyrrolidin-1-yl)benzylidene)hydr az nyl ) benzenesulfonamide (5a). Purple
crystals, (yield 61%), m.p. 236-239°C; IR (KBfmax/ cmit): 3448, 3325, 3248 (NH& NH),
1330 and 1153 (S 'H NMR (DMSO-ds) J ppm: 1.96-1.97 (m, 4H, pyrrolidine Hs), 3.28-
3.34 (m, 4H, pyrrolidine Hs), 6.57 (d,= 8.6 Hz, 2H, Ar-H), 7.02 (s, 2H, D exchangable, -
SONH,), 7.07 (d,J = 8.7 Hz, 2H, Ar-H), 7.50 (d] = 8.6 Hz, 2H, Ar-H), 7.63 (d] = 8.8 Hz,
2H, Ar-H), 7.84 (s, 1H, = C-H), 10.44 (s, 1H,@exchangable, -NH}*C NMR (DMSO«g) &
ppm: 25.40, 47.73 (pyrrolidine carbons), 111.071.74, 112.09, 122.47, 127.90, 132.63,
141.11, 148.54, 148.71; ESI M8z 344 [M]"; Anal. Calcd. for GH,oN4O.S (344.43): C,
59.28; H, 5.85; N, 16.27; Found C, 59.14; H, 6]0116.43.

5.1.2.2. 4-(2-(4-(piperidin-1-yl)benzylidene)hydraznyl)benzenesulfonamide (5b). Brick red
powder, (yield 55%), m.p. 246-248°C; IR (KBfyax / cmi’): 3402, 3325, 3236 (NH& NH),
1276 and 1141 (SR *H NMR (DMSO-dg) dppm: 1.63-1.66 (m, 2H, piperidine Hs), 1.85-1.88
(m, 4H, piperidine Hs), 3.44-3.46 (m, 4H, piperilinls), 7.08 (s, 2H, I exchangable, -
SO,NHy), 7.16 (d,J = 8.4 Hz, 2H, Ar-H), 7.59-7.75 (m, 6H, Ar-H), 7.98, 1H, = C-H), 10.90
(s, 1H, DO exchangable, -NH}?C NMR (DMSO«ds) 3 ppm: 22.00, 24.05, 54.50 (piperidine
carbons) 111.74, 120.53, 120.80, 127.70, 127.939Y3 138.28, 144.50, 148.12; ES| M#z
358 [M]"; Anal. Calcd. for GgH2N4O,S (358.46): C, 60.31; H, 6.19; N, 15.63; Found C,
60.48; H, 6.34; N, 15.46.
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5.1.2.3. 4-(2-(4-morpholinobenzylidene)hydrazinyl)benzenesulfonamide (5c). Grey powder,
(yield 62%), m.p. > 300°C; IR (KBmax/ cmi’): 3348, 3263, 3205 (NH& NH), 1327 and
1161 (SQ); *H NMR (DMSO-dg) dppm: 3.18 (t,J = 4.7 Hz, 4H, morpholine Hs), 3.75 {t=
4.7 Hz, 4H, morpholine Hs), 6.98 (d= 8.8 Hz, 2H, Ar-H), 7.04 (s, 2H, X exchangable, -
SO,NHy), 7.10 (d,J = 8.7 Hz, 2H, Ar-H), 7.56 (d] = 8.7 Hz, 2H, Ar-H), 7.64 (d] = 8.8 Hz,
2H, Ar-H), 7.96 (s, 1H, = C-H), 10.57 (s, 1H;@exchangable, -NH}*C NMR (DMSOds) &
ppm: 48.28, 66.45 (morpholine carbons), 111.28,.14,5126.31, 127.61, 127.92, 133.13,
140.10, 148.54, 151.74; ESI M&z 360 [M]"; Anal. Calcd. for G/H.oN4OsS (360.43): C,
56.65; H, 5.59; N, 15.54; Found C, 56.79; H, 518715.70.

5.1.2.4. 4-(2-(4-(1H-imidazol-1-yl)benzylidene)hydrazinyl)benzenesulfonamide (5d). Yellow
powder, (yield 61%), m.p. 270-272°C; IR (KB#yax / cmi*): 3394, 3305, 3217 (NH& NH),
1323 and 1141 (S *H NMR (DMSO-ds) dppm: 7.13 (s, 2H, BO exchangable, -SOH,),
7.24 (d,J = 8.6 Hz, 2H, Ar-H), 7.69 (d] = 8.6 Hz, 2H, Ar-H), 7.87 (dl = 8.6 Hz, 2H, Ar-H),
7.91-7.93 (m, 3H, Ar-H), 8.10 (s, 1H, = C-H), 834 1H, Ar-H), 9.79 (s, 1H, Ar-H), 11.37 (s,
1H, DO exchangable, -NH)?>C NMR (DMSOdg) & ppm: 111.92, 121.06, 121.62, 122.66,
127.66, 127.91, 134.29, 134.84, 136.91, 137.52,024&ES| MSm/z. 341 [M]"; Anal. Calcd.
for C16H1sNs0,S (341.39): C, 56.29; H, 4.43; N, 20.51; Found €45; H, 4.61; N, 20.79.

51.25. 4-(2-(4-(1H-benzo[ d] [ 1,2,3] triazol-1-yl)benzylidene)hydrazinyl)benzenesulfonamide
(5€). Canary yellow powder, (yield 45%), m.p. 230-2321R;(KBr, vmax/ cmi*): 3309, 3282,
3232 (NH & NH), 1327 and 1153 (S *H NMR (DMSO-4dg) d ppm: 7.11 (s, 2H, BO
exchangable, -SDIH,), 7.22 (d,J = 8.6 Hz, 2H, Ar-H), 7.53-7.57 (m, 1H, Ar-H), 7.7d,J =
8.5 Hz, 2H, Ar-H), 7.95 (dJ = 8.5 Hz, 2H, Ar-H), 8.01 (d] = 8.4 Hz, 2H, Ar-H), 8.05 (m,
1H, Ar-H), 8.08 (s, 1H, =C-H), 8.22 (d,= 8.4 Hz, 1H, Ar-H), 8.37 (d] = 8.5 Hz, 1H, Ar-H),
10.99 (s, 1H, BO exchangable, -NH)?C NMR (DMSO+4g) 3 ppm: 111.54, 111.93, 118.63,
120.23, 121.02, 123.38, 125.33, 127.99, 129.31,1432134.38, 138.04, 144.99, 146.27,
148.03; ESI MSwz 392 [M]"; Anal. Calcd. for GoH1gNgO,S (392.44): C, 58.15; H, 4.11; N,
21.42; Found C, 58.32; H, 4.27; N, 21.68.

5.1.3. General procedure for the preparation of compounds 7a-e.

To a solution of the appropriate substituted laydes3a-e (1 mmol) in glacial acetic acid,

4-(hydrazinecarbonyl)benzenesulfonamifie(0.215 g, 1 mmol) was added. The reaction
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mixture was heated under reflux for 2-4 hours.. $bkd formed was collected by filtration,
dried and recrystallized from ethanol/DMF to affe@mpound¥a-e

5.1.3.1. 4-(2-(4-(Pyrrolidin-1-yl)benzylidene)hydrazine-1-carbonyl)benzenesulfonamide (7a).
Yellowish brown powder, (yield 70%), m.p. > 300%&; (KBr, vmayx/ cmi®): 3305, 3194, 3113
(NH, & NH), 1342 and 1161 (S® *H NMR (DMSO-ds) dppm: 1.96-1.98 (m, 4H, pyrrolidine
Hs), 3.28-3.31 (m, 4H, pyrrolidine Hs), 6.61 = 8.6 Hz, 2H, Ar-H), 7.51 (s, 2H, D
exchangable, -SBIH,), 7.55 (d,J = 8.6 Hz, 2H, Ar-H), 7.95 (d]) = 8.3 Hz, 2H, Ar-H), 8.05
(d,J = 8.3 Hz, 2H, Ar-H), 8.31 (s, 1H, = C-H), 11.67 {#1, D,O exchangable, -NH}*C NMR
(DMSO-dg) 0 ppm: 25.43, 47.71 (pyrrolidine carbons), 112.081.09, 126.17, 128.64, 129.24,
137.19, 146.81, 149.54, 150.11, 162.08 (C=0); ES Mz 372 [M]’; Anal. Calcd. for
Ci18H20N4O3S (372.44): C, 58.05; H, 5.41; N, 15.04; Found &28; H, 5.66; N, 15.28.

5.1.3.2. 4-(2-(4-(Piperidin-1-yl)benzylidene)hydrazine-1-carbonyl)benzenesulfonamide (7).
Green powder, (yield 61%), m.p. 269-271°C; IR (KB¥. / cmi*): 3379, 3305, 3267 (NH&
NH), 1338 and 1161 (S§ 'H NMR (DMSO-<ds) J ppm: 1.54-1.62 (m, 6H, piperidine Hs),
3.17-3.32 (m, 4H, piperidine Hs), 6.99 (d,= 8.7 Hz, 2H, Ar-H), 7.52 (s, 2H, D
exchangable, -SDIH,), 7.57 (d,J = 8.6 Hz, 2H, Ar-H), 7.95 (d] = 8.4 Hz, 2H, Ar-H), 8.06
(d,J = 8.3 Hz, 2H, Ar-H), 8.33 (s, 1H, = C-H), 11.75 {81, DO exchangable, -NH}*C NMR
(DMSO-dg) 0 ppm: 24.39, 25.42, 48.81 (piperidine carbons),.015123.50, 126.19, 128.68,
129.03, 137.07, 146.89, 149.50, 152.97, 162.22 )CESI MSm/z 386 [M]; Anal. Calcd.
for CigH2oN4O3S (386.47): C, 59.05; H, 5.74; N, 14.50; Found €88; H, 5.87; N, 14.71.

5.1.3.3. 4-(2-(4-Mor pholinobenzylidene)hydrazine-1-carbonyl)benzenesulfonamide (7c). Buff
powder, (yield 85%), m.p. 290-292°C; IR (KB#yax/ cmi*): 3417, 3317, 3205 (NH& NH),
1342 and 1165 (SR *H NMR (DMSO-ds) d ppm: 3.22-3.25 (m, 4H, morpholine Hs), 3.73-
3.76 (m, 4H, morpholine Hs), 7.03 @@= 8.6 Hz, 2H, Ar-H), 7.52 (s, 2H, D exchangable, -
SONH,), 7.61 (d,J = 8.5 Hz, 2H, Ar-H), 7.95 (d] = 8.2 Hz, 2H, Ar-H), 8.06 (d] = 8.3 Hz,
2H, Ar-H), 8.35 (s, 1H, = C-H), 11.79 (s, 1H,@exchangable, -NH}*C NMR (DMSOg) &
ppm: 47.87, 66.41 (morpholine carbons), 114.81,.424126.20, 128.70, 128.94, 137.02,
146.92, 149.33, 152.81, 162.31 (C=0); ESI M& 388 [M]"; Anal. Calcd. for GgH20N404S
(388.44): C, 55.66; H, 5.19; N, 14.42; Found C835H, 5.31; N, 14.70.

5.1.3.4. 4-(2-(4-(1H-Imidazol-1-yl)benzylidene) hydrazine-1-car bonyl ) benzenesul fonamide (7d).
White powder, (yield 56%), m.p. > 300°C; IR (KByax / cmi’): 3280, 3221, 3136 (NH&
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NH), 1307 and 1165 (S0 *H NMR (DMSO-ds) dppm: 7.15 (s, 1H, Ar-H), 7.54 (s, 2H,.D
exchangable, -SDIH,), 7.80 (d,J = 8.3 Hz, 2H, Ar-H), 7.85 (s, 1H, Ar-H), 7.90 = 8.4 Hz,
2H, Ar-H), 7.98 (dJ = 8.2 Hz, 2H, Ar-H), 8.10 (d] = 8.2 Hz, 2H, Ar-H), 8.38 (s, 1H, Ar-H),
8.51 (s, 1H, = C-H), 12.08 (s, 1H,,0 exchangable, -NH}*C NMR (DMSO«ds) & ppm:
118.30, 120.89, 126.26, 128.84, 129.15, 130.60,0P33136.02, 136.72, 138.48, 147.17,
147.92, 162.70 (C=0); ESI M8Vz 369 [M]"; Anal. Calcd. for GH1sNsOsS (369.40): C,
55.28; H, 4.09; N, 18.96; Found C, 55.46; H, 418219.21.

51.35.  4-(2-(4-(1H-Benzo[ d][ 1,2,3] triazol-1-yl)benzylidene)hydr azine-1-car bonyl ) benzene
sulfonamide (7€). Yellowish white powder, (yield 87%), m.p. > 300°C; IR (KB#yax / cmid):
3417, 3344, 3244 (NH& NH), 1334 and 1161 (SM *H NMR (DMSO-ds) d ppm: 7.56-7.58
(m, 4H, Ar-H and DO exchangable, -SOH,), 7.72 (t,J = 7.6 Hz, 1H, Ar-H), 7.99 (d] = 8.0
Hz, 2H, Ar-H), 8.03-8.13 (m, 3H, Ar-H), 8.12 (d,= 8.1 Hz, 2H, Ar-H), 8.22 (d] = 8.3 Hz,
1H, Ar-H), 8.44 (d,J = 8.4 Hz, 1H, Ar-H), 8.60 (s, 1H, = CH), 12.18 {8}, D,O exchangable,
-NH); *C NMR (DMSO4g) & ppm: 111.60, 118.71, 120.29, 121.10, 123.28, 25126.29,
128.47, 128.89, 129.27, 132.03, 134.80, 136.66,9137145.07, 146.33, 147.68, 162.78
(C=0); ESI MSm/z: 420 [M]"; Anal. Calcd. for GoH1eNeOsS (420.45): C, 57.13; H, 3.84; N,
19.99; Found C, 57.40; H, 4.02; N, 20.16.

5.1.4. General procedure for the preparation of compounds 10a-d.

To a solution of the appropriate substituted @aetnones9a-d (1 mmol) in absolute
ethanol in the presence of catalytic amount of iglacacetic acid, 4-
hydrazinobenzenesulfonamide hydrochloride (0.2231gnmol) was added. The reaction
mixture was heated under reflux for 6-8 hours.. $aokd formed was collected by filtration,
dried and recrystallized from ethanol/DMF to affe@mpoundd 0a-d

51.4.1. 4-(2-(1-(4-(Pyrrolidin-1-yl)phenyl)ethylidene)hydrazinyl)benzenesulfonamide (10a).
Yellowish brown powder, (yield 45%), m.p. 291-292°8 (KB, vmax / cmi‘): 3479, 3336,
3259 (NH & NH), 1315 and 1145 (S® *H NMR (DMSO-ds) J ppm: 1.97-2.00 (m, 4H,
pyrrolidine Hs), 2.24 (s, 3H, GH 3.29 (m, 4H, pyrrolidine Hs), 6.63 (d,= 8.3 Hz, 2H, Ar-
H), 7.05 (s, 2H, BO exchangable, -S®H,), 7.26 (d,J = 8.7 Hz, 2H, Ar-H), 7.65 (d] = 8.7
Hz, 2H, Ar-H), 7.69 (d,J = 8.6 Hz, 2H, Ar-H), 9.53 (s, 1H, D exchangable, -NH}*C NMR
(DMSO-ds) & ppm: 13.48 (-Ch), 25.35, 26.32, 47.71, 47.99 (pyrrolidinecarbdlis),14,
112.01, 113.72, 124.57, 126.30, 127.49, 130.84,0833136.76, 145.25, 147.97, 149.43,
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151.18; ESI MSwz 358 [M]"; Anal. Calcd. for GgH-,N40,S (358.46): C, 60.31; H, 6.19; N,
15.63; Found C, 60.58; H, 6.22; N, 15.80.

5.1.4.2. 4-(2-(1-(4-(Piperidin-1-yl)phenyl)ethylidene)hydrazinyl) benzenesulfonamide (10b).
Black crystals, (yield 57%), m.p. 240-242°C; IR ((Bmax/ cmi’): 3421, 3197, 3132 (NH&
NH), 1330 and 1157 (S® ‘*H NMR (DMSO-ds) J ppm: 1.59-1.71 (m, 4H, piperidine Hs),
2.43 (s, 3H, ChH), 3.29-3.44 (m, 6H, piperidine Hs), 7.18 (s, 2HODexchangable, -SOAH,),
7.47 (d,J = 8.8 Hz, 2H, Ar-H), 7.58 (d] = 8.7 Hz, 2H, Ar-H), 7.79 (d] = 8.3 Hz, 2H, Ar-H),
7.85 (d,J = 8.3 Hz, 2H, Ar-H) , 8.86 (s, 1H,,D exchangable, -NH}’C NMR (DMSO+g) &
ppm: 24.32 (-CH), 25.20, 26.52, 48.54 (piperidinecarbons), 113125.50, 126.04, 127.15,
129.39, 130.03, 130.67, 132.25, 141.49, 142.67,114344.60; ESI M$vz 372 [M]’; Anal.
Calcd. for GgH24N40,S (372.49): C, 61.27; H, 6.49; N, 15.04; Found C56; H, 6.37; N,
15.29.

5.1.4.3. 4-(2-(1-(4-Morpholinophenyl)ethylidene) hydrazinyl )benzenesulfonamide (10c). Brown
powder, (yield 50%), m.p. 255-257°C; IR (KB#yax / cmi®): 3394, 3336, 3275 (NH& NH),
1334 and 1149 (SR *H NMR (DMSO-ds) dppm: 2.25 (s, 3H, Ch), 3.18 (t,J = 4.3 Hz, 4H,
morpholine Hs), 3.77 (1] = 4.4 Hz, 4H, morpholine Hs), 7.00 @z 8.7 Hz, 2H, Ar-H), 7.05
(s, 2H, DO exchangable, -SMNH,), 7.29 (d,J = 8.7 Hz, 2H, Ar-H), 7.66 (d] = 8.7 Hz, 2H,
Ar-H), 7.72 (d,J = 8.7 Hz, 2H, Ar-H), 9.60 (s, 1H, exchangable, -NH}*C NMR (DMSO-
ds) & ppm: 13.58 (-CH), 49.87, 65.89 (morpholine carbons), 112.30, 11,3196.53, 126.99,
127.68, 130.50, 132.35, 133.68, 143.74, 149.18;] S mVz 374 [M]"; Anal. Calcd. for
Ci18H22N4O3S (374.46): C, 57.74; H, 5.92; N, 14.96; Found &05%; H, 5.87; N, 15.12.

5.1.4.4. 4-(2-(1-(4-(4-Methylpiperazin-1-yl)phenyl)ethylidene)hydraznyl )benzenesul fonamide
(10d). Buff powder, (yield 46%), m.p. 281-283°C; IR (KBnax / cmMit): 3421, 3282, 3205
(NH2 & NH), 1330 and 1138 (S *H NMR (DMSO-ds) d ppm: 2.26 (s, 3H, Ch), 2.77 (s,
3H, CHg), 3.34-3.46 (m, 8H, piperazine Hs), 7.02 {d; 8.6 Hz, 2H, Ar-H), 7.06 (s, 2H,D
exchangable, -SDIH,), 7.30 (d,J = 8.6 Hz, 2H, Ar-H), 7.66 (d] = 8.6 Hz, 2H, Ar-H), 7.73
(d,J = 8.5 Hz, 2H, Ar-H), 9.64 (s, 1H, exchangable, -NH}*C NMR (DMSO4ds) & ppm:
13.60, 19.02 (2 _-Ck), 42.54, 45.63, 52.49, 56.49 (piperazine carbon§}2.21, 115.78,
126.96, 127.68, 130.77, 133.58, 143.85, 149.25,8P4ES| MSnv/z 387 [M]"; Anal. Calcd.
for C1gH25Ns0,S (387.50): C, 58.89; H, 6.50; N, 18.07; Found €13; H, 6.37; N, 18.40.

5.2. Biological Evaluation
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5.2.1. CAinhibitory assay

An Applied Photophysics stopped-flow instrument bagn used for assaying the CA
catalysed C@ hydration activity, as reported earlier [18]. Thhibition constants were
obtained by non-linear least-squares methods W&RIGM 3 and the Cheng-Prusoff equation
as reported earlier [22,23], and represent the mf&am at least three different
determinations. The four tested CA isofoms wereomgmnant ones obtained in-house as
reported earlier [24-26].

5.2.2. Anti-proliferative activity towards MCF-7 breast cancer cell line

Breast cancer MCF-7 cell line was obtained from Aoam Type Culture Collection
(ATCC). The cells were propagated in DMEM suppletadrwith 10% heat-inactivated fetal
bovine serum, 1% L-glutamine (2.5 mM), HEPES buffed mM), 50ug/mL gentamycin.
The hypoxia inducer Cog(100 uM) was in case of the hypoxic condition. All cellere
maintained at 37 C in a humidified atmosphere \Bi¥th CQ. Cytotoxicity was determined

following the MTT assay, as reported earlier [20)}. 2
5.2.3. Cdll cycle analysis

MCE-7 cells were treated with sulfonamide for 24 h at its 1G, concentration then cells
were washed with ice-cold phosphate buffered sdR&S). The treated cells were collected
by centrifugation, fixed in ice-cold 70%/¢) ethanol, washed with PBS, re-suspended with
100 ug/mL RNase, stained with 46y/mL PI, and analyzed by flow cytometry using FACS
Calibur (Becton Dickinson, BD, USA). The cell cyaiigstributions were calculated using
CellQuest software 5.1 (Becton Dickinson) [28, 29].

5.2.4. Annexin V-FITC apoptosis assay

Phosphatidylserine externalization was assayedgusinnexin V-FITC/Pl apoptosis
detection kit (BD Biosciences, USA) according te thanufacturer’s instructions, as reported
earlier [28, 29].

5.3. Computational studies

The crystal structures of hCA IX (PDB 5FL4) [30]dcahCA XII (PDB 1JDO0) [31] were
obtained from protein databank and were preparedrdimg to the Protein Preparation wizard
in Maestro - Schrodinger suite 2017-1 [32] in ortteadding missing atoms by Prime, assining
the protonation states, optimization of the hydrogends and refinement process by running a

restrained minimization (OPLSS3 force field). 3Ddigl structures were drawn and prepared
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minimized using LigPrep [33] in order to predichipation states for the ligands using a pH of
7.0 + 0.5. Before docking process, the grid box prapared at size 20 A. Zn atom was chosen
as a metal constrained. In docking simulations wiemrge using Glide, the protein was treated
as rigid, compounds were flexibly docked, and swpnvas assigned according to the xtra

precision (XP) mode.
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Highlights

- Three sets of novel benzenesulfonami®ase( 7a-e and10a-d) were designed and synthesized.
- Inhibitory activity of the prepared sulfonamides was evaluated tow@dal Ih 1, 1X and XII.

- hCA IX was efficiently inhibited by all sulfonantés withK;s in the range of 2.0-46.3 nM.

- Antiproliferative and proapoptotic activities tavds breast cancer MCF-7 cells were examined.

- Docking was done to provide insights in the bingginteractions of the reported sulfonamides.



