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Graphical Abstract

Sulfonamide-based Ring-fused analogues for CAN508 as novel carbonic
anhydrase inhibitors endowed with antitumor activity: Design, synthes's, and

in vitro biological evaluation

New sets of novel CAN508 sulfonamide-based ana®gide 8a-e, 9a-h and 10a-€) were
synthesized and evaluated for their inhibitory \agti toward a panel of carbonic anhydrase
isoforms hCA 1, II, IX and XIl, and toward CDK2 an@l hCA IX and XII isoforms were
efficiently inhibited with K;s range of 6-67.6 and 10.1-88.6 nM, respectively.
Pyrazolopyrimidine®d, 9e and10b were found to be the most potent CDK2 inhibitorthviCsg

= 6.4, 8.0 and 11.6M, respectively.
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ABSTRACT

In the present study, we report the design andhegig of novel CAN508 sulfonamide-based
analogues4, 8a-e, 9a-h and10a-e) asnovel carbonic anhydrase (CA) inhibitors with paizin
CDK inhibitory activity. A bioisosteric replacemerdpproach was adopted to replace the
phenolic OH of CAN508 with a sulfamoy! group toatf compound!. Thereafter, a ring-fusion
approach was utilized to furnish the 5/5 fused am@pyrazole8a-e which were subsequently
expanded to 6/5 pyrazolopyrimidinda-h and 10a-e. All the synthesized analogues were
evaluated for their inhibitory activity toward iswms hCA 1, 1, IX and XIl. The target tumor-
associated isoforms hCA IX and Xl were effectivaifibited withK;s ranges 6—67.6 and 10.1—
88.6 nM, respectively. Furthermore, all compoundserevaluated for their potential CDK2 and
9 inhibitory activities. Pyrazolopyrimidinegd, 9e and 10b displayed weak CDK2 inhibitory
activity (ICso = 6.4, 8.0 and 11.@M, respectively), along with abolished CDK9 inhdry
activity. This trend suggested that pyrazolopyrimedderivatives merit further optimization to
furnish more effective CDK2 inhibitor lead. On aaat of their excellent activity and selectivity
towards hCA IX and XIl, pyrazolopyrimidine$0 were evaluated for their anti-proliferative
activity toward breast cancer MCF-7 and MDA-MB-4&4| lines under normoxic and hypoxic
conditions. The most potent anti-proliferative agelDa, 10c and 10d significantly increased
cell percentage at sub-G1 and G2-M phases withasoitant decrease in the S phase population
in MCF-7 treated. Finally, a docking study was utalen to investigate the binding mode for
the most selective hCA IX and XlI inhibitot®a-e, within hCA 11, IX and XII active sites.

Keywords: Carbonic anhydrase inhibitors; CDK inhibitors; Mollar docking;
Pyrazolopyrimidines; Imidazopyrazoles; CAN508.



1. Introduction

In spite of the significant improvement in surviwhong cancer patients over the last three
decades [1], cancer, as described by the worldheaganization (WHO), is considered the
second leading cause of death. It accounted forn8lion deaths in 2015[2]. Studies also
estimate that this number is expected to doubl@d80, and despite the extensive efforts and
investments in this research field, it seems thatrhanagement of these human malignancies
still constitute a major challenge for diagnosisl dnerapy. Thus, there is an ongoing need to

develop new chemotherapeutic anticancer agentsritaiact by different mechanisms of action.

It was established that the different carbonic amnhse (CA) isoforms are involved in
numerous physiological and pathological procesegsaociated with C®hydration reaction,
such as bone resorption, calcification, electrolysecretion, respiration, lipogenesis,
gluconeogenesis, tumorigenicity and many otherd]3/oreover, the hypoxia-inducdiCA IX
and Xl isoforms are transmembrane tumor-associatethbers of the CA family. They are
expressed in a limited number of normal tissuegreds they are overexpressed in a diversity of
invasive tumors such as colon, pancreas, breaatiesy cervix, brain, head and neck, kidney as
well as lung cancers, that are associated withhgfpoxic phenotype, so they are capable of
affecting cell proliferation, cell adhesion and mgaant cell invasion.[5, 6] Accordingly, CA

isoforms IX and XlI represent effective validatagigets in cancer treatment strategies.

Superiorly, the zinc anchoring sulfonamides repregiee most important class of the CA
inhibitors, where their deprotonated form @BIBl") is coordinated to the positively charged
Zn(ll) ion in the enzyme active site. The “tail appch” represents the most successful approach
that could be adopted to develop isoform seled@¥einhibitors (CAIs). In this approach, the
aromatic/heterocyclic ring possessing the sulfodamzinc binding group (ZBG), is appended

with tail moieties through diverse functionalizéukers.[4]

Cyclin-dependent kinases (CDKSs) play various esslerdles in different key transitions of
the cell cycle as well as in the regulation of apejs, neuronal functions, transcription and
exocytosis.[7] Deregulation of cell cycle is accangd by altered CDK activity in many

cancers, either by activation of CDKs and/or thieteracting proteins. For these reasons,



therapeutic approaches based on CDK inhibition esgmt a unique opportunity for drug

discover and a promising strategy for treatmerituzhan malignancies.[8, 9]

Recently, the CDK4/CDk6 inhibitors palbociclib, oiiclib and abemaciclib have received
approval from the US Food and Drug Administrationthe treatment of certain breast cancers
and revolutionized the treatment. However, primang acquired resistance to these drugs
somehow limits the therapy and implies the necgssitdevelopment of novel therapeutic
approaches [10]Other promising CDK inhibitors in the pre/clinicdievelopment display
wider kinase selectivity and anticancer potency].[JAmongst them, purines and related
heterocycles have stood out as the most investigataffolds for development of CDK
inhibitors. Seliciclib (Roscovitine or CYC202Fi@. 1) is a purine-based CDK2/ CDK7/CDK 9
inhibitor that exerts diverse effects on cell gestition and apoptosis induction in different
cancer cells. [12, 13] The success of roscovitiaeed the way for further development of
other CDK inhibitors, either through redistributiaf nitrogen atoms of the purine nucleus
such as DinaciclibRig. 1) [14], or via appending different substituents to the purindfsich
such as purine-based benzenesulfonarhi@ég. 1).[15] During our past projects, we have
explored various other CDK inhibitors, where thargtazo-3,5-diaminopyrazole derivatives
CANS508 and AAP1742 were identified as efficient KDand/ or CDK 9 inhibitorsKig. 1).

[9, 16, 17]
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Fig. 1. Structures of some reported CDK inhibitors.

In view of the aforementioned findings and in cactita with our research program in the
search for effective anticancer candidates thagetaenzymes/proteins overexpressed in
different tumors such as the tumor-associated hC&dform [18-23], herein we report design

and synthesis for new sets of CAN508 sulfonamideetiaanalogue#(8a-e, 9a-h and 10a-€)



with the prime aim of developing novel carbonic yadase inhibitors with potential CDK

inhibitory activity, endowed with antitumor actiyit
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Fig. 2. Design of target sulfonamide-based ring-fusedognees for CAN5084, 8a-e, 9a-h and
10a-€).

Initially, the sulfamoyl group was selected to dith&e the phenolic OH group of CAN508,
which can interact as a H-bond donor with the sitgin carboxylate of Asp145 in the CDK2
active site, in addition to the coordination of desprotonated form (S®H’) to the positively
charged Zn(ll) ion in the CA active site. Theregftering-fusion approach was adopted for the
pyrazole ring to furnish the 5/5 fused imidazo[b]@yrazole system; compoundia-e.
Furthermore, the imidazo[1[@pyrazole nucleus in compoun@swas expanded to the 6/5

fused pyrazolo[1l,®pyrimidine system to afford compoundS8a-h and 10a-e. Both
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imidazo[1,2b]pyrazole and pyrazolo[1,8}pyrimidine ring systems represent the tail for the
target CAls 8a-e, 9a-h and 10a-e). Finally, the substitution pattern on both imidfz2-
b]pyrazole and pyrazolo[1,8pyrimidine tails was selected so as to ensurebfit electronic
and lipophilic environments that could manipulatee tpotency of the target CAN508

sulfonamide-based analogu&sd, 2).

All the synthesized sulfonamides were tested feirtimhibitory activities toward four CA
isoforms (hCA I, hCA 1, hCA IX and hCA XIlI). Alsaheir inhibitory activities against CDK2
and CDK9 were assayed. In addition, compoudsd 10 were further evaluated against a
panel of 57 human cell lines at National Cancetitite (NCI, Bethesda, MD). Thereatfter, the
most selective hCA IX and Xll inhibitors were examd for their anti-proliferative activity
against MCF-7 and MDA-MB-468 breast cancer celesinunder normoxic and hypoxic
conditions. Moreover, sulfonamidé&6a, 10c and10d were assessed for cell cycle disturbance

and apoptosis induction in MCF-7 cells.

2. Results and Discussion
2.1. Chemistry

The synthetic pathways employed to prepare theetaf@AN508 sulfonamide-based

analogues4, 8a-e, 9a-h and10a-€) are depicted ilschemes 1 and2.

HN—N
NC. _CN
\ B T HoNTX NH,
NH, N
. NC i
1
O=8. O=8.
O’ NH2 L o/ NH2_ NH2 // NH2
1 2 3 4

Scheme 1. Reagents and conditions: i. NaNO,, HCI, 0-5°C; ii. EtOH, CHCOONa, 0-5°C; iii.
NH>NH».H,O, EtOH, reflux.

The synthesis oN-(4-sulfamoylphenyl)carbonohydrazonoyl dicyani@levas achieved by
diazotization of the amino group of sulfanilamide followed by coupling the obtained
diazonium with malononitrile in ethanolic sodiumetate solution at 0-%C as reported. [24, 25]

Subsequently, preparation d&){4-((3,5-diamino-H-pyrazol-4-yl)diazenyl)benzenesulfonamide
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4 was carried out through refluxing the dicyani@levith equimolar amount of hydrazina

ethanol as described by Hassareeal [24, 26] Scheme 1).
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h| Thien-2-yi
Scheme 2. Reagents and conditions:. i. EtOH, DMF, reflux 12hji. AcOH, reflux 1h;iii. DMF,

reflux 8-10h.



The diazenylbenzenesulfonamidewas utilized as a precursor for the synthesis ef th
imidazo[1,2b]pyrazoles8a-e and the pyrazolo[1,5}pyrimidines 9a-h and 10a-e as shown in
Scheme 2 where three different series of reagents wereiredu The first series included
different phenacyl bromideSa-e that were obtained bsefluxing of appropriate acetophenone
with copper (ll) bromide in ethyl acetate as repdf27, 28] The second series involved 3-
(dimethylamino)-1-(aryl)prop-2-en-1-onea-h and were prepared by refluxing the
corresponding acetophenone with DMF-DMA in xyleo#iowing the reported procedure.[29,
30] The third series included different benzylideaéononitrile derivatives/a-e and were
synthesized by heating under reflux the approprédenhyde with malononitrile in ethanol in
presence of catalytic amount of piperid[8&]

The target 4-((6-amino-2-(4-substitutedphenyHinidazo[1,2b]pyrazol-7-yl)diazenyl)
benzenesulfonamide®a-e were obtained by reacting the key intermedigith the phenacyl
bromides 5a-e in refluxing ethanol containing few drops of DMFAlternatively,
cyclocondensation of diazenylbenzenesulfonamitlewith the appropriatearylpropinone
derivative6a-h in glacial acetic acid othe appropriatdenzylidenemalononitril@a-e in DMF
furnished the correspondimyrazolo[2,3a]pyrimidine 9a-h or 10a-e, respectively.

The IR spectra of imidazo[1@pyrazoles8a-e showed absorption bands at range of 3448-
3086 cnt* for the NHand two NH groups,in addition to the absorption bands of .S the
sulfamido group at range of 1338-1153trithe'H NMR spectra of these compounds revealed
three DO-exchangeable signals in the regiéng34-7.41 ppm,7.75-7.79pmand 11.86-11.97
ppm corresponding to sulfamido NH6-NH, and imidazole NH protons, respectively. In
addition to a singlet signal in the regi@n8.44- 8.51ppm assigned to the imidazo[1,2-
b]pyrazoles H-3 proton. Compourgth showed additional aliphatic singlet signal coroesping
to the 4-methyl substituent &t2.36 ppm Their*C NMR spectra showed signals resonating at
110.85-164.02pm corresponding to their aromatic carbons. Compdmdevealed a specific
signal at 21.74¢pmcharacteristic to the aliphatic carbon of its métrpup. Scheme 2)

The IR spectra of pyrazolo[1&pyrimidines9a-h showed absorption bands in the range of
3437-3101 and 1334-1145 éndue to the two Nbland SQ of the sulfamido group. ThtH
NMR spectra oPa-h revealed the appearance of two characterisio-8xchangeable signals
representing the protons of pyrazole NEnd sulfamido NH at 6 7.40-7.57 ppm. Also,

compound®b and9f showed specific signals for protons of methyl anethoxy protons até



2.43 and 3.87ppm, respectively. Moreover*C NMR spectrum of compound@b and 9f
revealed signals resonating @t21.57 and 55.9%pm attributed to the methyl and methoxy
carbons, respectively. Additionally, a high resimiotmass analysis showed a molecular ion peak
at 408.12357 and 428.06914 representing [M¢phks of compoundd and9d, respectively.
(Scheme 2)

Finally, IR spectra of pyrazolo[1&pyrimidines 10a-e revealed absorption bands at ranges
of 3483-3066 ciil for 3NH,, 2210-2222 cm for CN and 1361-1149 cinfor SQ of the
sulfamido substituents. TH&d NMR spectra of these compounds revealed the agpea of
three DO-exchangeable signals assigned to the protonkeofwo amino and sulfamido NH
groups in the ranges 6f7.24-7.25pm,7.41-7.38ppmand 8.64-8.7ppm.Also, compound.Ob
showed characteristic singlet signab&.43ppmfor protons of the methyl substituent, while its
13C NMR spectrum revealed a signal resonating2t.48ppmdue to the methyl carbon. HRMS
spectrum of compoundOc showed a [M+H] peak at 452.13999 conforming its molecular
weight. Scheme 2)

2.2. Biological Evaluation

2.2.1. Carbonic anhydrase inhibition

All the target CAN508 sulfonamide-based analogués 8a-e, 9a-h and 10a-e) were
evaluated for their efficacy to inhibit the physigically relevant hCA isoforms, hCA | and Il
(cytosolic) as well as hCA IX and XII (trans memiea tumor associated isoforms) through a
stopped flow CQ hydrase assay [32] using acetazolamilé4) as a standard inhibitor. The
following structure—activity relationship (SAR) came concluded from the inhibition data
presented i able 1.

(i) Thein vitro kinetic data listed iff able 1 revealed that the ubiquitous cytosdilCA | isoform
was weakly inhibited by all the CAN508 ring-fusathébgues reported in this studafe, 9a-h
and 10a-e) with inhibition constantsK;s) ranging from high nanomolar to low micromolar
concentration; between 442.1 nM and 4,id, apart from the non-fused analogdewhich
displayed a higher inhibitory efficacyK( = 270.6 nM). Noteworthy, the expanded
pyrazolopyrimidine serie$0 arose as the weakdsTA | inhibitors in this study with;s in the
micromolar range (2.25 — 4.164/).



Table 1: Inhibition data of hCA isoforms I, II, IX and XWith CAN508 analogue}{ 8a-e, 9a-
h and10a-€), using AAZ as a standard inhibitor.

NC
HN-N @ NN f\N* Z/<N N
Jﬁ/k HN—&

P NH, TP ONH, P NH, 7 NH,
4 8a-e 9a-h 10a-e
Ki (nM)
Comp. Ar
hCA | hCA 11 hCA I1X hCA XlI

4 i 270.6 38.1 22.0 10.1
8a CeHs 957.3 75.4 38.1 30.6
8b 4-CHs-CgHy 1203 99.7 9.4 27.7
8c 4-F-CGH4 769.3 33.8 28.4 18.6
8d 4-CI-CgHq 651.3 22.1 16.6 36.5
8e 4-Br-CgHgy 1589 49.3 449 52.8
9a CsHs 457.9 27.6 31.8 25.4
9b 4-CHs-CgHy 1331 6.2 45.7 60.7
9c 4-F-GHgy 681.3 14.5 6.0 31.4
ad 4-CI-CeH4 543.7 23.4 56.3 44.3
%e 4-Br-CgHy 767.7 38.7 65.0 54.3
of 4-OCH;-CgHy 442.1 5.5 29.3 88.6
99 4-NO,-CgH4 2122 35.6 67.6 14.4
%h 2-thienyl 1154 7.1 40.1 59.0
10a CeHs 2683 921.7 33.5 39.4
10b 4-CHs-CgHy 3534 638.4 44.3 48.8
10c 4-F-CH4 2435 398.8 8.8 10.9
10d 4-CI-CeHq4 2251 496.1 31.3 14.2
10e 4-Br-CgHy 4162 885.2 65.7 43.2
AAZ 250 12 25 5.7

* Mean from 3 different assays, by a stopped fleshnique (errors were in the rangetd@-10 % of the
reported values).
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(i) The examined sulfonamides displayed weak to potehibitory activity toward the
physiologically dominant off-target isoforimCA 1l (K, values ranging between 5.5 and 921.7
nM, Table 1). The pyrazolopyrimidine®b, 9f and 9h emerged as the most efficienCA II
inhibitors with single-digit nanomolar inhibitiononstants ;s = 6.2, 5.5 and 7.1 nM,
respectively). Generally, pyrazolopyrimidin@showed improved inhibitory profile agairtstA

Il than their corresponding analogues in both irnigerazole8 and pyrazolopyrimidinelO
series, excep®d which exhibited comparable activit)K,(= 23.4 nM) to its imidazopyrazole
analogue8d (K, = 22.1 nM), whereas pyrazolopyrimidin&6 displayed the weake$iCA I
inhibitory activity with K;s in the high nanomolar range (398.8 — 921M), similar to the
inhibition profile forhCA 1.

The SAR outcomes pointed out that substitutiorhef pendant phenyl ring in seri8gK;s:
22.1 - 49.3 nM)9 (K;s: 5.5 — 23.4 nM) antlO (K;s: 398.8 — 885.2 nM) elicited an enhancement
of effectiveness against hCA Il in comparison te timsubstituted analogu@a (K, = 75.4 nM),
9a (K| = 27.6 nM) andlOa (K, = 921.7 nM), except for imidazopyrazd@b (K, = 99.7 nM), and
pyrazolopyrimidines9e and 9g (Kis = 38.7 and 35.6 nM, respectively) which displayed
elevatedK, values than their unsubstituted analogues. Moredieisosteric replacement of the
pendant phenyl ring in the pyrazolopyrimidige (K, = 27.6 nM) with the heterocyclic 2-thienyl
ring led to about four-fold enhanc&@A Il inhibition potency 9h; K, = 7.1 nM).

(iii) Thein vitro kinetic data displayed ifiable 1 showed that the target tumor-associated hCA
IX isoform was efficiently inhibited by all the CA808 analogues herein reported. The inhibition
profiles towardhCA 1X isoform were found to be rather flat, as theasured, values ranged
between 6.0 and 67.6 nM. Superiorly, sulfonamie9c and10c were the most potehCA IX
inhibitors in this study withK;s in a single-digit nanomolar range; 9.4, 6 and B3,
respectively.

Further analysis of the results revealed that pa@tion of a small lipophilic electron-
donating group on the pendant phenyl ring of imigiazazole serie8 (p-tolyl derivative8b; K|
= 9.4 nM) resulted in 4-fold enhanced activity careto the unsubstituted analog@as(K, =
38.1 nM), whereas grafting the small lipophilicaten-withdrawingp-fluoro substituent within
the two expanded pyrazolopyrimidine ser®eand 10 led to the beshCA IX inhibitors in this

study; compound8c and10c (K;s = 6.0 and 8.8 nM, respectively). In contrastpiporation of
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large electron-withdrawing groups suchpmbromo orp-nitro substituents (compoun@g, e,

9g and 10e; Kis = 44.9, 65.0, 67.6 and 65.7 nM, respectivelytitell a worsening of
effectiveness towardCA IX in comparison to their unsubstituted countetp8a, 9a and 10a
(Kis = 38.1, 31.8 and 33.5 nM, respectively). It igtwetressing that ring-expansion approach
was more beneficial fdiCA IX inhibitory activity in case of incorporatioof unsubstituted gp-

fluoro substituted phenyl moieties in comparisothi fused imidazopyrazole serkes

(iv) All the investigated CAN508 analogues emergegatent inhibitors for the target tumor-
associatechCA XIl isoform (K; values ranging between 10.1 and 88.6 nM). Interglyt the
non-fused pyrazole-based sulphonamideas the most potemiCA XII inhibitor in this study
with K, value equals 10.1 nM. Besides, compouBds9g, 10c and 10d displayed excellent
inhibitory activity towardhCA Xl isoform (K;s = 18.6, 14.4, 10.9 and 14.2 nM, respectively).
Notably, appending the small lipophilic electrortivdrawingp-fluoro substituent within series
and10 led to the beshCA XII inhibitor in each series, (compounfls and10c; K;s = 18.6 and
10.9 nM, respectively).

(v) Taking into account that hCA IX and Xll isofosrare validated targets for treatment of
human malignancies, development of selective hCAand XIl inhibitors stands out as a crucial
element to unveil an effective tumor therapy dewdfidhe classical side effects attributable for
inhibition of the physiologically relevant off-taggisoforms hCA | and 1.

The calculated selectivity indexes (SIs) displayed able 2 showed that all the tested
compounds possessed good selectivity towards hCAnKK X1l over hCA I. The results also
undeniably ascribed to the pyrazolopyrimidine seti@ excellent selectivity towards hCA IX
and XII over hCA | with SiIs spanning in the rangg.3% — 276.70 and 68.10 — 223.39,
respectively. In addition, serid® possessed remarkable selectivity towards hCA X ahd
over hCA 1l with Sis ranges 13.47 — 45.32 and 13-086.59, respectively. In contrast, both
series8 and9 failed to display a promising selectivity profilewards hCA IX and XII over
hCA 1l regardless of their efficient inhibition GICA 1X and Xll isoforms, except compound

8b which was capable of achieving moderate selegtoxer hCA Il isoform.
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Table 2. Selectivity index (Sl) calculated f®CA IX and Xll over off-targets isoform$iCA | and II) for
target sulfonamides3@-e, 9a-h and10a-€) andAAZ.

Selectivity indexes

Compound

I\ X \XI1 I\ X I
8a 25.13 31.28 1.98 2.46
8b 127.98 43.43 10.61 3.60
8c 27.09 41.36 1.19 1.82
&d 39.23 17.84 1.33 0.61
8e 35.39 30.09 1.10 0.93
9a 14.40 18.03 0.87 1.09
9 29.12 21.93 0.14 0.10
9 113.55 21.70 2.42 0.46
od 9.66 12.27 0.42 0.53
% 11.81 14.14 0.60 0.71
of 15.09 4.99 0.19 0.06
9 31.39 147.36 0.53 2.47
9h 28.78 19.56 0.18 0.12
10a 80.09 68.10 27.51 23.39
10b 79.77 72.42 14.41 13.08
10c 276.70 223.39 45.32 36.59
10d 71.92 158.52 15.85 34.94
10e 63.35 96.34 13.47 20.49
AAZ 10.00 43.86 0.48 2.11

2.2.2. CDK2 and 9 inhibitory activities

The newly prepared sulfonamidek 8a-e, 9a-h and10a-e) were further evaluated for their
potential CDK2 and CDK9 inhibitory activity. Rosdtme and CAN508 were used as
reference drugs. The results were reported as a iB@#ition concentration values (46},

determined from triplicate dose-response curvesaaadisted inl able 3.

Results inTable 3 revealed that only sulfonamidéxl, 9e and 10b possessed weak
inhibitory activity toward CDK2 (I = 6.4, 8.0 and 11.pM, respectively), that is better than
CANS508 (IGso = 20uM). In addition, compoun8b displayed comparable activity 6= 20.3
uM) to the lead CAN508 toward CDK2. In contrast, tten-fused compoundi showed 2-fold
decreased activity (kg = 41.7 uM) than CAN508 against CDK2. Unfortunately, all the
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examined sulfonamides displayed non-significantbilmbry activity towards CDK9 (Ig >
12.5uM).

In summary, the adopted bioisosteric replacemethiephenolic group of CAN508 with a
sulfamoyl group resulted in 2-fold decreased potanward CDK2 (compound; 1Cso = 41.7
uM), whereas, the ring fusion approach just maimdirthe CDK2 inhibitory activity
(imidazopyrazole8b; ICso = 20.3 uM). On the other hand, the ring expansion approach
successfully enhanced the inhibitory activity todsaCDK2, such pyrazolopyrimidin€sl, 9e
and10b (ICso = 6.4, 8.0 and 11.6M, respectively). Interestingly, increased poteaggainst
CDK2 was accompanied with an abolished activityamg CDK9. Accordingly, this trend of
activity pointed out that the herein reported pgtapyrimidine-based CDKIs merit further

optimization and development to furnish more prongselective CDK2 inhibitors.

Table 3. ICspvalues for the inhibitory activity of, 8a-e, 9a-h and 10a-e against CDK2 and 9.

| Cso (HM)

Compound CDK?2 CDK9
4 41.7 >12.5
8a >25 >25
8b 20.3 >12.5
8c >12.5 >12.5
8d >12.5 >12.5
8e >12.5 >12.5
9a >12.5 >12.5
%9b >12.5 >12.5
9c >12.5 >12.5
aod 6.4 >12.5
% 8.0 >12.5
of >12.5 >12.5
9 >12.5 >12.5
%h >12.5 >12.5
10a >12.5 >12.5
10b 11.6 >12.5
10c >12.5 >12.5
10d >12.5 >12.5
10e >12.5 >12.5

CAN508 20 0.35

Roscovitine 0.1 1.8
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2.2.3. Anticancer Activity

2.2.3.1. NCI antitumor activity screening

Sulfonamides &a-e and 10a-e) were selected to be examined for their antituawiivity at

the NCI-Developmental Therapeutic Program (wwwirdtpnih.gov). They were screened in a

primary one dose (10M) anticancer assay against a panel of 57 candldinas, in accordance
with the protocol of the Drug Evaluation Branch, INBethesda [33]. The data are reported as
mean-graph of the percent growth of the treatecceracells and presented, irable 4, as
percentage growth inhibition (G1%) caused by thanexied sulfonamides.

Investigation of the obtained data ihable 4 revealed that the examined CAN508
sulfonamide-based analogues exhibited distinctattems of sensitivity and selectivity toward
the different cancer cell panels. Inspecting th@Gialues, pointed out that Imidazopyrazole
derivative8a stood out as the most potent CAN508 analogue sdthidy with mean Gl = 68%.
It exhibited broad spectrum anticancer activity agaatisthe tested cancer cell lines with an
exception to ovarian (NCI/ADR-RES) cancer cell liseiperiorly, sulfonamid8a displayed an
excellent growth inhibitory activity against Leukem(MOLT-4, RPMI-8226 and SR), CNS
(SNB-75), ovarian (IGROV1 and SK-OV-3), Renal (A49€HN, CAKI-1 and RXF 393), and
breast cancer (HS 578T) cell lines with GI% rangeé5 96. In addition, sulfonamid8a
displayed potent GI more than 75% toward Leuke@i@RF-CEM), Non-small cell lung cancer
(NCI-H460), colon cancer (HCT-116 and HCT-15), C{&--539), Melanoma (LOX IMVI),
Renal (SN12C and UO-31), and breast cancer (MDA-28B/ATCC) cell linesT able 4.

Moreover, pyrazolopyrimidindOb was found to be the second most potent analogear(m
Gl% = 61) with broad spectrum activity againsttak tested cancer cell lines, except Ovarian
(NCI/ADR-RES) cancer cell linelOb exerted outstanding anti-proliferative activityaagst
Leukemia (CCRF-CEM, HL-60TB, K-562 and MOLT-4), Nemall cell lung cancer (HOP-92),
Colon cancer (COLO 205, HCT-116 and SW-620), RéA&HN) and Breast (MDA-MB-468)
cell lines with GI% ranging from 80 to 100 %able 4. Furthermore, sulfonamidéb, 8e and
10e (mean GI = 50, 46 and 50%, respectively) displageamising broad spectrum growth

inhibitory activity towards most of the tested cancell lines.

15



Table 4. Percentage growth inhibition (Gl %) of vitro subpanel tumor cell lines at 10/

concentration for sulfonamid@s-e and10a-e.

. Compound ?
Subpanel/ Cell line  — g 357 ge 10a 10b _10c__10d 106
CCRF-CEM 80 54 33 - 45 21 88 51 65 104
© HL-60(TB) 72 47 - = 36 - 97 = o B2
= K -562 67 48 -~ = 38 = 80 33 28 64
3 MOLT-4 86 55 - - 42 - 06 62 82 98
- RPM-8226 94 60 27 - 55 - 116 60 58 114
SR 87 63 33 28 54 - 71 - - 59
ABG49/ATCC 67 62 - == 51 - 37 e o 32
o EKVX 45 28 - - 21 e 30 e 29
2 HOP-62 58 39 - 37 - 57 21 24 48
g - HOP-92 74 35 25 - 29 27 80 58 29 69
= % NCI-H226 47 27 - e = 24 35 25 25 34
5 O NCI-H23 54 34 - 30 -~ 56 -~ 36
< NCI-H322M 63 69 58 25 65 21 34 21 - 25
Z NCI-H460 80 67 41 25 62 - 72 - 21 63
NCI-H522 69 57 45 30 55 54 71 32 29 61
COLO 205 55 24 - = 28 - 86 - - T4
. HCC-2998 54 40 - - 33 - 48 -~ - 38
§ HCT-116 77 62 37 - 62 - 86 24 34 75
LC) HCT-15 77 65 40 - 63 —--- 18
S HT29 61 37 - = 34 - 64 - == 57
O KM12 67 46 27 - 39 50 71 53 75 48
SW-620 74 60 23 - 48 -~ 83 - -~ 56
SF-268 63 49 23 - 42 —--- 65 23 44
o SF-295 52 29 - - wee eew Bl e o 38
8 SF-539 80 56 27 -~ 42 - 69 28 25 61
0 SNB-19 40 24 = = 26 - 42 e 38
O SNB-75 9 66 44 23 64 - 51 33 - 43
U251 61 44 24 - 38 - 68 28 30 59
LOX IMVI 83 70 36 21 64 - 78 28 - 71
s | MALME-3M 74 63 42 - 64 -—— 51 20 - 42
5 M 14 69 60 35 21 61 -~ 54 -~ - 59
-§ MDA-MB-435 71 52 22 -~ 46 - 48 - - 44
= SK-MEL-2 68 57 30 - 53 - 73 25 24 57
SK-MEL-28 55 38 - - 32 - A7 e o 37
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~ | SK-MEL-5 73 51 23 - 45 - 152 31 31 54
UACC-257 31 20 - 21 e 28 e e e
UACC-62 60 44 29 - AT - 4T - - 28
IGROV1 85 80 38 21 72 35 63 36 - 59
5 OVCAR-3 53 3 21 -~ 27 - 76 20 25 45
3 OVCAR-4 63 46 @ - 43 - 48 —- 39
% OVCAR5 35 23  woe  we 24 o 21 e e 28
= OVCAR-8 63 47 21 - 37 - 56 25 25 53
8 | NCUADRRES -— - 0 el
SK-OV-3 87 77 26 21 82 - 36
786-0 72 60 32 28 56 -— 35 - - 30
A498 92 87 60 65 8 30 41 - - 35
o ACHN 91 79 48 29 76  -— 100 -  —— 29
§ CAKI-1 9%6 86 53 35 82 -~ 59 -~ 26 47
= RXF 393 93 56 40 29 55 42 72 59 29 58
& SN12C 80 63 31 - 58 24 67 24 27 54
TK-10 52 53 -~ 27 50 - 34 - - 27
UO-31 81 77 42 22 74 25 31 38 36 41
g 0 PC-3 68 43 - - 39 - 68 29 38 62
& °|  Dpu-145 57 52 30 - 47 -~ 65 - 40 67
MCF7 54 - -~ - 33 60 72 59 51 68
% g/lsi)/i-TMch- 80 42 25 -~ 43 - 60 37 52 59
O HS578T 9%5 64 33 21 54 - 61 23 30 55
i BT-549 41 33 26 34 25 - 44 - 35 26
@ T-47D 57 39 22 - 46 26 66 48 56 68
MDA-MB-468 67 48 -~ - 51 58 94 71 56 76

Mean growth, % 68 50 25 14 46 12 61 22 22 50

Sensitivecell linesno. 59 58 38 18 57 14 59 30 30 56

@ Only GI % higher than 20% are shown.

Regarding sensitivity of individual cell lines (Tlal#), only Non-small cell lung cancer (NCI-
H522) and Renal (RXF 393 and UO-31) cancer cefidivere susceptible to all the examined
CAN508 analogues8é-e and 10a-e), whereas, the Ovarian NCI/ADR-RES cancer celé lin
uniquely hasn’t been affected by any of the exachioempounds. Notably, sulfonamid&gb

and 10e exerted cytotoxic effect with GI more than 100%va&od certain cancer cell lines.
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SulfonamidelOb was proved to be lethal to Leukemia RPMI-8226 Melanoma SK-MEL-5
cell lines (Gl % = 116 and 152, respectively), vazey, sulfonamid&Oe exerted its lethal activity
toward Leukemia CCRF-CEM cell line with Gl %=114ble 4.

2.2.3.2. In vitro anti-proliferative activity

While, both imidazopyrazole8 and pyrazolopyrimidine40 exhibited significant growth
inhibitory activities in 57 cancer cell lines-NCdéreening assay, only the pyrazolopyrimidine
derivatives10a-e displayed good selectivity towards tumor assodiaseform hCA IX over
hCA | (SI: 63.35 — 276.70) and hCA 1l (SI: 13.4A45.31), in addition to their good inhibitory
activities towards both hCA IX and XlI isoform&é: of 8.8 — 65.7 and 10.9 — 48.8 nM,
respectively). Accordingly, compound®a-e were selected to be evaluated for their anti-
proliferative activity against two breast cancdr lnees overexpressing CA IX, namely MCF-7
and MDA-MB-468 cell lines [34], using MTT assay [3Blotably, both breast cancer cell lines
were proved to be susceptible to the influenceooimoundslOa-e in the NCI screening assay.
In this assay, cobalt (ll) chloride (Coflwas utilized as an inducer of Hif-2o furnish a
chemically-induced hypoxia [36] in order to furthevaluate the antiproliferative activity of
10a-e under hypoxic conditions. Staurosporine, a clilhycased anticancer drug, was co-
assayed as a reference drug. The results are sgdras I values and displayed hable 5.

Table 5. In vitro anti-proliferative activity ofpyrazolopyrimidineslOa-e against breast MCF-7 and
MDA-MB-468 cancer cell lines under normoxic and byje conditions.

|Cso (LM)*
Compound MCF-7 MDA-MB-468
Normoxia Hypoxia Normoxia Hypoxia

10a 0.66+0.03 0.96+0.04 1.89+0.04 1.07+0.05
10b 6.80£0.17 15.10+0.82 1.37+0.07 3.03+0.11
10c 2.96+0.06 7.73+0.26 5.38+0.16 11.304£0.74
10d 2.071£0.08 10.30+0.75 11.44+0.76 19.61+1.42
10e 4.77+0.08 7.56+0.33 6.81+0.28 10.02+0.84

Staurosporine 3.3940.13 9.2040.41 4.37+0.17 6.4610.26

a. IG values are the mean + S.D. of three separate iexgats.
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Exploring the results of the MTT assay highlightdtht the tested sulfonamidd€a-e
showed potent to good inhibitory activity againstibcell lines under the tested normoxic and
hypoxic conditions. The tested compounds were rafiextive toward MCF-Zells than MDA-
MB-468 cells, except sulfonamid&Ob which displayed much enhanced growth inhibitory
activity, under normoxic and hypoxic conditionsasgt MDA-MB-468 (IG, = 1.37+0.07 and
3.03+£0.11 pM) than MCF-€ells (1Go = 6.80+0.17 and 15.10+0.82 uM). Concerning the- ant
proliferative activity towards MCF-tells, sulfonamidelOa (ICsp = 0.66+0.03 and 0.96+0.04
MM, under normoxic and hypoxic conditions, respety) was found to be the most active
analogue in this study, being 5- and 9-times matert than reference drug staurosporing(IC
= 3.394£0.13 and 9.20+0.41 pM, under normoxic andolic conditions, respectively). Also,
compounds10c and 10d displayed higher or comparable anti-proliferatiaetivities to
staurosporine, with 1§ values equal 2.96+0.06 and 2.07+£0.08 puM, respagtifor normoxic
condition, and 7.73+0.26 and 10.30%0.75 uM, respelgt for hypoxic condition.

On the other hand, exploring the growth inhibitagtivity of sulfonamideslOa-e against
MDA-MB-468 cells revealed that sulfonamide)a and 10b were the most effective
counterparts (16 = 1.89+0.04 and 1.37+0.07 pM, respectively formaoxic condition, and
1.07+0.05 and 3.03+0.11 pM, respectively, for hypogondition), with 2.3- and 3.1-fold
enhanced efficiency under normoxic condition, ancaied 2.1-fold enhanced efficiency under
hypoxic condition, than staurosporine £§G 4.37+0.17 and 6.46+0.26 M, under normoxic and

hypoxic conditions, respectively).
2.2.3.3. Cell Cycle Analysis

To acquire mechanistic insights into the anti-gesétive activity of the target
sulfonamides, compound®a, 10c and10d were assessed for their impact on the cell cycle
distribution in MCF-7 cells through a DNA flow cyteetric assayKig. 3). The outcomes of
this flow cytometric assay highlighted that treatitnef MCF-7 cells with sulfonamidef)a,
10c and 10d at their 1Go concentrations (0.66, 2.96 and 2,0M) induced a significant cell
cycle arrest at &M phase and decreased the S-phase populationswigequent increase in
the percentages apoptotic cells at Sulpfase by 7, 11 and 8-fold compared to the control,

respectively.
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Figure 3. Effect of sulfonamide40a, 10c and10d on the phases of cell cycle of MCF-7 cells.

2.2.3.4. Annexin V-FITC Apoptosis Assay

To investigate whether the anti-proliferative aitis of target sulfonamidel is consistent
with the apoptosis induction within the breast @andCF-7 cells suggested by the presence of
sub-G1 population of treated cellBig. 3), Annexin V-FITC/propidium iodide dual staining
assay (AV/PI) was carried out by flow cytometFyd. 4, Table 6).

The obtained results suggested that sulfonamiflas 10c and 10d have the ability to
persuade the apoptosis in MCF-7 cells as evidehgdte significant increase in the percent of
annexin V-FITC-positive apoptotic cells, includibgth the early (from 0.47% to 8.46%064),
6.58% (0c), and 5.88%10d)) and late apoptosis (from 0.29% to 16.94P@aj, 10.89% 10c),
and 8.2% 10d)) phases, which represents about 26-, 23- andlti8tdtal increase as compared

with the untreated controF{g. 4, Table 6).
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Fig. 4. Effect of sulfonamidedOa, 10c and 10d on the percentage of annexin V-FITC-positive
staining in breast cancer MCF-7 cells. The expemnisnere done in triplicates. The four quadrants
identified as: LL, viable; LR, early apoptotic; URte apoptotic; UL, necrotic.

2.2.4. Computational studies

Docking studies were undertaken to investigate biheling mode and point out the
relationships between the inhibition profile andustural features for the most selective
compounds of the seriel)a-e, within hCA Il (pdb 5LJT [37]), IX (pdb 5FL4 [38J]and XII (pdb
JLDO [39]). In all docking solutions, the benzern&swamide moiety accommodates deeply into
the active site of the three isozymegy(5). In particular, the sulfonamide coordinates t® zinc
ion through the negatively charged nitrogen and alsgages two H-bonds, occurring between
the NH and the S=0O groups of the ligand and Thr199 (N-HDG1 and S=0::H-N). The
placement of phenyl ring is stabilized by hydropleabteractions with residues Vall21, Vall43,
and Leu198.

Within the binding site of the tumor-associated Cth& 5-phenylpyrazolopyrimidine moiety of
the ligands adopts an orientation whereby intenseractions of the hydrophobic type occur
with the pocket lined by Leu9l1, GIn92, Vall21 andlA81 in CA IX €ig. 5B) and Thr91,
GIn92, Vall121 and Ala131 in CA XIF{g. 5C).

As it often occurs with bulky and rigid pendantstla benzenesulfonamide scaffold, the
Phel31/Val131 (CA II/IX) and Phel31/Alal31 (CA IllIXinduces a different placement for the
ligand tail within the active site of the ubiquitisozyme, which prevents strong contacts with
the hydrophobic cleft of the binding cavity andves the terminal phenyl moiety toward the
hydrophilic areaKig. 5A). This could explain th&0a-e better efficacy against the cancer-related
CAs over CA Il. The 4-substitution of the outer pilering did not influence the heterocycle
binding orientation within the three active sitEgy(5).
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Figure5: Binding mode ofl0a (cyano) andOc (magenta) within A) hCA I, B) hCA IX and C) hCAIX

active sites.

3. Conclusion

In summary, herein we described the design andhegigt of new sets of novel CAN508
sulfonamide-based analoguds 8a-e, 9a-h and 10a-€) asnovel carbonic anhydrase (CA) with
potential CDK inhibitory activity. A bioisosterieplacement approach was adopted to replace
the H-bond donor phenolic OH of CAN508 with a soitayl group to afford compound.
Thereafter, a ring-fusion approach was utilizedumish the 5/5 fused imidazopyrazolés-e
which subsequently expanded to 6/5 pyrazolopyringgBa-h and 10a-e. All the synthesized
analogues were evaluated for their inhibitory attitowards a panel of CA isoforms hCA I, I,
IX and XIl. The target tumor-associated isoformsAhiX and XII were effectively inhibited
with K;s ranges 6—67.6 and 10.1-88.6 nM, respectivelpahticular, sulfonamide8b, 9c and
10c were the most potemiCA IX inhibitors in this study withK;s in a single-digit nanomolar
range; 9.4, 6 and 8.8 nM, respectively. The obthinehibition profiles ascribed to
pyrazolopyrimidine seried0 excellent selectivity towards hCA 1X and Xl oveCA | (Sls:
63.35 — 276.70 and 68.10 — 223.39, respectivelg)omer hCA Il (Sis: 13.47 — 45.32 and 13.08
— 36.59, respectively). Furthermore, all compoundse evaluated for their potential CDK2 and
9 inhibitory activities. Pyrazolopyrimidine8d, 9e and 10b displayed weak CDK2 inhibitory
activity (ICso = 6.4, 8.0 and 11.@M, respectively), along with abolished CDK9 inhdry
activity. On account of their excellent activity darselectivity towards hCA X and XIl,
pyrazolopyrimidineslO were evaluated for their anti-proliferative actwtbward breast cancer
MCF-7 and MDA-MB-468 cell lines under normoxic ahglpoxic conditions. As compounds

10a, 10c and10d emerged as the most potent anti-proliferative egagainst MCF-7 cells, they
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were selected to be assessed for their impacteonethcycle distribution and apoptotic potential
in MCF-7 cells. They disrupted the MCF-7 cell cyesia alteration of the Sub-(Gphase and
arrest of G-M stage, and displayed significant increase inpisieent of annexinV-FITC positive
apoptotic cells. Finally, a docking study was eadrout to investigate the binding modes and to
justify the selectivity of serief0 toward isoforms hCA 1X and XII over hCA Il. It wasiggested
that the Phel31/Vall31 (CA 1I/1X) and Phel31/Alal81A I1I/XIl) induced a different
placement for the bulky and rigid pyrazolopyrimiglitail within the active site of the ubiquitous
isozyme, which could prevent strong contacts whi lhydrophobic cleft of the binding cavity,

and drives the terminal phenyl moiety toward thdrbphilic area.
4. Experimental
4.1. Chemistry

4.1.1. General

Melting points were measured with a Stuart melfognt apparatus and were uncorrected.
Infrared spectra were recorded on Schimadzu FT4R08 spectrophotometer. The NMR
spectra were recorded by Bruker spectrometer atMIig@. 13C NMR spectra were run at 100
MHz in deuterated dimethylsulfoxide (DMS@B). Chemical shiftsdy) are reported relative to
the solvent (DMSQ). All coupling constantd) values are given in hertz. Chemical shi#g) (
are reported relative to the solvent (DM8§)- High-resolution mass spectra were recorded
using a Bruker MicroTOF spectrometer. Elementallyses were carried out at the Regional
Center for Microbiology and Biotechnology, Al-Azhadniversity, Cairo, Egypt. Unless
otherwise noted, all solvents and reagents werarecially available and used without further
purification. Compound$3) [24, 25], @) [25, 26], ba-e) [27, 28], fa-h) [29, 30] and Ta-€)

[31] were synthesized as reported previously.

4.1.2. Synthesis of 4-((6-amino-2-(4-substitutedphenyBrubilazo[1,2-b]pyrazol-7-
yl)diazenyl)benzenesulfonamida{e)

The key intermediaté (7 g, 0.02 mol) was added to a preheated, stsusgension oba-e
(0.05 mol) in absolute ethanol (25 mL) and few drap DMF. The resulting reaction mixture

was heated under reflux for 12h with stirring. Thieaction mixture was filtered while hot, and
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the obtained solid was washed with hot ethanol racdystallized from DMF/ethanol to afford

the target compounda-e.

41.2.1. 4-((6-Amino-2-phenyl-H-imidazo[1,2b]pyrazol-7-yl)diazenyl)benzenesulfonamide
(8a)

Yield (45%); brick red powder; m.p. >30C; IR: 3402, 3313, 3240, 3174, 3155 (NH, 2)H
1338, 1153 (S€); *H NMR § ppm 7.37 (br s, 2H, -SE@NH,), 7.43 (t, 1H, Ar-HJ = 7.2 Hz),
7.54 (t, 2H, Ar-HJ = 7.6 Hz), 7.76 (br s, 2H, -N+bf pyrazole), 7.88 (d, 2H, Ar-H, = 8.8 Hz),
7.95 (d, 2H, Ar-HJ = 8.0 Hz), 8.01 (d, 2H, Ar-HJ = 8.8 Hz), 8.51 (s, 1H, Ar-H), 11.97 (br s,
1H, -NH); 13C NMR 6 ppm 110.85, 115.51, 120.29, 125.06, 127.85, 129.29,78, 130.78,
138.45, 138.76, 145.32, 153.86, 162.14; Mtz %: 381.4 (M, 19.12); Anal. Calcd. for
Ci17H1sN7O,S: C, 53.53; H, 3.96; N, 25.71; found C, 53.713t92; N, 25.75.

4.1.2.2. 4-((6-Amino-2-(4-methylphenyl)H-imidazo[1,2b]pyrazol-7-
yh)diazenyl)benzenesulfonamidéh)

Yield (39%); brick red powder; m.p. >30C; IR: 3390, 3309, 3240, 3174 (NH, 2MNH1334,
1153 (SQ); *H NMR 6 ppm 2.36 (s, 3H, Ch), 7.34-7.36 (m, 4H, 2H, -S®H, and 2H, Ar-H),
7.75 (br s, 2H, -Nklof pyrazole), 7.82 (d, 2H, Ar-HJ, = 8.0 Hz), 7.88 (d, 2H, Ar-H] = 8.4 Hz),
8.01 (d, 2H, Ar-H,J = 8.4 Hz), 8.44 (s, 1H, Ar-H), 11.86 (br s, 1H,HX *C NMR § ppm
21.74 (CH), 110.67, 115.24, 121.11, 124.98, 127.09, 1281@9,94, 132.39, 142.14, 145.05,
146.15, 155.66, 162.80; M8/z%: 395.3 (M, 26.57); Anal. Calcd. for gH1/N;O,S: C, 54.67;
H, 4.33; N, 24.79; found C, 55.01; H, 4.29; N, 3.8

4.1.2.3. 4-((6-Amino-2-(4-fluorophenyl)-#-imidazo[1,2b]pyrazol-7-
yl)diazenyl)benzenesulfonamid@cj

Yield (40%); brick red powder; m.p. >30C; IR: 3417, 3305, 3217, 3174 (NH, 2MNH1323,
1153 (SQ); *H NMR 6 ppm 7.39-7.41 (m, 4H, 2H, -S®H, and 2H, Ar-H), 7.75 (br s, 2H, -
NH, of pyrazole), 7.88 (d, 2H, Ar-Hl = 7.6 Hz), 7.97-8.05 (m, 4H, Ar-H), 8.47 (s, 1H;K),
11.95 (br s, 1H, -NH)*C NMR ¢ ppm 111.39, 116.05, 116.81Jt.c= 21 Hz), 119.12, 125.15,
127.65, 127.69°0r.c = 8 Hz), 128.86, 135.33, 140.02, 145.36, 162.72, 1% (J-.c = 246 Hz);
MS m/z %: 399.7 (M, 29.37); Anal. Calcd. for GH14FN;O,S: C, 51.12; H, 3.53; N, 24.55;
found C, 50.84; H, 3.48; N, 24.65.
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4.1.2.4. 4-((6-Amino-2-(4-chlorophenyl)H-imidazo[1,2b]pyrazol-7-
yl)diazenyl)benzenesulfonamidéd)

Yield (43%); brick red powder; m.p. >30C; IR: 3448, 3410, 3352, 3259, 3170 (NH, 2)\H
1319, 1153 (S); *H NMR 6 ppm 7.36 (br s, 2H, -S®NH,), 7.60-7.74 (m, 4H, 2H, Ar-H and
2H, -NH, of pyrazole), 7.87 (d, 2H, Ar-HJ,= 8.4 Hz), 7.95-8.00 (m, 4H, Ar-H), 8.48 (s, 1H; A
H), 11.89 (br s, 1H, -NH); M&1/z%: 417.8 (M+2, 13.88), 415.8 (K] 39.41); Anal. Calcd. for
C17H14CIN;O,S: C, 49.10; H, 3.39; N, 23.58; found C, 48.913H1; N, 23.54.

4.1.2.5. 4-((6-Amino-2-(4-bromophenyl)H-imidazo[1,2b]pyrazol-7-
yl)diazenyl)benzenesulfonamid@ej

Yield (40%); brick red powder; m.p. >30C; IR: 3344, 3255, 3167, 3086 (NH, 2MNH1330,
1153 (SQ); *H NMR 6 ppm 7.36 (br s, 2H, -SENH,), 7.73-7.79 (m, 4H, 2H, Ar-H and 2H, -
NH; of pyrazole), 7.87-7.91 (m, 4H, Ar-H), 7.99 (d, ,2&r-H, J = 8.0 Hz), 8.50 (s, 1H, Ar-H),
11.88 (br s, 1H, -NH); MSn/z %: 462.3 (M+2, 34.01), 460.3 (M 31.26); Anal. Calcd. for
C17H14BrN7O,S: C, 44.36; H, 3.07; N, 21.30; found C, 44.653H,1; N, 21.20.

4.1.3. Synthesis of4-((2-amino-7-(4-substitutedghpyrazolo[1,5-a]pyrimidin-3-

yl)diazenyl)benzenesulfonami@a+h)

A mixture of4 (1.4 g, 0.005 mol) an@a-h (0.005mol) in glacial acetic acid (5 mL) was
heated under reflux for 1h. The formed precipitages filtered while hot, washed with cold

ethanol and water, and recrystallized from dioxanirnish target sulfonamid€s-h.

4.1.3.1.4-((2-Amino-7-phenylpyrazolo[1,8}pyrimidin-3-yl)diazenyl)benzenesulfonamideaj
Yield (58%); yellow powder; m.p. 298-30C; IR: 3437, 3352, 3224, 3101 (2MH1300, 1149
(SOy); *H NMR 6 ppm 7.31 (d, 1H, Ar-HJ = 4.8 Hz), 7.42-7.43 (m, 4H, 2H, -NHnd 2H, -
SO,NH,), 7.60-7.63 (m, 3H, Ar-H), 7.95-8.00 (m, 4H, ArsH8.07 (d, 2H, Ar-HJ = 8.0 Hz),
8.63 (d, 1H, Ar-HJ = 4.8 Hz); MSm/z%: 393.3 (M, 43.43); Anal. Calcd. for gH1sN;O.S: C,
54.95; H, 3.84; N, 24.92; found C, 55.16; H, 3.8124.84.

4.1.3.2. 4-((2-Amino-7-(4-methylphenyl)pyrazolo[1 &pyrimidin-3-
yl)diazenyl)benzenesulfonamid@b)

Yield (69%); yellow powder; m.p. 297-29€; IR: 3417, 3255, 3186, 3143 (2MH1330, 1149
(SQ); *H NMR ¢ ppm 2.43 (s, 3H, Ch), 7.32 (d, 1H, Ar-H, = 4.8 Hz), 7.41-7.43 (m, 6H, 2H,
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Ar-H, 2H, -NH, and 2H, -S@NH,), 7.93-7.99 (m, 4H, Ar-H), 8.02 (d, 2H, Ar-H,= 8.0 Hz),
8.62 (d, 1H, Ar-H,J = 4.8 Hz);**C NMR & ppm 21.57 (CH), 110.18, 116.13, 121.69, 127.32,
127.73, 129.50, 130.02, 141.82, 143.34, 145.89,664851.40, 152.33, 155.41; HRMS (ESI)
for CyeH1s0:N-2S, calcd 408.12372, found 408.12357 [M%H]

4.1.3.3. 4-((2-Amino-7-(4-fluorophenyl)pyrazolo[1,8yrimidin-3-
yl)diazenyl)benzenesulfonamid@cy

Yield (55%); yellow powder; m.p. >30€C; IR: 3437, 3379, 3259, 3186 (2MH 1334, 1149
(SOy); *H NMR ¢ ppm 7.32 (d, 1H, Ar-HJ = 4.8 Hz), 7.42-7.49 (m, 6H, 2H, Ar-H, 2H, -NH
and 2H, -SGNH,), 7.94-8.00 (m, 4H, Ar-H), 8.17 (dd, 2H, Ar-d= 8.0 Hz,J = 4.0 Hz), 8.63
(d, 1H, Ar-H,J = 4.4 Hz);>C NMR § ppm 110.40, 116.04%)r.c = 22 Hz), 121.72, 127.04,
127.33, 132.79%0r.c = 9 Hz), 143.38, 144.84, 148.57, 151.43, 152.36,35 164.01 0r.c =
248 Hz), 172.49; M3n/z%: 411.4 (M, 14.04); Anal. Calcd. for gH14FN;O,S: C, 52.55; H,
3.43; N, 23.83; found C, 52.37; H, 3.49; N, 23.76.

4.1.3.4. 4-((2-Amino-7-(4-chlorophenyl)pyrazolo[1 &pyrimidin-3-
yl)diazenyl)benzenesulfonamid@d)

Yield (64%); yellow powder; m.p. >30@C; IR: 3417, 3336, 3259, 3186 (2MHH 1330, 1153
(SOy); *H NMR 6 ppm 7.36 (d, 1H, Ar-HJ = 4.8 Hz), 7.40-7.42 (m, 4H, 2H, -NHnd 2H, -
SO:NHy), 7.70 (d, 2H, Ar-HJ = 8.4 Hz), 7.93 (d, 2H, Ar-H] = 8.0 Hz), 7.97 (d, 2H, Ar-H] =

8.0 Hz), 8.13 (d, 2H, Ar-HJ] = 8.8 Hz), 8.65 (d, 1H, Ar-H] = 4.8 Hz);**C NMR ¢ ppm 110.486,
116.12, 121.73, 127.33, 129.05, 129.46, 131.98,483843.43, 144.67, 148.52, 151.50, 152.37,
155.35; HRMS (ESI) for GH;50,N-CIS, calcd 428.06910, found 428.06914 [M¥H]

4.1.3.5. 4-((2-Amino-7-(4-bromophenyl)pyrazolo[1 &pyrimidin-3-

yl)diazenyl)benzenesulfonamid@ej

Yield (61%); yellow powder; m.p. >30@C; IR: 3417, 3340, 3255, 3186 (2MH 1330, 1153
(SO); 'H NMR § ppm 7.33 (d, 1H, Ar-HJ = 4.8 Hz), 7.42 (br s, 4H, 2H, -NHand 2H, -
SO,NHy), 7.82 (d, 2H, Ar-HJ = 8.4 Hz), 7.94-8.00 (m, 4H, Ar-H), 8.04 (d, 2Hr-HA, J = 8.8
Hz), 8.64 (d, 1H, Ar-H,) = 4.4 Hz); MSm/z%: 474.2 (M+2, 21.56), 472.2 (M 20.94); Anal.
Calcd. for GgH14BrN7O.S: C, 45.77; H, 2.99; N, 20.76; found C, 45.552197; N, 20.78.
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4.1.3.6. 4-((2-Amino-7-(4-methoxyphenyl)pyrazolo[1&pyrimidin-3-
yl)diazenyl)benzenesulfonamid@f)

Yield (65%); yellow powder; m.p. >30@C; IR: 3425, 3305, 3244, 3186 (2MH 1327, 1149
(SOy); *H NMR 6 ppm 3.87 (s, 3H, OCH), 7.13 (d, 2H, Ar-H,J = 8.8 Hz), 7.30 (d, 1H, Ar-H]

= 4.8 Hz), 7.43 (br s, 4H, 2H, -NHand 2H, -SGNH,), 7.94-7.99 (m, 4H, Ar-H), 8.15 (d, 2H,
Ar-H, J = 8.8 Hz), 8.58 (d, 1H, Ar-HJ = 4.4 Hz);"*C NMR ¢ ppm 55.98 (OCH), 109.75,
114.36, 116.11, 121.68, 122.51, 127.32, 131.98,274345.53, 148.76, 151.21, 152.29, 155.43,
162.01; MSm/z %: 423.3 (M, 15.67); Anal. Calcd. for gH1/N;OsS: C, 53.89; H, 4.05; N,
23.15; found C, 54.21; H, 4.12; N, 23.05.

4.1.3.7. 4-((2-Amino-7-(4-nitrophenyl)pyrazolo[1,&8}pyrimidin-3-
yl)diazenyl)benzenesulfonamid@gj

Yield (63%); orange powder; m.p. >300; IR : 3417, 3383, 3271, 3190 (2MH1330, 1149
(SOy); 'H NMR 6 ppm 7.41-7.45 (m, 5H, 1H, Ar-H, 2H, -N+and 2H, -SGNH,), 7.93 (d, 2H,
Ar-H, J = 8.4 Hz), 7.98 (d, 2H, Ar-H] = 8.8 Hz), 8.32 (d, 2H, Ar-H] = 8.8 Hz), 8.44 (d, 2H,
Ar-H, J = 8.8 Hz), 8.70 (d, 1H, Ar-H] = 4.8 Hz); MSm/z%: 438.0 (M, 30.37); Anal. Calcd.
for C1gH14NgO4S: C, 49.31; H, 3.22; N, 25.56; found C, 49.713t26; N, 25.65.

4.1.3.8. 4-((2-Amino-7-(thiophen-2-yl)pyrazolo[1,8pyrimidin-3-
yl)diazenyl)benzenesulfonamidéh|

Yield (60%); orange powder; m.p. >300; IR: 3417, 3321, 3236, 3116 (2MH 1319, 1145
(SO); *H NMR ¢ ppm 7.39-7.43 (m, 3H, 1H, Ar-H, 2H, -N} 7.57 (s, 2H, -SENH), 7.81 (d,
1H, Ar-H, J = 5.2 Hz), 7.95-8.00 (m, 4H, Ar-H), 8.17 (d, 1H-KH, J = 4.4 Hz), 8.54-8.58 (m,
2H, Ar-H); MSm/z%: 399.4 (M, 13.60); Anal. Calcd. for gH1aN;0,S;: C, 48.11; H, 3.28; N,
24.55; found C, 48.48; H, 3.24; N, 24.64.

4.1.4. Synthesis of 4-((2,7-diamino-5-(4-substitptenyl)-6-cyanopyrazolo[1,5-a]pyrimidin-3-

yl)diazenyl)benzenesulfonamid®#-€)

A suspension of the key intermedidt€1.4 g, 0.005 mol) in dry DMF (30 mL) was added to
7a-e (0.005 mol), then heated under reflux for 8-10hef, the solvent was evaporated under
vacuum and the residue was collected, washed wlkerw dried and crystallized from

acetonitrile to afford the target sulfonamidés-e.
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4.1.4.1. 4-((2,7-Diamino-6-cyano-5-phenylpyrazolo[1a§pyrimidin-3-
yl)diazenyl)benzenesulfonamid&0g)

Yield ( 65%); yellow powder, m.p. 298-30C (reported m.p: 298C, [26]); IR: 3444, 3394,
3332, 3240, 3066 (3N#}} 2214 (CN), 1361, 1149 (SP *H NMR 6 ppm 7.25 (s, 2H, -Nh),
7.44 (s, 2H, -SeNH,), 7.60 (br s, 3H, Ar-H), 7.89-7.98 (m, 6H, Ar-H8,68 (br s, 2H, -Nb);
Anal. Calcd. for GgH1sN9O,S: C, 52.65; H, 3.49; N, 29.08; found C, 53.003t52; N, 29.18.

4.1.4.2. 4-((2,7-Diamino-5-(4-methylphenyl)-6-cyanopyrazdld-a]pyrimidin-3-
yl)diazenyl)benzenesulfonamid&0p)

Yield (67%); yellow powder; m.p. 295-29C; IR: 3429, 3406, 3298, 3224, 3167, (32222
(CN), 1334, 1153 (S, 'H NMR ¢ ppm 2.43 (s, 3H, Ch), 7.24 (s, 2H, -Nb), 7.38-7.43 (m,
4H, 2H, Ar-H, 2H, -SGNH>), 7.80 (d, 2H, Ar-HJ = 8.0 Hz), 7.95 (br s, 4H, Ar-H), 8.64 (br s,
2H, -NH,); *C NMR § ppm 21.48 (CH), 116.53, 117.90, 121.88, 127.33, 129.13, 129.37,
134.76, 140.81, 143.70, 147.13, 149.38, 152.52,115961.79, 162.79; MB8/z%: 447.66 (M,
57.3); Anal. Calcd. for gH1/NgO,S: C, 53.68; H, 3.83; N, 28.17; found C, 53.98;3+,7; N,
28.27.

4.1.4.3. 4-((2,7-Diamino-5-(4-fluorophenyl)-6-cyanopyrazdldp-a]pyrimidin-3-
yh)diazenyl)benzenesulfonamid&0f)

Yield (59%); yellow powder; m.p. >30€C; IR: 3444, 3332, 3236 (3N} 2214 (CN), 1338,
1149 (SQ); 'H NMR ¢ ppm 7.24 (s, 2H, -Nb), 7.41 (s, 2H, -SENH,), 7.94-7.97 (m, 8H, Ar-
H), 8.68 (br s, 2H, -Nb); HRMS (ESI) for GoH150,NgF32S, calcd 452.10480, found 452.10482
[M+H] ™.

4.1.4.4. 4-((2,7-Diamino-5-(4-chlorophenyl)-6-cyanopyrazdid-a]pyrimidin-3-
yl)diazenyl)benzenesulfonamid&0g)

Yield (63 %); yellow powder; m.p. >30C (reported m.p: >30C [26]); IR: 3433, 3406, 3352,
3298, 3228, 3174 (3N#} 2222 (CN), 1338, 1153 (S 'H NMR ¢ ppm 7.25 (s, 2H, -NH),
7.44 (s, 2H, -S@NH,), 7.65 (d, 2H, Ar-H,J = 8.4 Hz), 7.91-7.96 (m, 6H, Ar-H), 8.71 (br s,,2H
NH,); *C NMR 6 ppm 116.32, 117.95, 121.92, 127.33, 128.95, 131.83,74, 136.36, 143.79,
147.94, 149.28, 152.54, 155.06, 160.59, 162.79;mi8%: 469.20 (M+2, 17.85), 467.2 (M
55.65); Anal. Calcd. for gH14CINgO,S: C, 48.77; H, 3.02; N, 26.94; found C, 49.11;2t96;
N, 26.86.
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4.1.4.5. 4-((2,7-Diamino-5-(4-bromophenyl)-6-cyanopyrazol®fa]pyrimidin-3-
yl)diazenyl)benzenesulfonamid&0g)

Yield (61%); yellow powder; m.p. >30(C; IR: 3483, 3425, 3340, 3298, 3244, 3182 (3NH
2210 (CN), 1327, 1149 (SP *H NMR 6 ppm 7.25 (s, 2H, -Nk), 7.44 (s, 2H, -S@NH,), 7.79-
7.96 (m, 4H, Ar-H), 7.96 (br s, 4H, Ar-H), 8.69 (br 2H, -NH); MS m/z %: 514.1 (M+2,
16.98), 512.1 (M, 15.66); Anal. Calcd. for gH14BrNgO,S: C, 44.54; H, 2.75; N, 24.61; found
C,44.57;H, 2.78; N, 24.54.

4.2 Biological evaluation

4.2.1. CA inhibitory assay

An Applied Photophysics stopped-flow instrument heesen used for assaying the CA
catalysed C@hydration activity, as reported earlier. [32, 44-Zhe inhibition constants were
obtained by non-linear least-squares methods WBBRIGM 3 and the Cheng-Prusoff equation as
reported earlier [18], and represent the mean fabrieast three different determinations. The

four tested CA isofoms were recombinant ones obthin-house as reported earlier [23].
4.2.2. CDK inhibition assays

The assays were performed as described earliedfd3Briefly, CDK2/cyclin E kinase was
produced via baculoviral infection in Sf9 cells, RKBCyclin T1 was purchased from ProQinase.
The kinases were assayed with histone H1 (for CD2)YSPTSPSKK (for CDK9) in the
presence of 15 or 1.5 uM ATP (for CDK2 and CDK$pextively), 0.05 pCiyf>*PJATP and of
the test compound in a final volume of 10 pL, alla reaction buffer (60 mM HEPES-NaOH,
pH 7.5, 3 mM MgC), 3 mM MnCh, 3 uM Na-orthovanadate, 1.2 mM DTT, 25 / 50 ul
PEGyo.009. The reactions were stopped by adding 5 pL of 8fa4POs. Aliquots were spotted
onto P-81 phosphocellulose (Whatman), washed 3k @&k % aq. HPO, and finally air-dried.

Kinase inhibition was quantified using a FLA-700Qithl image analyzer (Fuijifilm).
4.2.3. In Vitro Antitumor screening against 60 cancell lines

The antitumor assay was performed according t@tb®col of the Drug Evaluation Branch,
NCI, Bethesda [45]. A 48 h drug exposure protocaswadopted, and sulforhodamine B (SRB)
assay [33] was utilized to assess the cell growthwéability, as reported earlier [46, 47].

29



4.2.4. Antiproliferative activity against MCF-7 atdDA-MB-468 cell lines

Breast cancer MCF-7 and MDA-MB-46&:ll lines were obtained from American Type
Culture Collection (ATCC). Both cells were grown WMEM. The cells were supplemented
with 10% heat-inactivated fetal bovine serum, 1%litamine (2.5 mM), HEPES buffer (10
mM), 50 ug/mL gentamycin. All cells were maintained at 3G humidified atmosphere with

5% CQ. Cytotoxicity was determined following the MTT agsas reported earlier [48, 49].
4.2.5. Cell Cycle Analysis

MCF-7 cells were treated with sulfonamid&3a, 10c and 10d for 24 hour at their 16
concentration, and then cells were washed twich w#-cold phosphate buffered saline (PBS).
Subsequently, the treated cells were collected dntridugation, fixed in ice-cold 70%v/{)
ethanol, washed with PBS, re-suspended withifdthL RNase, stained with 4@/mL PI, and
analyzed by flow cytometry using FACS Calibur (BectDickinson, BD, USA). The cell cycle

distributions were calculated using CellQuest safenb.1 (Becton Dickinson) [50, 51].
4.2.6. Annexin V-FITC Apoptosis Assay

Phosphatidylserine externalization was assayed gudnnexin V-FITC/Pl apoptosis
detection kit (BD Biosciences, USA) according te tmanufacturer’s instructions, as reported
earlier [47, 52].

4.2.7. Computational studies

The crystal structure of hCA 1l (PDB 5LJT) [37], AGX (PDB 5FL4) [38] and Xl (pdb
JLDO [39]) were prepared using the Protein PreparailVizard tool implemented in Maestro -
Schrodinger suite, assigning bond orders, addindrdgens, deleting water molecules, and
optimizing H-bonding networks. Energy minimizatiqggrotocol with a root mean square
deviation (RMSD) value of 0.30 was applied using @ptimized Potentials for Liquid
Simulation (OPLS3e) force field. 3D ligand struetsirwere prepared by Maestro [4a] and
evaluated for their ionization states at pH 7.4.% @ith Epik [4b]. OPLS3e force field in
Macromodel [4e] was used for energy minimizationdamaximum number of 2500 conjugate
gradient iteration and setting a convergence @itenf 0.05 kcal motA™. The docking grid was

centred on the center of mass of the co-crystallimands and Glide used with default settings.
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Ligands were docked with the standard precisionan(&P) of Glid¢4f] and the best 5 poses of
each molecule retained as output. The best posedon compound, evaluated in terms of
coordination, hydrogen bond interactions and hydeodyc contacts, was refined with Prime [4d]
with a VSGB solvation model considering the tartyexible within 3A around the ligand [53-
55]
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Highlights

- New series of CAN508 sulfonamide-based analogtezs synthesized.

- Inhibitory activities of all derivativesere evaluated toward hCA 1, I, IX and XlI isofosm
- hCA IX and Xl were efficiently inhibited wit;s range of 6—-67.6 and 10.1-88.6 nM.

- Pyrazolopyrimidine€d, 9e and 10b were found to be the most potent CDK2 inhibitors.

- Molecular docking was done to examine binding enfut the selective CAIX & XII inhibitors.
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