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Against various cancer cell lines (A549, PC-3, HCT-116, MCF-7) determined by SRB assay.
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Abstract:
Copper—mediated synthesis of various pyrazolo[h]®#idine-3-carboxylates has been

described. The biological activities of these moles have been evaluated against
various human cancer cell lines A549 (Lung adersisama cell line), MCF-7 (Breast
carcinoma cell line), HCT-116 (Colon cancer cefiel, and PC-3 (Prostate cancer cell
line) through SRB assay. Compound 247 led to actation MCF-7 cells in G1-phase

and revealed its important role in mitotic cell leyprogression.
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1. Introduction:

With the advent of new emerging fields of medicichlemistry, the search for new
anticancer chemotherapeutic agents continues tmlaetive area of research in order to
develop novel therapies in particular to cancel][1l)n the last several decades,
pyrazolo[1, 5-a]pyridines derivatives have receigedsiderable attention and reported to
confine as anti- inflammatory[3], anti-tumor[4], tamicrobial[5], anti-fungal[6] and
anti-viral activities[7]. Pyrazolopyridines are @lsriginating in many systems that affect

the central nervous system and found to be aneaBvantagonist [8]. The dopamine D3



receptor subtype is associated with several nethojmgies such as schizophrenia,
attention-deficit disorder, unipolar major depressiand Parkinson’s disease [9]. The D3
receptor controls dopamine synthesis, releasepnalfiring and also inhibits cocaine-
seeking behavior without proving rewarding effecdveral pyrazolo[1,5-a]pyridines
derivatives used for treating psycho-stimulant etioih [10]. Pyrazolopyrimidine
derivatives which are heterocyclic systems comtainthe pyrazole fused ring to
pyrimidine rings confers unique class of compountisch makes these derivatives as
constructional structure in anti-cancer researchdrng discovery [11]. Cells respond to
DNA damage by instigating complex signaling pathsvdlyat activate various cellular
responses, including DNA repair and arrest of cgtle progression. Cell cycle arrests at
the G1, S and G2/M phases are crucial steps ipritjeer DNA damage response as they
permit cells to repair the damaged DNA in suffitieime and thereby prevent the
accumulation of mutations [12]. DNA damage respasigealing pathway ATM/ATR-
Chk1/Chk2 plays a central role in the inductiorcell cycle arrest in the G1, S or G2/M
phases by regulating important cell cycle reguaftB]. Atypical regulation of cell cycle
upon DNA damage is a hallmark of various cancdscehich often causes the failure of
DNA repair, damage, thereby resulting in genomictahility [14]. Thus, the
identification of physiological targets and the kxption of underlying regulatory
mechanisms for DNA damage-induced cell cycle aasstritical issues as well as in the
implication of mitosis control [15]. In view of tke studies, we have synthesized new
derivatives of pyrazolo[1,5-a]pyridine for evaluatiof anti-cancer properties. Also, we
tested the cytotoxicity of pyrazolo[1,5-a]pyrididerivatives on a series of human cancer
cell lines which showed effective cytotoxicity potl against several human cancer cell
lines as well as its effect on cell cycle progressiontributes an important parameter of
anti-tumor drug action. Thus, we analyzed the ¢&dfet pyrazolo[1,5-a]pyridine on cell
cycle, and the results showed that treatment withzmlo[1,5-a]pyridine derivativ247

led to accumulation of MCF-7 cells in G1-phase anelvealed its important role in
mitotic cell cycle progression. Some pyrazolo piyrdderivatives have been shown to be
highly successful biological activity. Thereforéetstructural modification of pyrazolo
pyridine by introducing ester groups and aromatiti@ero aromatic groups should be

the target of topic for the cytotoxicity studiesgiie 1).



Figure 1. Design of novel 2-aryl or hetero aryl pyrazolofaJpyridine-3-carboxylates

2. Results and Discussion:

2.1 Synthesis of functionalized pyrazolo[1, 5-aigiyre:

As demonstrated in Scheme 1, functionalized pymdzpls-a]pyridine3 derivatives via
copper promoted [3+2] cyclisation of pyridyl aatets1 and benzonitrile2 in DMSO
under argon atmosphere, converted to correspormimazolo[l, 5-a]pyridines from
commercially available aromatic nitriles and vasquyridyl acetates [16]. Some of the
pyridyl acetates were prepared according to liteeaprocedure [17], pyridylacetic acid
hydrochloride and alcohol in presence of triethytenand dicyclohexylcarbodiimide
with catalytic amount of 4-(dimethyl amino) pyriéinn DCM solvent. All the pyridyl
acetate derivatives was isolated after column chtography and characterized Hy
NMR, *C NMR and Mass spectrometry. All the pyrazolo[la]pyridine derivatives
reported in the present manuscript were well charaed by'H, *C NMR, FT-IR and

Mass spectrometry.
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Scheme 1Synthesis of functionalized pyrazolo[1, 5-a]pynieliderivatives via (3+2)

Cyclisation of pyridyl acetates and benzonitriles.

2.2Biological Analysis:
To evaluate the anti-tumor cytotoxicity of the wars synthesized compounds by SRB



assay (Table 1) [18], four different human cancelt tnes were used: A549 (Lung
adenocarcinoma cell line), MCF-7 (Breast carcinaai line), HCT-116 (Colon cancer
cell line), and PC-3 (Prostate cancer cell line)tofal of 21 compounds were derived
from the pyrazolo[1,5-a]pyridine. Out of 21, 247o0sled potent anti-tumor toxicity

against human breast cancer cell line (MCF-7). $hevival fraction was gradually

decreased as the concentration was increased. okigity data of pyrazolo[1,5-a]

pyridine derivatives against above mentioned hucarcer cell lines is shown in Table
1.

Table 1. Preliminary in vitro screening ofpyrazolo[1, 5-a]pyridines derivatives
against various human cancer cell lines.

TISSUE LUNG PROSTATE| COLON| BREAST
CELL LINE A549 PC-3 HCT-116 MCF-7
No. Sample codg ConquNl) % Growth inhibition

1 245 50 81 75 83 89
2 247 50 83 85 83 97
3 295 50 72 82 79 88
4 297 50 79 59 69 72
5 298 50 75 64 77 74
6 299 50 19 36 42 62
7 300 50 72 58 84 83
8 303 50 72 58 71 66
9 305 50 40 29 23 38
10 309 50 73 72 78 83
11 310 50 33 27 57 61
12 311 50 63 69 81 78
13 312 50 21 25 54 57
14 313 50 52 40 63 73
15 315 50 07 00 00 25
16 316 50 08 00 00 32
17 317 50 76 61 77 70
18 318 50 77 74 65 82
19 322 50 39 18 27 34
20 323 50 02 16 12 18
21 325 50 05 25 22 33

Paclitaxel 1 78 72 -- --

5-FU 20 -- -- 58 -

Doxorubicin 1 -- -- - 62

Thein vitro cytotoxicity studies indicated the greater sewijtiof MCF-7 cells towards
cytotoxicity of synthetic analogues than the otbancer cell lines, as evidenced by the
degree of cytotoxicity (I60 values) after 48 h of treatment [19].



Table 2- Determination of IGspagainst various human cancer cell lines.

TISSUE LUNG | PROSTATE| COLON BREAST

CELL LINE A549 PC-3 HCT-116 MCF-7
No. Sample code K(uM)
1 245 9.3 13.6 4.8 13
2 247 6.5 2.6 4.5 1.54
3 295 16.6 14.1 12.7 16.9
4 297 17.1 29.3 18.9 24.2
5 298 23.7 30.1 24.3 32.4
6 300 21.4 28.4 18.5 23.1
7 303 33.5 35.1 19.1 38.07
8 309 14.9 23.4 16.7 6.9
9 311 34.9 21.9 12.9 17.1
10 313 47.5 >50 22.1 33.2
11 317 11.8 25.9 11.8 22.4
12 318 5.7 31.9 8.9 12.7

The cytotoxicity profiles of all the derivativesedrly identified the compound 247 as a
potential candidate, displaying %G values in lower concentrations against MCF-7 cells
(Table2). So, compound 247 seemed to be more pwtentucing cytotoxicity against
breast carcinoma cell line (MCF-7) withs¢of 1.54.M as compared to other derivatives

(figure 2).
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Figure 2. Growth inhibition curve on different concentrations of compound 247 against various
cancer cell lines (A549, PC-3, HCT-116, MCF-7) deteined by SRB assay. The values were
calculated by using Graph PAD Prism software versin 5.0. The results represent mean + SD of three
experiments

The kinases modulate several physiological mechanisuch as cell proliferation,

differentiation, migration and metabolism by trarshg the ATP terminal phosphate to



tyrosine residues of protein substrates. It has) ls®wed that kinase transfiguration
(especially hyperactivation, hyperproduction, ortations) leading to the disruption of
cell signaling cascades play important roles ines@lvdiseases, including diabetes,
inflammation, neurological disorders and cancerer&fore, kinases represent important
targets for anticancer drug development. Compou#id ®as tested through enzyme
assay for inhibition of the tyrosine kinase acyiviif a recombinant EGF-R using Poly
(Glug, Tyr) substrate. The enzymatic assay revealedctirapound 247 has an effect on

potency towards binding to the active site (figBye
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Figure 3. Graphical representation of % enzyme activity #d¢h of compound 247 on
EGFR using GraphPad Prism.

For the analysis of nuclear morphology, MCF-7 cellye stained with DAPI to study
nuclear alterations and apoptotic body formatioelltreated with compound 247
exhibited no characteristic morphological changdsctv were marked by nuclear
shrinkage, chromatin condensation and apoptotic Hmrhogeneously stained with
DAPI (figure 4).
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Figure 4: Cells were treated with compound 247 at 10, 20 3wM for 24 h, then
stained with DAPI in order to analyze the nucleasrphological changes. Untreated
MCF-7 cells showed normal nuclear morphology wherBaclitaxel showed typical
apoptotic bodies. Cells treated with 247 showedcentration dependent effect to arrest

the growth of the cells.

Reactive oxygen species (ROS) are chemically neaaikygen molecules which are
formed as a natural byproduct of the normal metabolof oxygen and comprise of
important roles in cell signaling and homeosta8is.cancer cells exhibit greater ROS
stress than normal cells and facilitate cancerstelival. Progression of cell cycle which
was driven by various growth factors and recepyarsine kinases (RTK) require ROS

for activation. In contrast, a high level of ROS1cauppress tumor growth through the



sustained activation of cell-cycle inhibitors. Taetitumor effect of compound 247 is
enhanced through ROS stress by production gb,Hn a concentration dependent
manner (figure 5).
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Figure 5. MCF-7 cells were treated with the indicated carticgions of 247 for 24h and
H,0O, taken as a positive control. The fluorescencensitg of DCF was increased in a

dose dependent manner after 24h exposure to theot@pound.

To further investigate whether 247 could induceadterations in cell cycle phases in
breast cancer cells, flow cytometric analyses afplium iodide stained nuclei cells
were performed in which 247 induced G1 arrest 0%5274.94% and 88.63% in
opposition to 49% of its negative control atd@alue as well as at higher concentrations
in MCF-7 cells. (Figure 6) It was concluded frdhese results that 247 is a strong

inhibitor of cell cycle progression at the Ghase in a concentration independent manner

[20].
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Figure 6: Effect of compound 247 on cell cycle progressiodMCF-7 cells were treated with the
indicated concentrations of 247 for 24 h. Cells werstained with PI to determine DNA fluorescence
and cell cycle phase distribution by flow cytometryas described in Methods. Data are representative

of one of two similar experiments.



3. Conclusion

Some novel pyrazolo[1, 5-a]pyridines were synthesithrough facile procedures and
showed significant in vitro cytotoxic potential @arious human cancer cell lines. They
revealed various cancer cell lines (A549, PC-3, HQ®, MCF-7) determined by SRB
assay. Compound 247 led to accumulation MCF-7 ¢ell&1-phase and revealed its

important role in mitotic cell cycle progression.

4. Experimental

4.1 General Experimental protocol:

All commercially available chemicals and reagentsrevused without any further
purification unless otherwise indicateti and**C NMR spectra were recorded at 500,
and 125 MHz, respectively. The spectra were recbndeCDCE as solvent. Multiplicity
was indicated as follows: s (singlet); d (doublefyiplet); m (multiplet); dd (doublet of
doublets), etc. and coupling constants (J) wasngivédz. Chemical shifts are reported in
ppm relative to TMS as an internal standard. Trekparound delta values tf NMR
(7.2), and**C NMR (77.0) are correspond to deuterated solvkiuraform respectively.
Mass spectra were obtained using electron impdyriqiization method. Progress of the
reactions was monitored by thin layer chromatogygih.C). All products were purified
through column chromatography using silica gel 200-mesh size with hexane/ethyl
acetate as eluent unless otherwise indicated.

4.1.1 Typical procedure for the synthesis of cyekyh 2-phenylpyrazolo[1,5-a]pyridine-
3-carboxylate 245):

65.7 mg (0.3 mmol) of cyclohexyl 2-(pyridin-2-yl)atatel, 463.5 mg (15 mmol) of
benzonitrile ), 54.6 mg Cu(OAg) (0.3 mmol), 42.9 mg CuBr (0.3 mmol), 45.6 mg
DBU (0.9 mmol) and DMSO (0.5 mL) were placed i2%mL double-necked round-
bottomed flask. The mixture was heated in an dih lzd 60-65C for 6 h under an argon
atmosphere (balloon). After completion of the remact it was allowed to room
temperature and then the mixture was purified thinoaolumn chromatography using
silica gel (5 % EtOAc/hexane) to affoPd5 in 60% yield (58.0 mg).



(Eluent: 5% EtOAc/hexane); 60% yield (58 mg); coltess liquid:*H NMR (500 MHz,
CDCl) 6 8.52 (d,J = 6.5 Hz, 1H), 8.23 (d] = 8.5 Hz, 1H), 7.78- 7.76 (m, 2H), 7.46-7.38
(m, 4H), 6.94 (t,J=7.0 Hz, 1H), 5.00 (sepl,= 4.0 Hz, 1H), 1.93-1.89 (m, 2H), 1.65-
1.63 (m, 2H), 1.53-1.23 (m, 6H}C NMR (125 MHz, CDGJ) ¢ 163.1, 156.9, 142.6,
132.7,129.7, 128.79, 128.74, 127.7, 127.1, 1143,7, 101.2, 72.2, 31.7, 25.4, 23.6. IR
(nujol) 3406, 3070, 2942, 2865, 2365, 1712, 151R9] 1051, 764, 692, 445. HRMS
calcd for Go Ha; O, N2: 321.1603. Found: 321.1590.

4.1.2 Butyl 2-phenylpyrazolo[1,5-a]pyridine-3-canytate @47)

Eluent: 5% EtOAc/hexane);52% yield (46 mg); Whibdics M.p.62-67 °C:H NMR (500
MHz, CDCk) § 8.53 (d,J = 6.5 Hz, 1H), 8.22 (d] = 9.0 Hz, 1H), 7.77-7.75 (m, 2H),
7.47-7.39 (m, 4H), 6.95 (t) = 7.0 Hz, 1H), 4.25 (t) = 7.0 Hz, 2H), 1.63 (quirl = 7.0
Hz, 2H), 1.30 (quin) = 7.5 Hz, 2H), 0.89 (tJ = 7.5 Hz, 3H).2*C NMR (125 MHz,
CDCl;) ¢ 163.7, 156.9, 142.7, 132.6, 129.9, 128.8, 128.7,7,2127.2, 119.6, 113.8,
100.8, 63.8, 30.7, 19.2, 13.6. IR (KBr) 3406, 307942, 2865, 1629, 1510, 1465, 1206,
1139, 1051, 764, 692, 445. HRMS calcd fag B19 O, No: 295.1447. Found: 295.1451.
4.1.3 Tert-butyl-2-phenylpyrazolo[1,5-a]pyridineearboxylate 295)

(Eluent: 5% EtOAc/hexane);62% yield (54.6 mg); Whiblid; M.p.88-93°CH NMR
(500 MHz, CDC}) 6 8.50 (d,J= 6.5 Hz, 1H), 8.20 (dJ = 9.0 Hz, 1H), 7.74 (d) = 8.0
Hz, 2H), 7.46-7.36 (m, 4H), 6.92 (§ = 6.5 Hz, 1H), 1.46 (s, 9H)°C NMR (125 MHz,
CDCl) o0 162.9, 156.7, 142.5, 132.9, 129.9, 128.6, 128.9,612126.8, 119.6, 113.5,
102.2, 80.4, 28.3. IR (KBr) 3424, 2975, 2367, 168302, 1132, 784, 503. HRMS calcd
for Cig His Oo No Na: 317.1266. Found: 317.1270.

4.1.4 Ethyl-2-(3-chlorophenyl)pyrazolo[1,5-a] pynici-3-carboxylate297)

(Eluent: 5% EtOAc/hexane);58% yield (52.6 mg); Wtsblid; M.p.128-133°CH NMR
(500 MHz, CDC}) ¢ 8.53 (d,J = 6.5 Hz, 1H), 8.24 (d] = 9.0 Hz, 1H), 7.806-7.802 (m
1H), 7.70-7.68 (m, 1H), 7.45-7.37 (m, 3), 7.00-6(88 1H), 4.34 (g) = 7.0 Hz, 2H),
1.32 (t,J = 7.0 Hz, 3H).13C NMR (125 MHz, CDGJ) ¢ 163.3, 155.3, 142.7, 134.3,
133.5, 130.1, 128.9, 128.88, 128.84, 128.2, 12719,8, 114.1, 100.9, 60.0, 14.2. IR
(KBr) 3449, 2365, 1710, 1144. HRMS calcd foggdi4CIN,O,:  301.0744. Found:
301.0747.

4.1.5 Ethyl-2-(3-bromophenyl)pyrazolo[1,5-a] pyridh3-carboxylate Z98)



(Eluent: 5% EtOAc/hexane);51% yield (52.5 mg); Whsblid; M.p.120-125°CH NMR
(500 MHz, CDC}) 6 8.53 (d,J = 7.0 Hz, 1H), 8.24 (d) = 9.0 Hz, 1H), 7.96-7.95 (m,
1H), 7.74 (dJ = 8.0 Hz, 1H), 7.57-7.56 (m, 1H), 7.45 (s 6.5 Hz, 1H), 7.34 () = 7.0
Hz, 1H), 7.00-6.95 (m, 1H), 4.34 (@= 7.0 Hz, 2H), 1.34 (t) = 7.0 Hz, 3H)*C NMR
(125 MHz, CDC}) ¢ 163.3, 155.2, 142.7, 134.6, 133.0, 131.8, 129.2,812128.7, 127.4,
121.7, 119.8, 114.1, 100.9, 60.0, 14.2. IR (KBrpB33031, 2918, 2368, 1628, 1509,
1466, 1216, 1134, 1052, 752, 688, 498. HRMS cabedCis H14 O> N2 Br: 345.0239.
Found: 345.0243.

4.1.6 Ethyl-2-(4-(trifluoromethyl)phenyl)pyrazolggta]pyridine-3-carboxylatéf99)
(Eluent: 5% EtOAc/hexane);70% yield (70.2 mg); Whsblid; M.p.97-102°CH NMR
(500 MHz, CDC}) 6 8.53 (d,J = 7.0 Hz, 1H), 8.23 (d] = 9.0 Hz, 1H), 7.93 (d] = 7.5
Hz, 2H), 7.71 (dJ = 7.5 Hz, 2H), 7.44 (tJ = 7.5 Hz, 1H), 6.99 (] = 6.5 Hz, 1H), 4.34
(q, J= 7.5 Hz, 2H), 1.32 (1) = 7.5 Hz, 3H)"*C NMR (125 MHz, CDGCJ) § 163.2, 155.4,
142.5, 136.2, 130.7 (@ = 111 Hz), 128.8, 127.5@ = 51.5 Hz), 124.8 (d = 81 Hz),
119.8, 114.2, 100.9, 60.0, 14.2. IR (KBr) 3407,@03365, 1632, 1511, 1210, 1143, 784,
522. HRMS calcd for & Hi4 O» N2 Fs: 335.1007. Found: 335.1011.

4.1.7 Ethyl-2-(4-(methoxycarbonyl)phenyl)pyrazo|6fa]pyridine-3-carboxylate300)
(Eluent: 5% EtOAc/hexane);62% yield (60.5 mg); sblid; M.p.128-133°CH NMR
(500 MHz, CDC}) § 8.54 (d,J = 7.5 Hz, 1H), 8.25 (d] = 9.0 Hz, 1H), 8.13 (d] = 9.0
Hz, 2H), 7.88 (d,) = 8.5 Hz, 2H), 7.45 (tJ = 7.0 Hz, 1H), 7.00 (] = 6.5 Hz, 1H), 4.34
(g, 3= 7.0 Hz, 2H), 3.95 (s, 3H), 1.30 &= 7.0 Hz, 3H)*C NMR (125 MHz, CDGCJ) ¢
167.0, 163.3, 155.8, 142.7, 137.2, 130.2, 130.9,0,228.9, 127.4, 119.8, 114.1, 101.1,
60.0, 52.1, 14.2. IR (KBr) 3430, 2954, 2366, 172314, 1219,1053, 771. HRMS calcd
for Cig Hi7 O4 N2: 325.1188. Found: 325.1191.

4.1.8 Ethyl-2-([1,1'-biphenyl]-4-yl)pyrazolo[1,5-ayridine-3-carboxylate303)

Eluent: 5% EtOAc/hexane);52% vyield (53 mg); Whitdids M.p.106-111°C;'"H NMR
(500 MHz, CDC}) & 8.55 (d,J = 7.5 Hz, 1H), 8.24 (d] = 9.0 Hz, 1H), 7.92 (d] = 8.0
Hz, 2H), 7.71-7.61 (m, 4H), 7.49-7.37 (m, 4H), 6886 (m, 1H), 4.36 (] = 7.5 Hz,
2H), 1.36(t,J = 7.5 Hz, 3H)*C NMR (125 MHz, CDC)) 6 163.5, 156.6, 142.6, 141.5,
140.8, 131.4,130.3, 128.8, 128.7, 127.3, 127.28,18, 126.4, 119.7, 113.8, 100.7, 59.9,



14.3. IR (KBr) 3381, 2979, 2367, 1702, 1508, 113%), 464. HRMS calcd for & Hig
O, N2: 343.1447. Found: 343.1448.

4.1.9 Cyclohexyl-2-([1,1'-biphenyl]-4-yl)pyrazolgfta]pyridine-3-carboxylate305)
Eluent: 5% EtOAc/hexane);59% yield (70 mg); Whitdids M.p.143-148°C;'H NMR
(500 MHz, CDC}) 6 8.54 (d,J = 7.0 Hz, 1H), 8.24 (d] = 9.0 Hz, 1H), 7.89 (d] = 8.0
Hz, 2H), 7.69-7.65 (m, 4H), 7.47-7.35 (m, 4H), 6(8% = 6.5 Hz, 1H), 5.03 (sepi,=
4.0 Hz, 1H), 1.95-1.92 (m, 2H), 1.68-1.65 (m, 2H}5-1.50 (M, 3H), 1.41-1.35 (m, 2H),
1.28-1.25 (m, 1H)*C NMR (125 MHz, CDGCJ) § 163.1, 142.7, 141.5, 140.9, 131.7,
130.4, 128.8, 128.7, 127.4, 127.2, 126.5, 119.8,81101.2, 72.3, 31.8, 25.4, 23.7. IR
(KBr) 3430, 2934, 2365, 1631, 1512, 1162, 1048,. HRRMS calcd for G Has O, Ny
397.1916. Found: 397.1922.

4.1.10 cyclohexyl 2-(thiophen-2-yl)pyrazolo[1,5-@jidine-3-carboxylate (309)

Eluent: 5% EtOAc/hexane); 34% yield (33 mg); Whstaid; M.p.124-127°C!H NMR
(500 MHz, CDCY) 0 8.51 (d,J = 7.0 Hz, 1H), 8.20 (q] = 3.5 Hz, 2H), 7.44 () = 6.0
Hz, 1H), 7.41-7.37 (m, 1H), 7.16 (m, 1H), 6.97-6(®8 1H), 4.57 (qJ) = 7.0 Hz,1H),
2.10-2.04 (m, 2H), 1.82-1.77 (m, 2H), 1.64-1.BV 8H), 1.50-1.41 (m, 3H)"*C NMR
(125 MHz, CDC}) ¢ 163.5, 150.5, 142.8, 133.8, 130.5, 128.6, 127.3,41227.2, 127.1,
126.5, 119.8, 113.9, 113.8, 72.7, 60.1, 32.0, ZH4). IR (KBr) 3449, 2935, 2368, 1704,
1509, 1210, 1118, 1011, 787, 712, 444. HRMS catrdGigH100:N,S:  327.1167.
Found: 327.1153.

4.1.11 Ethyl-2-(p-tolyl)pyrazolo[1,5-a]pyridine-3athoxylate 810)

(Eluent: 5% EtOAc/hexane);32% vyield (32 mg); Whitalid; M.p.90-95°C;'H NMR
(500 MHz, CDC}) ¢ 8.52 (d,J = 7.0 Hz, 1H), 8.20 (d] = 9.0 Hz, 1H), 7.70 (d] = 8.0
Hz, 2H), 7.40 (tJ = 8.0 Hz, 2H), 7.27-7.25 (m, 2H), 6.94 @,= 7.0 Hz, 1H), 4.34 (q,
J= 7.0 Hz, 2H), 2.41 (s, 3H), 1.33 (,= 7.0 Hz, 3H).*C NMR (125 MHz, CDG)) 6
162.4, 155.8, 141.4, 137.5, 128.6, 128.3, 127.5,212125.8, 118.4, 112.4, 99.4, 58.6,
20.1, 13.1. IR (KBr) 3449, 2367, 1511, 1476, 148710, 1129, 1044, 784, 508. HRMS
calcd for Gz Hi7 O, N2: 281.1290. Found: 281.1297.

4.1.12 Cyclohexyl-2-(4-(trifluoromethyl)phenyl) pgodo[1,5-a]pyridine-3-carboxylate
(312)



(Eluent: 5% EtOAc/hexane);68% yield (79.5 mg); Whiblid; M.p.66-71°C{H NMR
(500 MHz, CDC}) ¢ 8.53 (d,J = 7.0 Hz, 1H), 8.24 (d] = 8.5 Hz, 1H), 7.92 (d] = 8.0
Hz, 2H), 7.72 (dJ = 8.5 Hz, 2H), 7.46 (1) = 7.0 Hz, 1H), 7.01 (t) = 6.5 Hz, 1H), 5.00
(sept,J= 5.0 Hz, 1H), 1.94-1.90 (m, 2H), 1.65-1.63 (m, 2H)52-1.26 (m, 6H).*°C
NMR (125 MHz, CDC}) ¢ 162.8, 155.4, 142.5, 136.4, 130.5, 130.5(d¢ 72.5 Hz),
128.8, 127.4, 124.8(@ = 86.5 Hz), 119.9, 114.1, 101.5, 72.5, 31.7, 28336. IR (KBr)
3449, 2942, 2368, 1699, 1510, 1324, 1162, 11197,1849,788, 603, 507. HRMS calcd
for Co1 Hao O2 N2 Fs: 389.1477. Found: 389.1489.

4.1.13 Cyclohexyl-2-(4-(methoxycarbonyl)phenyl)ggta[1,5-a]pyridine-3-carboxylate
(312)

(Eluent: 5% EtOAc/hexane); 72% yield (80.5 mg); Whsolid; M.p.121-126°CH
NMR (500 MHz, CDC}) ¢ 8.52 (d,J = 7.0 Hz, 1H), 8.23 (d] = 9.0 Hz, 1H), 8.12 (d] =
8.5 Hz, 2H), 7.86 (dJ = 8.5 Hz, 2H),.7.41 (1) = 7.5 Hz, 1H), 6.96 (t) = 7.0 Hz, 1H),
4.97 (septJ = 5.0 Hz, 1H), 3.90 (s, 3H), 1.91-1.89 (m, 2H),5t1662 (m, 2H), 1.52-
1.21(m, 6H)*C NMR (125 MHz, CDGJ) 6 165.7, 161.8, 154.4, 141.4, 136.1, 128.9,
128.8, 127.7, 127.5, 126.5, 118.6, 112.8, 100.23,70.9, 30.5, 24.1, 22.5. IR (KBr)
3421, 2936, 2367, 1724, 1696. 1439, 1284, 1114, 439. HRMS calcd for £H23N,0y.
379.1658. Found: 379.1650.

4.1.14 Butyl-2-(thiophen-2-yl)pyrazolo[1,5-a]pynidi-3-carboxylate313)

(Eluent: 5% EtOAc/hexane); 37% vyield (32 mg); Whitid; M.p.68-73°C;'*H NMR
(500 MHz, CDC}) ¢ 8.50 (d,J = 7.0 Hz, 1H), 8.18-8.15 (m, 2H), 7.43-7.37 (m,)2AH15
(t, J=5.5Hz, 1H), 6.94 (t, J=7.0 Hz, 1H), 4@87J=7.0 Hz, 2H), 1.79 (quin] =
7.0 Hz 2H), 1.51-1.41 (m, 2H), 0.98 Jt= 7.0 Hz, 3H).1*C NMR (125 MHz, CDCJ) 6
163.5, 150.4, 142.8, 133.8, 130.4, 128.6, 127.47.42, 119.7, 113.9, 100.0, 64.0,
30.8.19.3, 13.7. IR (KBr) 3449, 2963, 2371, 170204, 1206, 1115, 697, 451. HRMS
calcd for Ge H17 O2 N2 S: 301.1011. Found: 301.1001.

4.1.15 Ethyl-2-(pyridin-3-yl)pyrazolo[1,5-a]pyrid@3-carboxylate 315)

(Eluent: EtOAc); 72% yield (57.5 mg); White solit¥].p.138-143°C;'H NMR (500
MHz, CDCk) ¢ 9.01-9.00 (m, 1H), 8.68-8.66 (m,1H), 8.55 Jd; 7.0 Hz, 1H), 8.25 (d]

= 7.0 Hz, 1H), 8.15-8.12 (m, 1H), 7.45Jtz 7.0 Hz, 1H), 7.40-7.38 (m,1H), 7.01 @,

= 7.0 Hz, 1H), 4.33 (quar,J = 7.0 Hz, 2H), 1.31 (t) = 7.0 Hz, 3H)."*C NMR (125



MHz, CDCk) ¢ 163.2, 153.7, 150.5, 149.6, 142.7, 137.4, 128.8,712127.5, 122.5,
119.8, 114.2, 101.2, 60.0, 14.2. IR (KBr) 3449, 803977, 2368, 1633, 1575, 1511,
1211, 1144, 783, 563. HRMS calcd fors €140, N3: 268.1086. Found: 268.1081.
4.1.16 Ethyl-2-(pyridin-4-yl)pyrazolo[1,5-a]pyrid@3-carboxylate 316)

(Eluent: EtOAC);81% yield (66 mg); White solid; M1j54-159°C;'H NMR (500 MHz,
CDCl) 6 8.72 (d,J = 5.5 Hz, 2H), 8.55 (d] = 7.0 Hz, 1H), 8.25 (d] = 9.0 Hz, 1H), 7.75
(d,J = 5.5 Hz, 2H), 7.46 (1) = 7.5 Hz, 1H), 7.02 (tJ = 6.5 Hz, 1H), 4.35 (g,) = 7.0
Hz, 2H), 1.33 (tJ = 7.0 Hz, 3H).**C NMR (125 MHz, CDGJ) ¢ 163.1, 154.1, 149.3,
142.6, 140.5, 128.5, 127.6, 124.4, 119.9, 114.2,21(60.2, 14.2. IR (KBr) 3449, 3069,
3032, 2973, 2369, 1632, 1511, 1211, 1153, 1058, 588 HRMS calcd for GH;14 O,
N3 268.1086. Found: 268.1075.

4.1.17 Butyl-2-(2-chlorophenyl)pyrazolo[1,5-a] pyine-3-carboxylate 317)

(Eluent: 5% EtOAc/hexane);60% yield (52.0 mg); Whiolid; M.p.78-83°C/H NMR
(500 MHz, CDCH¥) 6 8.54 (d,J = 7.0 Hz, 1H), 8.25 (d] = 9.0 Hz, 1H), 7.49-7.43 (m,
3H), 7.40-7.33 (m, 2H), 6.99 d,= 7.0 Hz, 1H), 4.15 (tJ = 7.5 Hz, 2H), 1.46 (quin] =
6,5 Hz 2H), 1.13 (sexted,= 7.5 Hz, 2H), 0.82 (tJ = 7.5 Hz, 3H).*C NMR (125 MHz,
CDCls) ¢ 163.3, 154.2, 141.9, 134.1, 132.8, 131.1, 129.8,112128.9, 127.3, 126.2,
119.4, 113.9, 102.7, 63.7, 30.5, 19.0, 13.6. IRrKBEI32, 2960, 2366, 1637, 1244, 1025,
755, 430. HRMS calcd forfgHig O, NoCl: 329.1057. Found: 329.10565.

4.1.18 Cyclohexyl-2-(pyridin-4-yl)pyrazolo[1,5-ajjigine-3-carboxylate 318)

(Eluent: EtOACc);84% yield (81 mg); White solid; p498-103°C;'H NMR (500 MHz,
CDCls) 6 8.76 (d,J = 5.0 Hz, 2H), 8.56 (d] = 7.0 Hz, 1H), 8.28 (d] = 9.0 Hz, 1H), 7.76
(d,J=5.5 Hz, 2H), 7.48 (] = 7.5 Hz, 1H), 7.03 (tJ = 7.0 Hz, 1H), 5.03 (sepl,= 5.0
Hz, 1H), 1.97-1.96 (m, 2H), 1.70-1.68 (m, 2H),8527 (m, 6H)**C NMR (125 MHz,
CDCl) 0 162.6, 154.0, 149.2, 142.6, 140.6, 128.8, 127.4,.4,2119.9, 114.3, 101.6,
72.7, 31.7, 25.2, 23.6. IR (KBr) 3393, 2943, 236705, 1507, 1205, 1145, 1051, 786,
446. HRMS calcd for € HyoO2 N3: 322.1556. Found: 322.1555.

4.1.19 Ethyl-2-(4-fluorophenyl)pyrazolo[1,5-a]pyme-3-carboxylate 322)

(Eluent: 5% EtOAc/hexane);62% yield(53 mg); Whiwlids M.p.90-95°C;'H NMR
(500 MHz, CDC}) § 8.51 (d,J = 7.0 Hz, 1H), 8.20 (d] = 9.0 Hz, 1H), 7.79 (s, 2H), 7.40
(t, J=7.5Hz, 1H), 7.13 (] = 8.0 Hz, 2H), 6.96 (d] = 6.5 Hz, 1H), 4.23 (g}= 7.0 Hz,



2H), 1.32 (t,J = 7.0 Hz, 3H).2*C NMR (125 MHz, CDGJ) § 164.2 (d,J = 246.2
Hz),163.4, 155.9, 142.6, 131.8, 0=8.1 Hz), 128.7, (dJ = 28.5 Hz), 127.2, 119.7,
114.7, (dJ = 21.3 Hz), 113.8, 100.6, 59.9, 14.2. IR (KBr) 848032, 2370, 1713, 1512,
1142, 786, 511. HRMS calcd for§Hi4 O N2 F: 285.1039. Found: 285.1028.

4.1.20 Ethyl-2-(3-fluorophenyl)pyrazolo[1,5-a]pyme-3-carboxylate323)

(Eluent: 5% EtOAc/hexane);61% yield (52 mg); Whstid; M.p.116-121°C'H NMR
(500 MHz, CDC}) 6 8.52 (d,J = 7.0 Hz, 1H), 8.23 (d] = 9.0 Hz, 1H), 7.60 (d] = 7.5
Hz, 1H), 7.54 (d,) = 10,0 Hz, 1H),7.44-7.39 (m, 2H), 7.15-7.11 (m)16199 (t,J = 6.5
Hz, 1H), 4.35 (q,) = 7.0 Hz, 2H), 1.33 (] = 7.0 Hz, 3H)**C NMR (125 MHz, CDG))

5 163.3, (d,J = 20.6 Hz),161.2, 155.5, 142.7, 134.6, {d; 8.1 Hz), 129.2, (d) = 8.1
Hz), 128.8, 127.3, 125.7, 119.8, 117.2,J&; 22.8 Hz), 115.7, (d] = 21.0 Hz), 114.0,
100.8, 59.9, 14.1. IR (KBr) 3449, 3033, 2979, 171513, 1203, 775, 467. HRMS calcd
for Ci6 Hi4 O2 NoF: 285.1039. Found: 285.1032.

4.1.21 Ethyl-2-(4-chlorophenyl)pyrazolo[1,5-a]pyine-3-carboxylate 325)

(Eluent: 5% EtOAc/hexane);63% yield (57 mg); Whstid; M.p.124-129°CIH NMR
(500 MHz, CDC}) § 8.51 (d,J = 6.5 Hz, 1H), 8.20 (d] = 9.0 Hz, 1H), 7.76 (d] = 8.5
Hz, 2H), 7.43-7.35 (m, 3H), 6.95 (§,= 6.5 Hz, 1H), 4.34 (4] = 7.5 Hz, 2H), 1.33 (1)

= 7.0 Hz, 3H).13C NMR (125 MHz, CD(J) 6 163.6, 155.6, 142.6, 134.9, 131.3, 130.9,
128.7, 127.9, 127.3, 119.7, 113.9, 100.7, 59.R.1&R (KBr) 3430, 3030, 2365, 1713,
1511, 1218, 1143, 784, 500. HRMS calcd forgHz4CIN,O,:  301.0744. Found:
301.0744.

5. Methodologies:

5.1 Cell Culture and Growth Conditions:

The Human cancer cell lines (A549,PC-3,HCT-116 MfdF-7) were acquired from
National Cancer Institute, Frederick, U.S.A. Celek were grown in tissue culture flasks
in complete growth medium (RPMI-1640 medium with nglutamine, pH 7.4,
supplemented with 10% fetal bovine serum, 100pgim@ptomycin and 100 units/ml
penicillin in carbon dioxide incubator (New BrunsWj Galaxy 170R, Eppendorf) at
37°C, 5% CQand 98% RH.



5.2 In vitro Cytotoxicity by SRB assay:

The SRB assay was performed in which 100ul ofstepension was added to each well
of the 96-well tissue culture plate. The cells wallewed to grow in carbon dioxide
incubator (37°C, 5% C£ 90% RH) for 24 hours. Test materials in complgtewth
medium (100pl) along with known cytotoxic agentaclRaxel, 5-FU and Doxorubicin as
positive controls were added after 24 hours of lmation to the wells containing cell
suspension. The plates were further incubated8draurs in a carbon dioxide incubator.
The cells were then immobilized with ice-cold ttmtwacetic acid for 1 hour at 4°C.
After that, the plates were washed three times wdker and air-dried. Plates were then
stained with Sulforhodamine B dye (0.4 % in 1% @catid, 100ul) for 30 minutes.
Again, the plates were washed three times with ¥ét\(ol) acetic acid to remove the
unbound dye. The adsorbed dye was dissolved in 10ndvBuffer (pH 10.4) and plates
were gently stirred for 10 minutes on a mecharstialer. The optical density (OD) was
recorded on ELISA reader at 540 nm. The cell grow#fs determined by subtracting
mean OD value of respective blank from the meanv@be of experimental set. Percent
growth in presence of test material was calculattsidering the growth in absence of
any test material as 100% and in turn percent drowhibition in presence of test
material was calculated. §Ewas determined by plotting OD against concentnaby
Graph Pad Prism version 5.0 (1, 2).

5.3DAPI stainiry:

Human Breast cancer MCF-7 cells were seeded ansitdeof 1.5x18/ml in six well
plates. The compound 247 was added at concentsatibriO, 20 and 3M for 24h;
Paclitaxel was taken as a positive control. Aftéh 2ncubation, cells were trypsinized,
washed and resuspended in PBS. Slides were fixetlilled methanol for 30 min and
stained with 4', 6-diamidino-2-phenylindole (DAPBigma-Aldrich) lig/ml and
incubated at C for 30 min in the dark. After PBS washing, théiscerere mounted in
glycerol: PBS (9:1) and covered with glass covagr. Slhe slides were then observed for
nuclear morphological alterations under fluoreseengcroscope (Olympus) using UV
filter at 40X magnification.



5.4Reactive Oxygen Species (ROS):

MCF-7 breast cancer cells (1X)Overe seeded into six well plate and treated W@th20
and 3@M of compound 247 for 24h. J@, was added to the medium 2h prior to the
termination. The cells were further incubated wiluM DCFDA for 30 min at 37C in
dark. Then, cells were washed with PBS and analyzeter fluorescence microscope
(Nikon D3100) at magnification of 20X.The fluoreace intensity was measured with a
Tecan microplate reader (Infinite M200 PRO) at &aitation and emission wavelength
of 480/530nm.

5.5 Analysis of cell cycle phases by flow cytometry

MCF-7 cells (1 x 18cells/2 mL/well) were treated with 247 at differemncentration of
10, 30, 50 uM/mL for 24 h. After 24 h, cells werarvested, washed twice in PBS, and
fixed in 70% cold ethanol overnight. Cells wereiagaashed with PBS and subjected to
RNase digestion (0.1 mg/ml) at’&7for 90 min and finally cells were incubated with
(10 mg/ml). Cells are then analyzed immediately FXCS Calibur Flow Cytometer
(Becton Dickinson, Franklin Lakes, NJ). The reswere analyzed by Mod fit (Verity

Software House Inc., Topsham.

5.6 Bioluminescent EGFR Kinase Assay:
EGFR kinase activity was measured by using ADBlo™ EGFR Kinase Assay

(Promega Corporation). It generates luminescemasigvhich is proportional to ADP
concentration produced by the kinase reaction. YAssas carried out according to
manufacturer’s protocol. Dose response of test maateyas assessed in duplicates by
using different dilutions of the compound. Tyroskiease buffer diluted enzyme (10ul),
substrate-ATP (10ul) and compound (5ul of eachtidihy were transferred to white 96-
well microtiter plate (Costar # 3912, Corning, N&f)d incubated at ambient temperature
for 60 min. In all wells 30ng EGFR kinase, 5uM AT®2ug/ul Poly (Glu4, Tyr)
substrate was present. In blank except enzymeoalponents were present. ADP Glo
reagent (25ul) was added to stop the reaction laadlate was again incubated for 40
min at ambient temperature and finally 50 pl ofdse detection reagent was added to

each well. By using BioTek Synergy Mx microplateader luminescent signal was



detected after 30 min. The percent enzyme actiwig calculated by subtracting the
luminescent values for blank from the values ofatiier reactions. Luminescent values
of each reaction were then divided by théVOinhibitor reaction and multiplied 100
times to determine the % enzyme activity. To catailthe 1G,, Prism, version 5.04,

from GraphPad Software (La Jolla, CA), was used.
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Highlights

« Thiswork highlights the synthesis of substituted pyrazolo[1,5-a]pyridine derivatives as
anticancer agents.

* Invitro screening of target pyrazolo[1, 5-a]pyridines against various human cancer cell
lines.

» Determination of 1Csy against various human cancer cell lines.

» Pyrazolo[1, 5-a]pyridines are active anticancer, antimicrobial, antiviral, antipsychotic,
etc.



