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Abstract

A series of novel pyrazolo[3dlpyrimidines bearing benzenesulfonamide motedyf, 6 and 7
were synthesized. Cytotoxic screening was conduetgdinst MCF-7 and HepG2. 6-(4-
Methoxyphenyl)-4-oxopyrazolopyrimidine derivatié® and 4-imino-6-oxopyrazolopyrimidine
derivative6 revealed potent cytotoxic activity with 4¢€1.4 uM (MCF-7) and 0.4 pM (HepG2),
respectively compared to that of doxorubicin, s¢l€ 1.02 uM and 0.9 uM, respectively).
Compounds$e and6 were subjected to cell cycle analysis and apoptssay after 24h and 48h
treatment. Compoun8e arrested cell at G1 phase, whilarrested cell at S and G2/M phases,
respectively. The apoptotic effect of both companere evidenced by pre G1 apoptosis as its
percentage increased by time (7.38%, 11.61%) aB®Z%, 16.71%), respectively. Apoptosis
induction capability was confirmed by the effectearly and late apoptosis and augmentation of
caspase-3 level. Furthermore, compo@nohhibited CDK2 enzyme with 165 =0.19uM and
increased levels of its regulators, P21 and P21(§6% and 8.5%, respectively. Moreover, a
molecular docking study of compour@ion CDK2 enzyme was adopted to explore binding
interaction with amino acid residues of its acsite.
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1. Introduction

Cancer, according to World Health Organization (WH® the second leading cause of death
globally and accounted for 8.8 million deaths irL20That is nearly 1 in 6 of all global deaths
[1]. Higher proliferation rate and evasion of apmgi are considered two of common cancer
hallmarks [2].Cell division and programmed cell death "apoptosi®' intimately coupled [3].
The linkage of cell cycle and apoptosis has be#nanced by some proteins like tumor protein
(p53), Protein Kinase C (PKC), B-cell lymphoma 2 I(B; Nuclear Factor kappa-light-chain-
enhancer of activated B cells (MB), Cyclin Dependant Kinase (CDK), cyclins and Gase
Kinase | (CKI)[4]. Cyclin dependent kinases (CDKSs) are the mastgulators that drive the cell
cycle engine [5]. Their activities are down regethby inhibitors (CDKIs)6]. Deregulation of
CDKs can activate CDKs inappropriately and as asequence, promote proliferation of cancer
[7]. CDK2, the S-phase CDK, control the G1/S traosi Also, regulate the G2/M transition that
prevents cells with damaged DNA from initiating agiis [8]. Also CDK2 patrticipate in subset of
apoptosis cascade [9hhibition of CDK2 activity causes cell cycle arregt G1/S and G2/M
phases and induction of apoptosis [10]. Consequehi development of CDK inhibitors might
offer selective and tolerable treatment for cancer.

During the past decade many CDK inhibitors havenbd®veloped and characterized. The first
CDK inhibitor, purine derivative, Roscovitirleis considered as a pan-selective CDK inhibitor
with multiple effects on cell proliferation, cellycle progression and induction of apoptosis in
cancer cells [11]. However, Roscovitine exhibitexiitity and low efficacy [7]. Dinaciclibhl is a
pyrazolo[1,5a]pyrimidine derivative that inhibits (CDKSs). It iseing evaluated in clinical trials
for various cancer indications [12Figure 1).

Literature survey revealed the biological activil pyrazolo[3,4d]pyrimidine, an isoster of
purine, as CDK2 inhibitors and apoptotic inducefdl],13]. It was reported that, presence of
benzenesulfonamide group on pyrazolo[@dyrimidine scaffold strengthens its anticancer
activity [14].

Inspired by the above findings, we aimed to desigul synthesize CDK2 inhibitors with
pyrazolo[3,4d]pyrimidine scaffold bearing benzenesulfonamide etywb-7. In order to explore
the activity of the synthesized compounds,vitro cytotoxic screening against liver cancer
(HepG2) and breast cancer (MCF-7) cell lines wasduooted. Moreover, to elucidate the

mechanism of action for cytotoxic activity, the rhastive compounds were subjected to cell



cycle analysis and apoptotic assay. In additioe @DK2 enzyme inhibition assay was
conducted. Finally, simulation docking study wasried out to gain insight into the possible

binding mode of the tested compound in the CDKZ/erebinding site.

2. Results and Discussion

2.1. Chemistry

Sulfanilamidel was diazotized in hydrochloric acid with sodiuntrite at 5 °C. The diazonium
salt was then reduced by sodium sulfite to givedheydrazinobenzenesulfonamidgl5]. The
key intermediate, 4-(5-amino-4-cyanbl-pyrazol-1-yl)benzenesulfonamidewas prepared by
reacting compoun@ with ethoxymethylene malononitrile in absolute atbl and anhydrous
sodium acetate [16]. The reaction proceeded SN mechanism in two steps leading to
intramolecular pyrazole cyclization [17,18].

Pyrazole-4-carboxamide derivatidewas prepared by stirring amino compouhdith sulfuric
acid for 16 h at room temperature. Its IR spectrenealed presence of bands at 3460, 3452,
3344, 3278 and 3170 ¢hwhich correspond to 3 NigroupsAlso a new band at 1662 €mwas
attributed to C=0; in addition to disappearancebafd at 2216 cthfor CN group. Mass
spectrum showed its molecular ion peak at m/z 281.

Pyrazolo[3,4d]pyrimidin-4-one derivatives5a-f were achieved by reacting pyrazole-4-
carboxamidel with the appropriate aromatic aldehyde using DR &olvent in the presence of
iodine as mild Lewis acid and oxidariti NMR spectra of compoundSa-f showed the
appearance of singlet signal &t 12.57-12.79 ppm attributed to pyrimidine NH protom
addition to increased number of aromatic protormm@ound5b showed a triplet signal at
7.44 ppm and a doublet of doublet signad:a®.31 ppm assigned to H-3",5" and H-2",6" protons
of p-fluoro substituted phenyl moiety, respectively.sTtwvas explained on the basis of proton
coupling with fluorine atom [19fH NMR spectrum of compoune showed singlet signal at
3.87 ppm attributed to OGHprotons while that of compourf had two singlet signals at
3.87 and 3.91 ppm attributed to two OQptotons.**C NMR spectrum ofd showed signals of
aromatic carbons. Mass spectrébaff showed their molecular ion peal&cheme L

Fusion of 5-aminopyrazole-4-carbonitrile with urea yielded pyrazolopyrimidine derivativi,

IR spectrum of compounél showed the appearance of a band at 168% assigned to C=0

group, while its'H NMR spectrum showed appearance of three singleals ats: 7.48, 8.77



and 11.05 ppm attributed to three NH protons initamidto a singlet signal ai: 7.37 ppm
attributed to SGNH, protons.**C NMR spectrum of compourishowed signals corresponding
to aromatic protons and mass spectrum showed itscodar ion peak at m/z 306.
4-(4-Amino-1H-pyrazolo[3,4d]pyrimidin-1-yl)benzenesulfonamidéwas achieved by refluxing
amino derivative3 with formamide for 16 h"H NMR of compound” showed the appearance of
the singlet signal aé: 8.36 ppm which corresponds to H-3 pyrazolopyrimég and mass

spectrum showed its molecular ion peak at m/z Zebéme )

2.2. Biological Evaluation

2.2.1. Cytotoxic Screening

All newly synthesized compounds were tested agdeshuman breast adenocarcinoma cell line
(MCF-7), and human hepatocellular carcinoma catle li(HepG2) at the department of
Pharmacology and Toxicology, Faculty of PharmacitAzhar University by the method of
MTT assay.

The newly synthesized compourigls4, 5a-f, 6 and7 were evaluated for thein vitro cytotoxic
activity against two cell lines using Doxorubicis aeference standard; all the results are
displayed inTable 1

Results showed that the synthesized pyrazole demga3 and 4 were inactive against both
MCF-7 and HepG2 cell lines, while the pyrazolo[8]gyrimidines 5-7 demonstrated variable
activities against both cell lines. Substitutiortspasition 4 and 6 were proven crucial for
pyrazolo[3,4d]pyrimidines activity. 6-Substituted pyrazolo[3#pyrimidin-4-one derivatives
with monosubstituted phengb-e were very active, while unsubstitutéd and disubstitute&f
were inactive against the both cell lines. Compob@dhowed promising activity against MCF-
7 with 1C50 1.40 uM comparable to the standard used doxorubwdh 1Csp1.02 uM, while it
was inactive against HepG2. Also, compousd showed good activity with I 2.50 uM
against MCF-7 and moderate activity with;d@3.90 uM against HepG2. Compousioland5d
exhibited mild activity against MCF-7 with 38 pM and 14.46 puM, respectively. However,
against HepG2 compourith showed good activity with 1§ 2.66 uM and compourtstd showed
mild activity with 1G9 42.6 pM. On the other hand, compoutidhowed promising activity
against HepG2 cell line with K20.40 UM even more active than doxorubicin withl0.90
UM.



4-Substituted pyrazolo[3,d}pyrimidin-4-one with amino group, compournd showed mild
activity against MCF-7 with 165 40.70 pM.
Therefore, compoundse and6 were subjected to further investigations to explttre possible

mechanism of action on MCF-7 and HepG2, respegtivel

2.2.2. Cdll cycle analysis and apoptosis assay

Compounds$e and6 were subjected to cell cycle analysis, apoptagag and enzyme assays at
confirmatory diagnostic unit, VACSERA-EGYPT.

2.2.2.1. Cdl cycle analysis and apoptosis detection

Cell cycle is the series of growth and developnseps that lead to cell division and DNA
replication. The cell cycle consists of four distiphases: G1 phase, S phase (synthesis), G2
phase and M phase. During G1, preparation of enamgyDNA replication blocks occurs. The S
phase is the stage when DNA replicates. Duringt@new DNA is checked and repaired. The
M (mitosis) stage where nuclear and cytoplasmicsiin take place.

Effect of compoundSe and6 on cell cycle progression and induction of apoigtosthe MCF-7
and HepG2 cell lines was studied. MCF7 and HepQP licees were incubated with Kg
concentration of compounge and6 for 24 h and 48 h. The cell lines were stainechvidt /
Annexin V and analyzed by flow cytometry using BIASCC alibur. Quantification of the
results Table 2, Figure J revealed that percentage of pre G1 apoptosiscediby compound
5eon MCF-7 after 24h incubation was 7.38%. This petreeas increased to 11.61% after 48h.
A high percent of cell accumulation was observedsih and S phase in MCF-7 treated with
compound5e after 24h and 48h incubation indicating arrest elf cycle at G1/S transition.
Compounds on HepG2nduced pre G1 apoptosis by 13.92% after 24h inoobahat increased
to 16.71% after 48h incubation. Also, HepG2 treatedh compound 6 showed cell
accumulation at S phase and G2/M phase after ZAlbation. It showed high cell accumulation
at G2/M after 48h incubation. This indicated thatrrested cell cycle at G2/M phase.

2.2.2.2. Apoptosis assay
Cell cycle analysis of MCF-7 and HepG2 after tresttnwith compoundbe and6, respectively
showed presence of pre-G1 peak which is an indicadf apoptosis. To confirm the ability of

both compounds to induce apoptosis, cells weraedaivith Annexin V/ PI, incubated for 24h



and 48h and analyzed. Analyses of early and labptapis showed that, compounsisand 6
were indeed able to induce significant levels a@psis Table 3, Figure 3.

2.2.2.3. Caspase-3 activity (Key executor of apoptosis)

Caspases (cysteinyl aspartate specific proteinasesgssential in the regulation of apoptosis.
There are two types of apoptotic caspases: Inrti@pical) caspases and effector (executioner)
caspases. The best recognized biochemical hallofagpoptosis is the activation of caspases.
Detection of active caspase-3 in cells and tisssi@ important method for apoptosis induced
by a wide variety of apoptotic signals. Sensitind aeproducible detection of active caspase-3 is
important to advance the understanding of celldlarctions and multiple pathologies of
etiologies [20,21]. Compoundse and 6 were subjected to caspase-3 activation assay using
ELISA technique. Results were expressed in terr@agpase-3 concentration Pg/mbble 4).
From the table of the result, it was found that poond5eincreased caspase-3 concentration in
MCF-7 by 32 fold, while compoun& induced activation caspase-3 in HepG2 by 36 fold
compared to its control. In light of these resulb®th compounds may be considered as

promising apoptotic inducers.

2.2.2.4. Cyclin dependent Kinase 2 (in vitro) inhibition assay (I Csp deter mination)
Cyclin-dependent kinases (CDKs) are a family ofregthreonine kinases where their catalytic
activities are modulated by interactions with aysland Cdk inhibitors (CKIs). The regulation of
the cell cycle is a well orchestrated pairing dfetent members of the cyclin dependent kinases
(CDKs) and its regulatory subunits (cyclin). Fostance, binding of CDK2 with cyclin E is
necessary for cells to make the transition fromildd S phase [8]. Association of CDK2 with
cyclin A is responsible for DNA synthesis [9] anttigation of M-cyclin/CDK complex [8].

The activity of CDKs is restrained by CDK inhibiso{CKIs). CKIls are subdivided into two
classes based on their structure and CDK spegifi@ihe of them are Cip/Kip family members
[p21°P* (Cdknla), p2'F°* (Cdknlb) and ps%? (Cdknlc)] are more promiscuous and interfere
with the activities of cyclin E-, A- and B-dependé&mase complexes [5].

To elucidate the S phase and/[& phase arrest caused by compo@hdhe kinase inhibitory

effect of 6 was evaluated against CDK2 and itssd@vas determined. After treatment with



different concentration of compouid ICso was calculated from concentration—response curve
to be 0.19 uMTable 5).

2.2.2.5. P21 and P27 expression

Compound6 was subjected to P21 and P27 (CDKs inhibitorsyesgion assay to evaluate its
effect on both. Results were expressed in ternesiflual concentration Pg/mL and % activation
(Table 6. Compoundé was found to activate P21 by 10.06% and P27 by 8fch will be
reflected on CDK2 inhibition.

2.3. Molecular docking

CDK2 includes primarily the conserved kinase corthwo extension at the N terminus and a
short extension of 12 residues at the C termindl gmall insert within the core. This catalytic
core made up of ATP binding pocket, PSTAIRE-likeloybinding site and protein substrate
binding site [22]. The backbone structure of CDk2 be divided into two lobes. The smaller N-
terminal lobe of CDK2 consists of a sheet of fimigarallel-strands [§1-$5) and a single large
helix (a1). The larger C-terminal lobe contains a pseud@ltal bundle ¢2-a4, a6), a smal-
ribbon (36-8) and two additional helicesq, o7) [22]. CDK2 regulation, both positive and
negative, depends on complexion with cyclins asdpliosphorylation state. The ATP-binding
pocket is a CDK2-MGATP binary complex. Its site is found in the clbétween the two lobes
[23]. Thr14 and Tyrl5 are both in the middle of digcine- rich loop that serves as a phosphate
anchor in ATP binding. Also, it is considered asKZDnhibitory phosphorylation site. Thr160
is found at the apex of the T-loop, is consideredC®K?2 activating phosphorylation site. The
hydroxyl group of Thr160 is oriented toward theaghe rich loop of the ATP binding site.

The ATP phosphates are held in position by ionid agdrogen bonding interactions with
several residues including Lys33, Aspl45 and theklib@ne amides of the glycine rich loop
betweenfl and 2. Oxygen from each of the three phosphates of Ad/tributes to the
octahedral co-ordination of the Kfgon. The three other residues involved in the alif@tion

of Mg?* are Asn132, Asp145 and a water molecule [23].

In order to explore the binding mode of compouhdn the active site of CDK2, molecular
docking of compound was performed using protein data bank file (PDB8Y) [24] by



Molecular Operating Environment (MOE) 2008.10 rekaf Chemical Computing Group,
Canada.

The binding affinity of the ligand was evaluatedthwenergy score (S, Kcal/mol). Low dock
score indicates good affinity. Hydrogen bond, ararene and arene cation interaction were also
used to assess the binding models.

The inhibitor CT7-CDK2 complex was precisely reprodd by the docking procedure as
demonstrated by low root mean square deviationdr(®s2341) and dock score (-18.0923
kcal/mol), i.e. the docking protocol was valid. #fsown in Figure 4) the inhibitor CT7 (IG =
2.0 uM) [24] nearly fits in the active site formimgght hydrogen bonding interactions with the
active site residues. N of pyrimidine binds withsBg (3.17 A). Leu83 interacts by two
hydrogen bonds with NH (2.70 A) and N pyrazole @34). SG of ligand interacts with Asp86
(2.90 A) and Lys89 (3.18 A) and also through watelecule with His84, GIn85 and Lys89
(3.11 A).

Compounds (ICsp 0.19 puM) with dock score (-18.6608 Kcal/mol), Bnalith active site forming
eight hydrogen bonds in addition to one arene natiteraction. The amino group of g,
binds with Thr14 (2.55 A) and Asp145 (1.29 A). Nmyfazole interacts with Lys33 (2.93 A) and
the imino NH interacts with Leu83 (2.50 A). In afiloin, the oxygen atom of S8H; binds with
Thrl4 and Lys123 through water molecule (2.24 AjlevNH of pyrimidine binds with Asp86
and GIn131 through water molecule (1.94 A) in additto arene cation interaction between

benzene ring and Lys33, reflecting its action BKe2 inhibitor (Figure 5).

3. Conclusion

In this study, a series of pyrazolopyrimidine datives were synthesized and their cytotoxicity
against MCF-7 and HepG2 were evaluated. It wasddbat, compounde was potent against
MCF-7 with 1G5, comparable to standard used (Doxorubicin). Howepgrazolopyrimidine6
demonstrated high potency against HepG2 withy IE€ss than standard used doxorubicin.
Moreover, the potential mechanisms of the cytotaxitivity of the promising compounég and

6 on MCF-7 and HepG2 cell lines were investigatedll @gcle analysis showed that
pyrazolopyrimidine derivative5e arrested cell cycle of MCF-7 at G1 phase. While

pyrazolopyrimidine derivativé arrested cell cycle of HepG2 at S and G2/M pha&lss, both



compounds exhibited apoptotic induction capabilitifis was evidenced by presence of pre G1
peak and confirmed by apoptotic induction assay amginenting caspase-3 activation. In the
light of cell cycle results, compour@isubjected to CDK2 inhibition assay withs®.19 uM.
Furthermore, it increased the expression of CDKibitors P21 and P27. Molecular docking of

compounds on CDK2 enzyme (PDB: 1y8y) confirmed the biolodjiesults.

4. Experimental

4.1. Chemistry

Melting points were determined on Stuart meltinghpapparatus (Stuart Scientific, Redhil, UK)
and Peak Find-Memory-9 and were uncorrected. IRtsp&vere recorded as potassium bromide
disc on Shimadzu FT-IR Affinity-1 spectrometer aBduker FT-IR spectrophotometer. They
were expressed in wave number {OniThe NMR spectra were recorded on a Varian Megrcur
VX-300 and Bruker AVANCE 111400 MHz FT-NMR spectraeter.'H spectra were run at 400
MHz and *C spectra were run at 100 MHz in deuterated dintstifphoxide (DMSQOds).
Chemical Shifts are quoted thas parts per million (ppm) downfield from tetramdsilane
(TMS) as internal standard. Mass spectra were decorusing Single Quadruple mass
spectrometer ISQ LT. Microanalyses were carriedabtthe Regional Center for Mycology and
Biotechnology, Al-Azhar University. TLC were camlieout using Kieselgel 60 F254 sheets
(Merck, Darmstadt, Germany), the developing solvemere dichloromethane/methanol (9:1)
and the spots were visualized at 366, 254 nm byMiber Lourmat 77202 (Vilber, Marne La
Vallee, France).

4-Hydrazinobenzenesulfonamide HCI2 [15] and 4-(5-amino-4-cyanoHtpyrazol-1-

yl)benzenesulfonamid&[16] were synthesized according to the reportethous.

4.1.1.5-Amino-1-(4-sulfamoyl phenyl)-1H-pyr azol e-4-car boxamide 4

The 5-aminopyrazole-4-carbonitrig2(0.26 g, 1 mmol) was stirred in sulfuric acid (8m2) at
room temperature for 16 h. The reaction mixture wasred on crushed ice (50 mL) and was
neutralized with saturated sodium bicarbonate swiutThe crude solid was filtered, washed
with water, dried and crystallized from ethanol.

R=0.12; yield: 88%; mp 161 °C (decomp:}f NMR (400 MHz, DMSOds) & ppm: 6.58 (s, 2H,
NH,, exch. BO), 7.50 (s, 2H, SNH, exch. BO), 7.78 (dJ = 8.7 Hz, 2H, H-2,6 Ar), 7.94 (d,

10



= 8.6 Hz, 3H,H-3 pyrazole, H-3,5 Ar), 7.97 (s, 2H, COMHexch. BO); IR (KBr) vmacm™:
3460, 3452, 3344, 3278, 3170 (3nH3076 (CH Ar), 1662 (C=0), 1612, 1593, 1566, 1543
(C=N, NH, C=C), 1327, 1168 (SP MS (70 eV): m/z (%): 281 (3.53) [\t elemental analysis
calcd (%) forC,0H11Ns03S: C 42.70, H 3.94, N 24.90; Found: C 42.94, H 3\V25.12.
4.1.2.General Procedure for synthesis of compounds 5a-f

A mixture of compound4 (0.28 g, 1 mmol), appropriate aromatic aldehydemihol) and
molecular iodine (0.285 g, 2 mmol) was heated at@M dimethylformamide (5 mL) for 12-16
h (reaction monitored by TLC). The reaction mixtuvas cooled, poured on crushed ice and
aqueous solution of 5% sodium thiosulfate (15 mlasvadded. The precipitate was filtered,
washed and dried. The crude product was crystdlfizen methanol.
4.1.2.14-(4-Ox0-6-phenyl-4,5-dihydr o-1H-pyrazol o 3,4-d] pyrimidin-1-yl)benzenesulfonamide

5a

Reaction time 16 h; {R0.45; yield: 80 %; mp 250 °C (decompy NMR (400 MHz, DMSO-
ds)  ppm: 7.47 (s, 2H, SDIH,exch. BO), 7.59 (tJ = 7.6 Hz, 2H, H-3",5"Ar ), 7.65 (d,= 7.3
Hz, 1H, H-4"Ar), 8.05 (dJ = 8.5 Hz, 2H, H-2,6 Ar), 8.23 (d,= 7.3 Hz, 2H, H-2",6" Ar), 8.40
(d, J = 8.7 Hz, 2H, H-3,5 Ar), 8.44 (s, 1H, H-3 pyrazmyoimidine), 12.74 (s, 1H, NH exch.
D,0); IR (KBr) vmacm™ 3363, 3240, 3178 (NKH NH), 3066 (CH Ar), 1670 (C=0), 1624,
1600, 1550, 1523, 1500 (C=N, NH, C=C), 1346, 115@,); MS (70 eV): m/z (%): 367 (54.90)
[M]; elemental analysis calcd (%) f65,H13Ns0sS: C 55.58, H 3.57, N 19.06; Found: C 55.83,
H 3.63, N 19.42.

4.1.2.24-[ 6-(4-Fluorophenyl)-4-oxo-4,5-dihydro-1H-pyrazol of 3,4-d] pyrimidin-1-yl]
benzenesulfonamide 5b

Reagction time 16 h; R0.47; yield: 75%; mp >300 °CH NMR (400 MHz, DMSOds) & ppm:
7.44 (t,J=8.8 Hz, 2H, H-3",5"Ar), 7.47 (s, 2H, 98H, exch. BO), 8.04 (dJ = 8.7 Hz, 2H, H-
2,6 Ar), 8.31 (ddJ = 8.7, 5.4 Hz, 2H, H-2",6'Ar), 8.39 (d,= 8.7 Hz, 2H,H-3,5 Ar), 8.43 (s,
1H, H-3 pyrazolopyrimidine), 12.76 (s, 1H, NH ex@wO); IR (KBr) vmadcm™ 3367, 3240,
3209 (NH, NH), 3089 (CH Ar), 1662 (C=0), 1600, 1597, 158827 (C=N, NH, C=C), 1350,
1165 (SQ); MS (70eV): m/z (%): 385 (1.41) [\t elemental analysis calcd (%) for
C17H12FNsO3S: C 52.98, H 3.14, N 18.17; Found: C 53.17, H 3\268.43.

4.1.2.34-[ 6-(4-Chlorophenyl)-4-oxo-4,5-dihydro- 1H-pyrazol o 3,4-d] pyrimidin-1-

yl] benzenesulfonamide 5c¢

11



Reaction time 12 h; R0.64; yield: 80%; mp >300 °CH NMR (400 MHz, DMSOds) & ppm:
7.47 (s, 2H, SeNH, exch. BO), 7.66 (dJ = 8.5 Hz, 2H, H-3",5"Ar), 8.04 (d,= 8.7 Hz, 2H, H-
2,6 Ar), 8.24 (d,) = 8.6 Hz, 2HH-2",6" Ar), 8.38 (d,) = 8.7 Hz, 2HH-3,5 Ar), 8.43 (s, 1H, H-3
pyrazolopyrimidine), 12.76 (s, 1H, NH exch,@; IR (KBr) vmadcm’: 3325, 3224, 3167 (NH
NH), 3080 (CH Ar), 1693 (C=0), 1612, 1597, 1543 KCNH, C=C), 1346, 1161 (S MS
(70 eV): m/z (%): 401 (0.79) [M; elemental analysis calcd (%) fG17H1,CINsOsS: C 50.81, H
3.01, N 17.43; Found: C51.12, H 3.04, N 17.78.

4.1.2.44-[ 6-(4-Bromophenyl)-4-oxo-4,5-dihydr o- 1H-pyrazol o 3,4-d] pyrimidin-1-

yl] benzenesulfonamide 5d

Reaction time 12 h; R0.51; yield: 80%; mp >300 °CH NMR (400 MHz, DMSOdg) & ppm:
7.48 (s, 2H, SeNH; exch. BO), 7.79 (dJ = 8.4 Hz, 2H, H-3",5"Ar), 8.04 (d,= 8.7 Hz, 2HH-
2,6 Ar), 8.15 (dJ = 8.6 Hz, 2H, H-2",6" Ar), 8.38 (d=8.7 Hz, 2H, H-3,5 Ar), 8.43 (s, 1H, H-3
pyrazolopyrimidine), 12.79 (s, 1H, NH exch,®; *C NMR (100 MHz, DMSQdg) & ppm:
106.94 (C3a pyrazolopyrimidine), 121.94 (C3,5), .536(C4"), 127.53 (C2,6), 130.85 (C3",5"),
131.53 (C1), 132.28 (C2",67), 137.38 (C1), 141(0A), 142.50 (C3 pyrazolopyrimidine),
153.12 (C7a pyrazolopyrimidine), 156.09 (C6 pyrapetimidine), 158.50 (C4
pyrazolopyrimidine); IR (KBrjumadcm™ 3332, 3232, 3167 (NH NH), 3109 (CH Ar), 1693
(C=0), 1600, 1590, 1543, 1500 (C=N, NH, C=C), 13uB51 (SQ); MS (70 eV): m/z (%): 446
(0.95) [M], 448 (1.60) [M+2]; elemental analysis calcd (%) fG1;H1.BrNsOsS: C 45.75, H
2.71, N 15.69; Found: C 46.02, H 2.74, N 15.87.

4.1.2.54-[ 6-(4-Methoxyphenyl)-4-oxo-4,5-dihydro-1H-pyrazol of 3,4-d] pyrimidin-1-

yl] benzenesulfonamide 5e

Reagction time 16 h; R0.49; yield: 80%; mp >300 °CH NMR (400 MHz, DMSOds) & ppm:
3.87 (s, 3H, OC#H), 7.13 (d,J = 8.8 Hz, 2H, H-3",5"Ar), 7.46 (s, 2H, 98H, exch. BO), 8.04
(d,J=8.7 Hz, 2H, H-2,6 Ar), 8.24 (d,= 8.4 Hz, 2HH-2",6" Ar), 8.40 (dJ = 8.6 Hz, 3H, H-3
pyrazolopyrimidine, H-3,5 Ar), 12.57 (s, 1H, NH é&xd,0); IR (KBr) vmaicm™: 3356, 3244,
3197 (NH, NH), 3028 (CH Ar), 1685 (C=0), 1612, 1593, 1588-N, NH, C=C), 1330, 1157
(SQy); MS (70 eV): m/z (%): 397 (4.58) [\t elemental analysis calcd (%) f6igH15N50,S: C
54.40, H 3.80, N 17.62; Found: C 54.69, H 4.06,M\RT.

4.1.2.64-[ 6-(3,4-Dimethoxyphenyl)-4-oxo-4,5-dihydro-1H-pyrazol o 3,4-d] pyrimidin-1-

yl] benzenesulfonamide 5f
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Reaction time 16 h; {R0.46; yield: 80%; mp 263 °C (decomp® NMR (400 MHz, DMSOds)

& ppm: 3.87 (s, 3H, OCH\, 3.91 (s, 3H, OCh), 7.17 (d,J = 8.5 Hz, 1H, H-5"Ar), 7.47 (s, 2H,
SO,NH; exch. BO), 7.85 (s, 1H, H-2"Ar), 7.94 (d,= 8.5 Hz, 1H, H-6"Ar), 8.04 (d]l = 8.7 Hz,
2H, H-2,6 Ar), 8.41 (s, 1H, H-3 pyrazolopyrimidiné®.43 (d,J = 8.7 Hz, 2H, H-3,5 Ar), 12.57
(s,1H, NH exch. BO); IR (KBr) vmadcm™: 3356, 3259, 3201 (NK NH), 3093 (CH Ar), 1685
(C=0), 1600, 1597, 1560, 1531 (C=N, NH, C=C), 13461 (SQ); MS (70 eV): m/z (%): 427
(1.18) [M']; elemental analysis calcd (%) f6igH17/NsOsS: C 53.39, H 4.01, N 16.38; Found: C
53.69, H 4.06, N 16.42.

4.1.34-(4-1mino-6-0x0-4,5,6,7-tetrahydro- 1H-pyrazol o] 3,4-d] pyrimidin-1-

yl)benzenesulfonamide 6

A mixture of aminocyanopyrazole compouB8d0.55 g, 2 mmol) and urea (0.5 g, 8 mmol) was
heated at 200 °C for 20 min. (till the melted simintbecame a solid mass). The reaction mixture
was cooled and the yellowish brown precipitate walsibilized in 2N sodium hydroxide and
heated till boil (clear solution) then acidifiedtiwvidilute hydrochloric acid. The obtained solid,
re-precipitated twice, was filtered, washed withtevaand dried. The crude product was
crystallized from ethanol.

Ri=0.2; yield: 88%; mp >300 °CH NMR (400 MHz, DMSOds) & ppm: 7.37 (s, 2H, SBIH,
exch. O), 7.48 (s, 1H, NH exch. D), 7.92 (d,J = 8.7 Hz, 2H, H-2,6 Ar), 8.21 (s, 1H, H-3
pyrazolopyrimidine), 8.41 (d] = 8.7 Hz, 2H, H-3,5 Ar), 8.77 (s, 1H, NH exch,@), 11.05 (s,
1H, NH exch. RO); **C NMR (100 MHz, DMSOdg) 8 ppm: 93.22 (C3a pyrazolopyrimidine),
119.97 (C3,5), 127.16 (C2,6), 136.98 (C7a pyrazpiogdine), 140.71 (C1), 142.15 (C3
pyrazolopyrimidine), 153.97 (C4), 156.83 (C4 pydapyrimidine), 159.12 (C6
pyrazolopyrimidine); IR (KBrumaicm™: 3402, 3317 (N 3NH), 3086 (CH Ar), 1685 (C=0),
1612, 1593, 1563, 1516 (C=N, NH, C=C), 1307, 1153,); MS (70 eV): m/z (%): 306 (1.46)
[M™]; elemental analysis calcd (%) f65:H10NsOsS: C 43.13, H 3.29, N 27.44; Found: C 43.28,
H 3.40, N 27.78.

4.1.4.4-(4-Amino-1H-pyrazol o 3,4-d] pyrimidin-1-yl)benzenesulfonamide 7

A mixture of compoun@® (0.55 g, 2 mmol) and formamide (3 mmol) was heatedier reflux for
16 h. The reaction mixture was cool, poured onteviater, filtered and dried. The crude product

was crystallized from methanol.
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Rr=0.38; yield: 88%; mp >300°CH NMR (400 MHz, DMSOds) 5 ppm: 7.42 (s, 4H, NK SG

NH, exch. BO), 7.99 (dJ = 8.0 Hz, 2H, H-2,6 Ar), 8.36 (s, 1H, H-6 pyrazmjoimidine), 8.43
(s, 1H, H-3 pyrazolopyrimidine), 8.47 (d= 8.0 Hz, 2H, H-3,5 Ar); IR (KBrpma\cm™: 3414,

3398, 3242, (2NB), 3080 (CH Ar), 1660, 1587, 1562, 1504 (C=N, NH;GJ, 1327, 1155
(SOy); MS (70 eV): m/z (%): 290 (9.03) [\t elemental analysis calcd (%) f65:H10NgO.S: C

45.51, H 3.47, N 28.95. Found: C 45.67, H 3.149N 3.

4.2. Biological Evaluation

4.2.1. Cytotoxicity screening

Exponentially growing cells from two cancer celids were trypsinized, counted and seeded at
the appropriate densities (2000-1000 cells/0.33 weil) into 96-well microtiter plates. Cells
then were incubated in a humidified atmosphere7atCGfor 24 h. Then, cells were exposed to
different concentrations of compounds (0.1, 10,, GO0 uM) for 72 h. Then the viability of
treated cells were determined using MTT techniguéHdow. Media were removed; cells were
incubated with 20QuL of 5% MTT solution/well (Sigma Aldrich, MO) and exe allowed to
metabolize the dye into colored-insoluble formazagstals for 2 h. The remaining MTT
solution were discarded from the wells and the Bram crystals were dissolved in 200 pL/well
acidified isopropanol for 30 min., covered withmalaum foil and with continuous shaking using
a MaxQ 2000 plate shaker (Thermo Fisher Scienitiiic MI) at room temperature. Absorbance
was measured at 570 nm using a Stat FaxR 4200rpkader (Awareness Technology, Inc., FL).
The cell viability were expressed as percentageooftrol and the concentration that induces
50% of maximum inhibition of cell proliferation (k) were determined using Graph Pad Prism
version 5 software (Graph Pad software Inc, (28)26].

4.2.2.1. Cdl cycle analysis and apoptosis detection

The MCF-7 and HepG2 cell lines were treated with [ iM of compound5e and 0.4uM of
compoundb, respectively for 24 or 48 h. After treatment, tleiscwere suspended in 0.5 mL of
PBS, collected by centrifugation, and fixed in amd 70% (v/v) ethanol washed with PBS, re-
suspended with 0.1 mg/mL RNase, stained with 40mh&l, and analyzed by flow cytometry
using FACScalibur (Becton Dickinson). The cell eydistributions were calculated using

Phoenix Flow Systems and Verity Software House.[27]
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4.2.2.2. Apoptosis Assay

The MCF-7 and HepG2 were treated with L. of compoundbe and 0.4uM of compoundo
respectively for 24 or 48 h. After treatment, thallx were suspended in 0.5 mL of PBS,
collected by centrifugation, and fixed in ice-cal@% (v/v) ethanol, centrifuged the ethanol-
suspended cells for 5 min, suspended in 5 mL PBISantrifuged for 5 min., re-suspended with
1 mL PI staining solution (0.1 mg/ml RNase) + PEnAxin V (component no. 51-65875X) and
kept in dark at 37 °C for 10 min., finally analyzey flow cytometry using FACScalibur (Becton
Dickinson). The cell cycle distributions were cditad using Phoenix Flow Systems and Verity

Software House [28].

4.2.2.3. Caspase-3 activity (Key executor of apoptosis)

The Invitrogen Caspase-3 (active) Human ELISA isigleed to detect and quantify the level of
human active caspase-3 protein when cleaved at 7&¢p&r176. Briefly, MCF-7 and HepG2
cells were treated witBe (1.4 uM) and 6 (0.4 uM). The cells were harvested by trypsinization
and rinsed with PBS. After centrifugation, the pel(l105- 106 cells) was suspended in 1 mL of
PBS. Cells were freezed at < -20 and thawed with gentle mixing. Freeze/thaw cyefseated
for 3 times, then centrifuged at 1500xg for 10 nain2-8C to remove cellular debris. Human eia
kit is a solid phase sandwich Enzyme Linked Imm&umobent Assay (ELISA). A monoclonal
specific antibody for human target protein has bamated onto the wells of the microtiter strips
provided. Samples, including a standard contaitineghuman target protein control specimens,
and unknowns, are pipette into these wells and &heabbit antibody specific for human active
target protein is added to the wells. During thstfincubation, the human target protein binds to
the immobilized (capture) antibody and the speatfitive protein antibody serves as a detection
antibody by binding to the immobilized active piateAfter the first incubation step and
washing to remove excess protein and detectioba@ahti a horseradish peroxidase-labeled Anti-
Rabbit IgG (Anti-Rabbit IgG HRP) is added. Thisdsrto the detection antibody to complete the
four-member sandwich. After a third incubation amdshing to remove all the excess Anti-
Rabbit IgG HRP, a substrate solution is added, kvigcacted upon by the bound enzyme to
produce color. The color intensity is measured @sinROBONIK P2000
SPECTROPHOTOMETER at a wavelength of 450 nm. Tiensity of this colored product is
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directly proportional to the concentration of humaative protein present in the original
specimen [29].

4.2.2.4. Cyclin dependent Kinase 2 in vitro inhibition assay

This assay employs the quantitative sandwich enzym@unoassay technique. Antibody
specific for CDKN2A has been pre-coated onto a oplate. Standards and samples are pipette
into the wells and any CDKN2A present is bound gy immobilized antibody. After removing
any unbound substances, a biotin-conjugated antilspecific for CDKN2A is added to the
wells. After washing, avidin conjugated horseradm&ioxidase (HRP) is added to the wells.
Following a wash to remove any unbound avidin-ereysagent, a substrate solution is added
to the wells and color develops in proportion te #émount of CDKN2A bound in the initial step.
The color development is stopped and the intertditthe color is measured using ROBONIK
P2000 SPECTROPHOTOMETER at a wavelength of 450 Tin.determine Ig different
concentrations of compourti (0.004, 0.02, 0.1, 0.4 and 0.5 ug/mL) was perfatnihe 1Go
value was calculated according to the equatiorBfdtzman sigmoidal concentration-response

curve using the nonlinear regression fitting mod@&saph Pad, Prism Version 5).

4.2.2.5. P21 and P27 expression

This assay employs the quantitative sandwich enagmeunoassay technique. The kit used for
P21°P is ab136945 —p21 Human ELISA kit while that used P&’ DRG® Human p27
ELISA (EIA-4491). Samples and standards are added to wells coatdd avithonoclonal
antibody specific for PZ¥. The plate is then incubated, washed, leaving botynd p2** the
plate. A yellow solution of polyclonal antibody bmmanp27Kipl is then added. This binds the
p27Kipl captured on the plate. The plate is theabated, washed to remove excess antibody. A
blue solution of HRP conjugate is added to eacH, weiding to the p27Kipl polyclonal. The
plate is again incubated, washed to remove exc&B tbnjugate. TMB Substrate solution is
added. The substrate generates a blue color whalyzzd by the HRP. Stop solution is added to
stop the substrate reaction. The resulting yell@orcintensity is measured using ROBONIK
P2000 SPECTROPHOTOMETER at a wavelength of 450 nm.

*Same procedure is applied for B®1
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4.3. Molecular Docking

Docking study of the synthesized compound was ped by Molecular Operating
Environment (MOE) 2008.10 release of Chemical CaimguGroup, Canada. The program
operated under “Window XP” operating system instalbn an Intel Pentium IV PC with a 2.8
MHz processor and 512 RAM. All minimizations wererformed with MOE until a RMSD
gradient of 0.05 Kcal mdl A* with MMFF94 force field and the partial chargesreve
automatically calculated. The score function, déakction (S, Kcal/mol) developed by MOE
program was used for the evaluation of the bindiffgnity of the ligand. The X-ray crystal
structure of the enzyme (PDB code: 1y8y) [24] whtamed from the protein data bank in PDB
format. The enzyme was prepared for docking studie3D protonation for the amino acid side
chain and ligand. ii) Isolation of the active sitixation to be dealt with as rigid structure and
recognition of the amino acids. iii) Creation ofnglmies around the active site. iv) Studying the
interaction of the ligand with the amino acidsloé tactive site.

The 3D structure of the synthesized compound weiit bsing MOE and subjected to the
following procedure: i) 3D protonation of the stiwe. ii) Running conformational analysis
using systemic search. iii) Selecting the leastrgetee conformer. iv) Applying the same
docking protocol used with ligand.

Prior to the docking of the pyrazolopyrimidine detive 6, redocking of the native ligand bound
in the CDK2 active site was performed to validdtie tlocking protocol. The generated most
stable conformer of the compound was virtually dmthnto the predefined active site of the
CDK2. The developed docked models were energeticathimized and then used to predict the

interaction of the ligand with the amino acidshe &ctive site of the enzyme.
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Figures Captions
Figure 1: Chemical structure of some CDK2 inhibitors.

Figure 2: Cell cycle analysis of compourte and6é on MCF-7 and HepG2, respectively.
Figure 3: Apoptosis induction analysis using Annexin V/Plcompoundbe and6 on MCF-7

and HepGZ2respectively.

Figure 4: 2D (above) and 3D (below) interaction of ligandZ3dn the active site of CDK2.
Figure 5: 2D (above) and 3D (below) interaction of compo6rah the active site of CDK2.
Table 1 In vitro cytotoxic activity (1GoM) of compound$8-7 against breast cancer cell line
(MCF-7) and liver cancer cell line (HepG2).

Table 2: Cell Cycle analysis results for compourtgsand®6.

Table 3: Apoptosis induction analysis using Annexin V/PIl émmpound$e and6.

Table 4 Results of caspase-3 activation for compouseisnd6.

Table 5: Results ofin vitro cyclin dependent kinase 2 inhibition g&letermination) for
compoundb.

Table 6: Results of P21 and P27 expression for comp@&.und

Scheme 1Synthesis of compounds?.
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Figure 1: Chemical structure of some CDK2 inhibitors.
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Figure 2: Cell cycle analysis of compourse and6 on MCF-7 and HepG2, respectively.
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Figure 3: Apoptosis induction analysis using Annexin V/Plcoimpoundbe and6 on MCF-7

and HepGZ2respectively.
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Figure 4: 2D (above) and 3D (below) interaction of ligand73dn the active site of CDK2.
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Figure 5: 2D (above) and 3D (below) interaction of compo@rah the active site of CDK2.

23



Table 6: In vitro cytotoxic activity (IGoM) of compound$8-7 against breast cancer cell line

(MCF-7) and liver cancer cell line (HepG2).

ICs0 UM

Compounds Breast cancer cell line Liver cancer cell line

(MCF-7) (HepG2)

>100 >100

>100 >100

5a >100 77.60

5b 38.00 2.66

5c 2.50 23.90

5d 14.46 42.60

S5e 1.40 >100

5f >100 >100

6 >100 0.40

7 40.70 95.50

DOX. 1.02 0.90

Table 7: Cell Cycle analysis results for compourtgsand®6.
Cell line Sample code % GO0-G1 %S %G2-M %Apoptosis

Control 71.70 22.45 5.23 0.62

MCF-7  5e/24h 64.70 27.92 0.00 7.38
5€e/48h 72.30 16.09 0.00 11.61

Control 73.11 21.69 4.36 0.84
HepG2 6/24h 36.55 25.66 23.78 13.92
6/48h 9.62 24.67 48.91 16.71
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Table 8: Apoptosis induction analysis using Annexin V/Pl étmmpound$e and6.
Cell line Sample code % Early apoptosis % Late &gsp

Control 0.39 0.18
MCF-7  5e/ 24h 4.39 2.58
5e/ 48h 6.49 3.64
Control 0.61 0.14
HepG2 6/ 24h 7.64 4.79
6/48h 9.76 5.92

Table 9 Results of caspase-3 activation for compouseisnd6.

Sample Conc. Caspase-3 conc.

Cell line code UM (Pg/ml)
MCE-7 Control 13.9
5e 1.40 440.9
HepG2 Control 17.2
6 0.4 615.4

Table 10: Results ofn vitro cyclin dependent kinase 2 inhibition gfZletermination) for

compoundb.
Assay conc. pM  0.004 0.02 0.1 0.4 0.5
% Inhibition 12.591523 39.032691 53.129834 68.798481.808807

Table 6: Results of P21 and P27 expression for comp&und

Sample Assay conc. Residual conc. % Activation

code uM Pg/mL

Control 228.6 0.00
P21

6 0.40 251.6 10.06

Control 316.6 0.00
P27

6 0.40 343.5 8.5
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5a R=H, R'=H
5b R=H, R'=F
5c R=H, R =Cl
5d R=H, R =Br
5e R=H, R =OCH
SONH A A
SOzNHz Oz 2 5f R=0CH, R'= OCH

Scheme 1Synthesis of compounds7
Reagents and conditions(a) i- NaNQ, HCI, 5°C; ii- NaSGCs, HCI; (b) Ethoxy methylene
malononitrile, anhyd. sodium acetate, absoluterethaeflux, 8h; (c) HSQ,, stir at room
temperature, 16 h; (d) i- Aromatic aldehyde, DNB?.C, 12-16 h; ii- 5% Nz5,05 ; (€) Urea,
fusion, 20 min.; (f) Formamide, reflux, 16 h.



Novel pyrazolo[3,4-d]pyrimidin-1-yl)benzenesulfonamide derivatives.
In vitro cytotoxic activity on MCF-7 and HepG2 cell lines.

In vitro activation of Caspase-3 and cell cycle analysis.

In vitro inhibition of CDK-2 and molecular docking.



