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A new series of aryl amide derivatives of pyridine-imidazo[1,2-a]pyrazine-oxazoles (15a-j) has
been designed, synthesized and screened for their anticancer activity against MCF-7 (human
breast cancer), A549 (human lung cancer), Colo-205 (human colon cancer) and A2780 (human
ovarian cancer) cell lines by using MTT reduction assay protocol with etoposide (Etoposide) as
standard drug. Among the synthesized derivatives, the compound 15a with trimethoxy electron
donating substituent showed potent anticancer activity against MCF-7, A549, Colo-205, and
A2780 cell lines with ICsq values of 0.03 + 0.0043 uM; 0.02 + 0.0077 uM; 0.12 + 0.066 uM; and
0.17 + 0.059 uM respectively.
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1. Rationale

The nitrogen based heterocyclic compounds have played a significant role in the field of medicinal chemistry and also played a vital
role in the synthesis of anticancer drug candidates [1-18]. These nitrogen heterocyclic moieties were found in several types of
markedly purchased anticancer drugs. Apart from these heterocyclic, imidazo[1,2-a]pyrazines were considered as most privileged
class of fused hetero-aromatic scaffold and also played a significant role in medicinal chemistry. This motif was similar structural

isostere of purine [19-21].
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These imidazo[1,2-a]pyrazines were showed a wide range of biological activities including receptor
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tyrosine kinase EphB [22], antiulcer [23], antihypertensive [24], anticancer [25], anti-inflammatory [26], antibronchospastic [27],
hypoglycaemic [28], uterine relaxant [29], antimalarial [30], anti-depressant [31], and anti-proliferative [32]. The Coelenterazine (1,
Fig. 1) was one of the therapeutic drug, which contain imidazo[1,2-a]pyrazine as back-bone core unit and also exhibited antioxidant
property [33].

Similarly, oxazoles are the most recognised five membered ring with oxygen and nitrogen at 1,3-positions and occupied a superior
position in the field of medicinal chemistry. These oxazole containing biomolecules were greatly utilized for industries, and research
institutions. Over the decade, this scaffold occupy a high position in the field of medicinal chemistry [34] due to various pharma-
ceutical activities such as insecticidal [35], antiinflammatory [36], herbicidal [37], anticancer [38], antioxidant [39], antifungal [40],
antiobesity [41], anti-HIV [42], andanti-tubercular [43]. Among all derivatives, one of the chemotherapeutic agent namely Mubritinib
(2, Fig. 1), which contain 1,3-oxazole unit as main back-bone and exhibited anticancer activity by inhibiting of tyrosine kinase [44].

Pyridine scaffolds are present in most relevant pharmacological substances, providing a significant window of opportunity for
therapeutic intervention. Carbonic anhydrase inhibitors, which are essential enzymes present in red blood cells, the stomach mucosa,
pancreatic cells, and even renal tubules, are inhibited by pyridinines. It maintains respiration, ureagenesis, gluconeogenesis, lipo-
genesis, and electrolyte secretion in addition to bone resorption. Additionally, it preserves the acid-base equilibrium. Among these
processes are CA isoenzymes, which are important therapeutic targets that can be blocked to treat cancer and other diseases. E7010 (3,
Fig. 1) is primarily a synthetic molecule with pyridine and sulfonamide action. The cell stops in its mitotic phase when E7010 attaches
itself to the tubulin’s colchicine binding site. While the sulfonamide overlaps with the B ring in E7010, the methoxy and pyridine
groups superimpose with the colchicine A and C rings, respectively. This demonstrated potent anticancer action in vivo for malig-
nancies in both humans and rodents. For several cancer types, this medication is undergoing phase II clinical studies [45,46].

Based on the above mentioned biological activities and continuous of ongoing research work, we have synthesized a new library of
aryl amide derivatives of pyridine-imidazo[1,2-a]pyrazine-oxazole (15a-j) and their structures were characterized by spectral data.
Further, these derivatives were evaluated for their anticancer activities against a panel of human cancer cell lines like MCF-7 (human
breast cancer), A549 (human lung cancer), Colo-205 (human colon cancer) and A2780 (human ovarian cancer).

2. Experimental section
2.1. Materials and methods

All chemicals and reagents were obtained from Aldrich (Sigma-Aldrich, St. Louis, MO, USA), Lancaster (Alfa Aesar, Johnson
Matthey Company, Ward Hill, MA, USA) and were used without further purification. Reactions were monitored by TLC, performed on
silica gel glass plates containing 60 F-254, and visualization on TLC was achieved by UV light or iodine indicator. 'H and 13C NMR
spectra were recorded on Gemini Varian-VXR-unity (400 MHz) instrument. Chemical shifts () are reported in ppm downfield from
internal TMS standard. ESI spectra were recorded on Micro mass, Quattro LC using ESI+ software with capillary voltage 3.98 kV and
ESI mode positive ion trap detector. Melting points were determined with an electro thermal melting point apparatus and are
uncorrected.
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Fig. 1. Structures of Coelenterazine (1), Mubritinib (2) and E7010 (3) drugs.



N.R. Vanam et al. Chemical Data Collections 55 (2025) 101176

2.2. MTT assay

Individual wells of a 96-well tissue culture micro titer plate were inoculated with 100 uL of complete medium containing 1 x 10*
cells. The plates were incubated at 37 °C in a humidified 5 % CO incubator for 18 h prior to the experiment. After medium removal,
100 uL of fresh medium containing the test compounds and etoposide (Etoposide) at different concentrations such as 0.5, 1 and 2 pM
were added to each well and incubated at 37 °C for 24 h. Then the medium was discarded and replaced with 10 uL of the MTT dye.
Plates were incubated at 37 °C for 2 h. The resulting formazan crystals were solubilized in 100 pL extraction buffer. The optical density
(0.D) was read at 570 nm with microplate reader (Multi-mode Varioskan Instrument-Themo Scientific). The percentage of DMSO in
the medium never exceeded 0.25 %.

2.3. Synthesis

2.3.1. Ethyl 6-bromoimidazo[1,2-a]pyrazine-2-carboxylate (6)

Compound 4 (12 g, 0.069 mol) was dissolved in 1,4-dioxane (100 ml) was stirred at RT under nitrogen atmosphere, to this ethyl
bromo pyruvate (5) (14 ml, 0.207 mol) and NaHCOg3 (11.5 g, 0.138 mol) were added. Then the reaction mixture was stirred at 100 °C
for 12 h. After completion of reaction by TLC, the reaction mixture was filtered and washed with ethyl acetate. The filtrate was
evaporated under vacuum to give crude compound. The crude compound was purified by column chromatography ethyl acetate/
hexane (3:7) to afford pure compound 6 (11.8 g, 62 %) yield as a white color solid. Mp: 186-188 °C; IR (KBr): 3051, 2965, 1705, 559
cm’l; THNMR (DMSO-ds, 400 MHz): 6 1.34 (t, 3H, J = 7.2 Hz), 4.35 (q, 2H, J = 7.2 Hz), 8.58 (d, 1H, J = 0.6 Hz), 8.93 (d, 1H, J = 1.4
Hz), 9.03-9.10 (m, 1H); >*CNMR (DMSO-dg, 100 MHz): 6 16.3, 62.4,108.6,111.3,125.4,137.4,138.3, 145.2, 163.3; HRMS (ESI): m/z
calculated for CoHoBrN302[M + H]7269.9873, found 269.9879.

2.3.2. ethyl 6-(pyridin-4-ylDimidazo[1,2-a]pyrazine-2-carboxylate (8)

A mixture of pyridin-4-ylboronic acid (7) (7.9 g, 0.064 mol) and compound 6 (11.6 g, 0.043 mol) were dissolved in 1,4-dioxane
(100 mL). To this, CsoCO3 (42 g, 0.129 mol) & water (5 ml) were added and was stirred at RT under nitrogen atmosphere for 15
min. Then Pd(dppf)Cl; (3.1 g, 0.0043 mol) was added and the reaction mixture was heated at 100 °C for 12 h. After completion of
reaction by TLC, it was filtered and solvent was evaporated and crude compound was extracted with ethyl acetate. It was washed with
water and organic layer was separated dried with Na;SO4. The crude product was purified by column chromatography ethyl acetate/
hexane (3:7) to afford pure compound 8 (10.2 g, 87 %) yield as a white solid. Mp: 223-225 °C; IR (KBr): 3064, 2972, 1709 cm'l;
'HNMR (DMSO-dg, 400 MHz):5 1.35 (t, 3H, J = 7.1 Hz), 4.36 (q, 2H, J = 7.1 Hz),7.56 (d, 2H, J = 5.6 Hz), 8.11 (d, 2H, J = 5.6 Hz), 8.58
(d, 1H, J = 0.6 Hz), 8.94 (d, 1H, J = 1.4 Hz), 9.07-9.11 (m, 1H); ‘*CNMR (DMSO-dg, 100 MHz): & 15.3, 62.5, 111.5, 118.5, 130.5,
133.3, 134.7, 137.4, 138.3, 145.2, 150.5, 163.4; HRMS (ESI): m/z calculated for C;4H13N405 [M + H]269.1034, found 269.1040.

2.3.3. 6-(pyridin-4-yDimidazo[1,2-a]pyrazine-2-carboxylic acid (9)

Compound 8 (10 g, 0.037 mmol) was dissolved in 50 mL of THF/methanol/water. It was stirred at RT, and also added the LIOH.H,0
(4.7 g, 0.111 mmol) to the above reaction mass. Then reaction mixture was stirred at RT for 12 h. After completion of reaction by TLC,
solvent was evaporated. The crude compound was extracted with ethyl acetate and washed with aqueous layer and it was kept at 0 °C.
Further, it was acidified with 6 M HCI (pH=2) and the obtained solid was filtered and washed with n-pentane to give pure compound 9
(8.2 g, 92%) yield as a white solid. Mp: 223-225 °C; IR (KBr): 3042, 2613, 1691 cm'l; 'HNMR (DMSO-dg, 400 MHz): 5 7.55 (d, 2H, J =
5.6 Hz), 8.11 (d, 2H, J = 5.6 Hz), 8.58 (d, 1H, J = 0.6 Hz), 8.94 (d, 1H, J = 1.4 Hz), 9.10-9.16 (m, 1H), 13.2 (brs, 1H); 13CNMR
(DMSO-dg, 100 MHz): § 111.3, 118.5, 130.5, 133.3, 134.5, 137.4, 138.3, 145.2, 150.5, 164.5; HRMS (ESI): m/z calculated for
C12HgN4O [M + H]7241.0721, found 241.0727.

2.3.4. N-(prop-2-yn-1-yl)—6-(pyridin-4-yDimidazo[1,2-a]pyrazine-2-carboxamide (11)

Compound 9 (8 g, 0.069 mol), HATU (39 g, 0.103 mol), DIPEA (37 ml, 0.207 mmol) were dissolved in 100 mL anhydrous THF and
was stirred at 0 °C for 1 h. Propargyl amine (10) (6.6 ml, 0.104 mmol) was then added into the mixture and stirred at room temperature
for 12 h. After completion of reaction, the mixture was washed with saturated sodium bicarbonate solution. The organic layer was
evaporated under reduced pressure to afford pure compound 11 (8.6 g, 94 %) yield. Mp: 223-225 °C; IR (KBr): 3331, 3315, 3022,
2969, 1704 crn'l; THNMR (DMSO-dg, 400 MHz): 6 3.06 (s, 1H), 4.15 (s, 2H), 7.57 (d, 2H, J = 5.6 Hz), 8.12 (d, 2H, J = 5.6 Hz), 8.33 (d,
1H, J = 0.6 Hz), 8.58 (s, 1H), 8.94 (d, 1H, J = 1.4 Hz), 9.10-9.16 (m, 1H); *CNMR (DMSO-ds, 100 MHz): & 29.4, 73.5, 80.4, 111.2,
118.4,130.3, 133.2, 134.3, 134.7, 138.3, 145.3, 150.5, 160.6; HRMS (ESI): m/z calculated for C;5H;2N50[M + H]*278.1037, found
278.1031.

2.3.5. 2-(6-(Pyridin-4-yDimidazo[1,2-a]pyrazin-2-yl)oxazole-5-carbaldehyde (12)

Mercury(II) perchlorate trihydrate (Hg(ClO4)2) (1.2 g, 0.0030 mmol) and ceric ammonium nitrate ((NH4)2Ce(NO3)g) (1.6 g, 0.003
mmol) was added to a solution of a compound 11 (8.5 g, 0.030 mmol) in (80 ml) acetonitrile. The mixture was stirred at room
temperature for about 1 h until the completion of the reaction (monitored by TLC), and then poured to dichloromethane. The un-
dissolved substance was removed by filtration. The filtrate was concentrated in vacuum to give a residue, which was purified by
silica gel column chromatography with ethyl acetate/hexane (4:6) to afford pure compound 12 (7.4 g, 83 %) yield. Mp: 223-225 °C; IR
(KBr): 3048, 1718 cm’'; THNMR (DMSO-ds, 400 MHz): § 7.56-7.59 (m, 3H), 8.12 (d, 2H, J = 5.6 Hz), 8.58 (d, 1H, J = 0.6 Hz), 8.94 (d,
1H,J = 1.4 Hz), 9.11-9.17 (m, 1H), 10.43 (s, 1H); >*CNMR (DMSO-dg, 100 MHz): § 111.3, 118.5, 124.3, 129.5, 133.4, 134.4, 134.9,
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138.2, 145.5, 150.5, 153.4, 158.3, 178.6; HRMS (ESI): m/z calculated for C;5H;oN502[M + H]17292.0829, found 292.0823.

2.3.6. 2-(6-(Pyridin-4-yDimidazo[1,2-a]pyrazin-2-yl)oxazole-5-carboxylic acid (13)

A mixture of compound 12 (7.2 g, 0.34 mmol) was dissolved in (80 ml) dry DMF (0.1 M) was stirred at RT under nitrogen at-
mosphere. To this Oxone (51 g, 0.34 mmol) was added in one portion and stirred at RT for 3 h. After completion of reaction by TLC, the
reaction mixture was kept at 0 °C and was acidified with 1 N HC] (pH= 2). The obtained solid filtered and washed with cold water and
n-pentane. The solid was dried under vacuum to give compound 13 (6.3 g, 83 %) yield as a white solid. Mp: 223-225 °C; IR (KBr):
3054, 2543, 1689 Cm'l; THNMR (DMSO-dg, 400 MHz):8 7.57-7.60 (m, 3H), 8.12 (d, 2H, J = 5.6 Hz), 8.58 (d, 1H, J = 0.7 Hz), 8.94 (d,
1H,J =1.5Hz),9.11-9.17 (m, 1H), 13.4 (brs, 1H); I3CNMR (DMSO-dg, 100 MHz): §111.3, 118.5, 130.5, 133.3, 134.3, 134.7, 135.3,
138.3, 143.5, 145.2, 150.5, 158.3, 163.4; HRMS (ESI): m/z calculated for Cy5H10N503 [M + H]7308.0779, found 308.0772.

2.3.7. 2-(6-(pyridin-4-yl)imidazo[1,2-a]pyrazin-2-yl)-N-(3,4, 5-trimethoxyphenyl)oxazole-5-carboxamide (15a)

The compound 13 (200 mg, 0.65 mmol) was dissolved in 10 mL of dry THF, followed by addition of 3,4,5-trimethoxyaniline (14a)
(166 mg, 0.78 mmol), HATU (371 mg, 0.97 mmol) and DIPEA (0.33 ml, 1.95 mmol). The reaction mixture was stirred at room
temperature for 12 h. After completion of reaction, the solvent was evaporated under vacuum. Compound extracted with ethyl acetate
and was washed with saturated solution of NaHCOs, dried over anhydrous NasSO4.The crude product was purified by column
chromatography with ethyl acetate/hexane (6:4) to afford pure compound 15a (168.4 mg, 55%) yield as a white solid. Mp: 289-291
°C; IR (KBr): 3321, 3043, 2964, 1694, 819, 776 cm™*; 'HNMR (DMSO-dg, 400 MHz): & 3.82 (s, 6H), 3.90 (s, 3H), 7.09 (s, 2H), 7.57-7.60
(m, 3H), 8.12 (d, 2H, J = 5.6 Hz), 8.43 (s, 1H), 8.58 (d, 1H, J = 0.7 Hz), 8.94 (d, 1H, J = 1.5 Hz), 9.11-9.17 (m, 1H); 13CNMR
(DMSO-dg, 100 MHz): 6 57.3, 57.8, 107.3, 111.2, 118.5, 124.2, 130.5, 133.2, 134.3, 134.6, 138.2, 139.3, 140.3, 145.2, 150.4, 153.4,
157.5, 158.3, 159.5; HRMS (ESI): m/z calculated for Co4H21NgOs [M + H]T473.1568, found 473.1562.

2.3.8. N-(3,5-dimethoxyphenyl) —2-(6-(pyridin-4-yDimidazo[1,2-a]pyrazin-2-yl)oxazole-5-carb oxamide (15b)

This compound 15b was prepared following the method described for the preparation of the compound 15a, employing 13 (200
mg, 0.65 mmol) with 3,5-dimethoxyaniline (14b) (142 mg, 0.78 mmol), HATU (371 mg, 0.97 mmol) and DIPEA (0.33 ml, 1.95 mmol)
and the crude product was purified by column chromatography with ethyl acetate/hexane (6:4) to afford pure compound 15b (170.2
mg, 59%) yield as a white solid. Mp: 278-280 °C; IR (KBr): 3314, 3049, 2958, 1682, 771 cm'lg 'HNMR (DMSO-dg, 400 MHz): 5 3.79 (s,
6H), 6.27 (s, 1H), 6.84 (s, 2H), 7.57-7.61 (m, 3H), 8.11 (d, 2H, J = 5.6 Hz), 8.44 (s, 1H), 8.58 (d, 1H, J = 0.7 Hz), 8.94 (d, 1H, J = 1.5
Hz), 9.11-9.17 (m, 1H); 13CNMR (DMSO-dg, 100 MHz): § 57.4, 102.6, 107.4, 111.2, 118.4, 124.2, 130.5, 133.2, 134.3, 134.6, 138.2,
139.5, 145.3, 150.4, 153.4, 157.3, 158.3, 162.6; HRMS (ESI): m/z calculated for Co3H;9NgO4 [M + H]11443.1463, found 443.1469.

2.3.9. N-(4-methoxyphenyl) —2-(6-(pyridin-4-yDimidazo[1,2-a]pyrazin-2-yl)oxazole-5-carboxa mide (15c)

This compound 15¢ was prepared following the method described for the preparation of the compound 15a, employing 13 (200
mg, 0.65 mmol) with 4-methoxyaniline (14¢) (119 mg, 0.78 mmol), HATU (371 mg, 0.97 mmol) and DIPEA (0.33 ml, 1.95 mmol) and
the crude product was purified by column chromatography with ethyl acetate/hexane (6:4) to afford pure compound 15c¢ (142.7 mg,
53%) yield as a white solid. Mp: 267-269 °C; IR (KBr): 3309, 3058, 2971, 1688, 814 cm'l; THNMR (DMSO-dg, 400 MHz): § 3.75 (s, 3H),
6.76 (d, 2H, J = 7.3 Hz), 7.32 (d, 2H, J = 7.3 Hz), 7.57-7.61 (m, 3H), 8.11 (d, 2H, J = 5.6 Hz), 8.45 (s, 1H), 8.58 (d, 1H, J = 0.7 Hz),
8.94 (d, 1H, J = 1.5 Hz), 9.11-9.15 (m, 1H); 13CNMR (DMSO-dg, 100 MHz): § 57.2, 111.2, 115.5, 118.4, 121.3, 124.2, 130.4, 133.2,
134.2,134.7,138.2,138.7, 145.2, 150.4, 153.4, 157.5, 158.4, 160.6; HRMS (ESI): m/z calculated for CooH;7NgO3 [M + H] t413.1357,
found 413.1351.

2.3.10. 2-(6-(pyridin-4-yDimidazo[1,2-a]pyrazin-2-yl)-N-(p-tolyl)oxazole-5-carboxamide (15d)

This compound 15d was prepared following the method described for the preparation of the compound 15a, employing 13 (200
mg, 0.65 mmol) with 4-methylaniline (14d) (106 mg, 0.78 mmol), HATU (371 mg, 0.97 mmol) and DIPEA (0.33 ml, 1.95 mmol) and
the crude product was purified by column chromatography with ethyl acetate/hexane (6:4) to afford pure compound 15d (136.5 mg,
53%) yield as a white solid. Mp: 270-272 °C; IR (KBr): 3318, 3051, 2977, 1685, 809 cm'l; THNMR (DMSO-dg, 400 MHz): § 2.35 (s, 3H),
7.11-7.19 (m, 4H), 7.56-7.60 (m, 3H), 8.11 (d, 2H, J = 5.6 Hz), 8.46 (s, 1H), 8.58 (d, 1H, J = 0.7 Hz), 8.94 (d, 1H, J = 1.5 Hz),
9.11-9.15 (m, 1H); 13CNMR (DMSO-dg, 100 MHz): § 22.3,111.3,118.4,118.7,124.3,130.3,130.7,133.2,134.3,134.7, 138.4, 138.8,
142.5, 145.3, 150.4, 153.3, 157.4, 158.5; HRMS (ESI): m/z calculated for CooH;7NgO2 [M + H]7397.1408, found 397.1402.

2.3.11. N-(3,5-dimethylphenyl)—2-(6-(pyridin-4-yl)imidazo[1,2-a]pyrazin-2-yl)oxazole-5-carboxamide (15e)

This compound 15e was prepared following the method described for the preparation of the compound 15a, employing 13 (200
mg, 0.65 mmol) with 3,5-dimethylaniline (14e) (117 mg, 0.78 mmol), HATU (371 mg, 0.97 mmol) and DIPEA (0.33 ml, 1.95 mmol)
and the crude product was purified by column chromatography with ethyl acetate/hexane (6:4) to afford pure compound 15e (149.3
mg, 56%) yield as a white solid. Mp: 276-278 °C; IR (KBr): 3310, 3047, 2962, 1688, 776 em’l; THNMR (DMSO-dg, 400 MHz): § 2.36 (s,
6H), 6.84 (s, 1H), 7.10 (s, 2H), 7.56-7.60 (m, 3H), 8.12 (d, 2H, J = 5.6 Hz), 8.46 (s, 1H), 8.58 (d, 1H, J = 0.7 Hz), 8.94 (d, 1H,J=1.5
Hz), 9.11-9.16 (m, 1H); 3 CNMR (DMSO-dg, 100 MHz): § 22.4, 111.3, 118.5, 119.5, 124.2, 128.4, 130.4, 133.3, 134.3, 134.7, 138.4,
139.5, 139.9, 144.5, 150.3, 153.5, 157.4, 158.5; HRMS (ESI): m/z calculated for Co3H19NgO2 [M + H]7411.1564, found 411.1570.

2.3.12. N-(4-(dimethylamino)phenyl)—2-(6-(pyridin-4-yl)imidazo[1,2-a]pyrazin-2-yl)oxazole-5-carboxamide (15f)
This compound 15f was prepared following the method described for the preparation of the compound 15a, employing 13 (200
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mg, 0.65 mmol) with 4-(dimethylamino)aniline (14f) (129 mg, 0.78 mmol), HATU (371 mg, 0.97 mmol) and DIPEA (0.33 ml, 1.95
mmol) and the crude product was purified by column chromatography with ethyl acetate/hexane (6:4) to afford pure compound 15f
(164.7 mg, 60%) yield as a white solid. Mp: 284-286 °C; IR (KBr): 3317, 3049, 2966, 1692, 811 cm’; THNMR (DMSO-dg, 400 MHz): &
2.86 (s, 6H), 7.12(d, 2H, J = 7.4 Hz), 7.28 (d, 2H, J = 7.4 Hz), 7.56-7.60 (m, 3H), 8.12 (d, 2H, J = 5.6 Hz), 8.46 (s, 1H), 8.58 (d, 1H, J
= 0.7 Hz), 8.94 (d, 1H, J = 1.5 Hz), 9.11-9.15 (m, 1H); 13CNMR (DMSO-dg, 100 MHz): & 41.3, 111.3, 115.4, 117.6, 118.3, 124.2,
130.5,133.2, 134.4,134.9, 138.4, 138.8, 145.5, 150.3, 151.5, 153.4, 157.5, 158.5; HRMS (ESI): m/z calculated for Co3HzoN7O2 [M +
H]"426.1673, found 426.1680.

2.3.13. N-(4-chlorophenyl)—2-(6-(pyridin-4-yDimidazo[1,2-a]pyrazin-2-yl)oxazole-5-carboxamide (15 g)

This compound 15 g was prepared following the method described for the preparation of the compound 15a, employing 13 (200
mg, 0.65 mmol) with 4-chloroaniline (14 g) (100 mg, 0.78 mmol), HATU (371 mg, 0.97 mmol) and DIPEA (0.33 ml, 1.95 mmol) and
the crude product was purified by column chromatography with ethyl acetate/hexane (6:4) to afford pure compound 15 g (210.4 mg,
78%) yield as a white solid. Mp: 289-291 °C; IR (KBr): 3303, 3058, 1696, 816, 626 cm'l; THNMR (DMSO-dg, 400 MHz): 6 7.38 (d, 2H, J
=7.6 Hz), 7.56-7.60 (m, 3H), 7.69 (d, 2H, J = 7.6 Hz), 8.13 (d, 2H, J = 5.6 Hz), 8.48 (s, 1H), 8.59 (d, 1H, J = 0.7 Hz), 8.95 (d, 1H, J =
1.5 Hz), 9.11-9.16 (m, 1H); 13CNMR (DMSO-dg, 100 MHz): 6 111.3, 118.4, 121.5, 124.5, 129.4, 130.9, 133.2, 134.5, 134.9, 135.3,
138.2,138.6, 145.2, 150.4, 153.6, 157.6, 158.6; HRMS (ESI): m/z calculated for Co1H;4CINgO, [M + H]1417.0862, found 417.0868.

2.3.14. N-(4-bromophenyl)—2-(6-(pyridin-4-yl)imidazo[1,2-a]pyrazin-2-yl)oxazole-5-carboxamide (15h)

This compound 15 h was prepared following the method described for the preparation of the compound 15a, employing 13 (200
mg, 0.65 mmol) with 4-bromoaniline (14h) (134 mg, 0.78 mmol), HATU (371 mg, 0.97 mmol) and DIPEA (0.33 ml, 1.95 mmol) and
the crude product was purified by column chromatography with ethyl acetate/hexane (6:4) to afford pure compound 15 h (216.7 mg,
73%) yield as a white solid. Mp: 298-300 °C; IR (KBr): 3319, 3051, 1690, 822, 594 Cm'l; 'HNMR (DMSO-dg, 400 MHz): 6 7.36 (d, 2H, J
=7.5Hz), 7.56-7.60 (m, 3H), 7.67 (d, 2H, J = 7.5 Hz), 8.13 (d, 2H, J = 5.6 Hz), 8.47 (s, 1H), 8.59 (d, 1H, J = 0.7 Hz), 8.95 (d, 1H, J =
1.5 Hz), 9.11-9.16 (m, 1H); 13CNMR (DMSO-dg, 100 MHz): § 111.3, 118.5, 122.6, 123.4, 124.2, 130.4, 132.4, 133.4, 134.3, 134.7,
138.2, 138.6, 145.3, 150.5, 153.5, 157.4, 158.6; HRMS (ESI): m/z calculated for Co1H14BrNgO2 [M + H]T461.0357, found 461.0351.
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Scheme 1. Synthesis of aryl amide derivatives of pyridine-imidazo[1,2-a]pyrazine-oxazoles.
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2.3.15. N-(4-nitrophenyl) —2-(6-(pyridin-4-ylDimidazo[1,2-a]pyrazin-2-yl) oxazole-5-carboxamide (15i)

This compound 15i was prepared following the method described for the preparation of the compound 15a, employing 13 (200 mg,
0.68 mmol) with 4-nitroaniline (14i) (108 mg, 0.78 mmol), HATU (371 mg, 0.97 mmol) and DIPEA (0.33 ml, 1.95 mmol) and the
crude product was purified by column chromatography with ethyl acetate/hexane (6:4) to afford pure compound 15i (220.4 mg, 79%)
yield as a white solid. Mp: 324-326 °C; IR (KBr): 3321, 3043, 1696, 1548, 1384, 818 Cm'l; 'HNMR (DMSO-dg, 400 MHz):5 7.56-7.60
(m, 3H), 7.66 (d, 2H, J = 7.8 Hz), 8.13 (d, 2H, J = 5.6 Hz), 8.32 (d, 2H, J = 7.8 Hz), 8.49 (s, 1H), 8.59 (d, 1H, J = 0.7 Hz), 8.95 (d, 1H, J
=1.5Hz),9.11-9.16 (m, 1H); 13CNMR (DMSO-dg, 100 MHz): 6 111.3,117.6, 118.4, 124.3, 125.5, 130.4, 133.2, 134.5, 134.3, 138.3,
138.8, 145.4, 150.5, 153.5, 157.6, 158.4, 165.5; HRMS (ESI): m/z calculated for Co1H;4N704 [M + H]1428.1102, found 428.1108.

2.3.16. N-(3,5-Dinitrophenyl)—2-(6-(pyridin-4-yl)imidazo[1,2-a]pyrazin-2-yl)oxazole-5-carboxamide (15j)

This compound 15j was prepared following the method described for the preparation of the compound 15a, employing 13 (200 mg,
0.685 mmol) with 3,5-dinitroaniline (14j) (143 mg, 0.78 mmol), HATU (371 mg, 0.97 mmol) and DIPEA (0.33 ml, 1.95 mmol) and the
crude product was purified by column chromatography with ethyl acetate/hexane (6:4) to afford pure compound 15j (230.4 mg, 75%)
yield as a white solid. Mp: 344-346 °C; IR (KBr): 3319, 3046, 1691, 1543, 1387, 772 cm'l; 'HNMR (DMSO-dg, 400 MHz): § 7.56-7.60
(m, 3H), 8.13 (d, 2H, J = 5.6 Hz), 8.51 (s, 1H), 8.60 (d, 1H, J = 0.7 Hz), 8.68-8.74 (m, 3H), 8.95 (d, 1H, J = 1.5 Hz), 9.11-9.16 (m, 1H);
13CNMR (DMSO-dg, 100 MHz): 6 111.3, 116.4, 116.8, 118.5, 124.2, 130.4, 133.2, 134.5, 134.8, 138.2, 139.5, 145.3, 150.4, 153.4,
157.3, 158.3, 165.4; HRMS (ESI): m/z calculated for Cy1H;3NgOg[M + H]7473.0953, found 473.0959.

3. Results and discussion

The synthetic route for the newly designed compounds (15a-j) was outlined in Scheme 1. The key intermediate imidazo-pyrazine
ester 6 was synthesised from the reaction between 4 with intermediate 5 in the presence of NaHCO3 in 1,4-dioxane at 100 °C for 12 h.
The '"H NMR spectrum of compound 6 shows that the signal resonate at § 1.34 (t, 3H), 4.35 (q, 2H) would determine —-CH3 and ~OCHo—
protons of -OCH,CHs. The '3CNMR spectrum of compound 6 shows that the signal resonate at 5 16.3, 62.4 would determine carbon
signals of ester group. The ESIMS spectrum of 6 showed (M + H)" ion peak at m/z 269.9 would confirmed the formation of the product.
This imidazo-pyrazine ester intermediate 6 underwent Suzuki coupling with boronic acid 7 by using thePd(dppf)Cl; and Cs,CO3 in 1,4-
dioxane/water at 100 °C for 12 h to give pyridine-imidazo-pyrazine ester compound 8 in 87 % yield. The 'H NMR spectrum of
compound 8 shows that the signal resonate at § 7.56 and 8.11 would determine pyridine protons. The ESIMS spectrum of 8 showed (M
+ H)" ion peak at m/z 269 would confirmed the formation of the product. This pyridine-imidazo-pyrazine ester compound 8 was
hydrolyzed with aq.LiOH.H20 in THF/MeOH/water at RT for 12 h to give pyridine-imidazo-pyrazine carboxylic acid 9 in 92 % yield.
The 'H NMR spectrum of compound 9 shows that the signal resonate at & 13.2 (brs, 1H) would determine ~-COOH group attached to
pyridine-imidazo-pyrazine. The ESIMS spectrum of 9 showed (M + H)" ion peak at m/z 241 would confirmed the formation of the
product. Further, pyridine-imidazo-pyrazine carboxylic acid intermediate 9 was coupled with amine 10 by using of HATU and DIPEA
in THF at RT for 12 h to give propynamide intermediate 11 in 94 % yield. The 'H NMR spectrum of compound 11 shows that the signal
resonate at & 3.06 (s, 1H) and 4.15 (s, 2H) would determine alkyne proton and —CH, protons attached to -NH group. The >*CNMR
spectrum of compound 11 shows that the signal resonate at & 29.4, 73.5 would determine carbon signals of acetylene carbon and
—CH,NH groups. The ESIMS spectrum of 11 showed (M + H)" ion peak at m/z 278 would confirmed the formation of the product.
Furthermore, the propynamide intermediate 11 was reacted with Hg(ClO4)2, (NH4)2Cs(NO3), in MeCN at RT for 12 h to give oxazole
carbaldehyde intermediate 12 in 83 % yield. The 'H NMR spectrum of compound 12 shows that the signal resonate at & 10.43 (s, 1H)
would determine carbaldehyde proton attached to oxazole ring. The 13CNMR spectrum of compound 12 shows that the carbon signal
resonate at § 178.6 would determine aldehyde carbon signal. The ESIMS spectrum of 12 showed (M + H)" ion peak at m/z 292 would
confirmed the formation of the product. Further, oxazole-carbaldehyde intermediate 12 was reacted with oxone in DMF at RT for 3 h to
give oxazole-carboxylic acid 13 in 83 % yield. The 'H NMR spectrum of compound 13 shows that the signal resonate at & 13.4 (brs, 1H)
would determine carboxylic acid proton. The ESIMS spectrum of 13 showed (M + H)" ion peak at m/z 308 would confirmed the

Table 1

In vitro anticancer activity of target compounds 15a-j with ICs in pM.
Compound °MCF-7 dA549 €Colo-205 fA2780
15a 0.03 + 0.0043 0.02 + 0.0077 0.12 £+ 0.066 0.17 £+ 0.059
15b 0.37 £+ 0.057 0.18 + 0.055 1.22 +£ 0.44 1.19+£0.33
15¢ 1.55+0.73 1.85 £ 0.73 1.29 £ 0.92 1.36 £ 0.88
15d 235+ 1.44 3.13 £ 2.68 3.66 + 2.39 4.11 £+ 2.46
15e - 6.85 + 2.10 - 8.51 + 2.48
15f 8.93 + 2.89 5.61 + 2.61 - 3.65 £ 1.69
15¢g - - 6.36 + 1.53 4.72 +£ 2.94
15h - 4.28 + 2.44 4.16 + 2.11 5.88 + 2.98
15i 5.32 +£2.43 3.10 +£ 1.54 3.79 + 2.65 5.12 + 2.86
15j - 5.68 + 2.56 5.19 £ 2.12 497 +2.87
etoposide (Etoposide) (Etoposide) 212 +£1.57 3.44 £ 0.16 0.15 £+ 0.024 1.88 £ 0.46

“-” = Not active.

Fach data represents as mean +S.D values. From three different experiments performed in triplicates.”*MCF-7: human breast cancer cell line. ‘A549:
human lung cancer cell line. °Colo-205: human colon cancer cell line. {A2780: human ovarian cancer cell line.
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formation of the product. Finally, this oxazole-carboxylic acid 13 was coupled with various types of aryl amines (14a-j) in the presence
of HATU and DIPEA at RT for 12 h to give final target amide derivatives 15a-j. The "H NMR spectrum of compound 15a shows that the
signal resonate at & 8.43 (s, 1H) would determine -CO—NH proton signal. The ESIMS spectrum of 15a showed (M + H)* ion peak at m/
2 473 would confirmed the formation of the product.

3.1. Biological evaluation

3.1.1. Inyvitro cytotoxicity

These aryl amide derivatives of pyridine-imidazo[1,2-a]pyrazine-oxazole (15a-j) were evaluated for their anticancer applications
against a panel of human cancer cell lines like MCF-7 (human breast cancer), A549 (human lung cancer), Colo-205 (human colon
cancer) and A2780 (human ovarian cancer) by utilizing of MTT assay, and most of the screened compounds were showed remarkable
activity. The results were incorporated in Table 1 and compared with etoposide (Etoposide) standard drug, which is used as positive
control. The results revealed that the compounds 15a, 15b, and 15¢ were displayed significant activity. Predominantly, one compound
15a was showed superior activity. Structure-activity relationship was performed for these derivatives, those results indicated that the
15a consisted 3,4,5-trimethoxy group on the aryl skeleton was displayed more potent activity (MCF-7 = 0.03 + 0.0043 uM; A549 =
0.02 + 0.0077 uM; Colo-205 = 0.12 £ 0.066 uM & A2780 = 0.17 + 0.059 puM). Where, the compound 15b contained 3,5-dimetthoxy
group on the aryl ring showed slightly decreased activity (MCF-7 = 0.37 + 0.057 uM; A549 = 0.18 + 0.055 pM; Colo-205 = 1.22 +
0.44 pM & A2780 = 1.19 + 0.33 pM) than 15a. Similarly, the compound 15¢ bearing 4-methoxy group exhibited lower activity (MCF-
7 = 1.55 + 0.73 pM; A549 = 1.85 & 0.73 uM; Colo-205 = 1.29 + 0.92 uM & A2780 = 1.36 + 0.88 M) as compared with 15b. The
replacement of 4-methoxy group with weak electron rich groups resulted compounds 15d (4-methyl), 15e (3,5-dimethyl) & 15f (4-
dimethylamino) was exhibited moderate to lesser activities as compared with 15¢. Whereas, the strong electron withdrawing groups
on the aryl moiety resulted compounds 15 g (4-chloro), 15 h (4-bromo), 15i (4-nitro) & 15j (3,5-dinitro) displayed drastic decreased
activity. The compound 15d with 4-methyl substituent showed moderate anticancer activity (MCF-7 = 2.35 + 1.44 uM; A549=3.13 +
2.68 uM; Colo-205 = 3.66 + 2.39 uM & A2780 = 4.11 + 2.46 uM).The compound 15e with 3,5-dimethyl substituent showed less
anticancer activity against selected cancer cell lines (A549 = 6.85 + 2.10 uM; & A2780 = 8.51 + 2.48 uM). The compound 15f with 4-
dimethylamino substituent showed less activities against selected cancer cell lines (MCF-7 = 8.93 + 2.89 uM; A549 = 5.61 + 2.61 pM;
& A2780 = 3.65 + 1.69 uM). The compound 15 g with 4-chloro electron withdrawing substituent showed less activities against
selected cancer cell lines (Colo-205 = 6.36 + 1.53 pM; & A2780 = 4.72 + 2.94 uM). The compound 15 h with 4-bromo electron
withdrawing substituent showed moderate activities against three cancer cell lines (A549 = 4.28 + 2.44 uM; Colo-205 = 4.16 + 2.11
uM; & A2780 = 5.88 + 2.98 uM). The compound 15i with 4-nitro substituent showed moderate anticancer activities (MCF-7 = 5.32 +
2.43 pM; A549 = 3.10 + 1.54 uM; Colo-205 = 3.79 + 2.65 uM & A2780 = 5.12 + 2.86 uM). The compound 15j with 3,5-dinitro
substituent also showed moderate anticancer activities against three cell lines (A549 = 5.68 + 2.56 uM; Colo-205 = 5.19 + 2.12
uM & A2780 = 4.97 + 2.87 pM). The compounds 15a and 15b are most potent anticancer derivatives than the remaining derivatives,
because 15a and 15b have electron donating methoxy groups.

As per SAR studies, Interestingly, more electron donating groups like methyl derivatives showed less anticancer activity, where as
less electron donating methoxy groups having potent anticancer activities.

4. Conclusion

In conclusion, the series of aryl amide derivatives of pyridine-imidazo[1,2-a]pyrazine-oxazoles (15a-j) has been designed, syn-
thesized and screened for their anticancer activity against MCF-7 (human breast cancer), A549 (human lung cancer), Colo-205 (human
colon cancer) and A2780 (human ovarian cancer) cell lines by using MTT reduction assay protocol with etoposide (Etoposide) as
standard drug. Among the synthesized derivatives, the compound 15a with trimethoxy electron donating substituent showed potent
anticancer activity against MCF-7, A549, Colo-205, and A2780 cell lines with ICsg values of 0.03 + 0.0043 uM; 0.02 + 0.0077 pM; 0.12
+ 0.066 pM; and 0.17 + 0.059 uM respectively. This 15a behaves as potent anticancer drug candidate in cancer chemotherapy. In
future, we may plan the apoptotic studies, invivo and preclinical studies for more potent drug candidate 15a.
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