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Abstract - Imidazo[1,2-a]pyridine exerts a notable pharmacological efficiency and
has emerged as an integral backbone for the treatment of various cancer. Inhibition
of cyclin-dependent kinases has emerged as a potential therapeutic strategy for a
variety of cancers. Here, we discuss the synthesis of imidazo[1,2-a]pyridine
derivatives modified at positions 6 and 8 prepared using Suzuki-Miyaura cross-
coupling, Buchwald reaction, and peptide coupling as the main synthetic methods.
All synthesized compounds were characterized by spectroscopy techniques after
purification and screened for their anti-cancer activity by in vitro MTT assays
against MCF-T cell line and CDK2 inhibition by kinase inhibition assay. The in
vitro and kinase inhibition assay revealed that compounds 11ii, 11iii, 11xxi, 11vi,
and 11viii show potent anti-cancer activity for the treatment of breast cancer. This
study demonstrates that substituted imidazo[1,2-a]pyridine can be exploited for

future cyclin-dependent kinase (CDK2) inhibitor development.
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INTRODUCTION

Cancer is distinguished by uncontrolled tumor cell division caused by the abnormal activity of cell cycle
proteins. This occurs due to mutations in upstream signaling pathways or genetic lesions in genes encoding
cell cycle proteins.t2 It is the second utmost significant reason for death around the globe.2 The World
Health Organization (WHO) claims that around 10 million people died in 2020 from various types of cancer,
and the figure is predicted to rise to almost 13.1 million by 2030. According to studies, cancer prevalence
has risen dramatically, with over 3.0 lakh new cases of malignant tumors detected each year among children
aged 0 to 19, with cancer being the leading cause of mortality among children.*® The global cancer burden

is significant and increasing day by day (Figure 1).”
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Figure 1. Estimated number of new cases of cancer in 2020, worldwide

Many pieces of data suggested that inhibiting cyclin-dependent kinases (CDKSs) could play a crucial role in
cancer suppression.2t CDKs have become a potential target for cancer therapy due to their frequent
misregulation in tumor cells.X2 Human cells have a total of 20 CDKs (1-20) and 29 cyclins. CDKs are
protein-serine/threonine kinases that are members of the CMGC family (cyclin-dependent protein kinases,
mitogen-activated protein kinases, glycogen synthase kinases, and CDK-like kinases). As their name
implies, CDKs are activated by cyclins, which are proteins that interact with CDKs. After the formation of
a CDK-cyclin complex, the CDK activation region is phosphorylated at a conserved threonine residue by
CDK?7, allowing full expression of CDK-cyclin enzyme activity.134 However, phosphorylation regulates

CDKs, which are necessary for cell growth, cell division, DNA replication, as well as chromosome
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separation. Besides, CDK has low kinase activity without cyclin, and the cyclin-CDK complex is the only
active kinase.2> Moreover, aberrant CDKs activity induces spontaneous proliferation, genomic instability,
and chromosomal instability, linked to cancer molecular pathogenesis.® CDK levels are relatively
consistent throughout the cell cycle, while the actions of the cell cycle group of CDKs are regulated by
cyclin proteins, whose levels fluctuate over the cell cycle.’

CDKs are classified into subfamilies based on evolutionary relationships and regulate cell cycles (CDKs 1-
6, 11, and 14-18) and transcription (CDKs 7-13, 19, and 20).X8 Among all, CDK2 is essential for cell cycle
progression, cell differentiation, apoptosis, DNA synthesis, G1-S transition, and modulation of G2
progression. Moreover, the cytoplasm, centrosome, nucleus, Cajal bodies, plasma membrane, and
endosome all contain CDK2. CDK2 is also known as cell division protein kinase 2, p33 protein kinase, or
DKN2.2-21 However, hyperactivation of CDK2 and overexpression of cyclins A and E is a critical
oncogenic process in human cancers, particularly in breast cancer, ovarian and endometrial carcinomas,
lung, thyroid carcinoma, melanoma, and osteosarcoma.222 Besides, CDK2 is over-expressed in human
tumors whereas less expressed in normal tissues, and inhibition of CDK2 also provides a therapeutic benefit
to degenerate potential CDK4/6 inhibitor resistance. Thus, selective CDK2 inhibitors serves as a potential
and beneficial target against human tumors for the development of anticancer agents.22*

Moreover, CDK inhibition was seen in several heterocyclic scaffolds, with the purine scaffold being the
most potent inhibitor of CDK2. Although, a selective CDK2 inhibitor is yet to be discovered. Roscovitine,?
Dinaciclib,2 Milciclib,2” Roniciclib,22 R547,2 AzZD5438,%% TG02,3 SNS032,22 BS-194,22 AT7519,34%6
PNU 292137, AZ703,% and other CDK2 inhibitors have recently been tested in preclinical and clinical
trials as anticancer medicines. (Figure 2) Using bioisosterism as a rational tool, AstraZeneca developed a
novel imidazo[1,2-a]pyridine scaffold bearing purine moiety as potent and selective CDK2 inhibitors as
anticancer agents. Due to their biological properties, nitrogen-containing heterocyclic compounds,
imidazo[1,2-a]pyridine (IP), are considered privileged structures.®® The IP cores are recognized as a “drug
prejudice” scaffold.2? It has been widely exploited in medicinal chemistry due to its broad pharmacological
activity spectrum, making it a promising drug candidate for anticancer therapy in smaller toxic and equally
effective doses 244

The present work describes the synthesis of novel 6,8-disubstituted imidazo[1,2-a]pyridine analogues with
CDK2 inhibitory action against breast cancer using MCF-7 cell line. All designed compounds were
synthesized and screened for their CDK2 inhibition activity by in vitro assay and anti-cancer activity by
MTT assay using MCF-7 breast cancer cell line.
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Figure 2. CDK2 inhibitor drugs under preclinical and clinical evaluation

RESULT AND DISCUSSION
Chemistry

Scheme 1 demonstrates the synthetic pathway of 1-(6-substituted-imidazo[1,2-a]pyridine-8-
carbonyl)spiro[chromane-2,4'-piperidin]-4-one (11i-11x). In the first step, 2-hydroxyacetophenone was
treated with Boc protected piperidin-4-one in the presence of pyrrolidine as a base and ethanol as a solvent
under reflux conditions for 16 h to obtain intermediate 3 with 80% yield. Furthermore, intermediate 3
undergo a deprotection reaction in presence of HCI in dioxane and DCM as a solvent under mild reaction
condition to afford intermediate 4 with 81% yield. (Scheme 1A)

Moreover, as per Scheme 1B, 2-aminonicotinic acid 5 undergoes esterification in the presence of H2SO4
as an acid catalyst and ethanol as a solvent under reflux condition for 16 h to afford ester derivative as an
intermediate 6 with 73% yield. However, intermediate 6 further reacts with N-bromosuccinimide (NBS)
using THF as a polar aprotic solvent at 0-25 °C for 8 h to afford intermediate 7 with 61% yield. These

intermediate 7 undergoes a cyclization reaction with 2-chloroacetaldehyde and NaHCOs as a base in the
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Scheme 1A. Synthetic route for intermediate (4). Reagents and conditions: a) EtOH, pyrrolidine, reflux,
16 h; b) 4M HCI in dioxane, DCM, 0 °C-rt, 3 h.
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Scheme 1B. Synthetic route for final compounds (11i-11x). Reagents and conditions: ¢) EtOH, H2SOs,
reflux, 16 h; d) NBS, THF, 0-25 °C, 8 h; e) 2-chloroacetaldehyde, NaHCO3, EtOH, reflux, 16 h; f)

LiOH'H20, THF, EtOH, H.O, rt, 2 h; g) HATU, DIPEA, DMF, 0 °C-rt, 2 h; h) PdClx(dppf), DCM,
Na>COs, dioxane, reflux, 1 h.
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presence of ethanol for 16 h under reflux conditions to give intermediate 8 (yield 59%) which further
undergoes a hydrolysis reaction with lithium hydroxide (LiOH-H20) using THF, EtOH, and H2O as a
solvent at room temperature for 2 h to obtain intermediate 9 with 77% yield. The intermediate 9 condenses
with intermediate 4 using HATU as a catalyst and DIPEA as a strong base using DMF as a solvent under
ambient temperature to afford intermediate 10 with 55% vyield. Finally, the intermediate 10 undergoes
Suzuki coupling reaction with arylboronic acid using PdCl2(dppf)-DCM complex and Na,COs base in
dioxane solvent under reflux conditions to obtain final imidazo[1,2-a]pyridine derivatives (11i-11x) with
the yield range 83-97%. All the synthesized compounds were characterized by IR, Mass, *H-NMR, and
13C-NMR spectroscopy.

In vitro assay for cytotoxic activity (MTT assay) and CDK2 enzymatic assay

All 10 compounds were screened for in vitro CDK2 inhibitory ADP-Glo™ Kkinase assay and cytotoxicity
activity using MTT assay on the breast cancer cell line (MCF-7). The 1Cso values were calculated using the
plotted nonlinear graph of percent cell inhibition vs. log concentration in Graphpad Prism software (ver.7).
The cytotoxicity was expressed as the mean ICso of the triplicate values. The results obtained were
compared with the standard drugs doxorubicin, 5-fluorouracil, and CDK2 inhibitor. The 1Cso values of
selected derivatives were in the range of 24.28-157.6 uM for MTT assay and 1.14-72.32 uM for CDK?2
enzymatic assay. According to the cytotoxicity results, compounds 11ii, 11iii, 11vi, and 11vii were found
to be more potent. Which were significantly higher as compared with the 1Cso values of doxorubicin (81.24
uM) and 5-fluorouracil (99.89). While the rest of the derivatives showed less toxicity against the breast
cancer cells (Table 1). However, CDK2 enzymatic assay state that aryloxy/alkoxy group like phenoxy,
o/m/p-methoxy, 3-ethoxy, and 4-isopropoxy substituted phenyl ring attachment to imidazo[1,2-a]pyridine
scaffolds by Suzuki cross-coupling reaction increase CDK2 inhibition (Table 1). Whereas, the electron-
withdrawing group on the phenyl ring as R! (6th position) of imidazo[1,2-a]pyridine does not much affect
to CDK2 inhibitory activity except in the difluoro/trifluoro group. However, for heteroaryl substitution at
the 8th position of imidazo[1,2-a]pyridine, unsubstituted/substituted pyridine ring is the best for the
development of potent CDK2 inhibitor (11ii, 11iii, and 11vi) for breast cancer treatment. The results in

terms of CDK2 inhibition and ICso for all compounds (11i-11x) have been given in Table 1.
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Table 1. Results of ICso values of compounds (11i-11x) against CDK2 and MCF-7 cell line at 10 pM

Rl
N
O AN N7
N
0
0
Compound No R? 'Coo (M) 1Cs0 (uM)*
(MCF-7) (CDK2)
11i phenyl 114.9 42.34
11ii 2-methylpyridine 50.04 13.67
11iii pyridine 36.42 14.45
11liv 4-phenoxyphenyl 109.7 35.45
11v pyrimidine 56.45 22.43
11lvi 2-trifluoromethylpyridine 33.45 8.89
11vii 4-benzyloxyphenyl 24.28 1.14
11viii 4-fluorophenyl 63.38 35.23
11ix 3-cyanophenyl 48.05 22.18
11x 4-chlorophenyl 157.6 72.32
CDK2 inhibitor NA 0.14
Doxorubicin 81.24 NA
5-Fluorouracil 99.89 NA

CONCLUSION

To summarize, in this study, a series of imidazo[1,2-a]pyridine derivatives (11i-11x) were designed,

synthesized, and tested for CDK2 inhibition to learn more about their potential application as anti-cancer

agents. Surprisingly, the CDK2 inhibitory activities of these compounds revealed some extremely potent

CDK2 inhibitors. The most active compound 1-(6-(4-phenoxyphenyl)imidazo[1,2-a]pyridine-8-

carbonyl)spiro[chromane-2,4'-piperidin]-4-one (11vii) showed maximum CDK2 inhibition (ICso = 1.14

uM). Particularly, our findings indicated the requirement of a phenoxy group attached to imidazo[1,2-

a]pyridine ring including a hydrophobic heteroaryl chromane-piperidine spirocyclic ring through amide

linkage (11vii) for potential CDK2 inhibition. Moreover, unsubstituted/substituted pyridine attachment
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from among all substituted heterocycles to imidazo[1,2-a]pyridine scaffolds such as compound 11ii (ICsp
=13.67 uM) and 11iii (14.45 uM) was found to be potent CDK2 inhibitor. Besides this, the test compounds'
in-silico pharmacokinetic properties predicted drug-like properties for potential oral use as anti-cancer
agents. Thus, compound 11vii shows higher potency against CDK2 making it a promising candidate for

further research in the development of novel anti-cancer agents.

EXPERIMENTAL

Chemistry

All solvents and reagents used for the synthesis of desired compounds obtained from commercially
available sources such as Spectrochem, S.d. Fine, and Sigma-Aldrich were used. Using a Digital Melting
Point Apparatus, the melting points of synthesized compounds were determined. The reaction progress was
tracked using silica-gel pre-coated TLC plates and UV visualization. The infrared spectra (IR) were taken
using BRUKER ALPHA-T in the region of 4000-500 cm™. *H NMR and **C NMR were acquired in CDCl3
and DMSO-ds solvents on Bruker Biospin NMR Spectrometer at 400 MHz. Agilent Mass Spectrometer
was used to create high-resolution mass spectra. The final compounds were purified using silica gel as an
adsorbent in column chromatography.

Preparation of tert-Butyl 4-oxo-3,4-dihydro-1H-spiro[napthalene-2,4-piperidine]-1-carboxylate (3)
In a 500 mL four-neck round bottom flask with condenser under a nitrogen atmosphere; 1-(2-
hydroxyphenyl)ethanone (1) (15 g, 0.1102 mol) and tert-butyl 4-oxopiperidine-1-carboxylate (2) (21.94 g,
0.1102 mol) were dissolved in MeOH (36%) and pyrrolidone (220 mL) was added at room temperature.
The reaction mixture was stirred and refluxed for 16 h. The progress of the reaction was monitored by TLC
and LCMS. After completion, the reaction mixture was concentrated under reduced pressure and extracted
with EtOAc. The collected organic layer was washed with brine, dried over sodium sulphate, and
concentrated under reduced pressure to afford crude which was purified using silica gel (100-200 mesh
size) column chromatography. The pure tert-butyl 4-oxo-3,4-dihydro-1H-spiro[napthalene-2,4-piperidine]-
1-carboxylate (3) was eluted in 6-8% EtOAc in hexane as a colorless liquid. Yield: 80%; *H NMR (400
MHz, DMSO-ds) & (ppm): 7.752-7.733 (d, J=7.6 Hz, 1H), 7.614-7.575 (t, J=7.6 Hz, 1H), 7.098-7.043 (q,
J=7.6 Hz, 2H), 3.743-3.714 (d, J=11.6 Hz, 2H), 3.141 (s, 2H), 2.854 (s, 2H), 1.903-1.868 (d, J=14 Hz, 2H),
1.663-1.611 (t, J=10.4 Hz, 2H), 1.411 (s, 9H); ESI-MS m/z: 318.9 [M *1].

Preparation of 1H-Spiro[naphthalene-2,4-piperidin]-4(3H)-one hydrochloride salt (4)

In a 250 mL three-neck round bottom flask with a calcium chloride guard tube under a nitrogen atmosphere;
tert-butyl 4-oxo-3,4-dihydro-1H-spiro[naphthalene-2,4-piperidine]-1-carboxylate (3) (20 g, 0.0630 mol)
was dissolved in CH2Cl,. The reaction mixture was cooled to 0 °C and 4M HCI in dioxane (20 mL) was

added dropwise using a dropping funnel. The reaction mixture was stirred at room temperature for 3 h. The
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reaction was monitored by thin-layer chromatography (TLC). After the completion, the reaction mixture
was concentrated under reduced pressure to afford a crude product which was purified with Et.O trituration
to afford 1H-spiro[naphthalene-2,4-piperidin]-4(3H)-one hydrochloride salt (4) as a creamy white solid.
Yield: 81%; *H NMR (400 MHz, DMSO-dg) § (ppm): 9.390 (s, 1H), 9.190 (s, 1H), 7.755-7.732 (dd, J=7.6,
1.2 Hz, 1H), 7.634-7.592 (m, 1H), 7.145-7.065 (m, 2H), 3.184-3.063 (m, 4H), 2.903 (s, 2H), 2.116-2.081
(d, J=14 Hz, 2H), 1.981-1.905 (m, 2H).

Preparation of Ethyl 2-aminonicotinate (6)

2-Aminonicotinic acid (5) (25 g, 0.1811 mol) was dissolved in EtOH (250 mL) and conc. H2SO4 (50 mL)
was added dropwise using a dropping funnel at room temperature under a nitrogen atmosphere. The
resulting mixture was refluxed for 16 h. The reaction was monitored by TLC and LCMS. After completion,
the reaction mixture was concentrated under reduced pressure, cooled to 0 °C, neutralized with 2N NaOH,
and extracted with EtOAc. The organic layer was washed with brine, dried over sodium sulphate, and
evaporated using a rotary evaporator to yield ethyl 2-aminonicotinate (6) as a creamy white solid. Yield:
73%; *H NMR (400 MHz, DMSO-ds) & (ppm): 8.206-8.190 (dd, J=4.7, 2.0 Hz, 1H), 8.060-8.037 (dd, J=7.7,
2.0 Hz, 1H), 7.173 (s, 2H), 6.634- 6.603 (dd, J=7.8, 4.7 Hz, 1H), 4.295-4.241 (q, J=7.1 Hz, 2H), 1.314-
1.278 (t, J=7.1 Hz, 3H); ESI-MS m/z: 167.17.[M*1].

Preparation of Ethyl 2-amino-5-bromonicotinate (7)

Ethyl 2-aminonicotinate (6) (22 g, 0.1325 mol) in THF was cooled to 0 °C under a nitrogen atmosphere
and N-bromosuccinimide (23.58 g, 0.1325 mol) was added portionwise at 0 °C. The reaction mixture was
stirred at room temperature for 8 h. The progress of the reaction was monitored by TLC and LCMS. After
completion, the reaction mixture was quenched with saturated sodium bicarbonate solution and extracted
with EtOAc. The collected organic layer was dried over sodium sulphate and evaporated using a rotary
evaporator to yield ethyl 2-amino-5-bromonicotinate (7) as a creamy white solid. Yield: 61%; 'H NMR
(400 MHz, DMSO-ds) 6 (ppm): 8.288-8.282 (d, J=2.7 Hz, 1H), 8.113-8.107 (d, J=2.6 Hz, 1H), 7.351 (s,
2H), 4.302-4.249 (m, 2H), 1.323-1.287 (t, J=7.1 Hz, 3H); ESI-MS m/z: 246.97 [M *2].

Preparation of Ethyl 6-bromoimidazo[1,2-a]pyridine-8-carboxylate (8)

Ethyl 2-amino-5-bromonicotinate (7) (20 g, 0.0816 mol) was dissolved in EtOH (300 mL) and sodium
bicarbonate (13.7 g, 0.1632 mol) was added maintaining an inert atmosphere. Chloroacetaldehyde (50% in
H20) (64 mL, 0.4080 mol) was added dropwise using a dropping funnel, and the reaction mixture was
refluxed for 16 h. The reaction was monitored by TLC and LCMS. After completion, the reaction mixture
was concentrated under reduced pressure and neutralized with saturated sodium carbonate solution, and
extracted with CH2Cl>. The organic layer was washed with brine, dried over sodium sulphate, and
concentrated under reduced pressure. The crude product was purified using silica gel (100-200 mesh size)

column chromatography to afford pure ethyl 6-bromoimidazo[1,2-a]pyridine-8-carboxylate (8) as a brown
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solid. Yield: 59%; 'H NMR (400 MHz, DMSO-ds) & (ppm): 9.175-9.170 (d, J=2 Hz, 1H), 8.033-8.031 (d,
J=0.8 Hz, 1H), 7.850-7.846 (d, J=1.6 Hz, 1H), 7.706 (s, 1H), 4.399-4.345 (q, J=7.1 Hz, 2H), 1.359-1.324
(t, J= 7.1 Hz, 3H); ESI-MS m/z: 271.7 [M *2].

Preparation of 6-Bromoimidazo[1,2-a]pyridine-8-carboxylic acid (9)

Ethyl 6-bromoimidazo[1,2-a]pyridine-8-carboxylate (8) (13 g, 0.0483 mol) was taken in a round bottom
flask containing THF (70 mL), EtOH (35 mL), water (35 mL). Lithium hydroxide (10.1 g, 0.2416 mol) was
added and the reaction mixture was stirred at room temperature for 2 h. The reaction was monitored by
TLC and LCMS. After completion, the organic solvent was concentrated under reduced pressure and
neutralized with 5N HCI solution to afford solid precipitates which were filtered through a Buchner funnel
and dried under vacuum to afford 6-bromoimidazo[1,2-a]pyridine-8-carboxylic acid (9) as a brown solid.
Yield: 77%; *H NMR (400 MHz, DMSO-ds) & (ppm): 9.390 (s, 1H), 8.245 (s, 2H), 7.982 (s, 1H); ESI-MS
m/z: 243.5 [M *2].

Preparation of 1-(6-Bromoimidazo[1,2-a]pyridine-8-carbonyl)-1H-spiro[naphthalene-2,4-
piperidin]-4(3H)-one (10)

Under nitrogen atmosphere, 6-bromoimidazo[1,2-a]pyridine-8-carboxylic acid (9) (9 g, 0.0373 mol) in
DMF (90 mL) was cooled to 0 °C and HATU (17 g, 0.0447 mol) was added. The reaction mixture was
stirred at 0 °C for 20 min. 1H-Spiro[naphthalene-2,4-piperidin]-4(3H)-one hydrochloride salt (10.4 g,
0.0410 mol) was added followed by N,N-diisopropylethylamine (24 g, 0.1865 mol) at 0 °C and the reaction
mixture was stirred at room temperature for 2 h. The reaction was monitored by TLC and LCMS. After
completion, the reaction mixture was poured into ice-cold water to afford solid precipitates which were
filtered through the Buchner funnel and dried under a vacuum. The crude 1-(6-bromoimidazo[1,2-
a]pyridine-8-carbonyl)-1H-spiro[naphthalene-2,4-piperidin]-4(3H)-one (10) obtained was then purified by
silica gel (100-200 mesh size) column chromatography. Yield: 55%; 'H NMR (400 MHz, DMSO-ds) &
(ppm): 8.995 (s, 1H), 8.007 (s, 1H), 7.751-7.731 (d, J=8 Hz, 1H), 7.665 (s, 1H), 7.626-7.587 (t, J=7.6 Hz,
1H), 7.427 (s, 1H), 7.134-7.113 (d, J=8.4 Hz, 1H), 7.084-7.047 (t, J= 7.2 Hz, 1H), 4.330-4.299 (d, J=12.4
Hz, 1H), 3.354-3.207 (m, 3H), 2.887 (s, 2H), 2.080-2.008 (t, J=14 Hz, 2H), 1.832-1.765 (t, J=14.4 Hz, 3H);
ESI-MS m/z: 442.6 [M *2].

General Procedure for the Synthesis of 1-(6-Substituted-imidazo[l,2-a]pyridine-8-
carbonyl)spiro[chromane-2,4'-piperidin]-4-one derivatives (11i-11x)

Under an inert atmosphere, 1-(6-bromoimidazo[1,2-a]pyridine-8-carbonyl)-1H-spiro[naphthalene-2,4-
piperidin]-4(3H)-one (10) (0.0003 mol) was dissolved in dioxane (6 mL) and water (2 mL). Substituted
phenylboronic acid (0.00036 mol) and Na,COs (0.0009 mol) were added. The reaction mixture was
degassed with argon for 5 min. PdCl2(dppf) (0.00003 mol) was added and degassed for 2 min. The reaction
mixture was heated at 100 °C for 1 h. The progress of the reaction was monitored by TLC and LCMS. After
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completion, the reaction mixture was diluted with water and extracted with EtOAc. The organic layer was
washed with brine and dried over sodium sulphate and evaporated using a rotary evaporator. The crude
residue obtained was purified using combi-flash chromatography to afford pure final derivatives (11i-11x).
1-(6-Phenylimidazo[1,2-a]pyridine-8-carbonyl)spiro[chromane-2,4'-piperidin]-4-one (11i)

Yield: 90%; Mp 136-138 °C; IR (KBr, cm™): 3059.05 (C-H, Aromatic), 2923.13 (C-H, Aliphatic), 1688.48
(C=0, Ketone), 1634.48 (C=0, Amide),1576.93, 1370.78 (C=C, Aromatic), 1221.29 (C-N, Str), 1025.26
(C-0O, Str); 'H NMR (400 MHz, DMSO-ds) & (ppm): 9.002 (s, 1H), 8.041-8.019 (d, J=8.8 Hz, 1H), 7.732
(s, 3H), 7.656-7.576 (m, 3H), 7.535-7.50 (t, J=6.8 Hz, 2H), 7.438-7.402 (t, J=7.2 Hz, 1H), 7.127-7.036 (m,
2H), 4.387-4.337 (d, J=12 Hz,1H), 3.329(m, 3H), 2.884 (s, 3H), 2.092-2.058 (d, J=13.6 Hz, 1H), 1.849-
1.817 (t, J=12.8 Hz, 3H); *C NMR (100 MHz, DMSO-de) & (ppm): 33.42, 34.34, 37.33, 42.82, 47.23,
78.68, 114.82, 118.86, 120.81, 121.64, 122.89, 125.10, 125.28, 126.14, 126.34, 127.04, 128.37, 129.62,
134.48, 134.53, 136.61, 137.03, 140.93, 159.01, 165.10, 191.85; ESI-MS m/z: 438.8

[M~*1].
1-(6-(2-Methylpyridin-4-yl)imidazo[1,2-a]pyridine-8-carbonyl)spiro[chromane-2,4'-piperidin]-4-
one (11ii)

Yield: 90%; Mp 130-132 °C; IR (KBr, cm™): 3077.77 (C-H, Aromatic), 2921.14 (C-H, Aliphatic), 1687.87
(C=0, Ketone), 1633.52 (C=0, Amide), 1555.85, 1371.83 (C=C, Aromatic), 1214.96 (C-N, Str), 1025.73
(C-0O, Str); 'H NMR (400 MHz, DMSO-ds) & (ppm): 9.323 (s, 1H), 8.555-8.542 (d, J=5.2 Hz, 1H), 8.071
(s, 1H), 7.741 (s, 2H), 7.702 (s, 2H), 7.626-7.591 (t, J=8.4 Hz, 3H), 7.138-7.047 (m, 2H), 4.380-4.347 (d,
J=13.2 Hz, 1H), 3.422-3.294 (m, 3H), 2.900 (s, 2H), 2.562 (s, 3H), 2.110-2.075 (d, J=14.4 Hz, 1H), 1.854-
1.790 (t, J=15.2 Hz, 3H); *C NMR (100 MHz, DMSO-dg) & (ppm): 24.62, 33.46, 34.39, 37.35, 42.82,
47.23, 78.66, 115.14, 118.45, 118.86, 120.59, 120.82, 121.67, 122.02, 122.40, 126.36, 126.40, 126.53,
134.91, 137.05, 141.28, 144.06, 150.15, 159.02, 159.26, 164.94, 191.83; ESI-MS m/z: 453.4 [M "1].
1-(6-(Pyridin-4-yl)imidazo[1,2-a]pyridine-8-carbonyl)spiro[chromane-2,4'-piperidin]-4-one (11iii)
Yield: 89%; Mp 218-220 °C; IR (KBr, cm™): 3121.42 (C-H, Aromatic), 2921.78 (C-H, Aliphatic), 1686.25
(C=0, Ketone), 1628.00 (C=0, Amide), 1221.22 (C-N, Str), 1023.66 (C-O, Str); *H NMR (400 MHz,
DMSO-ds) & (ppm): 9.254 (s, 1H), 8.699-8.686 (d, J=5.2 Hz, 2H), 8.081 (s, 1H), 7.819-7.805 (d, J=5.6 Hz,
2H), 7.759-7.708 (m, 2H), 7.625-7.541 (m, 2H), 7.138-7.046 (m, 2H), 4.380-4.347 (d, J=13.2 Hz, 1H),
3.389-3.264 (m, 3H), 2.900 (s, 2H), 2.108-2.074 (d, J=13.6 Hz, 1H), 1.854-1.789 (t, J=14.4 Hz, 3H); °C
NMR (100 MHz, DMSO-ds) 6 (ppm): 33.47, 34.37, 37.36, 42.83, 47.24, 78.67, 115.19, 118.86, 120.82,
121.38, 121.67, 121.92, 122.22, 126.36, 126.45, 126.67, 134.95, 137.05, 141.29, 143.89, 150.84, 159.02,
164.91, 191.83; ESI-MS m/z: 439.4 [M *1].
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1-(6-(4-Phenoxyphenyl)imidazo[1,2-a]pyridine-8-carbonyl)spiro[chromane-2,4'-piperidin]-4-one
(11iv)

Yield: 91%, Mp 119-121 °C; IR (KBr, cm™): 3069.04 (C-H, Aromatic), 2923.72 (C-H, Aliphatic), 1689.74
(C=0, Ketone), 1635.91 (C=0, Amide), 1372.21 (C=C, Aromatic), 1238.10 (C-N, Str), 1023.87 (C-O, Str);
'H NMR (400 MHz, DMSO-ds) & (ppm): 8.990 (s, 1H), 8.040-8.021(d, J=7.6 Hz, 1H), 7.825-7.731 (m,
3H), 7.660 (s, 1H), 7.614-7.587 (d, J=10.8 Hz 2H), 7.470-7.431 (t, J=8 Hz 2H), 7.222-7.045 (m, 6H), 4.374-
4.341 (d, J=13.2 Hz 1H), 3.390-3.309 (m, 3H), 2.895 (s, 2H), 2.098-2.063 (d, J=14 Hz, 1H), 1.854-1.786
(t, J=14.4 Hz, 3H); *C NMR (100 MHz, DMSO-ds) & (ppm): 33.46, 34.37, 37.34, 42.83, 47.25, 78.69,
114.79, 117.60, 118.87, 119.45, 119.55, 120.83, 121.66, 122.82, 124.29, 124.54, 124.93, 126.16, 126.36,
128.76, 130.56, 130.65, 131.72, 134.50, 136.64, 137.03, 140.87, 155.80, 157.21, 159.03, 165.13, 191.83;
ESI-MS m/z: 530.4 [M *1].
1-(6-(Pyrimidin-2-yl)imidazo[1,2-a]pyridine-8-carbonyl)spiro[chromane-2,4'-piperidin]-4-one (11v)
Yield: 92%; Mp 170-172 °C; IR (KBr, cm™): 3087.21 (C-H, Aromatic), 2923.23 (C-H, Aliphatic), 1687.89
(C=0, Ketone), 1634.01 (C=0, Amide), 1373.31 (C=C, Aromatic), 1226.03 (C-N, Str), 1027.58 (C-O, Str);
'H NMR (400 MHz, DMSO-ds) & (ppm): 9.237-9.205 (m, 3H), 8.077 (s, 1H), 7.780-7.718 (m, 3H), 7.627-
7.569 (m, 2H), 7.138-7.047 (m, 2H), 4.376-4.344 (d, J=12.8 Hz, 1H), 3.394-3.271 (m, 3H), 2.903 (s, 2H),
2.110-2.076 (d J=13.6 Hz, 1H), 1.865-1.778 (t, J=9.2 Hz, 3H); 3C NMR (100 MHz, DMSO-ds) & (ppm):
33.51, 34.36, 37.37,42.83, 47.24, 78.67, 114.30, 115.08, 118.86, 119.13, 120.82, 121.67, 122.03, 126.33,
126.36, 130.49, 134.92, 137.04, 141.08, 155.15, 157.96, 159.01, 164.83, 191.81; ESI-MS m/z: 440.3 [M
1].

1'-(6-(2-(Trifluoromethyl)pyridin-4-yl)imidazo[1,2-a]pyridine-8-carbonyl)spiro[chromane-2,4'-
piperidin]-4-one (11vi)

Yield: 83%; Mp 160-162 °C; IR (KBr, cm™): 2922.70 (C-H, Aliphatic), 1689.03 (C=0, Ketone), 1634.44
(C=0, Amide), 1578.26, 1360.34 (C=C, Aromatic), 1222.90 (C-N, Str), 1025.95 (C-O, Str); *H NMR (400
MHz, DMSO-ds) 6 (ppm): 9.423 (s, 1H), 8.885-8.872 (d, J=5.2 Hz, 1H), 8.336 (s, 1H), 8.164-8.151 (d,
J=5.2 Hz, 1H), 8.091 (s, 1H), 7.899 (s, 1H), 7.750-7.733 (d, J=6.8 Hz, 2H), 7.629-7.590 (t, J=8 Hz, 1H),
7.138-7.048 (m, 2H), 4.383-4.350 (d, J=13.2 Hz, 1H), 3.556-3.264 (m, 3H), 2.903 (s, 2H), 2.116-2.081 (d,
J=14 Hz, 1H), 1.841-1.787 (t, J=10.4 Hz, 3H); F NMR: -66.352 (s, 1H); *3C NMR (100 MHz, DMSO-ds)
d (ppm): 33.48, 34.41, 37.32, 42.82, 47.23, 78.65, 115.34, 118.20, 118.85, 120.83, 121.03, 121.68, 121.88,
124.67, 126.36, 126.49, 127.70, 135.19, 137.04, 141.37, 146.31, 147.91 (q, J = 34 Hz), 151.41, 159.01,
164.69,191.80; ESI-MS m/z: 507.3 [M *1].
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1'-(6-(4-(Benzyloxy)phenyl)imidazo[1,2-a]pyridine-8-carbonyl)spiro[chromane-2,4'-piperidin]-4-
one (11vii)

Yield: 97%; Mp 110-112 °C; IR (KBr, cm™): 3033.70 (C-H, Aromatic), 2922.80 (C-H, Aliphatic), 1689.23
(C=0, Ketone), 1634.26 (C=0, Amide), 1576.32, 1373.68 (C=C, Aromatic), 1221.89 (C-N, Str), 1023.92
(C-0O, Str); *H NMR (400 MHz, DMSO-ds) & (ppm): 8.922 (s, 1H), 8.001 (s, 1H), 7.733-7.573 (m, 6H),
7.488-7.470 (d, J=7.2 Hz, 2H), 7.428-7.391 (t, J=7.2 Hz, 2H), 7.360-7.325 (t, J=7.2 Hz, 1H), 7.156-7.029
(m, 4H), 5.175 (s, 2H), 4.359-4.326 (d, J=13.2 Hz, 1H), 3.352-3.286 (m, 3H), 2.877 (s, 2H), 2.079-2.044
(d, J=14 Hz, 1H), 1.834-1.786 (t, J=14 Hz, 3H); 1*C NMR (100 MHz, DMSO-ds) & (ppm): 33.47, 34.36,
37.34,42.83, 47.26, 69.75, 78.69, 114.66, 115.93, 118.86, 120.84, 121.65, 122.85, 124.44, 124.86, 126.08,
126.35, 128.17, 128.23, 128.35, 128.94, 129.12, 134.38, 136.31, 137.02, 137.45, 137.55, 140.82, 158.71,
159.03, 165.20, 191.82; ESI-MS m/z: 544.7[M *1].
1'-(6-(4-Fluorophenyl)imidazo[1,2-a]pyridine-8-carbonyl)spiro[chromane-2,4'-piperidin]-4-one
(11viii)

Yield: 88%; Mp 172-174 °C; IR (KBr, cm™): 3124.25 (C-H, Aromatic), 2924.10 (C-H, Aliphatic), 1687.21
(C=0, Ketone), 1634.20 (C=0, Amide), 1370.47 (C=C, Aromatic), 1257.21 (C-N, Str), 1024.87 (C-O, Str);
'H NMR (400 MHz, DMSO-ds) & (ppm): 8.997 (s, 1H), 8.038 (s, 1H), 7.845-7.729 (m, 3H), 7.666 (s, 1H),
7.617-7.588 (d, J=11.6 Hz, 2H), 7.389-7.345 (t, J=8.8 Hz, 2H), 7.162-7.045 (m, 2H), 4.375-4.341 (d,
J=13.6 Hz, 1H), 3.388-3.310 (m, 3H), 2.894 (s, 2H), 2.099-2.065 (d, J=13.6 Hz, 1H), 1.851-1.786 (t, J=14.4
Hz, 3H); *C NMR (100 MHz, DMSO-ds) & (ppm): 33.47, 34.37,37.35, 42.83,47.25, 78.68, 114.64, 114.82,
116.45 (d, J =22 Hz), 118.85, 120.83, 121.65, 122.86, 124.21, 125.28, 126.17, 126.35, 127.88, 129.16 (d,
J=8.0 Hz), 133.14, 133.16, 134.55, 136.95, 137.02, 140.89, 159.03, 162.51 (d, J=243 Hz), 165.08, 191.81,
F NMR: -114.701 (s, 1H); ESI-MS m/z: 456.6 [M *1].
3-(8-(4-Oxospiro[chromane-2,4'-piperidine]-1'-carbonyl)imidazo[1,2-a]pyridin-6-yl)benzonitrile
(11ix)

Yield: 84%; Mp 215-217 °C; IR (KBr, cm™): 3076.67 (C-H, Aromatic), 2922.21 (C-H, Aliphatic), 1687.69
(C=0, Ketone), 1634.68 (C=0, Amide), 1577.80, 1371.28 (C=C, Aromatic), 1226.09 (C-N, Str), 1025.37
(C-0, Str); 'H NMR (400 MHz, DMSO-ds) 5 (ppm): 9.141-9.138 (d, J=1.2 Hz, 1H), 8.271 (s, 1H), 8.117-
8.098 (d, J=7.6 Hz, 1H), 8.037 (s, 1H), 7.888-7.862 (d, J=11.2 Hz, 1H), 7.739-7.683 (m, 4H), 7.612-7.577
(t, J=7.2 Hz, 1H), 7.124-7.104 (d, J=9.2 Hz, 1H), 7.072-7.035 (t, J=7.6 Hz, 1H), 4.368-4.335 (d, J=13.2
Hz, 1H), 3.413-3.260 (m, 3H), 2.893 (s, 2H), 2.101-2.066 (d, J=14 Hz, 1H), 1.852-1.805 (t, J=9.6, Hz, 3H);
13C NMR (100 MHz, DMSO-ds) & (ppm): 33.47, 34.38,37.33,42.81, 47.22, 78.66, 112.71, 114.99, 118.84,
119.11, 120.81, 121.65, 122.47, 123.12, 126.20, 126.30, 126.34, 130.66, 130.77, 131.74, 131.83, 134.81,
137.02, 137.87, 141.03, 158.99, 164.94, 191.8; ESI-MS m/z: 463.6 [M *1].
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1'-(6-(4-Chlorophenyl)imidazo[1,2-a]pyridine-8-carbonyl)spiro[chromane-2,4'-piperidin]-4-one
(11x)

Yield: 84%; Mp 212-214 °C; IR (KBr, cm™): 3075.97 (C-H, Aromatic), 2923.39 (C-H, Aliphatic), 1689.09
(C=0, Ketone), 1633.19 (C=0, Amide), 1578.02, 1370.97 (C=C, Aromatic), 1221.47 (C-N, Str), 1025.47
(C-0O, Str); 'H NMR (400 MHz, DMSO-ds) & (ppm): 9.048 (s, 1H), 8.046 (s, 1H), 7.795-7.731 (m, 3H),
7.673 (s, 1H), 7.638-7.574 (m, 3H), 7.135-7.044 (m, 2H), 4.375-4.342 (d, J=13.2 Hz, 1H), 3.388-3.288 (m,
3H), 2.893 (s, 2H), 2.100-2.066 (d, J=13.6 Hz, 1H), 1.852-1.786 (t, J=14.8 Hz, 3H); 3C NMR (100 MHz,
DMSO-ds) 6 (ppm): 33.47, 34.37, 37.36, 42.83, 47.25, 78.68, 114.91, 118.86, 120.83, 121.65, 122.64,
123.67, 125.53, 126.25, 126.35, 127.92, 128.83, 129.56, 133.18, 134.63, 135.55, 136.43, 137.02, 140.96,
159.02, 165.04, 191.81; ESI-MS, m/z: 472.6 [M "1].

BIOLOGICAL EVALUATION

Kinase inhibition assay

The CDK inhibitory activity assay was carried out with the help of the ADP-GloTM kinase assay kit. In a
final buffer of 25 mM HEPES (pH 7.4), 10 mM MgCl_, 0.01 percent Triton X-100, 100 mL1 BSA, 2.5 mM
DTT, the recombinant human CDK2 were incubated with substrates, compounds, and ATP in a 384-well
plate with a total volume of 10 L, respectively. The ADP-GIoTM kinase assay was then performed,
followed by the addition of 5 L ADP-Glo Reagent to stop the kinase reaction and deplete the unconsumed
ATP. After that, the mixture was incubated for 40 min at room temperature, and the luminescence was
measured using a plate-reading luminometer. The signal was inversely correlated with the kinase activity
and was correlated with the amount of ATP present in the reaction.*>4~ The ICso value was calculated using
dose-response curves to determine the concentration of test compounds required to reduce activity by 50%.
In vitro MTT assay against cancer cell line (MCF-7)

MCEF-7, a human breast adenocarcinoma cell line was procured from the National Centre for Cell Science,
Pune, India. The cells were grown in the vented cell culture flask (Corning, USA) with 25 cm? area using
Minimum Essential Medium (MEM) (Thermo Fisher, USA). The MEM was supplemented with Fetal
Bovine Serum (FBS) (Thermo Fisher, USA), Antibiotic-Antimycotic solution containing penicillin (100
units/mL), streptomycin (100 pg/mL), and Amphotericin B (0.25 pg/mL) (Thermo Fisher, USA), 1.25 mM
HEPES (4-(2-hydroxyethyl)-1-piperazine-1-ethanesulfonic acid) (Thermo Fisher, USA) and 1mM sodium
pyruvate (Thermo Fisher, USA). The cell line was incubated at 37 °C with 5% CO; supply and 95%
humidity.

The cytotoxicity of the imidazo[1,2-a]pyridine derivatives®® were evaluated using MTT [3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] assay as per the protocol published in ATCC for

their growth inhibitory activity against the breast cancer cell line (MCF-7). Briefly, the cells were seeded



1170 HETEROCYCLES, Vol. 106, No. 7, 2023

on a 96-well plate with a cell density of 10000 cells/well and incubated for 24 h at 37 °C with 5% CO:
supply and 95% humidity. The cells were then treated with flavonoid derivatives at concentrations of 10,
20, 40, 60, 80, and 100 mM and allowed to incubate for 24 h. After incubation, the supernatant was
discarded and each well is supplied with 25 puL of MTT solution (5 mg/mL in PBS) followed by 3 h of
incubation. Again the supernatant is discarded and the formazan complex was dissolved in 100 puL dimethyl
sulfoxide (DMSO). The absorbance of the dissolved complex was recorded at 570 nm on an ELISA plate
reader (Molecular Devices, USA). Doxorubicin, an anti-cancer antibiotic containing an anthracycline ring
system, and 5-fluorouracil (5-FU), a pyrimidine analogue were considered reference drugs. The ICso values
were measured using graph pad prism software (ver.7), using the plotted nonlinear graph of percent cell
inhibition vs log concentration.222 The percent inhibition of cell growth was determined as per the formula
below.
% Cell Viability = (At / Au) X 100
Where, At = Absorbance of Treated Cells (Drug)

Au = Absorbance of Untreated Cells
% Cell Inhibition = 100 - % Cell Viability
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