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Graphical abstract

Novel 4/3-((4-ox0-5-(2-oxoindolin-3-ylidene)thiazolidin-2-ylidene)amino)
benzenesulfonamides: Synthesis, carbonic anhydrase inhibitory activity,

anticancer activity and molecular docking studies

Two different series of novel isatin-based benzenesulfonamide were synthesized and evaluated

for their inhibitory activity against a panel of carbonic anhydrase isoforms, hCA |, 11, IV and IX.

Also, they were evaluated for their anti-proliferative activity against breast cancer MCF-7 and

colorectal cancer Caco-2 cell lines.
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Abstract

Herein we report the synthesis of two series of eho/3-((4-o0x0-5-(2-oxoindolin-3-
ylidene)thiazolidin-2-ylidene)amino)benzenesulfoidas @da-m and 7a-g. All the newly
prepared sulfonamides wdrevitro investigated as inhibitors of the metalloenzymidooaic
anhydrase (CA, EC 4.2.1.1) isoforms hCA 1, Il, IMdalX, using a stopped-flow GO
hydrase assay. In particular, hCA isoforms Il an€fl (tumor-associated) were more
susceptible to inhibition by the synthesized dees, withK;s in the range of 2.6-598.2
nM for hCA I, and of 16.1-32hM for hCA IX. All compounds 4a-m and 7a-g were

evaluated for their anti-proliferative activity agst breast cancer MCF-7 and colorectal
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cancer Caco-2 cell lines. Compou#dwas found to be the most potent derivative against
MCF-7 (1IGo = 3.96 + 0.21 pM)while 4] was the most active member against Caco-2 cells
(IC50 = 5.87 = 0.37 uM).Compound4c induced the intrinsic apoptotic mitochondrial
pathway in MCF-7 cells; evidenced by the enhancgutession of the pro-apoptotic protein
Bax and the reduced expression of the anti-apapfwtein Bcl-2, and the up-regulated
active caspase-9 and caspase-3 levels.

Keywords: Carbonic anhydrase inhibitors; Isatin; Benzenesudimide; Anticancer;
Apoptosis.
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1-Introduction

Carbonic anhydrases (CAs, EC 4.2.1.1), the prevaiestalloenzymes in all life
kingdoms, catalyze the efficient interconversiommaen CQ and bicarbonate [1-3]. In
humans, the CA-catalyzed reaction encompasses #imgae chemical entities, GO
HCOs;, and H essential in a host of physiological and pathalalgprocesses, such as
electrolyte secretion, bone resorption, calcifmatirespiration, pH and Gdomeostasis,
biosynthetic reactions (as gluconeogenesis angéipesis), tumorigenicity and others [1-
3]. Seven distinct genetic enzymatic families hbagen identified so far: the, p-, y-, 6-,

{-. n- andB-Cas [1-3]. The sixteen human (h) isoforms of CAjak all belong to the-
class, displayed different patterns of location &sslue distribution, thus cytosolic (I, I,
I, VII, and XIIl), membrane-bound (IV, IX, XlIl, ad XIV), secreted (VI) and
mitochondrial (VA and VB) forms have been describechammals [1-3].

Such isozymes represent valuable biological tarf@tsthe design of CA inhibitors
(CAls) with many biomedical applications [2-4Yloteworthy, many sulfonamides-CAls
are clinically used for decades to treat severs#aBes (e.g., glaucoma, edema, epilepsy).
The ubiquitous hCAI and CAIl, which are involved immany physiological processes,
were found to be off-target in the treatment ofesal pathologies [1-3], since they are
the main responsible of most side effects of ndeetige inhibitors. The membrane-
associated isoform hCA IV is a drug target forméis pigmentosa and stroke, in addition
to glaucoma, together with hCA II [5]. The transnieme hCA IX is overexpressed in
many solid tumors associated with the hypoxic phge where it is pivotal in the
growth of solid tumors, tuning the pH to support axtracellular hypoxic
microenvironment suited for hypoxic tumor cell sual and proliferation, thus emerged
as an innovative target for the development ofcantter agents [6,7].

Encouraged by these findings, the goal of develppsoform-selective hCAls has
been nurtured over the latter years with sevetaliss [1,4]. The most exploited method
to overcome the typical lack in selectivity of sutamide-like CAls against the different
human isozymes turned out to be the “tail approachich consists in modulating the
functionality (tail) appended to the aromatic/hetsuclic ring present in the scaffold of

the CAls, in order to differently interact with timeiddle and the rim parts of the active



site cavity, which is the most variable region amdhe sixteen isoforms mentioned
above [8-10].

Over the last few years, isatinHdndole-2,3-dione) stood out as a promising tail
scaffold to design compounds with interesting iitbily activity profiles towards
different carbonic anhydrase isoforms. Numeroudistuhave developed diverse isatin-
based derivatives as potent CA inhibitors, compsuAY¥ (Fig. 1) [11-15]. Moreover,
isatin, as a privileged scaffold, is endowed wikicedlent anticancer profile [16, 17] and
represents an important pharmacophore in two dlilyicapproved anticancer drugs;
SunitinibV (Suten?) and Nintedanityl (Ofev®) (Fig. 2) [18, 19]. Consequently, design
and synthesis of various effective isatin-basedicanter agents have attracted
considerable attention in the current medical €8-45]. Several research groups
explored the anti-proliferative activity of manyis-thiazolidine/thiazolidinone analogs,
such as compoundél-IX (Fig. 2) [26-30].
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Figure 1. Structures of isatin-based carbonic anhydrasébiiohs I-IV and the target
sulfonamidegta-m and7a-g

Taking the above into account, herein we report iweel series of 4/3-((4-oxo-5-(2-

oxoindolin-3-ylidene)thiazolidin-2-ylidene)aminoYmenesulfonamides4§-m and 7a-g



(Fig. 1), with the prime aim of combining a strong hCAlKXhibition together with the
intrinsic anti-tumor activity of the isatin scaftbl Indeed, all the newly synthesized
sulfonamides were evaluatedvitro for their inhibitory activity against a panel oCA |,

II, IV and IX isoforms, using stopped-flow Gydrase assay. Furthermore, compounds
4a-m and 7a-g were evaluated for their anti-proliferative adiyviagainst breast cancer
MCF-7 and colorectal cancer Caco-2 cell lines. Conmgl4c was further investigated for
its apoptosis induction potential in MCFe@lls, to gain mechanistic insights into the anti-
proliferative activity of the newly prepared sulfonides.
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Figure 2. Structures of isatin-based approwaetdicancer drugsvi& VI) and some reported
isatin-based derivatives with potent anti-prolitara activity (/II - IX ).

2. Results and Discussion
2.1. Chemistry

The synthesis of the new sulfonamides in this stadyutlined in Schemeksand?2. In
schemel, synthesis of the target derivatives was starte@detylation of sulfanilamides
la,b with chloroacetyl chloride in dry DMF to produceerivatives 2a, b, which

subsequently cyclized in absolute ethanol with amoma thiocyanate to furnish the key



intermediate8a, b The later condensed with different isatins in acatid in the presence

of sodium acetate to afford the target sulfonamiiesm (Schemel).
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Scheme 1.Synthesis of target sulfonamidés-m; Reagents and condition8) Dry DMF /
CICOCHCI / r.t. 2 h, (i) NH;SCN / Absolute ethyl alcohol / reflux 4 hii  Glacial acetic

acid / Sodium acetate / reflux 3 h.

Scheme depicts the synthesis protocol followed to getoswdmidesr/a-g It started by

N alkylation of different isatinwia methyl bromide5a or benzyl bromideébb to afford

derivatives 6a-f, which subsequently treated at reflux temperatwi¢h the key

intermediates3a, b in glacial acetic acid in the presence of sodiwstae to furnish the

target compoundsga-g (Scheme).

o 7 |p/m| R X
X 7 ‘O\\S/I a p H H
O, “NH
X 0O Br~_ R o) NH Q 2 b p E (B::
5a, b X ii — ):N c p
oO——— o ——» S d p CgHs | H
N ! N N e | p | CeHs|Cl
\
H 6 f\\R < © f p C6H5 Br
a R 7a-g 9 | m| GCHs|H

Scheme 2.Synthesis of sulfonamidega-g Reagents and conditiongi) DMF, K>COs,

reflux 3 h, {i) Glacial acetic acid / Sodium acetate / reflux 3 h
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Postulated structures of the newly synthesizessatidesta-m and7a-gwere in full
agreement with their spectral and elemental angslgiaéa.

2.2. Biological Evaluation

2.2.1. Carbonic anhydrase inhibition

The newly prepared sulfonamid@a-b, 4a-m and7a-g were evaluated for their ability
to inhibit the physiologically relevant hCA isofosmhCA I, 1l (cytosolic) and hCA IV
(transmembrane) as well as the tumor-associated IXQ&ansmembrane), by a stopped-
flow CO, hydrase assays [31], in comparison to the clitjaged acetazolamidd&QAZ) as
standard CAIThe following structure—activity relationship (SARan be compiled from
the inhibition data reported ifable 1

(i) The cytosolic isoform hCA | was moderately ibitéd by most of the sulfonamides with
inhibition constantsK;s) ranging in the high nanomolar - low micromolange, in detail,
between 513.7 and 9269.7 nM, except forgisibstituted precurs@a which arose as the
best hCA | inhibitor with &, of 91.9 nM.

(i) The physiologically dominant isoform hCA 1l wavery potently inhibited by most of
the p-substituted derivative8a, 4a-h, 7a-7f (K, values ranging between 1.8 and 69.6 nM,
Table 1), apart from thN-unsubstituted 5-Br and 5,7-(GH isatin-bearing derivativesd
and4h, which exhibited a slightly reduced inhibitoryieficy K, values of 210.5 and 466.0
nM). The incorporation of a methyl group on thetiisaore {a-0 did not substantially
interfere with the derivatives hCA Il inhibitory fncy, whereas an analogue benzylic
substitution 7d-f) led to a three-fold to twenty-fold efficacy enlsament likened to thi-
unsubstituted compoundég-49.

Conversely, it is noteworthy that all thesubstituted derivativeglim) were found to
possess a generally ten-fold diminished hCA Il bitton efficacy K;s ranging between
176.4 and 598.2 nM) in comparison to theisubstituted analogues. Likewise, tmeta
substituted precurs@b (K, of 73.2 nM) was forty times less potent tf&a(K, of 1.8 nM).
On the other hand, thd-benzyl moiety furnished the 3-substitutéglwith a comparable
inhibitory potency likened to the 4-substitutdédenzyl analogues {-f).



Table 1.Inhibition data of human CA isoforms hCA I, Il, idhd IX with sulfonamide8a-b,
4a-m and7a-greported here and the standard sulfonamide imhibitetazolamideAAZ ) by
a stopped flow CO2 hydrase asSay

< 0o Ta-g 3a,b
R
Ki (nM)*
Comp. pm X R hCA | hCA Il hCAIV  hCA IX
4a p H - 630.8 23.0 >10000 47.0
4b p 5-F - 513.7 7.1 4290.5 26.6
4c p 5-Cl - 2290.4 69.6 3256.1 62.4
4d p 5-Br - 3611.4 210.5 2986.4 66.6
4e p 50CH; - 2881.6 24.3 >10000 23.1
4f p 5-CHs - 4243.7 57.4 2864.4 72.1
4q p 5-NO, - 2883.7 35.7 3682.3 34.1
4h P 57-(CHy)z2 - 7602.0 466.0 4751.0 100.1
4i m H - 2662.6 273.8 1972.7 16.1
4 m 5-Cl - 728.5 598.2 395.5 62.0
4k m 5-Br - 718.7 416.0 235.0 15.9
4l m 50CH; - 3424.4 176.4 2526.6 24.7
4m m 5-NO, - 884.2 506.6 441.9 48.0
7a p H H 4001.7 435 4712.2 146.3
7b p 5-Cl H 923.9 38.4 3040.7 123.3
7c p 5-Br H 872.7 17.8 2634.0 38.9
7d P H CeHs  5630.7 8.3 3299.6 117.5
7e p 5-Cl CHs 881.1 2.6 4305.8 90.6
7f p 5-Br CHs  9269.7 59.8 2897.3 321.1
79 m H CeHs 856.4 18.2 2244.6 169.8
3a p - 91.9 1.8 348.3 4.5
3b m - 741.4 73.2 101.9 17.7
AAZ - - - 250 12 74 25

* Mean from 3 different assays, by a stopped fleshhique (errors were in the rangetof
5-10 % of the reported values).



(iif) The data reported in Table 1 ascribed to rtin@st reported sulfonamides poor efficacy
in inhibiting the trans-membrane isoform hCA IVdéed, the-substituted derivative$a-

h, 7a-f were shown to inhibit such isozyme in the micromoéange K;s ranging between
2634.0 and 4751.0 nM), excefd and4e which did not inhibit hCA IV up to 10000 nM. It
is worth highlighting that the 3-substitutddm showed a generally improved inhibitory
profile against hCA 1V, in particular derivativég, 4k and4m (K;s of 395.5, 235.0 and
441.9 nM), which were endowed with electro-withdiragvsubstituents at the 5- position of
the isatin scaffold (respectively 5-Cl, 5-Br, 5-)yOThe precursor8a and3b, devoid of
the isatin core appended at the oxothiazolidini@eyle moiety, arose among the best
inhibitors against such trans-membrane isozymenagih the m-substitution preferred to
the p-substituted oneqs of 348.3 vs. 101.9 nM).

(iv) The target tumor-associated isoform hCA IX vedfectively inhibited by all the isatin-
bearing sulfonamides herein reported. Furtherntbeeinhibition profiles were found to be
rather flat, since the measur&ss ranged between 15.9 and 169.8 nM, aside from
derivative7f whose efficacy raised at slightly higher concemra(K, of 321.1 nM). It is
worth stressing the comparable inhibitory effeatiees of theN-unsubstituted 3- and 4-
pendant bearing derivatives (although slightly heged for derivativesti-4m; K;s
ranging between 16.1 and 62.0 nM), unlike arosétfercytosolic hCA I1.

The incorporation of a methyl or benzyl group oe ikatin N atom elicit a worsening
of effectiveness against hCA IX both for thesubstituted derivativega-7f (except7c, 5-
Br; K, of 38.9 nM) and thet+pendant bearingg (K, 169.8 nM). Finally, the isatin-devoid
precursoBa and3b inhibited hCA IX in the low nanomolar range whkls of 4.5 and 17.7
nM.

(v) The inhibitory profiles reported in Table 1 wmdably ascribed to the m-substituted
amminobenzenesulfonamide4m a rather selective hCA IX/Il inhibitory efficacindeed,

it is satisfying to note that such compounds digptha selectivity ratio hCA IX/hCA I
which spanned from 7.1 and 26.2. Considering tbafiorm hCA IX is a validated target
for the diagnosis and treatment of cancers, diggow€ selective inhibitors represents a
promising step to unveil a more effective cancerdpy devoid of the classical side effects
owing to hCA I/ll inhibition.



2.2.2. In vitro anti-proliferative activity again8CF-7 breast cancer cell line

Anti-proliferative activity of the newly synthesidesulfonamides4a-m and7a-g) was
evaluated against breast cancer MCF-7 and colérezdacer Caco-2 cell lines.
Doxorubicin was included in the experiment as enmice drug. The results were

expressed as Kgvalues, and listed ifable 2.

Table 2.1n vitro anti-proliferative activity of sulfonamideta-m and7a-gagainst breast
MCF-7 and colorectal Caco-2 cancer cell lines.

Comp. ICs0 (UM)?

MCF-7 Caco-2
4a NAP NAP
4b 20.50 + 2.25 59.90 + 4.01
4c 3.96+0.21 20.30 +1.35
4d 11.3 +0.77 42.30 + 2.57
4e 125.0 + 10.53 98.30 + 6.28
4f NAP 174.0 + 11.09
4g NAP 13.80 +1.16
4h NAP 146 + 9.44
4i NAP 12.10 + 1.05
4i NAP 5.87 +0.37
4k NAP 10.80 + 0.81
41 NAP 8.39 + 0.55
4m NAP 20.62 + 1.64
7a 51.9+4.74 163 + 14.74
7b NAP 42.30 +4.02
7c 196 + 9.75 13.20 +1.16
7d NAP NAP
7e 124 +6.21 13.70 + 1.24
7f NAP 57.80 + 3.10
79 NAP 103 £8.25
Dox. 2.37+£0.09 3.83+0.19

#1Csp values are the mean * S.D. of three separate iexgts.
b NA: Compounds having Kg value >200 pM.

As shown in table 2, the Caco-2 cell line is mousceptible to the synthesized
sulfonamides than MCF-7 cancer cell line. Invesioyes of the anti-proliferative activity
against MCF-7 indicated that compountisand 4d, only, displayed good activity with
ICso values of 3.96+0.21 and 11.3+0.4K, respectively. While compoundth and 7a
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were moderately active with g = 20.50+2.25 and 51.9+4.74M, respectively. Also,
compoundsgle 7c and7e elicited weak activity with 16 values ranging from 124+6.21 to
196 £ 9.75uM.

Concerning activity against Caco-2 cells, the sgsited sulfonamides showed
excellent to modest growth inhibitory activity. Cpaund4j (ICso = 5.87+0.37 uM) was
found to be the most potent derivative overall tdsted compounds against Caco-2 as it
was 1.5 times less active than doxorubicinsdl€ 3.83+£0.19). Besides, compountts 4i,
4k, 41, 7c and 7e displayed good activity with I§g values of 13.80+1.16, 12.10+1.05,
10.8+0.81, 8.39+0.55, 13.20+1.16 and 13.70x1.24 geghectively. Moreover, compounds
4b-d, 4m, 7b and 7f elicited moderate anti-proliferative activity @& 20.30+1.35 -
59.90+4.01 pM). Furthermore, compounds 4f, 4h, 7a and 7g showed fair anti-
proliferative against Caco-2 with §gvalues ranging from 98.30+6.28 to 174 + 11.04.

2.2.3. Induction of apoptosis in breast cancer MCEells
2.2.3.1. Effects on mitochondrial apoptosis path{&ot-2 family) proteins

The Bcl-2 family, the best characterized proteimifg involved in the regulation of
apoptosis, is consisting of anti-apoptotic and g@poptotic members [32]. The anti-
apoptotic members, such as Bcl-2, attenuate apeptdber by preventing the release of
mitochondrial apoptogenic factors like cytochromiato the cytoplasm or by sequestering
pro-forms of the caspases. On the other hand, poptatic members of Bcl-2 family, such
as Bax, trigger the release of caspases [32]. Byehe Bcl-2 family of proteins acts as a

crucial life—death decision point within the commumathway of apoptosis.

Herein, the study was further substantiated tostigate the ability of compourtt to
provoke apoptosis in MCF-7 cells. Treatment of MCFeells with compound4c
significantly increased the expression levels efpho-apoptotic molecule Bax by 8.5 folds
compared to controlT@ble 3). In contrast, exposure of MCF-7 cells to compouyitd
resulted in significant decrease in the proteinresgion levels of the anti-apoptotic protein
Bcl-2 by about 45 % compared to contrdlble 3). Analyzing the results revealed that

sulfonamide4c boosted the Bax/Bcl-2 ratio fifteen folds in comipan to the control,

11



where the bax/bcl-2 ratio serving to as a decisalge to determine cell susceptibility to

apoptosis [33].

Table 3.Effect of compoundicon the expression levels of Bax, Bcl-2, active easg-3 and
-9, cytochrome C and p53 levels in MCF-7 breasteasells treated with the compound at
its ICso concentration.

Comp. Bax Bcl-2 Bax/Bcl-2 Caspas-3  Caspas-9 Cyt-c p53
ng/ml ng/ml ratio ng/ml ng/ml ng/mi ng/ml

Control  1.6¢ 0.4¢ 3.5¢€ 0.04¢ 1.64 0.23¢ 172

4Ac 14037  0.26 53.9¢ 0.195 14.03" 0.395  860.8

Data are mean + SD of three separate experimeSignificantly different from control (1%
DMSO) at P <0.05." Significantly different from control at P <0.01. Significantly
different from control at P <0.001.

2.2.3.2. Effects on the levels of active caspaaee3caspase-9

Caspases, cysteine-containing aspartic acid-spquifiteases, provide pivotal links in
cell regulatory networks controlling cell death [3€aspase-3 is the key executioner
protease which activated by upstream initiator aagp as caspase-9 [34]. Therefore, the
elevated Bax/Bcl-2 ratios aroused the investigatidrthe protein expression levels of
active caspases-3 and caspases-9. Treatment of MEHs with compoundc produced a
significant elevation in the level of active cagp&sand caspases-9 by about 4 and 8.5

folds, respectively, compared to contrdaple 3).
2.2.3.3. Effect on the level of Cytochrome C

As a result of Bax/Bcl2 increments, mitochondrigtochrome C is released into the
cytosol where it potentiates a cascade of caspidwssfinally triggers the executioner
caspase; caspase 3 [35]. Thus, we measured thkedewytochrome C to assure the
adoption of the intrinsic pathway. Results revealemt cytochrome C level increased by
1.7 folds, compared to control, upon treatment GfRVIZ cells with the Ig of sulfonamide
4c (Table 3).

2.2.3.4. Effect on the level of p53

The p53 tumor suppressor gene is critically invdlue cell cycle regulation, DNA repair,

and programmed cell death [36]. Finally, in thisdst we analyzed p53 expression in breast

12



MCF-7 cancer cells after treatment with Results confirmed thafc has strong ability to
enhance tumor suppressor p53 expression by 5 doltpared to controlT@ble 3).

In conclusion, the ability of compourdt to down regulate Bcl-2 level while boosting
Bax, caspase-3, caspase-9, cytochrome C and p®& leonfirms its effectiveness as
apoptosis inducer through, at least in part, indgicthe mitochondrial pathway of

apoptosis.
2.3. Molecular modeling studies

The inhibitory profiles of the derivatives in Taldlevere further investigated carrying out
docking and Molecular Mechanics Generalized Borrfese Area (MM-GBSA) calculation
to predict their binding mode and free energy asoitors of the hCA 1l (PDB 5LJTP] and
IX (PDB 5FL4)[37a] isoforms.

As it could be foreseen, all docking solutions wigel the benzenesulfonamide moieties
deeply into the active site region of both the ygoes. Indeed, it is worth highlighting that all
the reported derivatives were found to inhibit blo@A 1l and IX in the nanomolar range. In
detail, the sulfonamide established two hydrogemdsowith the Thrl199 residue, its
negatively charged nitrogen atom coordinated the wn and the phenyl ring was involved
in several hydrophobic contacts (V121, H94 and [)198

Despite the different size of the hydrophobic padkehCA 1l and hCA IX isoforms,
mainly due to the Phel31/Vall131 mutation, the taflthe p-substituted derivative3a, 4a-
4h and7a-7f located comparably within the two isozyme bindsigs Fig.3a and4a). In
detail, the heterocyclic tails were found to lietlre hydrophobic areas defined by Phel31,
lle91, Vall21, GIn92 and Vall131, Leu91, Vall21 @Al and hCA IX, respectively. The
C=0 moiety of the oxothiazolidin-2-ylidene was ihw&d in a three-centre H-bond involving
the HE/GIn92 and HD/Asn67 (hCA II) or HE/GIn71 (hAX) hydrogen atoms as donor
groups. The isatin scaffolds was stabilized by edgce andn-alkyl hydrophobic
interactions occurring with Phe131 (V131 in hCA l9)d 1le91. X-substitution on the isatin
benzene ring did not substantially affect ligandsitooning within the hydrophobic pockets,
although they differently interacted with the remd nearbyKig.3b and4b). It is worth
noting that the contacts involving tidemethyl andN-benzyl groups of derivativega-7f

within the aforementioned hydrophobic regions dboted in increasing the inhibitory
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efficacy against the cytosolic isozyme, whereag tred no, or at least little, influence on the
inhibitory efficacy of the hCA IX.

Figure 3. (a) Simulated binding modes of compounds (4-substituted, greyand 4i (3-
substituted, aquamarine) within hCA Il active sifig) 4-substituted ancc) 3-substituted
benzenesulfonamides docked within hCA Il active.sit

Conversely, docking solutions found for the 3- sied derivatives3a, 4i-4m and7g
identified two cavities, which differ depending time enzyme isoform considered, within
which the N-pendant on the amminobenzensulfonamideeties locateKig.3a and4a). In
hCA 1X, the pocket defined by Val131, Leu9l, GIn&&r69 and GIn92 is roomy enough to
accommodate the N-pendant, though rotated byfR@° 4a). Again, the endocyclic carbonyl
of the oxothiazolidin-2-ylidene acts as H-bond @tce to HE/GIn67 which, in turn, is
involved in weak C-H = H-bonds with Val121 and Leu9Eif. 4a). The isatin benzene ring
additional formedt-alkyl hydrophobic interactions with Ser69.

In hCA 11, theN-pendant of the amminobenzensulfonamide was odetatwards Asn62
and His64, and was engaged in several H-boRs3@). The imine nitrogen act as H-bond
acceptor from HG/Thr200, the carbonyl of the oxatlilidin-2-ylidene was part of
bifurcated H-bonds with donor being HE/GIn92 and/B&nh67, whereas the C=0 of the
isatin accepts the HE/His64. The isatin benzeng formed additionak- alkyl hydrophobic
contacts with Leu60. The introduction of a benzydup on the nitrogen atom of the isatin
provided the 3-substituted compound with an inhibitory efficacy against hCA I
comparable to the one observed for the 4-subdlithNtdenzyl derivativegd-7f. Again, the
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type and nature of th¥-substitution at the isatin benzene ring did nabstantially affect

ligands positioning within both the isozymes birglpockets.

(©)

Figure 4. (a) Simulated binding modes of compoundis (4-substituted, greyand 4i (3-
substituted, aquamarine) within hCA IX active sifie) 4-substituted andc) 3-substituted
benzenesulfonamides docked within hCA IX active.sit

Analysing the results obtained from docking simolad, it is possible to assume that
switching the substituents from tparato themetaposition caused the increase in the steric
hindrance that, together with a torsional strairevpnt the heterocyclic tails of the 3-
substituted derivatives to lie within the hCA Il drgphobic cavity, thus worsening the

inhibitory efficacy of the compounds against susatfarm.

Basing on the enzyme-inhibitor complexes obtaimechfmolecular dockingAG binding
energy were calculated using the Prime MM-GBSA apph [37Db], either or not defining a
4A shell from the ligands within which hCA Il an€A IX residues were relaxed during the
computationsTable 4).

For all derivatives, bu?d-f in the case of hCA Il, the ranking of the ligariissed on the
calculated MM-GBSA AGypinging Values substantially agreed with ranking based on
experimental inhibition data. As far as it concethe hCA IX isoform, theAG binding
values found reflected the experimental inhibitizta in Table1Kig. 5). In the case of hCA

II, a better agreement was achieved not considetieg/d-f (featured by theN-benzyl
substitution at the isatin scaffold).
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Within the here considered congeneric series dbsamides, the MM-GBSA approach has

shown good success in rank-ordering the inhibitotepcies of the studied compounds

making it possible to prioritize derivatives fomslgesis as inhibitors against hCA 1l and hCA

IX enzyme isoforms.
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Table 4.Results of the MM-GBSA calculation on hCA 1l (5LJaind hCA IX (5FL4)

AGexp (kcal/mol)
Compound 5LJT 5LIT4A @  5FL4 5FL4 A®
3a -33.965 -42.301 -34.196 -34.543
3b -37.229 -39.449 -37.523 -36.224
4a -48.294 -51.442 -51.102 -54.033
4b -47.054 -51.073 -49.334 -54.442
4c -53.238 -58.898 -56.486 -59.021
4d -52.393 -61.659 -55.364 -56.322
4e -52.470 -58.807 -54.195 -55.507
4f -51.247 -59.706 -55.772 -57.587
4q -49.431 -58.535 -53.066 -56.657
4h -51.580 -59.519 -56.823 -59.265
4i -49.434 -52.147 -47.805 -46.780
4j -54.111 -54.874 -51.015 -52.226
4k -54.057 -56.809 -51.408 -57.458
4 -52.317 -52.146 -50.098 -53.287
4m -52.289 -52.928 -49.969 -49.812
7a -50.096 -52.559 -53.794 -58.783
7b -54.387 -63.293 -59.336 -56.696
7c -52.935 -62.923 -58.048 -60.361
7d -58.443 -71.069 -60.630 -70.339
7e -62.064 -69.749 -59.418 -64.349
7f -61.063 -69.790 -58.381 -63.488
79 -53.362 -58.269 -54.903 -56.508

@ Residues within 4A from the ligand were treatedl@sble
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3. Conclusion

In summary, this study reports the synthesis of $&oes of novel sulfonamideda-m
and7a-g incorporating substituted indolin-2-one moietieked to benzenesulfonamide (as
zinc anchoring moieties). The newly synthesizedosiaimides were evaluated vitro for
their inhibitory activity against hCA 1, 1l, IV antX. All these isoforms were inhibited by the
sulfonamides reported here in variable degrees. h&xorms Il and IX were more
susceptible to the synthesized sulfonamides, Wishin the range of 2.6-598.2 nM for hCA
II, and of 16.1-321M for hCA IX. Noteworthy,m-substituted derivativedi-m were found
to exhibit a selective hCA IX/ll inhibitory efficgc Moreover, all sulfonamides were
examined for their anti-proliferative activity agat breast cancer MCF-7 and colorectal
cancer Caco-2 cell lines. In particular, compodiedvas the most potent derivative against
MCF-7 (IGo = 3.96 £ 0.21)while 4j was the most active member against Caco-2 célig (I
= 5.87 £ 0.37).Interestingly, compoundc provoked the intrinsic apoptotic mitochondrial
pathway in MCF-7 cells; evidenced by the enhancgutession of the pro-apoptotic protein
Bax and the reduced expression of the anti-apapfwtein Bcl-2, and the up-regulated
active caspase-3 and caspase-9, cytochrome C @nleyas. Finally, the inhibitory profiles
of the synthesized derivatives were further ingsggd carrying out docking and Molecular
Mechanics Generalized Born Surface Area (MM-GBS&lrulation to predict their binding
mode and free energy as inhibitors of the hCA IDBP 5LJT) and IX (PDB: 5FL4)

isoforms.

4. Experimental
4.1. Chemistry
4.1.1. General

Melting points were measured with a Stuart meltipgint apparatus and were
uncorrected. Infrared spectra were recorded on nSufeu FT-IR  8400S
spectrophotometer. The NMBpectra were recorded by Varian Mercury or Bruker
spectrophotometers at 400 MHZC NMR spectra were run at 100 MHz in deuterated
dimethylsulfoxide (DMSQds). Chemical shifts dy) are reported relative to TMS as
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internal standard. All coupling constad) alues are given in hertz. Chemical shifig) (
are reported relative to DMS@-as internal standards. Elemental analyses weredarut
at the Regional Center for Microbiology and Bioteglogy, Al-Azhar University, Cairo,
Egypt. Unless otherwise noted, all solvents anderts were commercially available and

used without further purification.

4.1.2.General procedure for preparation of 2-chloro-N34ulfamoylphenyl)acetamides
2a, b.

To a solution of sulfanilamide%a, b (1.72 gm, 10 mmol) in dry DMF, chloroacetyl
chloride (0.8 mL, 10 mmol) was added dropwise &tthen stirred at room temperature for
2 h. The reaction mixture was then poured intoweger. The obtained solid was filtered
off, washed with water several times and crystadlifrom dioxane to give compoungs,

b [38-40].

4.1.3. General procedure for preparation of 4{(8-¢xothiazolidin-2-ylidene)amino)

benzenesulfonamid&s,b.

To a hot solution of derivative®ab (1.24 gm, 5 mmol) in absolute ethyl alcohol,
ammonium thiocyanate (0.76 gm, 10 mmol) was addlbd.reaction mixture was refluxed
for 4 h then allowed to cool to room temperaturiee Tormed precipitate was filtered off,

washed with water and recrystallized from ethaadutnish the key intermediat8s, b.
4.1.3.1. 4-((4-Oxothiazolidin-2-ylidene)amino)bamzsulfonamid€3a). [41]

4.1.3.2. 3-((4-Oxothiazolidin-2-ylidene)amino)bemzsulfonamide(3b). White powder
(yield 80% ), m.p. > 300 °C ; IR (KB, cmi®): 3183 (NH), 1675 (C=0) and 1331, 1159
(SOy); 'H NMR (DMSO-dg, 400 MHZ) d ppm 4.00 (s, 2H, Ch), 7.14 (d, 1H, Ar-HJ =
8.4 Hz), 7.37 (s, 2H, Nkl D,O exchangeable), 7.54-7.56 (m, 2H, Ar-H), 7.851(d, Ar-

H, J = 8.48 Hz), 11.39 (s, 1H, NH, ;D exchangeable); Anal. Calcd. (Found) For
CoHgN30sS,: C, 39.84 (40.11); H, 3.34 (3.40); N, 15.49 (15.82

4.1.4. General procedure for synthesis of the tasgdfonamidegam.
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The appropriate isatin derivatives was added toot dtirred solution of the key
intermediates3a, b (0.27 gm, 1 mmoland sodium acetate (0.16 gm, 2 mmol) in glacial
acetic acid (15 mL). The reaction mixture was hetatader reflux for 3 h. The formed
solid was filtered off while hot, washed with hdha&nol, dried and recrystallized from
DMF/ethanol to afford the target sulfonamidkesm.

4.1.4.1. 4-((4-Ox0-5-(-2-oxoindolin-3-ylidene)thadidin-2-ylidene)amino)
benzenesulfonamidda). Red powder (yield 72%); m.p. > 300 °C; IR (KBrgm™): 3290,
3255 (NH, NH), 1663 (C=0) and 1330, 1153 (§0'H NMR (DMSO-ds, 400 MHz)
ppm 6.89-7.09 (m, 2H, Ar-H), 7.20 (d, 0.5H, Ar-B,= 8.0 Hz), 7.32-7.39 (m, 1.5H, Ar-
H), 7.52 (s, 2H, NK D,O exchangeable), 7.65 (d, 1H, Ar-H= 8.4 Hz), 7.86 (t, 1H, Ar-
H, J = 8.36 Hz), 7.96 (d, 1H, Ar-H] = 8.32 Hz), 8.71 (d, 0.5H, Ar-H] = 7.88 Hz), 8.80
(d, 0.25H, Ar-H,J = 7.84 Hz), 8.94 (d, 0.25H, Ar-Hl, = 7.52 Hz), 10.02, 12.03 (2s, 1H,
NH isatin, DO exchangeable), 11.15, 12.58 (2s, 1H, NH thiazwite, DO
exchangeable)*C NMR (DMSO+4s, 100 MHz) d ppm 110.71, 120.60, 120.85, 121.19,
122.09, 122.23, 122.37, 124.11, 125.32, 126.77,4¥27127.71, 128.12, 128.43, 129.90,
131.98, 132.25, 132.37, 133.05, 133.82, 137.74,6B4.43.57, 143.63, 144.50, 156.61,
165.75, 168.91, 169.04, 169.33; MB/z [%]: 400 [M’, 2.97]; Anal. Calcd. (Found) for
Ci17H12N4O4Sy: C, 50.99 (51.23); H, 3.02 (3.08); N, 13.99 (14.21

4.1.4.2. 4-((5-(5-Fluoro-2-oxoindolin-3-ylidend)exothiazolidin-2-ylidene)amino)
benzenesulfonamidéb). Red powder (yield 70%); m.p. > 300 °C; IR (KBrgm™): 3294,
3271 (NH, NH), 1693 (C=0) and 1334, 1157 (§0'H NMR (DMSO-ds, 400 MHz)
ppm 6.86-6.94 (m, 1H, Ar-H), 7.17-7.21 (m, 1H, Ar-H),35-7.39 (m, 1H, Ar-H), 7.52 (s,
2H, NH,, D,O exchangeable), 7.65 (d, 1H, Ar-Bi= 8.4 Hz), 7.86-7.99 (m, 2H, Ar-H),
8.48 (d, 0.5H, Ar-HJ = 10.28 Hz), 8.58 (d, 0.25H, Ar-H,= 10.04 Hz), 8.72 (d, 0.25H,
Ar-H, J = 9.4 Hz), 10.11, 11.99 (2s, 1H, NH isatipm@exchangeable), 11.16, 12.74 (2s,
1H, NH thiazolidinone, BO exchangeable)!*C NMR (DMSOds, 100 MHz) & ppm
111.38, 111.45, 114.53, 114.80, 115.14, 118.13,3¥18121.29, 121.40, 122.08, 123.46,
126.80, 127.48, 127.72, 129.87, 134.80, 135.68,5837.39.89, 139.98, 140.05, 140.88,
144.58, 156.31, 156.74, 159.07, 165.78, 168.86,016969.28; MSm/z [%]: 418 [M",
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4.8]; Anal. Calcd. (Found) for &H1:FN4OsS,: C, 48.80 (48.97); H, 2.65 (2.63); N, 13.39
(13.60).

4.1.4.3. 4-((5-(5-Chloro-2-oxoindolin-3-ylidene)ekothiazolidin-2-ylidene)amino)
benzenesulfonamiddc). Red powder (yield 62%); m.p. > 300 °C; IR (KBrgm™): 3295,
3249 (NH, NH), 1690 (C=0) and 1330, 1153 (§0'H NMR (DMSO-ds, 400 MHz)
ppm 6.88-6.95 (m, 1H, Ar-H), 7.20 (d, 1H, Ar-d,= 8.2 Hz), 7.35-7.39 (m, 1H , Ar-H),
7.52 (s, 2H, NH, D,O exchangeable), 7.65 (d,1H, Ar-H = 8.4 Hz), 7.86-7.99 (m, 1H,
Ar-H), 7.95-7.99 (m, 1H, Ar-H), 8.72 (s, 0.25H,-A#, 8.81 (s, 0.5H, Ar-H), 8.96 (s, 0.25
H, Ar-H), 10.12, 11.97 (2s, 1H, NH isatin,©® exchangeable), 11.26, 12.71 (2s, 1H, NH
thiazolidinone, DO exchangeable); Anal. Calcd. (Found) forH31CIN,O4S,: C, 46.95
(47.32); H, 2.55 (2.59); N, 12.88 (13.04).

4.1.4.4. ((5-(5-Bromo-2-oxoindolin-3-ylidene)-4-tixazolidin-2-ylidene)amino)
benzenesulfonamiddd). Red powder (yield 75%); m.p. > 300 °C; IR (KBrm™): 3332,
3251 (NH, NH), 1693 (C=0) and 1334, 1157 (§0'H NMR (DMSO-ds, 400 MHz)
ppm 6.83-6.90 (m, 1H, Ar-H), 7.20 (d, 1H, Ar-d,= 7.36 Hz), 7.35-7.39 (m, 1H, Ar-H),
7.47-7.52 (m, 3H, 1H Ar-H and 2H of NHD,O exchangeable), 7.65 (d, 0.5H, Ar-H+
8.0 Hz), 7.86-7.99 (m, 1.5H, Ar-H), 8.85 (s, 0.25k-H), 8.94 (s, 0.5H, Ar-H), 9.09 (s,
0.25H, Ar-H), 10.12, 12.30 (2s, 1H, NH1isatipexchangeable), 11.25, 12.62 (2s, 1H,
NH thiazolidinone, BO exchangeable}’C NMR (DMSO«ds, 100 MHz) J ppm 112.52,
113.89, 113.96, 121.30, 122.09, 122.35, 122.54,9123126.82, 127.46, 127.72, 129.85,
130.12, 130.46, 133.96, 134.23, 134.33, 135.12,9135137.57, 140.73, 140.84, 142.60,
142.68, 144.58, 156.24, 165.74, 168.50, 168.63,.9P68Anal. Calcd. (Found) for
C17H11BrN4O,S;: C, 42.60 (42.76); H, 2.31 (2.24); N, 11.69 (11.87

4.1.4.5. 4-((5-(5-Methoxy-2-oxoindolin-3-ylidene)-4-oxothodidin-2-ylidene)amino)
benzenesulfonamid@e). Red powder (yield 55% ), m.p. > 300 °C; IR (KBrcm™):
3321, 3248 (NH, Nb), 1708 (C=0) and 1330, 1157 (§0'H NMR (DMSO-ds, 400
MHz) o ppm 3.71 (s, 3H, OCh), 6.79-7.82 (m, 7H, 4 Ar-H and 2H, NHD,O
exchangeable), 8.39-8.63 (m, 2H, Ar-H), 10.891¢d4, NH isatin, DO exchangeable),
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12.29 (2s, H, NH thiazolidinone,,D exchangeable); MS$n/z[%]: 430 [M", 8.18]; Anal.
Calcd. (Found) for €H14N4OsS,: C, 50.23 (50.60); H, 3.28 (3.37); N, 13.02 (13.34

4.1.4.6. 4-((5-(5-Methyl-2-oxoindolin-3-ylidene)-4-oxothidiriin-2-ylidene)amino)
benzenesulfonamid@f). Red powder (yield 73% ), m.p. > 300 °C ; IR (KB cm™):
3321, 3294 (NH, Nk), 1693 (C=0) and 1330, 1157 (§0'H (DMSO-ds, 400 MHz)
ppm: 2.48 (s, 3H, Ch), 6.75-6.82 (m, 1H, Ar-H), 7.12-7.19 (m, 1H, Ar;H).31-7.35 (m,
1H, Ar-H), 7.49 (s, 2H, NKH D,O exchangeable), 7.62-7.64 (m,1H, Ar-H), 7.82-71196
2H, Ar-H), 8.54 (s, 0.5H, Ar-H), 8.62 (s, 0.25H,-B), 8.75 (s, 0.25H, Ar-H), 9.97, 11.86
(2s, 1H, NH isatin , BO exchangeable), 11.00, 12.59 (2s, 1H, NH thiagwige, DO
exchangeable)*C NMR (DMSOds, 100 MHz) & ppm 21.34, 21.44, 110.38, 120.63,
120.71, 121.13, 122.07, 124.36, 126.77, 127.44,6127.28.53, 128.83, 129.92, 130.91,
130.99, 132.38, 132.67, 133.36, 137.75, 140.60,3841141.41, 141.47, 144.52, 156.66,
165.76, 168.92, 169.06, 169.45, 169.92; MSz [%]: 414 [M', 6.69]; Anal. Calcd.
(Found) for GgH1aN4O4S,: C, 52.16 (52.32); H, 3.40 (3.46); N, 13.52 (13.75

4.1.4.7. 4-((5-(5-Nitro-2-oxoindolin-3-ylidene)-4-oxothiaadih-2-ylidene)amino)
benzenesulfonamid@g). Red powder (yield 62% ), m.p. > 300 °C; IR (KBrcm™):
3352, 3263 (NH, Nb), 1693 (C=0), 1527, 1362 (NDand 1342, 1157 (SO H NMR
(DMSO-ds, 400 MHz) J ppm 7.00-7.07 (m, 1H, Ar-H), 7.18 (d, 1H, Ar-H,= 8.4 Hz),
7.33-7.36 (m, 1H, Ar-H), 7.48 (s, 2H, NHD,O exchangeable), 7.64-7.66 (m, 1H, Ar-H),
7.84-7.98 (m, 1.5H, Ar-H), 8.18-8.23 (m, 0.5H, A);H9.53 (s, 0.5H, Ar-H), 9.63 (s,
0.25H, Ar-H), 9.75 (s, 0.25H, Ar-H), 10.22 (s, INH isatin, DO exchangeable), 11.73 (t,
1H, NH thiazolidinone, BO exchangeabld,= 8.8 Hz);**C NMR (DMSO«ds, 100 MHz)J
ppm 110.80, 110.86, 120.47, 120.57, 120.72, 121.24, 74, 122.06, 122.96, 123.23,
123.46, 123.59, 126.86, 127.42, 127.59, 127.71,842729.82, 137.43, 137.82, 140.83,
140.90, 142.46, 142.55, 144.63, 148.61, 148.65,7155165.60, 169.17, 169.62; Anal.
Calcd. (Found) for GH11NsOsS,: C, 45.84 (46.13); H, 2.49 (2.53); N, 15.72 (15.98

4.1.4.8. 4-((5-(5,7-Dimethyl-2-oxoindolin-3-yditk)-4-oxothiazolidin-2-ylidene)amino)
benzenesulfonamid@h). Red powder (yield 70% ), m.p. > 300 °C; IR (KBrcm™):
3332, 3224 (NH, Nb), 1685 (C=0) and 1323, 1153 (§0'H NMR (DMSO-ds, 400
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MHz) oppm 2.14 (s, 3H, Ch), 2.26 (s, 3H, Ch), 6.97 (s, 1H, H-6 isatin), 7.48 (s, 2H,
NH», DO exchangeable), 7.61 (d, 2H, H-3 and H-5 gH£ESONH,, J = 8.4 Hz), 7.93 (d,
2H, H-2 and H-6 of -gH;-SO,NH,, J= 8.4 Hz), 8.4 (s, 1H, H-4 isatin) , 9.94 (s, 1HH N
isatin , DO exchangeable), 11.03 (s, 1H, NH thiazolidinong&) Bxchangeable}’C NMR
(DMSO-ds, 100 MHz) é ppm 16.76, 21.24, 119.50, 120.47, 124.80, 126.03,.7K6
129.93, 130.75, 133.15, 133.89, 137.78, 139.94,5044156.73, 165.76, 169.52; MR®/z
[%]: 428 [M', 3.99]; Anal. Calcd. (Found) forgH:16N4O4S;: C, 53.26 (53.52); H, 3.76
(3.80); N, 13.08 (13.29).

4.1.4.9. 3-((4-Ox0-5-(2-oxoindolin-3-ylidene)thididin-2-ylidene)amino)
benzenesulfonamid@i). Red powder (yield 75% ); m.p. > 300 °C; IR (KBrcm™):
3307, 3217 (NH, Nb), 1688 (C=0) and 1334, 1156 (§0'H NMR (DMSO-ds, 400
MHz) dppm 6.91 (m, 1H, Ar-H), 7.04 (g, 1H, Ar-H,= 7.76 Hz), 7.26 (d, 0.5H, Ar-H}
=7.32 Hz), 7.33 (q, 1.5H, Ar-H = 8.08 Hz), 7.45,7.50 (s, 2H, NHD,O exchangeable),
7.59-7.68 (m, 2H, Ar-H), 7.98 (s br, 1H, Ar-H), 8.8, 0.5H, Ar-H), 8.81 (d, 0.25H, Ar-H,
J = 7.84 Hz), 8.95 (d, 0.25H, Ar-Hl = 7.88 Hz), 11.15, 12.55 (2s, 1H, NH isatinD
exchangeable), 11.89, 12.68 (2s, 1H, NH thiazatide) DO exchangeable); M$®y/z[%]:
400 [M", 3.83]; Anal. Calcd. (Found) fori@H::N404S,: C, 50.99 (51.27); H, 3.02 (3.09);
N, 13.99 (14.23).

4.1.4.10. 3-((5-(5-Chloro-2-oxoindolin-3-ylidene)#othiazolidin-2-ylidene)amino)
benzenesulfonamid@j). Red powder (yield 72% ), m.p. > 300 °C; IR (KBrcm™):
3317, 3275 (NH, Nb), 1685 (C=0) and 1330, 1157 (§0'H NMR (DMSO-ds, 400
MHz) dppm 6.88-6.95 (m, 1H, Ar-H,), 7.23 (d, 0.5H, Ar-B = 7.2 Hz), 7.35-7.43 (m,
1.5H, Ar-H), 7.48 (s, 2H, NK DO exchangeable), 7.57-7.66 (m, 2H, Ar-H), 7.95 (d,
0.5H, Ar-H,J = 6.8 Hz), 8.29 (s, 0.5H, Ar-H), 8.82 (s, 0.5H, W) 8.96 (s, 0.5H, Ar-H),
10.82, 11.94 (2s, 1H, NH isatin ,,O exchangeable), 11.24, 12.76 (2s, 1H, NH
thiazolidinone, BO exchangeable}’C NMR (DMSOds, 100 MHz)Jdppm 112.06, 118.2,
118.92, 121.85, 122.08, 122.08, 122.34, 122.99,3823124.03, 124.35, 124.90, 125.16,
126.15, 127.55, 127.70, 130.58, 130.66, 131.46,5631135.40, 138.04, 138.90, 142.29,
142.33, 143.37, 145.55, 145.78, 146.91, 168.62,.0B59Anal. Calcd. (Found) for
C17H1:CINLO,S,: C, 46.95 (47.18); H, 2.55 (2.57); N, 12.88 (13.07
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4.1.4.11. 3-((5-(5-Bromo-2-oxoindolin-3-ylidenep®ethiazolidin-2-ylidene)amino)
benzenesulfonamidgk). Red powder (yield 72% ), m.p. > 300 °C; IR (KBrcm™):
3282, 3209 (NH, Nb), 1678 (C=0) and 1330, 1157 (§0'H NMR (DMSO-ds, 400
MHz) oppm 6.83-6.89 (m, 1H, Ar-H), 7.23 (s br, 0.5H, Ar-H)43-7.51 (m, 3.5H, 1.5Ar-
H and 2H of NH, D,O exchangeable), 7.57-7.65 (m, 2H, Ar-H), 7.99(SH, Ar-H), 8.29
(s, 0.5H, Ar-H), 8.95 (s, 0.5H, Ar-H), 9.09 (s, B,5Ar-H), 11.10, 11.94 (2s, 1H, NH isatin
, D,O exchangeable), 11.24, 12.76 (2s, 1H, NH thiazwite, DO exchangeable)-*C
NMR (DMSO-ds, 100 MHz)dppm 112.53 (2 C), 113.90, 113.93, 118.26, 118.93,821
122.32, 122.55, 122.98, 123.90, 124.34, 125.02,2026127.55, 130.33, 130.46, 130.58,
130.66, 134.23, 134.23, 134.32, 135.24, 138.01,9038.42.63, 142.67, 143.37, 145.54,
145.78, 168.49, 168.94, 174.94, 180.76; Anal. Calédund) for G;H11BrN4O4S;: C,
42.60 (42.56); H, 2.31 (2.27); N, 11.69 (11.88).

4.1.4.12. 3-((5-(5-Methoxy-2-oxoindolin-3-ylidg¢deoxothiazolidin-2-ylidene)amino)
benzenesulfonamidél). Red powder (yield 70% ), m.p. > 300 °C; IR (KBcm'): 3309,
3275 (NH, NH), 1678 (C=0) and 1330, 1157 (§0'H NMR (DMSO-ds, 400 MHz)
ppm 3.73, 3.75 (s, 3H, OCGH 6.78-6.85 (m, 1H, Ar-H) = 8.4 Hz), 6.92-6.97 (m, 1H, Ar-
H), 7.24 (d, 0.5H, Ar-HJ = 6.8 Hz), 7.42,7.47 (2s, 2H, NHD,O exchangeable), 7.57-
7.65 (m, 2.5H, Ar-H), 7.94 (d, 0.5H, Ar-H,= 6 Hz), 8.32 (s, 0.5H, Ar-H), 8.50 (s, 0.5H,
Ar-H), 8.65 (s, 0.5H, Ar-H), 10.92 (s, 1H, NH isati DO exchangeable), 11.87, 12.70 (2s,
1H, NH thiazolidinone, BO exchangeable}*C NMR (DMSOds, 100 MHz) & ppm
55.93, 110.98, 114.41, 117.77, 118.20, 118.90,221121.47, 122.25, 122.84, 124.23,
124.97, 125.78, 126.91, 130.52, 130.64, 136.23,4637.39.00, 145.55, 145.77, 154.98,
155.01, 168.84, 168.29, 175.19, 180.83; MBz[%]: 430 [M", 1.6]; Anal. Calcd. (Found)
for C1gH14N4OsS,: C, 50.23 (50.49); H, 3.28 (3.34); N, 13.02 (13.16

4.1.4.13. 3-((5-(5-Nitro-2-oxoindolin-3-ylidenéjexothiazolidin-2-ylidene)amino)
benzenesulfonamiddm). Red powder (yield 55% ), m.p. > 300 °C; IR (KBrcm™):
3286, 3244 (NH, Nb), 1693 (C=0) and 1330, 1153 (§0'H NMR (DSMO-d6)d ppm
7.04 (q, 1H, Ar-HJ = 8.8 Hz), 7.25 (d, 1H, Ar-H) =8 Hz), 7.43, 7.48 (2s, 2H, NHD,O
exchangeable), 7.58-7.66 (m, 2H, Ar-H), 7.95 (s, ArH), 8.22-8.29 (m,1H,Ar-H), ),
9.68 (s, 0.5H, Ar-H), 9.84 (s, 0.5H, Ar-H), 11.772.03 (2s, 1H, NH isatin, D
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exchangeable), 11.79, 12.95 (2s, 1H, NH thiazatidéy DO exchangeable)*C NMR
(DMSO-ds, 100 MHz) d ppm 110.84, 118.35, 120.56, 120.78, 123.07, 123.@3,.4P,
127.89, 127.98, 130.59, 130.71, 142.59, 142.62,5645145.81, 148.74, 148.80, 169.23,
169.71, 180.66; Anal. Calcd. (Found) for/811NsO6S;: C, 45.84 (46.12); H, 2.49 (3.47);
N, 15.72 (15.94).

4.1.5. N-Methyyl/Benzyl isatGa-f.

Compound$a-f were prepared according to the literature procegLt].
4.1.6. General procedure for synthesis of targetempound3a-g.

To a hot stirred solution of the key intermee&8a, b (0.27 gm, 1 mmoland sodium
acetate (0.16 gm, 2 mmol) in acetic acid (15 nN-jubstituted isatin6a-f were added and
this mixture was heated under reflux for 3 h. Ttwerfed solid was filtered while hot, dried

and recrystallized from DMF/ethanol to obtain tasget compoundsa-g

4.1.6.1. 4-((5-(1-Methyl-2-oxoindolin-3-ylidene)pgeothiazolidin-2-ylidene)amino)
benzenesulfonamid@a). Red powder (yield 68% ), m.p. > 300 °C; IR (KBrcm™):
3266, 3227 (NH, Nb), 1675 (C=0) and 1335, 1151 (§0O'H NMR (DMSO-ds, 400
MHz) oppm 3.29 (s, 3HN-CHy), 7.02 (t, 1H, H-5 isatin) = 7.76 Hz), 7.13 (d, 1H, H-7
isatin, J = 7.8 Hz), 7.43 (t, 1H, H-6 isatin] = 7.68 Hz), 7.51 (s, 2H, NH D,O
exchangeable), 7.65 (d, 2H, H-3 and H-5 ofHESONH,, J = 8.44 Hz), 7.96 (d, 2H, H-2
and H-6 of -GH4,-SO,NH,, J = 8.44 Hz), 8.77 (d, 1H, H-4 isatid,= 7.84 Hz), 10.08 (s,
1H, NH thiazolidinone, BO exchangeable); MSn/z [%]: 414 [M", 3.06]; Anal. Calcd.
(Found) for GgH14N4OsS,: C, 52.16 (52.43); H, 3.40 (3.45); N, 13.52 (13.81

4.1.6.2. 4-((5-(5-Chloro-1-methyl-2-oxoindolin-3-ylidene)e4othiazolidin-2-
ylidene)amino) benzenesulfonamid®). Red powder (yield 75% ), m.p. > 300 °C; IR
(KBr, v cm®): 3275, 3224 (NH, Np), 1678 (C=0) and 1327, 1153 (§0'H NMR
(DMSO-ds, 400 MHz) dppm 3.25 (s, 3HN-CHs), 7.02-7.08 (m, 1H, Ar-H), 7.17 (d, 1H,
Ar-H, J = 7.6 Hz), 7.32 (d, 1H, Ar-H) = 8 Hz), 7.48 (s, 2H, Nk D,O exchangeable)
7.56-7.65 (m, 1H, Ar-H), 7.83-7.96 (m, 2H, Ar-H),88 (s, 0.5H, Ar-H), 8.95 (s, 0.25H,
Ar-H), 9.09 (s, 0.25H, Ar-H), 10.15, 12.05 (2s, 1HNH thiazolidinone, BRO
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exchangeable)®*C NMR (DMSO4ds, 100 MHz) J ppm 26.93, 111.42, 114.51, 121.31,
121.56, 126.80, 127.44, 127.69, 129.82, 129.86,8833.36.66, 137.49, 143.52, 144.59,
155.88, 165.60, 167.08; Anal. Calcd. (Found) fagHzsCIN4O,S,: C, 48.16 (48.40); H,
2.92 (2.89); N, 12.48 (12.69).

4.1.6.3. 4-((5-(5-Bromo-1-methyl-2-oxoindolin-3e@ne)-4-oxothiazolidin-2-
ylidene)amino) benzenesulfonamid@e). Red powder (yield 59% ), m.p. > 300 °C; IR
(KBr, v cm'): 3275, 3221 (NH, Np), 1678 (C=0) and 1330, 1153 (§0O'H NMR
(DMSO-dg, 400 MHz)dppm  3.25 (s, 3HN-CHs), 7.12 (d, 1H, H-7 isatin] = 8.44 Hz),
7.46 (dd, 1H, H-6 isatin] = 2.08- 8.4 Hz), 7.52 (s, 2H, NHD,O exchangeable), 7.66 (d,
2H, H-3 and H-5 of -gH4-SONH,, J = 8.48 Hz), 7.97 (d, 2H, H-2 and H-6 of -
SO,NH,, J = 8.48 Hz), 8.75 (s, 1H, H-4 isatin), 10.19 (s, M thiazolidinone, RO
exchangeable); Anal. Calcd. (Found) faglisBrN,O4S,: C, 43.82 (43.97); H, 2.66 (2.71);
N, 11.36 (11.58).

4.1.6.4. 4-((5-(1-Benzyl-2-oxoindolin-3-ylidenepxethiazolidin-2-ylidene)amino)
benzenesulfonamid@d). Red powder (yield 75% ), m.p. > 300 °C; IR (KBrcm™):
3352, 3244 (NH, Nb), 1674 (C=0) and 1396, 1153 (§0'H NMR (DMSO-ds, 400
MHz) dppm 5.05 (s, 2H, benzylic CHj, 7.03-7.07 (m, 1H, Ar-H), 7.24-7.35 (m, 7H, Ar-
H), 7.48 (s, 2H, NKl DO exchangeable), 7.63 (d, 2H, Ar-#H= 8.8 Hz), 7.94 (d, 2H, Ar-
H,J= 8.4 Hz), 8.77 (s, 0.5H, Ar-H), 8.80 (s, 0.5H, A); 10.09 (s, 1H, NH thiazolidinone,
D,O exchangeable}**C NMR (DMSO4ds, 100 MHz) J ppm 43.47, 110.08, 120.15,
122.83, 122.95, 123.45, 126.76, 127.59, 128.01,182929.86, 131.86, 135.80, 136.51,
137.68, 143.46, 144.54, 156.09, 165.59, 167.71; MI8[%]: 490 [M", 1.68]; Anal. Calcd.
(Found) for G4H18N4O4S;: C, 58.76 (58.98); H, 3.70 (3.79); N, 11.42 (1).71

4.1.6.5. 4-((5-(1-Benzyl-5-chloro-2-oxoindolin-3eég@ne)-4-oxothiazolidin-2-
ylidene)amino) benzenesulfonamifits).Red powder (yield 65% ), m.p. > 300 °C; IR
(KBr, v cm®): 3269, 3230 (NH, Nb), 1683 (C=0) and 1344, 1156 (§0O'H NMR
(DMSO-ds, 400 MHz)oppm 4.96, 5.05 (2s, 2H, benzylic GK7.05 (t, 1H, Ar-HJ = 8.8
Hz), 7.20-7.32 (m, 7H, Ar-H), 7.37 (s, 2H, MHD,O exchangeable), 7.42-7.45 (m, 1H, Ar-
H), 7.83-7.89 (m, 1H, Ar-H), 7.94 (d, 1H, Ar-d,= 8.8 Hz), ), 8.91 (s, 0.5H, Ar-H), 9.06
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(s, 0.5H, Ar-H), 12.07, 12.96 (2s, 1H, NH thiazatliohe, DO exchangeable}’C NMR
(DMSO-ds, 100 MHZ) J ppm 43.54, 111.50, 114.75, 121.33, 121.37, 127.07,4
127.58, 127.70, 127.75, 128.05, 129.17, 129.20,2831136.12, 141.45, 142.18, 155.73,
165.63, 167.30; Anal. Calcd. (Found) fops8:,CIN,O;S;: C, 54.91 (55.23); H, 3.26
(3.30); N, 10.67 (10.92).

4.1.6.6. 4-((5-(1-Benzyl-5-bromo-2-oxoindolin-3-ylidene)-dethiazolidin-2-
ylidene)amino) benzenesulfonami@é). Red powder (yield 66% ), m.p. > 300 °C; IR
(KBr, v cm®): 3271, 3232 (NH, Nb), 1693 (C=0) and 1384, 1157 (§0'H NMR
(DMSO-ds, 400 MHz) o ppm 5.05 (s, 2H,benzylic Chl, 7.02 (d, 1H, H-7 isatin) = 8.4
Hz), 7.24-7.34 (m, 5H, phenyl ring), 7.48 (s, 2HHINND,O exchangeable), 7.52 (d, 1H, H-
6 isatin,J = 8.4 Hz), 7.63 (d, 2H, H-3 and H-5 of gf:-SO,NH>, J = 8.4 Hz), 7.94 (d, 2H,
H-2 and H-6 of -GH;-SO,NH,, J = 8.4 Hz), 8.96 (s, 1H, H-7 isatin), 10.20 (s, 4H
thiazolidinone, DO exchangeable$C NMR (DMSO4ds, 100 MHz)Jdppm 43.54, 112.00,
114.75, 121.33, 121.87, 126.83, 127.55, 128.08,2P29.29.84, 130.13, 133.80, 136.20,
137.53, 137.69, 142.45, 144.63, 155.73, 165.63,.3867Anal. Calcd. (Found) for
Co4H17BrN4O4S;: C, 50.62 (50.86); H, 3.01 (3.07); N, 9.84 (10.01)

4.1.6.7. 3-((5-(1-Benzyl-2-oxoindolin-3-ylidenepxathiazolidin-2-ylidene)amino)
benzenesulfonamid@g). Red powder (yield 70% ), m.p. > 300 °C; IR (KBrcm™):
3282, 3201 (NH, Nb), 1678 (C=0) and 1311, 1149 (§0'H NMR (DMSO-ds, 400
MHz) o ppm 4.96, 5.05 (2s, 2H,benzylic_GH 7.03 (t, 1H, Ar-H,J = 7.04 Hz), 7.09
(9,1H, Ar-H,J = 7.8 Hz), 7.25-7.38 (m, 5H, Ar-H), 7.46-7.50 (nH,3LH Ar-H and 2H,
NH», D,O exchangeable), 7.59-7.68 (m, 2H, Ar-H), 7.951(d, Ar-H, J = 7.36 Hz), 8.31
(s, 1H, Ar-H), 8.89 (d, 0.5H, Ar-H]) = 7.8 Hz), 9.03 (d, 0.5H, Ar-H] = 7.8 Hz), 12.36,
12.41 (2s, 1H, NH thiazolidinone,,D exchangeable}*C NMR (DMSO+4s, 100 MHz) &
ppm 43.52, 43.68, 110.00, 118.47, 119.00, 120.15,4®122.27, 122.67, 123.04, 123.84,
124.56, 125.02, 127.62, 127.75, 128.00, 128.22,3728.29.20, 130.46, 130.64, 131.97,
136.44, 136.53, 143.48, 145.49, 145.78, 167.55,.1B58Anal. Calcd. (Found) for
Co4H18N4O4S;: C, 58.76 (58.94); H, 3.70 (3.67); N, 11.42 (1).59
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4.2. Biological Evaluation
4.2.1. CA inhibitory assay

An Applied Photophysics stopped-flow instrument baen used for assaying the CA
catalysed C@ hydration activity, as reported earlier [31]. Timhibition constants were
obtained by non-linear least-squares methods uBRR{SM 3 and the Cheng-Prusoff
equation as reported earlier [42], and represeatniean from at least three different
determinations. The four tested CA isofoms wer@mdznant ones obtained in-house as

reported earlier [43].

4.2.2. Anti-proliferative activity against MCF-7

MCF-7 cells (human breast cancer cell line), westaimed from VACSERA Tissue
Culture Unit. The cells were propagated in DMEM @emented with 10% heat-
inactivated fetal bovine serum, 1% L-glutamine, HSPbuffer and 50pg/ml gentamycin.
All cells were maintained at 37°C in a humidifietnasphere with 5% CQOand were
subcultured two times a week. Cytotoxicity was deteed following a reported procedure
[44]. The relation between surviving cells and dreancentration iplotted to get the
survival curve of each tumor cell line after treathwith thespecified compoundThe
50% inhibitory concentration (Kg) was estimated from graphic plots of the dosearese
curve for each conc. using Graphpad Prism softy@en Diego, CA. USA). The data

presented are the mean of at least three separzdraents.

4.2.3. ELISA immunoassay

The levels of the apoptotic markers Bax, caspasashase-9, cytochrome C and p53 as
well as the anti-apoptotic marker Bcl-2 were assgssing ELISA colorimetric kits per the

manufacturer’s instructions, as reported earlir fi5].

4.2.4. Statistical analysis

Data are presented as the mean £S.D. Comparisors caeried out using one-way
analysis of variance followed by Tukey-Kramer'sttés post hoc analysis. Statistical

significance was considered to P&0.05. All statistical analyses were performed gsin
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GraphPad InStat software, version 3.05 (GraphPdiv&e, La Jolla, CA). Graphs were
plotted using GraphPad Prism software, version E3@phPad Software, La Jolla, CA).

4.3. Molecular modelling studies

The crystal structures of hCA I (5LJT) [37a] an@A IX (5FL4 monomer A, residue
numbering as in 3IAl) [37b,46] were prepared forcklng calculations using the Protein
Preparation Wizard protocol [47a] in Maestro 1043H], deleting water molecules, using
default input parameters and Prime for adding mgsside chains or loops. The prediction of
the side chains hetero groups ionization and taetienstates was performed using Epik
[47c]. The ligands 3D structures were generated Midestro 10.5 [47b], evaluated for their
ionization states at pH 7.4+1.0 with Epik [47c] amgometrically minimized with
MacroModel [47dFF OPLS_2005) [48] for a maximum number of 2500jegate gradient
iterations and setting a convergence criterion.05 &cal mol-1A-1.

Docking studies were carried out with the prograhdés[47e].Grids for docking were
centred in the centroid of the complexed ligande Btandard precision (SP) mode of the
GlideScore function was applied to evaluate thelipted binding poses. The best three
poses for each compound were re-docked by meaRdarné MM-GBSA calculations [37¢]

with a VSGB solvatation model [49]. The pictures@vgenerated with Maestro 10.5 [47b].

Acknowledgements

The authors would like to extend their sincere apiation to the Deanship of Scientific
Research at King Saud University for its fundinglo$ research through the Research Group
Project no. RG-1436-038.

References

[1] V. Alterio, A. Di Fiore, K. D’Ambrosio, C.T. Swuran, G. De Simone, Multiple Binding
Modes of Inhibitors to Carbonic Anhydrases: Howtesign Specific Drugs Targeting 15
Different Isoforms? Chem. Rev. 112 (2012) 4421-4468

29



[2] C.T. Supuran, Carbonic anhydrases: novel trerap applications for inhibitors and
activators. Nat. Rev. Drug Discov. 7 (2008) 168-181

[3] (@) C.T. Supuran,Carbonic anhydrase inhibitors and activators fovehdherapeutic
applications. Future Med. Chem. 2011, 3, 1165-1{80E. Masini, F. Carta, A. Scozzafava,
C.T. Supuran, Antiglaucoma carbonic anhydrase itdrd1 A patent review. Expert Opin.
Ther. Pat. 23 (2013) 705-716.

[4] C.T. Supuran, How many carbonic anhydrasebitibn mechanisms exist? J. Enzyme
Inhib. Med. Chem. 31 (2016) 345-360.

[5] R. Datta, A. Waheed, G. Bonapace, G. N. Shah,SWSly, Pathogenesis of retinitis
pigmentosa associated with apoptosis-inducing naustin carbonic anhydrase IV Proc.
Natl. Acad. Sci. U.S.A. 106 (2009) 3437-3442.

[6] D. Neri, C.T. Supuran, Interfering with pH rdgtion in tumours as a therapeutic
strategy. Nat. Rev. Drug Discov. 10 (2011) 767-777.

[7]1 S. M. Monti, C.T. Supuran, G. De Simone, Anticar carbonic anhydrase inhibitors: A
patent review (2008-2013). Expert Opin. Ther. Rat(2013) 737-749.

[8] M. Bozdag, M. Ferraroni, E. Nuti, D. Vullo, Rossello, F. Carta, A. Scozzafava, C.T.
Supuran, Combining the tail and the ring approadeesobtaining potent and isoform-

selective carbonic anhydrase inhibitors: solutiod X-ray crystallographic studies. Bioorg.
Med. Chem. 22 (2014) 334-340.

[9] A. Nocentini, M. Ferraroni, F. Carta, M. Ceays. Gratteri, C. Lanzi, E. Masini, C.T.
Supuran, Benzenesulfonamides Incorporating Flexibléazole Moieties Are Highly
Effective Carbonic Anhydrase Inhibitors: Synthes@ésxd Kinetic, Crystallographic,
Computational, and Intraocular Pressure Loweringestigations. J. Med. Chem. 59 (2016)
10692-10704.

30



[10] A. Scozzafava, L. Menabuoni, F. Mincione, Ridganti, G. Mincione, C.T. Supuran,
Carbonic anhydrase inhibitors. Synthesis of wabtéuide, topically effective, intraocular
pressure-lowering aromatic/heterocyclic sulfonamideontaining cationic or anionic
moieties: Is the tail more important than the ridg®led. Chem. 42 (1999) 2641-2650.

[11] W. M. Eldehna, G. H. Al-Ansary, S. Bua, A. Notini, P. Gratteri, A. Altoukhy, H.
Ghabbour, H. Y. Ahmed, and C.T. Supuran, Novel lind®-one-based sulfonamides as
carbonic anhydrase inhibitors: Synthesis, in vifiological evaluation against carbonic
anhydrases isoforms 1, 1, IV and VIl and moleculacking studies. Eur. J. Med. Chem. 127
(2017) 521-530.

[12] W. M. Eldehna, M. Fares, M. Ceruso, H. A. Gbabr, S. M. Abou-Seri, H. A. Abdel-
Aziz, D. A. El Ella and C.T.Supuran, Amido/ureidbstituted benzenesulfonamides-isatin
conjugates as low nanomolar/ subnanomolar inhibitdrthe tumor-associated carbonic
anhydrase isoform XII, Eur. J. Med. Chem. 110 (J(E®-266.

[13] O. Guzel-Akdemir, A. Akdemir, N. Karali and T. Supuran, Discovery of novel
isatin-based sulfonamides with potent and seledtNgbition of the tumor associated
carbonic anhydrase isoforms IX and XllI, Org. Bion®©hem. 13 (2015) 6493—-6499.

[14] H. S. Ibrahim, S. M. Abou-Seri, M. Tanc, M.. Mlaasser, H. A. Abdel-Aziz and
C.T.Supuran, Isatin-pyrazole benzenesulfonamide rithyb potently inhibit tumor-
associated carbonic anhydrase isoforms IX and &, J. Med. Chem. 103 (2015) 583-
593.

[15] M. K. Abdel-Hamid, A. A. Abdel-Hafez, N. A. IEKoussi, N. M. Mahfouz, A.
Innocenti, C.T. Supuran, Design, synthesis, andidgcstudies of new 1,3,4-thiadiazole-2-
thione derivatives with carbonic anhydrase inhityitactivity, Bioorg. Med. Chem. 15
(2007) 6975-6984.

[16] H. S. Ibrahim, S. M. Abou-Seri, and H. A. Abbdeziz, 3-Hydrazinoindolin-2-one
derivatives: Chemical classification and invesiigatof their targets as anticancer agents,
Eur. J. Med. Chem. 122 (2016) 366-381.

31



[17] M. Kidwai, A. Jahan, N.K. Mishra, Isatins: Aversity orientated biological profile,
Med. Chem. 4 (2014) 451-468.

[18] V. L. Goodman, E. P. Rock, R. Dagher, R. PmRaandani, S. Abraham, J. VS
Gobburu, B. P. Booth, Approval summary: sunitinibr fthe treatment of imatinib
refractory or intolerant gastrointestinal stromahbrs and advanced renal cell carcinoma,
Clin. Cancer Res. 13 (2007) 1367-1373.

[19] P. L. McCormack, Nintedanib: first global appal. Drugs 75 (2015) 129-139.

[20] W. M. Eldehna, H. Almahli, G. H. Al-Ansary, HA. Ghabbour, M. H. Aly, O. E.
Ismael, A. Al-Dhfyan, and H. A. Abdel-Aziz, Synthesand in vitro anti-proliferative
activity of some novel isatins conjugated with qzraline/phthalazine hydrazines against
triple-negative breast cancer MDA-MB-231 cells as@tosis-inducing agents, J. Enzyme
Inhib. Med. Chem. 32 (2017) 600-613.

[21] W. M. Eldehna, M. Fares, H. S. Ibrahim, M. Alsherbiny, Mohamed H. Aly, H. A.
Ghabbour and H. A. Abdel-Aziz, Synthesis and CytmoActivity of Biphenylurea
Derivatives Containing Indolin-2-one Moieties, Molges 21 (2016), p.762.

[22] W. M. Eldehna, A. Altoukhy, H. Mahrous, H. Abdel-Aziz, Design, synthesis and
QSAR study of certain isatin-pyridine hybrids adegmbial anti-proliferative agents, Eur. J.
Med. Chem. 90 (2015) 684-694.

[23] W. M. Eldehna, M. Fares, S. M. Abou-Seri, H. Abdel-Aziz, M. H. Aly, M. F.
Tolba, Design, Synthesis anth Vitro Antiproliferative Activity of Novel Isatin
Quinazoline Hybrids. Arch. der Pharm. 348 (20153-154.

[24] W. M. Eldehna, M. Fares, H. S. Ibrahim, M. Aly, S. Zada, M. M. Ali, S. M. Abou-
Seri, H. A. Abdel-Aziz, D. A. A. El Ella, Indolin@reas as potential anti-hepatocellular
carcinoma agents targeting VEGFR-2: Synthesis,vitro biological evaluation and
molecular docking. Eur. J. Med. Chem. 100 (2015989

[25] H.A. Abdel-Aziz, H.A. Ghabbour, W.M. Eldehnayl.M. Qabeel, H.-K. Fun,

Synthesis, Crystal Structure, and Biological Adtivof cis/trans Amide Rotomers oZ)¢

32



N'-(2-Oxoindolin-3-ylidene)formohydrazide, Journal &hemistry, 2014, Article ID
760434, 7 pages (2014).

[26] D. Havrylyuk, B. Zimenkovsky, O. Vasylenko, &zella, R. Lesyk, Synthesis of New
4-Thiazolidinone-, Pyrazoline-, and Isatin-Based Qgajes with Promising Antitumor

Activity, J. Med. Chem. 55 (2012) 8630-8641.

[27] D. Havrylyuk, N. Kovach, B. Zimenkovsky, O. $idenko, R. Lesyk, Synthesis and
Anticancer Activity of Isatin-Based Pyrazolines aifithiazolidines Conjugates, Arch.
Pharm. Chem. Life Sci. 344 (2011) 514-522.

[28] D. Kaminskyy, D. Khyluk, O. Vasylenko, L. Zagko, R. Lesky, A Facile Synthesis
and Anticancer Activity Evaluation of Spiro[Thiamihone-Isatin] Conjugates, Sci Pharm.
79 (2011) 763-777.

[29] S. Wang, Y. Zhao, G. Zhang, Y. Lv, N. Zhang, Gong, Design, synthesis and
biological evaluation of novel 4-thiazolidinones ntaining indolin-2-one moiety as
potential antitumor agent, Eur. J. Med. Chem. 4813 3509-3518.

[30] P. K. Ramshid, S. Jagadeeshan, A. KrishnanMdthew, S.A. Nair, M.R. Pillai,
Synthesis andn Vitro Evaluation of Some Isatin-Thiazolidinone Hybrid Asgues as
Anti-Proliferative Agents, Med. Chem. 6 (2010) 38862.

[31] R. G. Khalifah, The carbon dioxide hydratioctigity of carbonic anhydrase 1. Stop-
flow kinetic studies on the native human isoenzyfesnd C, J. Biol. Chem. 246 (1971)
2561-2573.

[32] R. J. Youle, A. Strasser, The BCL-2 proteimily: opposing activities that mediate
cell death, Nat. Rev. Mol. Cell Biol. 9 (2008) 4%-5

[33] H. Perlman, X. Zhang, M. W. Chen, K. Walsh,BRittyan, An elevated bax/bcl-2 ratio
corresponds with the onset of prostate epitheéHlapoptosis, Cell Death Differ. 6 (1999)
48-54.

[34] D.R. Mcllwain, T. Berger, T.W. Mak, Caspasenftions in cell death and disease,
Cold Spring Harb. Perspect. Biol. 5 (2013) a008656.

33



[35] S. Shimizu, M. Narita, Y Tsujimoto, Bcl-2 falyiproteins regulate the release of
apoptogenic cytochrome c¢ by the mitochondrial ceaMDAC, Nature 399 (1999) 483-
487.

[36] J. S. Fridman, S. W. Lowe, Control of apopsosy p53, Oncogene 22 (2003) 9030-
9040.

[37] (a) J. Leitans, A. Kazaks, A. Balode, J. IveaoR. Zalubovskis, C.T.Supuran, K. Tars,
Efficient Expression and Crystallization SystemQzncer-Associated Carbonic Anhydrase
Isoform IX. J. Med. Chem. 58 (2015) 9004-9; (b) ®dinger Release 2016-1: Prime,

Schrodinger, LLC, New York, NY, 2016.

[38] W.A. Jacobs, M. Heidelbergegn amides, uramino compounds, and ureides
containing an aromatic nucleus. J. Am. Chem. S8¢1917) 2418-2443.

[39] H.S. Ibrahim, W.M. Eldehna, H.A. Abdel-Aziz, .M. Elaasser, M.M. Abdel-Aziz,
Improvement of antibacterial activity of some sutfaugs through linkage to certain
phthalazin-1(®)-one scaffolds, Eur. J. Med. Chem. 85 (2015) 430-6

[40] S.M. Abou-Seri, W.M. Eldehna, M.M. Ali, D.A.2El Ella, 1-Piperazinylphthalazines
as potential VEGFR-2 inhibitors and anticancer &ége8ynthesis andh vitro biological
evaluation, Eur J Med Chem 107 (2016) 165-79.

[41] R. Peciura, E. Tarasevicius, R. Martinkus, ahdSosnovskaya, Antituberculous
activity of new 2-and 5-substituted delta2-thiazel-ones. Die Pharmazie, 36 (1981) 862-
863.

[42] (a) A. Nocentini, F. Carta, M. Ceruso, G. Bartolucci, CSupuran, Click-tailed
coumarins with potent and selective inhibitory aetagainst the tumor-associated carbonic
anhydrases IX and XIl. Bioorg. Med. Chem. 23 (2069%5-66; (b) Z. Zhang, J. Lau, C.
Zhang, N. Colpo, A. Nocentini, C.T. Supuran, F. 8&h K. S. Lin, Design, synthesis and
evaluation of 18F-labeled cationic carbonic anhgdréX inhibitors for PET imaging. J.
Enzyme Inhib. Med. Chem. 32 (2017) 722-730; (c) MAscenzio, P. Guglielmi, S.
Carradori, D. Secci, R. Florio, A. Mollica, M. Cay A. Akdemir, A. P. Sobolev, C.T.

34



Supuran, Open saccharin-based secondary sulfonsraglpotent and selective inhibitors
of cancer-related carbonic anhydrase IX and Xlfdsos. J. Enzyme Inhib. Med. Chem.
32 (2017) 51-59.

[43] (a) E. Garibov, P. Taslimi, A. Sujayev, Z. Bol, S. Cetinkaya, I. Gulgin, S.

Beydemir, V. Farzaliyev, S.H. Alwasel, C.T. Supur&ynthesis of 4,5-disubstituted-2-
thioxo-1,2,3,4-tetrahydropyrimidines and investigat of their acetylcholinesterase,
butyrylcholinesterase, carbonic anhydrase /1l hitbry and antioxidant activities. J.
Enzyme Inhib. Med. Chem. 31 (2016) 1-9; (b) A. Nded, M. Ceruso, F. Carta, C.T.

Supuran, 7-Aryl-triazolyl-substituted sulfocoumariare potent, selective inhibitors of the
tumor-associated carbonic anhydrase IX and XIEnkyme Inhib. Med. Chem. 31 (2016)
1226-1233; (c) C.T. Supuran, S. Kalinin, M. Tang, Parnpitak, P. Mujumdar,

S.A.Poulsen, M. Krasavin, Isoform-selective intobjt profile of 2-imidazoline-substituted

benzene sulfonamides against a panel of humanmarbohydrases. J Enzyme Inhib Med
Chem. 31 (2016) 197-202.

[44] T. Mosmann, Rapid colorimetric assay for gldl growth and survival: application to
proliferation and cytotoxicity assays, J. Immuriethods 65 (1983) 55-63.

[45] W.M. Eldehna, H.S. Ibrahim, H.A. Abdel-Aziz,.N. Farrag, M.M. Youssef, Design,
synthesis and in vitro antitumor activity of nowlsubstituted-4-phenyl/benzylphthalazin-
1-ones, Eur J Med Chem 89 (2015) 549-560.

[46] V. Alterio, M. Hilvo, A. Di Fiore, C.T. Supurg P. Pan, S. Parkkila, A. Scaloni, J.
Pastorek, S. Pastorekova, C. Pedone, S. Scozz&8dvia,Monti, G. De Simone, Crystal
structure of the catalytic domain of the tumor-assted human carbonic anhydrase IX Proc.
Natl. Acad. Sci. USA 106 (2009) 16233-16238.

[47] (a) Schrodinger Release 2016-1: Schrodingee2016-1 Protein Preparation Wizard,
Epik, Schrodinger, LLC, New York, NY, 2016; Impa&chrodinger, LLC, New York, NY,

2016; Prime, Schrédinger, LLC, New York, NY, 2016) Schrodinger Release 2016-1.:
Maestro, Schrodinger, LLC, New York, NY, 2016; @ghrodinger Release 2016-1: Epik,
Schrédinger, LLC, New York, NY, 2016; (d) SchrodangRelease 2016-1: Macromodel,

35



Schrodinger, LLC, New York, NY, 2016; (e) SchrodingRelease 2016-1: Glide,
Schrédinger, LLC, New York, NY, 2016.

[48] (a) W.L. Jorgensen, J. Tirado-Rives, The OBb&ntial functions for proteins, energy
minimizations for crystals of cyclic peptides an@mbin. J. Am. Chem. Soc. 1988, 110,
1657-1666. (b) W.L. Jorgensen, D.S. Maxwell, Jada-Rives, Development and testing of
the OPLS all-atom force field on conformational igye¢ics and properties of organic liquids.
J. Am. Chem. Soc. 118 (1996) 11225-11236

[49] J. Li, R. Abel, K. Zhu, Y. Cao, S. Zhao, R. Rriesner, The VSGB2.0 model: a next

generation energy model for high resolution prottmcture modeling. Proteins, 79 (2011)
2794-2812.

36



Highlights

- Two different series of novel isatin-based sulfonamides were devel oped.

- Inhibitory activity of such sulfonamides was evaluated toward hCA I, I1, IV and I X isoforms.
- Anti-proliferative activity against MCF-7 and Caco-2 cancer cell lines was evaluated.

- Compound 4c induced the intrinsic apoptotic mitochondrial pathway in MCF-7 cells.

- Molecular docking and MM-GBSA cal culations were carried out.



