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INTRODUCTION heterocycles, which was applied to the total synthesis
of new indolizidine alkaloid crispine A.[*l Some of the
naturally occurring indolizidines (Fig. 1) has induced much
attention due to its anti-inflammatory,!® anti-angiogenic
activity,[6] anti-cancer,l”?! larvicidal agents,[lo] COX-2
inhibitors,*! and anti-tubercular activity.[lz] These have
also been used as photographic sensitizing and fabric

Indolizine ring system scaffolds are compounds with vast
application in the life science and medicine sector."?!
These are isoelectronic with indole and have shown a
significant impact on drug design and drug development,
which were developed over several decades.®! Coldham
in 2009 has published a synthesis of nitrogen-containing

brightening agents.[!314
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Fig. 1: Naturally occurring indolizidine alkaloids R =H, OMe, F, CF5, Me, CI, Br
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Synthesis and Biological Evaluation of (4-Fluorophenyl)(1-(5-phenyl-1,3,4-oxadiazol-2-yl)indolizin-3-yl)methanone...

Cancer is one of the leading causes of death after heart
disease, making it one of the world’s most challenging and
deadly diseases. The discovery of selective and less toxic
anti-cancer agentsis the need of the hour. 1,3,4-oxadiazole
forms an important motif on a heterocyclic system due to
its thermal stability at the second position.[*! It is also
evident that existing clinical candidates like Raltegravir
an antiretroviral drug and Zibotentan an anti-cancer drug
contain a 1,3,4-oxadiazole ring. The anti-cancer activity of
1,3,4-oxadiazole encouraged us to incorporate it into the
indolizine derivatives. Several methods have been reported
to prepare oxadiazole on a hetero polycyclic system.”! To
the best of our knowledge, there is no previous report for
the synthesis of Indolizine incorporated 1,3,4-oxadiazole
derivatives. The present work involves the synthesis of
4-fluoro substituted indolizine derivatives appended with
1,3,4-oxadiazole compounds with an active functional
group and are expected to increase the biological activity
of the compound.''® The structural activity relationship
study is an important part of any research work in
synthetic chemistry to understand the biological efficacy
of various substituents in a drug molecule and explore
efficient pharmacological activities of the compounds.

The drug’s efficacy may decrease due to resistance built
by the organisms over an extended period of usage. Hence,
the need to be replaced by newer drugs periodically. In this
perspective, we proposed synthesizing and developing
4-Fluoro-aroylindolizines incorporated 1,3,4-oxadiazole
unit targeting anti-cancer,'” antimicrobial.[29-22] [n
continuation of our research, the main objective is to
discover new anti-cancer agents.

MATERIALS AND METHODS

Chemistry

All the chemicals and solvents were procured from
commercial supplier’s viz., Sigma Aldrich, Chempure, and
Sony industries. All reactions were carried out in hot-air
dried glassware under a nitrogen atmosphere using dry
solvents. Thin-layer chromatography was performed on
aluminum-backed silica plates and visualized by UV-
light. The melting point was determined on a Thomas
Hoover capillary melting point apparatus with a digital
thermometer. FT-IR spectra recorded on FT-IR Shimadzu
8300 spectrophotometer, 'H NMR spectra on a Bruker
400 MHz NMR spectrophotometer in CDCl; and DMSO-d,
the chemical shifts were recorded in parts ppm and was
referenced with TMS. LC-MS was performed on Agilent
LC-1200 series coupled with 6140 single quad mass
spectrometer with EI +ve, IR spectra were recorded on
Brucker alpha FT-IR spectrometer.

1-(2-(4-Fluorophenyl)-2-oxoethyl) pyridinium bromide (3)

To a solution of 2-Bromo-1-(4-flulorophenyl) ethanone (20
g, 92.14 mmol) in acetone (200 mL) was added pyridine
(7.18 g,92.14 mmol) and stirred at room temperature for

1-hour. The obtained precipitate was filtered and dried to
afford 1 as a white solid.

White solid; Yield; 98%; MP: 209.6-210.9°C; IR (v, ,,,cm°
1:3461,3400,3051(Aromatic, C-H), 1681, (C=0); 'H NMR
(400 MHZ, DMSO-dg) 6 (ppm): 9.04 (d,/=6.00 Hz, 2H, Ar-H),
8.77-8.73 (m, 1H, Ar-H), 8.31-8.28 (m, 2H, Ar-H), 8.19-8.15
(m, 2H, Ar-H), 7.53 (t, /] = 9.20 Hz, 2H, Ar-H), 6.53 (s, 2H,
CH2); 3C NMR (100 MHZ, DMS0-d,) & (ppm): 66.7, 127.4,
128.3, 128.4, 131.6, 134.4, 134.7 (2C), 135.9, 146.7 (2C),
147.0, 190.4. Anal. cald. for: C;3H;;BrFNO: C, 52.73%; H,
3.74%:; N, 4.73%. Found: C, 52.72%; H, 3.73%, N, 4.72%.
LCMS (EI, m/z): 218.1 [M+H]".

Ethyl 3-(4-Fluorobenzoyl) indolizine carboxylate (5)

To a solution of (2-(4-Flulorophenyl)-2-oxoethyl)
pyridinium bromide (50.65 mmol) 3 in CH,Cl, (150
mL) was added triethylamine (12.78 g, 126.62 mmol)
and stirred for 5 minutes. Then ethylpropiolate (7.44 g,
75.97 mmol) 4 was added dropwise at 0°C, the resulting
reaction mixture was stirred at room temperature for 12
hours. After completion of the reaction was concentrated
in a vacuum. The crude product was purified by
column chromatography (EtOAc/Hexane 1: 9) to afford
compound 5 as yellow solid.

Yellow solid; Yield: 60%; MP: 110.8-111.3°C; IR (V440
cm™): 3064 (Aromatic, C-H), 1693 (C=0); 'H NMR (400
MHZ, DMSO-dg) 6 (ppm): 9.83 (d, J = 0.80 Hz, 1H, Ar-H),
8.33 (d, /] = 1.20 Hz, 1H, Ar-H) 7.90-7.87 (m, 2H, Ar-H),
7.70-7.66 (m, 1H, Ar-H), 7.63 (s, 1H, Ar-H), 7.45-7.40 (m,
2H, Ar-H), 7.37-7.33 (m, 1H, Ar-H), 4.31 (q,/ = 7.20 Hz, 2H,
CH, of ester 1.32 (t,] = 7.20 Hz, 3H, methyl); 13C NMR (100
MHZ, DMSO-d,) 8 (ppm): 14.7, 60.2, 106.0, 116.7, 119.3,
122.1,127.7,128.4,128.5,129.2,129.4,130.9,131.8,133.8,
139.6,141.7,163.3,183.2. C;gH4,FNO5: C, 69.45%; H, 4.53%;
N, 4.50%. Found: C, 69.44%; H, 4.52%, N, 4.49%. LCMS (E],
m/z): 312.1[M+H]".

3-(4-Fluorobenzoyl) indolizine-1-carboxylic acid (6)

To a solution of ethyl 3-(4-Flulorobenzoyl) indolizine
carboxylate 5 (5 g, 16.06 mmol) in THF/H20 (50/10 mL),
was added citric acid solution (12.34 g, 64.24 mmol)
and refluxed for 48 hours. The reaction mixture was
concentrated and acidified pH < 4 with 6N HCI. The
obtained precipitate was filtered and dried with a vacuum
to afford compound 6 as an off-white solid.

Off-white solid; Yield; 65%; MP: 245.7-246.8°C; IR
(Vimawem™): 3050(Aromatic, C-H), 1679 (C=0); 1624 (C=C);
'H NMR (400 MHZ, DMSO0-d,:D,0) & (ppm): 9.77 (d, J= 7.2
Hz, 1H, Ar-H), 8.31 (d, J=8.80 Hz, 1H, Ar-H), 7.84-7.75 (m,
2H, Ar-H), 7.62-7.56 (m, 2H, Ar-H ), 7.37-7.33 (m, 2H, Ar-H),
7.27-7.22 (m, 1H, Ar-H); 3C NMR (100 MHZ, DMSO-d)
S (ppm): 107.1, 116.5, 119.5, 121.9, 127.8, 128.5, 128.9,
129.1,129.1,130.9, 131.7,133.7, 139.8, 141.8, 164.9, 183.1.
Anal.cald.for: C;cH;,FNO;: C, 67.84%; H, 3.56%; N, 4.94%.
Found: C, 67.83%; H, 3.55%; N, 4.93%. LCMS (EI, m/z):
284.0 [M+H]".
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General procedure for N-Benzoyl-3-(4-flulorobenzoyl)
indolizine -1-carbohydrazide derivatives 8(a-n)

To a solution of compound 6 (0.96 mmol) in dry CH,Cl, (8
mL), triethylamine (1.92 mmol) and T3P (1.44 mmol) were
added atroom temperature. Then was added 7(a-n) (1.15
mmol) was added to the reaction mixture and stirred at
room temperature for 12 hours. The reaction mixture was
quenched with ice-cold water and extracted with CH,CI,
(2 x 50 mL). The organic layer was washed with brine
solution (2x10 mL), dried over anhydrous sodium sulfate,
and concentrated to give compounds 8(a-n) red gum, and
purified by column chromatography on silica gel using
CH,Cl,/MeOH (9:1) to achieve compounds 8(a-n).

N -Benzoyl-3-(4-flulorobenzoyl) indolizine
-1-carbohydrazide (8a)

Yellow solid ; Yield: 65%; MP: 154.5-155.3°C; IR (V5,0 cm ™)
3213 (N-H), 3014 (Aromatic, C-H), 1520 (C=C); 'H NMR
(400 MHZ, DMSO-dg) 6 (ppm): 10.43 (s, 1H, NH), 10.32 (s,
1H, NH), 9.87 (d, J = 7.20 Hz, 1H, Ar-H), 8.51 (d, / = 8.80
Hz, 1H, Ar-H), 8.17 (s, 1H, Ar-H), 794 -791 (m, 4H, Ar-H),
7.62-7.58 (m, 2H, Ar-H), 7.55-7.51 (m, 2H, Ar-H), 7.44 (t,
] = 8.80 Hz, 2H. Ar-H), 7.33-7.29 (m, 1H, Ar-H); 3C NMR
(100 MHZ, DMSO-d;) 8 (ppm): 107.4, 115.7, 115.9, 116.3,
119.7,121.7,126.0,127.9,128.3,128.8,128.9,131.9,132.0,
133.1, 136.5(2C), 139.7, 140.0, 163.2(2C), 165.6, 166.5,
183.5. Anal.cald.for: C,3H;,FN505: C, 68.82%; H, 4.02%);
N, 10.47%. Found: C, 68.81%; H, 4.01%; N, 10.46%. LCMS
(EI, m/z): 402.1 [M+H]".

3-(4-Fluorobenzoyl)-N-(4-methoxybenzoyl) indolizine-1-
carbohydrazide (8b)

Yellow solid; Yield: 56%; MP: 152.3-153.6°C; IR (V05 cm'l):
3219 (N-H), 2964 (Aromatic, C-H), 1603(C=0); 1504, 1477
(C=C); 'H NMR (400 MHZ, DMSO0-d,) 6 (ppm): 10.29 (d,] =
7.20 Hz, 2H,NH-NH), 9.87 (d,J=6.80 Hz, 1H, Ar-H), 8.51 (d,
J=8.80 Hz, 1H, Ar-H), 8.18 (d, ] = 7.20 Hz, 1H, Ar-H), 7.94-
7.86 (m, 4H, Ar-H), 7.60 (t, J= 8.00 Hz, 1H, Ar-H), 7.44 (t,
J=8.80 Hz, 2H, Ar-H), 7.31 (t, / = 6.80 Hz, 1H, Ar-H), 7.06
(d, /=8.80 Hz, 2H, Ar-H), 3.84 (s, 3H, methoxy); Anal.cald.
for: C,,H;gFN;0,:C, 66.82%; H, 4.21%; N, 9.74%. Found: C,
66.81%; H, 4.20%; N, 9.73%. LCMS (EI, m/z): 431.9[M+H]".

3-(4-Fluorobenzoyl)-N1-(3,5-dimethoxybenzoyl)indolizine-
1-carbohydrazide (8c)

Off-white solid Yield: 65%; MP: 151.0-152.5°C; IR (V.0
cm™): 3221 (N-H), 3005 (Aromatic, C-H), 1518(C=C); H
NMR (400 MHZ, DMSO-dg) 6 (ppm): 10.39 (s, 1H, NH),
10.31 (s, 1H,NH),9.87 (d,/=7.20 Hz, 1H), 8.52 -8.50 (m, 1H,
Ar-H),8.16 (s, 1H, Ar-H), 7.94 -7.87 (m, 2H, Ar-H), 7.65-7.59
(m, 1H, Ar-H), 7.46 -7.40 (m, 2H, Ar-H), 7.33 -7.29 (m, 1H,
Ar-H),7.08(d,/=2.40Hz,2H),6.72 (t,J]=2.40 Hz, 1H), 3.81
(s, 6H, methoxy); Anal.cald.for: C,5H,,FN;0s: C, 65.07%; H,
4.37%; N, 9.11%. Found: C, 65.06%; H, 4.36%; N, 9.10%.
LCMS (EI, m/z): 462.0
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3—[4-Fluorobenzoyl)-N1-(4-triﬂu0r0meth0xy) benzoyl)
indolizine-1-carbohydrazide (8d)

Off-white solid; Yield: 75%; MP: 150.4-151.9°C; IR (v, M
1. 3225 (N-H), 3010 (Aromatic, C-H), 1600(C=0); 1524
(C=C); 'H NMR (400 MHZ, DMSO0-d,) § (ppm): 10.56 (s, 1H,
NH), 10.37 (s, 1H, NH), 9.87 (d, / = 7.20 Hz, 1H, Ar-H), 8.51
(d,J=9.20 Hz, 1H, Ar-H), 8.17 (s, 1H), 8.06 (d, / = 8.80 Hz,
2H, Ar-H), 795 -791 (m, 2H, Ar-H), 7.63-7.59 (m, 1H, Ar-H),
7.54 (d,J=8.00 Hz, 2H, Ar-H), 7.44 (t,]=9.20 Hz, 2H, Ar-H),
7.33-7.30 (m,1H, Ar-H); 3C NMR (100 MHZ, DMSO-dy) &
(ppm): 107.3,115.7,115.9,116.3,119.7,121.3,121.7,121.8,
126.0,127.9,128.4,128.8,130.3,131.9,132.0,132.2,136.4,
136.5, 139.8, 151.1, 163.2, 165.3, 165.7, 183.5. Anal.cald.
for: C,,H,sFN30,: C,59.39%; H, 3.11%, N, 8.66%. Found C,
59.37%; H, 3.09%); N, 8.64%. LCMS (EI, m/z): 486.0 [M+H]".

3-(4-FIuorobenzoyI)-N1-(3,4-dimethylbenzoyl) indolizine-
1-carbohydrazide (8e)

Off-white solid; Yield: 62%; MP: 126.2-127.3°C; IR (v, ,,CM°
1: 3224 (N-H), 2962 (Aromatic, C-H), 1600(C=0); 1524
(C=C); *H NMR (400 MHZ, DMSO0-d;) 6 (ppm): 10.29 (d,/ =
7.20 Hz, 2H, NH-NH), 9.87 (d, J = 6.80 Hz, 1H, Ar-H), 8.51
(d,/=8.80 Hz, 1H, Ar-H), 8.17 (s, 1H, Ar-H), 7.94 -791 (m,
2H, Ar-H), 7.72 (s, 1H, Ar-H), 7.66 (d, ] = 7.60 Hz, 1H, Ar-H),
7.60 (t,/=7.60Hz, 1H, Ar-H), 7.44 (d,/ =8.80 Hz, 2H, Ar-H),
7.30 (q, J = 8.40 Hz, 2H, Ar-H), 2.30 (s, 6H, methyl); 13C
NMR (100 MHZ, DMSO-d) 8 (ppm): 19.8(2C), 107.5,115.7,
115.9,116.3,119.7,121.7,125.3,126.0,128.3,128.9, 129.9,
130.6,131.9,132.0,136.5,136.8,139.7,140.9,163.2,163.3,
165.6,166.5,183.5. Anal.cald.for: C,5H,,FN;05: C, 69.92%;
H, 4.69%N, 9.78%. Found: C, 69.91%; H, 4.67%; N, 9.78%.
LCMS (EI, m/z): 430.1 [M+H]".

3—[4-Flu0robenzoyl)-N1-(4-ﬂuor0-2—methyl benzoyl)
indolizine-1-carbohydrazide (8f)

Brown solid; Yield: 45%; MP: 241.5-242.3°C; IR (vmax,cm'l):
3671 (N-H), 3216, 2996 (Aromatic, C-H), 1610(C=0); 1519
(C=C); 'H NMR (400 MHZ, DMSO0-d,) 6 (ppm): 10.33 (s, 1H,
NH), 10.14 (s, 1H, NH), 9.87 (d,J = 7.20 Hz, 1H, Ar-H), 8.54
(d,J=8.80 Hz, 1H, Ar-H), 8.17 (s, 1H, Ar-H), 7.94 -7.91 (m,
2H, Ar-H), 7.61 (t,] = 8.40 Hz, 1H, Ar-H), 7.52-7.42 (m, 3H,
Ar-H),7.31 (t,J=7.20 Hz, 1H, Ar-H), 7.16 (q,/ = 8.80 Hz, 2H,
Ar-H), 2.46 (s, 3H, methyl); 13C NMR (100 MHZ, DMSO-d,)
6 (ppm): 19.8,107.3,112.7,115.9,116.3,117.5,117.7,119.8,
121.7,126.0,128.3,128.8,130.2,131.9,132.0,136.5,139.8,
139.9, 140.0, 161.8, 163.1, 163.2, 168.3, 183.5. Anal.cald.
for: C,,H,,F,N;05: C,66.51%; H, 3.95%; N, 9.70%. Found: C,
66.50%; H, 3.94%; N, 9.69%. LCMS (EI, m/z): 434.0 [M+H]".

3-(4-FIuorobenzoyI)-N1-( 5-fluoro-2-methylbenzoyl)
indolizine-1-carbohydrazide (8g)

Off-white solid; Yield: 48%; MP: 234.4 -235.3°C; IR (V0
cm™): 3218 (N-H), 2999 (Aromatic, C-H), 1504 (C=C); 'H
NMR (400 MHZ, DMSO-dg) 6 (ppm): 10.36 (s, 1H, NH),
10.22 (s, 1H, NH), 9.87 (d, /] = 7.20 Hz, 1H, Ar-H), 8.54 (d, ]
=8.80 Hz, 1H, Ar-H), 8.17 (s, 1H, Ar-H), 793 (t,] = 7.60 Hz,
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2H, Ar-H), 7.61 (t, ] = 8.00 Hz, 1H, Ar-H), 7.44 (t, ] = 8.80
Hz, 2H, Ar-H), 7.38-7.22 (m, 4H, Ar-H), 2.41 (s, 3H, methyl);
13C NMR (100 MHZ, DMSO-d) & (ppm): 19.9, 107.2, 114.4,
115.9,116.3,117.2,119.8,121.7,126.0, 128.4,128.9,131.9,
132.0,132.9,133.0,136.5,136.8,139.8,159.0,163.1,163.2,
165.6,167.8,183.5.Anal.cald.for: C,,H,,F,N;05: C, 66.51%;
H, 3.95%; N, 9.70%. Found: C, 66.50%; H, 3.94%; N, 9.69%.
MS (EI, m/z): 434.0 [M+H]".

N-(5-Chloro-2-methylbenzoyl)-3-(4-flurobenzoyl)
indolizine-1-carbohydrazide (8h)

Off-white solid; Yield: 46%; MP: 175.6-176.9°C; IR (v, ,,cm’”
1: 3278 (N-H), 3196, 2966, (Aromatic, C-H), 1613(C=0);
1598 (C=C); 'H NMR (400 MHZ, DMSO0-d¢) 6 (ppm): 10.37
(s, 1H,NH), 10.25 (s, 1H,NH),9.87 (d,/ = 6.80 Hz, 1H, Ar-H),
8.54(d,/=8.80Hz, 1H, Ar-H), 8.17 (s, 1H, Ar-H), 793 (t,] =
8.00 Hz, 2H, Ar-H), 7.61 (t,/ = 8.80 Hz, 1H, Ar-H), 7.49-7.41
(m, 4H, Ar-H), 7.39-7.27 (m, 2H, Ar-H), 2.42 (s, 3H, methyl);
Anal.cald.for: C,,H;,CIFN;05: C, 64.08%; H, 3.81%; N,
9.34%. Found: C, 64.07%; H, 3.80%; N, 9.34%. LCMS (ES],
m/z): 450.0[M+H]".

N1-(5-Bromo-2-methylbenzoyl)-3-(4-fluorobenzoyl)
indolizine-1-carbohydrazide(8i)

Off-white solid; Yield: 49%; MP: 147.0-148.5°C; IR (v, ,,,CM°
1: 3278 (N-H), 2984 (Aromatic, C-H), 1686(C=0); 1597
(C=C); 'HNMR (400 MHZ, DMSO-d,) & (ppm): 10.35 (s, 1H,
NH), 10.24 (s, 1H,NH),9.84 (d,/ = 7.2 Hz, 1H, Ar-H), 8.51 (d,
J=8.80Hz, 1H, Ar-H), 8.13 (s, 1H, Ar-H), 790 (t,/ = 6.8 Hz,
2H, Ar-H), 7.62-7.57 (m, 3H, Ar-H), 7.44-7.40 (m, 2H, Ar-H),
7.32-7.27 (m, 2H, Ar-H), 2.37(s, 3H, methyl); Anal.cald.for:
C,4H,7,CIBrN;05: C, 58.31%; H, 3.47%; N, 8.50%. Found: C,
58.30%; H, 3.46%; N, 8.50%. LCMS (EI, m/z): 493.9 [M+H]".

3-[4-FIu0robenzoyl]-N1-(3-ﬂuorobenzoyl)indolizine-l-
carbohydrazide (8j)

Off-white solid; Yield: 56%; MP: 200.0-201.9°C; IR (Va4
cm™): 3234 (N-H), 3121, 3008 (Aromatic, C-H), 1615(C=0);
1526 (C=C); 'H NMR (400 MHZ, DMSO0-dg) 8 (ppm): 10.54
(s, 1H, NH), 10.37 (s, 1H, NH) 9.87 (d, /] = 7.20 Hz, 1H,
Ar-H), 8.51 (d, J = 8.80 Hz, 1H, Ar-H), 8.17 (s, 1H, Ar-H),
794 -791 (m, 2H, Ar-H), 7.79 (d,J = 7.60 Hz, 1H, Ar-H), 7.71
(d, J = 9.60 Hz, 1H, Ar-H), 7.63-7.58 (m, 2H, Ar-H), 7.50-
7.42 (m, 3H, Ar-H), 7.31 (t, / = 7.20 Hz, 1H, Ar-H); Anal.
cald.for: C,3H;5F,N;05: C, 65.87%; H, 3.61%; N, 10.02%.
Found: C, 65.85%; H, 3.59%; N, 10.00%. LCMS (EI, m/z):
420.0[M+H]*.

3-(4-FIuorobenzoyI]-N1-(4—ﬂuorobenzoyl] indolizine-1-
carbohydrazide (8k)

Off-white solid; Yield: 59%; MP: 195.3-196.8°C; IR (v, ,,cm°
1: 3260 (N-H), 3196, 3126 (Aromatic, C-H), 1612(C=0),
1527 (C=C); 'HNMR (400 MHZ, DMSO-d;) & (ppm): 10.46 (s,
1H,NH), 10.33 (s, 1H, NH),9.87 (d,/ = 9.20 Hz, 1H, Ar-CH),
8.50 (d, J = 11.60 Hz, 1H, Ar-CH), 8.16 (s, 1H, Ar-H), 8.02
-7.88 (m, 4H, Ar-H), 7.61 (t,/=10.80 Hz, 1H, Ar-H), 7.47-7.29

(m, 5H, Ar-H); Anal.cald.for: C,3H;sF,N;05: C, 65.87%; H,
3.61%; N, 10.02%. Found: C, 65.85%; H, 3.59%; N, 10.00%.
LCMS (EI, m/z): 420.0 [M+H]".

3-(4-Fluorobenzoyl)-N1-(4-chlorobenzoyl) indolizine-1-
carbohydrazide (81)

Off-white solid; Yield: 61%; MP: 216.6 -217.7°C; IR
(Vimawem™): 3252 (N-H), 3196, 3127, 3046 (Aromatic, C-H),
1611(C=0), 1525 (C=C); 'H NMR (400 MHZ, DMSO0-d,) &
(ppm): 10.53 (s, 1H, NH), 10.35 (s, 1H,NH), 9.87 (d, ] = 6.80
Hz, 1H, Ar-H), 8.51 (d, J = 8.80 Hz, 1H, Ar-H), 8.16 (s, 1H,
Ar-H),796-791 (m, 4H, Ar-H), 7.63-7.59 (m, 3H, Ar-H), 7.44
(t,] =8.40 Hz, 2H, Ar-H), 7.31 (t, ] = 6.80 Hz, 1H, Ar-H); 13C
NMR (100 MHZ, DMSO-dy) 8 (ppm): 107.3, 115.7, 115.9,
116.3,119.7,121.7,125.9,128.4,128.8,129.1,129.8,131.9,
132.0,136.4,136.5,137.1,139.7 140.9,163.2,163.3, 165.6,
166.4, 183.3. Anal.cald.for: C,3H;sCIFN;05. C, 63.38%; H,
3.47%, N, 9.64%. Found: C, 63.37%; H, 3.46%, N, 9.63%.
MS (EI, m/z): 436.0[M+H]".

N-(4-Bromobenzoyl)-3-(4-fluorobenzoyl) indolizine-1-
carbohydrazide (8m)

Off-white solid; Yield: 63%; MP: 177.1-178.9°C; IR (V. .
cm™): 3255 (N-H) 2916 (Aromatic, C-H), 1595 (C=C); 'H
NMR (400 MHZ, DMSO-dg) & (ppm): 10.52 (s, 1H, NH),
10.34 (s, 1H,NH), 9.85 (d,/ = 6.80 Hz, 1H, Ar-H), 8.48 (d, J
=8.80 Hz, 1H, Ar-H), 8.14 (s, 1H, Ar-H), 7.92-7.83 (m, 4H,
Ar-H), 7.74 (d, ] = 7.6 Hz, 2H, Ar-H), 7.60 (t,/ = 7.60 Hz, 1H,
Ar-H), 7.42 (t,] = 8.40 Hz, 2H, Ar-H), 7.30 (t,/ = 6.8 Hz, 1H,
Ar-H); Anal.cald.for: C,3H;sBrFN;05: C, 57.52%; H, 3.15%;
N, 8.75%. Found: C, 57.51%; H, 3.14%; N, 8.74%. LCMS (EI,
m/z): 479.9 [M+H]".

3-[4-FIu0robenzoyl]-N1-(3, 4-difluorobenzoyl) indolizine-1-
carbohydrazide (8n)

Brown solid; Yield: 50%, MP: 235.3-236.1°C; IR (vmax,cm'l):
3236 (N-H), 3009 (Aromatic, C-H), 1614(C=0), 1514 (C=C);
'H NMR (400 MHZ, DMSO0-dg) & (ppm): 10.57 (s, 1H, NH),
10.38 (s, 1H, NH), 9.87 (d, J = 7.20 Hz, 1H, Ar-H), 8.50 (d, /
=9.20 Hz, 1H, Ar-H), 8.16 (s, 1H, Ar-H), 7.99 -7.91 (m, 3H,
Ar-H),7.83 (s,1H, Ar-H), 7.68-7.59 (m, 2H, Ar-H), 7.44 (t,] =
8.40 Hz, 2H, Ar-H), 7.32 (t,/ = 6.80 Hz, 1H, Ar-H); Anal.cald.
for: C,3H;,F3N505: C, 63.16%; H, 3.23%; N, 9.61%. Found: C,
63.14%; H, 3.21%; N, 9.59%. LCMS (EI, m/z): 438.0[M+H]*.

General procedure for Synthesis of (4-Fluorophenyl)
(1-(5-phenyl-1,3,4-oxadiazol-2-yl)indolizin-3-yl)methanone
9(a-n).

To a solution of compounds 8(a-n) (0.498 mmol) in dry
CH,CI, (10 mL), was added pyridine (0.996 mmol) and
triflic anhydride (0.747 mmol) at 0°C, and stirred at 0°C
for 2h. After completion, the reaction was quenched with
ice-cold water and the mixture was extracted with CH,Cl,
(2x50 mL). The organiclayer was washed brine, dried over
sodium sulfate, and concentrated with a vacuum to afford
compound 9(a-n).
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(4-Fluorophenyl) (1-(5-phenyl-1,3,4-oxadiazol-2-yl)
indolizin-3-yl)methanone (9a)

Yellow solid; Yield: 71%; MP: 197.6-198.3°C; IR (vmax,cm'l):
3055, 2922 (stretching, aromatic ring), 1633 (C=0), 1578
(C=N), 1477 (C=C), 1226 (C-0-C stretching, oxadiazole); 'H
NMR (400 MHZ, CDCl;) 6 (ppm): 10.03-10.01 (m, 1H, Ar-H),
8.63-8.61 (m, 1H, Ar-H), 8.18-8.15 (m, 2H, Ar-H), 7.95-791
(m, 2H, Ar-H), 7.89 (s, 1H, Ar-H), 7.60-7.54 (m, 4H, Ar-H),
7.30-7.25 (m, 2H, Ar-H), 7.22-7.19 (m, 1H, Ar-H); 13C NMR
(100 MHz, CDCl;, § ppm): 99.8, 115.9, 119.5, 122.8, 123.9,
125.1, 126.8, 127.0 (2C), 128.0, 128.8, 129.0, 129.3 (2C),
129.8, 131.51, 131.53, 134.7, 137.7, 141.5, 161.0, 163.1,
183.4. Anal. calcd. for C,3H,,FN;0,: C, 72.06%; H, 3.68%;
N, 10.96%; Found: C, 72.05%; H, 3.67%; N, 10.95%; LCMS
(EL, m/z): 383.9 [M+H]".

(4-Fluorophenyl)(1-(5-(4-methoxyphenyl)-1,3,4-oxadiazol-
2-yl)indolizin-3-yl)methanone (9b)

Yellow solid; Yield: 68%; MP: 212.4-213.9°C; IR (v, ,,,ocm™):
3073 (C-H, stretching, aromatic ring) 1497 (C=C), 1227
(C-0-C stretching, oxadiazole ring); 'H NMR (400 MHZ,
DMSO0-dg) 8 (ppm): 9.90 (d, / = 6.80 Hz, 1H, Ar-H), 8.51 (d,
J=8.80Hz, 1H, Ar-H), 8.11 (d,/ = 2.00 Hz, 2H, Ar-H), 7.98-
794 (m, 3H, Ar-H), 7.76-7.72 (m, 1H, Ar-H), 7.48-7.39 (m, 3H,
Ar-H),7.16 (d,]/ =8.80Hz, 2H, Ar-H), 3.87 (s, 3H, methoxy);
13C NMR (100 MHz, CDCls, § ppm): 55.4,100.0, 114.4, 115.8,
116.4, 119.5,122.7,124.9,127.0 (2C), 127.8, 128.5, 128.8,
129.2,129.8(2C), 131.4, 134.7, 137.6, 141.6, 160.5, 162.1,
163.0,183.3. Anal. calcd. for C,,H;,FN;05: C,69.73; H, 3.90;
N, 10.16 %; Found: C, 69.71; H, 3.88; N, 10.14%. LCMS (EI,
m/z): 414.0 [M+H]".

(4-Fluorophenyl)(1-(5-(3,5-dimethoxyphenyl)-1,3,4-
oxadiazol-2-yl)indolizin-3-yl)methanone (9c)

Off-white solid; Yield: 69%; MP: 227.9-228.6°C; IR (V.5
cm™): 3118, 2966 (C-H, stretching, aromatic ring) 1482
(C=C), 1233 (C-0-C stretching, oxadiazole ring); *H NMR
(400 MHZ, CDCl;) 6 (ppm): 10.03-10.01 (m, 1H, Ar-H),
8.62-8.59 (m, 1H, Ar-H), 7.95-791 (m, 2H, Ar-CH), 7.88
(s, 1H, Ar-H), 7.59-7.55 (m, 1H, Ar-H), 7.31-7.26 (m, 4H,
Ar-H), 7.22-7.20 (m, 1H, Ar-H), 6.65 (t, ] = 2.40 Hz, 1H,
Ar-H), 3.92 (s, 6H, methoxy); 3C NMR (100 MHZ, CDCl,)
S (ppm): 55.7,99.7,103.7,104.7, 115.9, 119.5,122.8, 125.1,
125.4,127.0(3C),128.0,128.8,129.3(2C), 129.8,131.5(2C),
134.7,137.7,141.5,161.13,161.18,163.0, 183.4. Anal. calcd.
for C,sH,4FN50,.C, 67.72%; H, 4.09%; N, 9.48%. Found C,
67.71%; H, 4.08%, N, 9.47%. LCMS (EI, m/z): 443.9 [M+H]".

(4-Fluorophenyl)(1-(5-(4-(trifluoromethoxy)phenyl)-1,3,4-
oxadiazol-2-yl)indolizin-3-yl)methanone (9d)

Off-white solid; Yield: 82%; MP: 222.4-223.1°C; IR (Va0
cm™): 3129 (C-H, stretching, aromatic ring), 1626 (C=0),
1586 (C=N), 1480 (C=C), 1265 (C-O-Cstretching, oxadiazole
ring); *H NMR (400 MHZ, CDCl;) 6 (ppm): 10.03-10.01 (m,
1H, Ar-H), 8.62-8.59 (m, 1H, Ar-H), 8.22-8.19 (m, 2H, Ar-H),
7.95-791 (m, 2H, Ar-H), 7.87 (s, 1H, Ar-H), 7.60-7.56 (m, 1H,
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Ar-H),7.40 (dd,J = 0.80,8.80 Hz, 2H, Ar-H), 7.30-7.29 (m, 1H,
Ar-H), 7.28-7.25 (m, 1H, Ar-H), 7.23-7.21 (m, 1H, Ar-H); 13C
NMR (100 MHZ, CDCl;) & (ppm): 99.2, 115.5, 115.8, 119.4,
121.2,121.6,122.5,123.1,124.8,127.8,128.5,129.2,131.3,
131.4,136.0 (2C), 137.6, 151.3, 151.4, 161.4, 162.0, 163.6,
166.1, 183.7; Anal. calcd. for C,,H;3F,N;05: C, 61.68%; H,
2.80%; N, 8.99%; Found: C, 61.67%; H, 2.79%; N, 8.98%;
LCMS (EI, m/z): 467.9 [M+H]".

(4-Fluorophenyl)(1-(5-(3,4-dimethylphenyl)-1,3,4-
oxadiazol-2-yl)indolizin-3-yl)methanone (9e)

Off-white solid; Yield: 65%; MP: 211.0-212.6°C; IR (v,,,,,cm’”
1:3095,3039 (C-H, stretching, aromatic ring), 1630 (C=0),
1575 (C=N), 1476 (C=C), 1227 (C-0-Cstretching, oxadiazole
ring); *H NMR (400 MHZ, CDCI;) § (ppm): 10.02-10.00 (m,
1H, Ar-H), 8.63-8.60 (m, 1H, Ar-H), 7.95-7.91 (m, 3H, Ar-H),
7.57 (s, 1H, Ar-H), 7.88-7.86 (m, 1H, Ar-H), 7.59-7.55 (m,
1H, Ar-H), 7.31-7.26 (m, 3H, Ar-H), 7.22-7.18 (m, 1H, Ar-H),
2.39 (s, 6H methyl); *C NMR (100 MHZ, CDCl,) § (ppm):
19.7,20.0,99.7,115.5,115.7(2C), 119.5,121.4,122.9,124.3,
124.8,127.6,127.7,129.2,130.2,131.3,131.4,136.0,136.1,
137.5, 140.7, 160.8, 163.3, 166.1, 183.7; Anal. calcd. for
C,5HgFN30,: C, 72.98%; H, 4.41%; N, 10.21%; Found: C,
72.97%;H,4.40%; N, 10.20%; LCMS (EI, m/z): 412.1[M+H]".

(4-Fluorophenyl)(1-(5-(4-fluoro-2-methylphenyl)-1,3,4-
oxadiazol-2-yl)indolizin-3-yl)methanone (9f)

Brown solid; Yield: 59%; MP: 196.9-198.1°C; IR (v, ,,,cm™):
3100, 3044 (C-H, stretching, aromatic ring), 1478 (C=C),
1225 (C-0-C stretching, oxadiazole ring); 'H NMR (400
MHZ, CDCl;) 8 (ppm): 10.03-10.01 (m, 1H, Ar-H), 8.63-8.60
(m, 1H, Ar-H), 8.04-8.00 (m, 1H, Ar-H), 7.94-791 (m, 2H,
Ar-H), 7.87 (s, 1H, Ar-H), 7.59-7.55 (m, 1H), 7.29-7.25 (m,
2H, Ar-H), 7.23-7.19 (m, 1H, Ar-H), 7.13-7.07 (m, 2H, Ar-H),
2.81 (s, 3H, methyl); 13C NMR (100 MHZ, CDCl;) 8 (ppm):
21.6,99.2, 115.8, 117.7, 119.4, 123.1, 124.2, 124.9, 127.8,
129.2,131.3,133.3,133.4,134.1,134.2,135.9,136.0, 137.6,
159.6, 160.8, 162.0, 163.6, 166.1, 183.8; Anal. calcd. for
C,4H{sF,N50,: C, 69.39%; H, 3.64%; N, 10.12%. Found: C,
69.37%; H, 3.63%; N, 10.11%; LCMS (EI, m/z): 416.0[M+H]".

(4-Fluorophenyl)(1-(5-(5-fluoro-2-methylphenyl)-1,3,4-
oxadiazol-2-yl)indolizin-3-yl)methanone (9g)

Off-white solid; Yield: 55%; MP: 211.2-212.9°C; IR (v, ,,cm’
1): 3102, 3045 (C-H, stretching, aromatic ring), 1634
(C=0), 1581 (C=N), 1479 (C=C), 1232 (C-0-C stretching,
oxadiazole ring); 'H NMR (400 MHZ, CDCl;) § (ppm): 10.03-
10.01 (m, 1H, Ar-CH), 8.63-8.60 (m, 1H, Ar-H), 7.95-7.91
(m, 2H, Ar-H), 7.58 (s, 1H, Ar-H), 7.74 (dd, ] = 2.80, 9.40 Hz,
1H, Ar-H), 7.60-7.56 (m, 1H, Ar-H), 7.39-7.35 (m, 1H, Ar-H),
7.30-7.29 (m, 1H, Ar-H), 7.28-7.26 (m, 1H, Ar-H), 7.23-7.19
(m, 1H, Ar-H), 7.18-7.16 (m, 1H, Ar-H), 2.78 (s, 3H, methyl);
13CNMR (100 MHZ, CDCl3) & (ppm): 21.6,99.2,115.8,117.7,
119.4,123.1,124.2,124.9,127.8,129.2,131.3,133.3,133 .4,
134.1,134.2,135.9,136.0,137.6,159.6,160.8, 162.0,163.6,
166.1, 183.8; Anal. calcd. for C,,H;5F,N50,: C, 69.39%; H,
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3.64%; N, 10.12%; Found: C, 69.38%; H, 3.63%; N, 10.11%;
LCMS (EI, m/z): 416.0[M+H]".

(1-(5-(5-Chloro-2-methylphenyl)-1,3,4-oxadiazol-2-yl)
indolizin-3-yl)(4-fluorophenyl) methanone (9h)

Off-white solid; Yield: 56%; MP: 218.9-220.1°C; IR (Va4
cm™): 3099, 3042 (C-H, stretching, aromatic ring), 1623
(C=0), 1596 (C=N), 1482 (C=C), 1231 (C-0-C stretching,
oxadiazole ring); 'H NMR (400 MHZ, CDCl;) § (ppm):
10.04-10.01 (m, 1H, Ar-H), 8.64-8.62 (m, 1H, Ar-H), 8.00
(d,J = 2.40 Hz, 1H, Ar-H), 7.95-792 (m, 2H, Ar-H), 7.88 (s,
1H, Ar-H), 7.61-7.56 (m, 1H, Ar-H), 7.43-7.40 (m, 1H, Ar-H),
7.34 (d, ] = 8.40 Hz, 1H, Ar-H), 7.31-7.26 (m, 2H, Ar-H),
7.23-7.20 (m, 1H, Ar-H), 2.78 (s, 3H, methyl); **C NMR (100
MHZ, CDCl;) 8 (ppm): 21.7,116.0, 119.5, 125.1, 127.0 (2C),
128.1,128.3,128.9,129.3,129.8,130.8 (2C), 131.6,131.8,
133.1,134.8,136.9,137.8,141.6,141.6, 154.0, 160.5, 183.4.
C,,H;5CIFN;0,: C, 66.75%; H, 3.50%; N, 9.73%. Found: C,
66.74%, H, 3.49%, N, 9.72%. LCMS (EI, m/z): 432.0[M+H]".

(1-(5-(5-Bromo-2-methylphenyl)-1,3,4-oxadiazol-2-yl)
indolizin-3-yl)(4-fluorophenyl)methanone (9i)

Off- white solid; Yield: 58%; MP: 226.5-227.7°C; IR (V.50
cm'l): 3098, 3041 (C-H, stretching, aromatic ring), 1622
(C=0), 1596 (C=N), 1485 (C=C), 1232 (C-0-C stretching,
oxadiazole ring); 'H NMR (400 MHZ, CDCl;) § (ppm):
10.03-10.01 (m, 1H, Ar-H), 8.64-8.62 (m, 1H, Ar-H), 8.14
(d,J =2.00 Hz, 1H, Ar-H), 7.94-792 (m, 2H, Ar-H), 7.89 (s,
1H, Ar-H), 7.61-7.55 (m, 2H, Ar-H), 7.30-7.26 (m, 3H, Ar-H),
7.23-7.21 (m, 1H, Ar-H), 2.77 (s, 3H, methyl); 13C NMR (100
MHZ, CDCl;) 6 (ppm): 21.7,116.0, 119.5,125.1, 127.0 (2C),
128.1,128.3,128.9,129.3,129.8,130.8 (2C), 131.6, 131.8,
133.1,134.8,136.9,137.8,141.6,141.6,154.0,160.5,183.4.
Anal.cald. for: C,,H;sBrFN;0,: C, 60.52%; H, 3.17%; N,
8.82%. Found: C, 60.50%; H, 3.15%; N, 8.80%. LCMS (EI,
m/z): 475.8 [M+H]".

(4-Fluorophenyl)(1-(5-(3-fluorophenyl)-1,3,4-oxadiazol-2-
ylindolizin-3-yl)methanone (9] )

Off- solid; Yield: 61%; MP: 200.8 - 210.5°C; IR (vmax,cm‘l):
3070 (C-H, starching, aromatic ring), 1487 (C=C), 1225
(C-0-C stretching, oxadiazole ring); '"H NMR (400 MHZ,
CDCl;) & (ppm): 10.01 (d, J = 1.20 Hz, 1H, Ar-H), 8.61 (d, J
= 8.80 Hz, 1H, Ar-H), 7.97-7.93 (m, 3H, Ar-H), 792 (s, 1H,
Ar-H), 790 (d, J = 12.40 Hz, 1H, Ar-H), 7.59-7.53 (m, 2H,
Ar-H), 7.30-7.27 (m, 3H, Ar-H), 7.26-7.21 (m, 1H, Ar-H); 13C
NMR (100 MHZ, CDCl;) 8§ (ppm): 99.2,113.6,113.9, 115.6,
115.8,118.4,118.6,119.4,122.5,123.1,124.9,125.8,127.8,
129.2,130.8,131.3,136.0,137.6,161.4,162.0,163.6,166.1,
183.8; Anal. calcd. for C,3H,3F,N;0,: C, 68.83; H, 3.26; N,
10.47; Found: C, 68.82%; H, 3.25%; N, 10.46%; LCMS (EI,
m/z): 402.0[M+H]".

(4-Fluorophenyl)(1-(5-(4-fluorophenyl)-1,3,4-oxadiazol-2-
yl)indolizin-3-yl)methanone (9k)
Off- solid; Yield: 66%; MP: 202.1-203.6°C; IR (v,,,,cm™):

3075 (C-H, stretching, aromatic ring), 1488 (C=C), 1229
(C-0-C stretching, oxadiazole ring); 'H NMR (400 MHZ,
CDCl,) § (ppm): 10.03-10.01 (m, 1H, Ar-H), 8.63-8.60 (m,
1H, Ar-H), 8.18-8.14 (m, 2H, Ar-H), 7.94-7.90 (m, 2H, Ar-H),
7.87 (s, 1H, Ar-H), 7.59-7.53 (m, 1H, Ar-H), 7.30-7.27 (m,
4H, Ar-H), 7.26-7.21 (m, 1H, Ar-H); 3*C NMR (100 MHZ,
CDCl,) & (ppm): 99.2, 113.6, 113.9, 115.6, 115.8, 118.4,
118.6,119.4,122.5,123.1,124.9,125.8,127.8,129.2,130.8,
131.3,136.0,137.6,161.4,162.0,163.6,166.1,183.8. Anal.
calcd. for C,3H;5F,N50,: C, 68.83%; H, 3.26%; N, 10.47%;
Found: C, 68.82%; H, 3.25%; N, 10.46%; LCMS (EI, m/z):
401.9[M+H]".

(4-Fluorophenyl)(1-(5-(4-chlorophenyl)-1,3,4-oxadiazol-2-
yl)indolizin-3-yl)methanone (91)

Off-white solid; Yield: 59%; MP: 208.5-209.8°C; IR (v, ,,,cm’
1:3137,3073 (C-H, stretching, aromatic ring), 1626 (C=0),
1585 (C=N), 1481(C=C), 1229 (C-0-Cstretching, oxadiazole
ring); *H NMR (400 MHZ, CDCl;) & (ppm): 10.03-10.01 (m,
1H, Ar-H), 8.62-8.59 (m, 1H, Ar-H), 8.11-8.09 (m, 2H, Ar-H),
7.95-791 (m, 2H, Ar-H), 7.87 (s, 1H, Ar-H), 7.60-7.53 (m, 3H,
Ar-H), 7.30-7.25 (m, 2H, Ar-H), 7.23-7.21 (m, 1H, Ar-H); 13C
NMR (100 MHZ, CDCl;) 8 (ppm): 99.6, 116.0, 119.5, 122.4,
122.9,125.0, 127.0, 128.1, 128.9, 129.3(2C), 129.4, 131.5,
131.7, 137.7, 137.8(2C), 141.5, 137.6, 161.2, 162.3(2C),
183.4; Anal. calcd. for C,3H;3CIFN50,: C, 66.12%; H, 3.14%;
N, 10.06%. Found: C, 66.11%; H, 3.13%, N, 10.05%. LCMS
(EI, m/z): 418.0 [M+H]".

(4-Fluorophenyl)(1-(5-(4-bromophenyl)-1,3,4-oxadiazol-2-
yl)indolizin-3-yl)methanone (9m)

Brown solid; Yield: 67%; MP: 209.8-210.9°C; IR (V.
cm'l): 3135, 3046 (C-H, stretching, aromatic ring), 1623
(C=0), 1584 (C=N), 1479 (C=C), 1228 (C-0-C stretching,
oxadiazole ring); 'H NMR (400 MHZ, CDCl,) 8 (ppm): 10.02-
10.01 (m, 1H, Ar-H), 8.62-8.59 (m, 1H, Ar-H), 8.59-8.01 (m,
2H, Ar-H), 7.95-791 (m, 2H, Ar-H), 7.87 (s, 1H, Ar-H), 7.71-
7.69 (m, 2H, Ar-H), 7.60-7.56 (m, 1H, Ar-H), 7.30-7.25 (m, 2H,
Ar-H), 7.23-7.21(m, 1H, Ar-H); 3C NMR (400 MHZ, CDCl,)
§ (ppm): 99.3, 115.5, 115.8, 119.4, 122.8, 123.1, 124.8,
126.1,127.8,128.1,129.2,131.3,131.4, 132.3, 136.0 (2C),
137.6,161.3,162.3(2C), 163.6,166.1, 183.7; Anal. calcd. for
C,3H3BrFN;0,: C, 59.76%; H, 2.83%; N, 9.09%; Found: C,
59.74%; H, 2.81%; N, 9.07%; LCMS (EI, m/z): 463.9 [M+H]".

(4-Fluorophenyl)(1-(5-(3,4-difluorophenyl)-1,3,4-
oxadiazol-2-yl)indolizin-3-yl)methanone (9n)

Brown solid; Yield: 62%; MP: 211.1-212.3°C; IR [vmax,cm'l):
3128, 3086 (C-H, stretching, aromatic ring), 1615 (C=0),
1583 (C=N), 1481 (C=C), 1225(C-0-C stretching, oxadiazole
ring); "H NMR (400 MHZ, CDCl;) § (ppm): 10.03-10.00 (m,
1H, Ar-H), 8.61-8.58 (m, 1H, Ar-H) 7.98-7.90 (m, 4H, Ar-H),
7.86 (s, 1H, Ar-H), 7.60-7.56 (m, 1H, Ar-H), 7.37-7.30 (m,
1H, Ar-H), 7.29-7.20 (m, 3H, Ar-H); 3C NMR (100 MHZ,
CDCl;) 8 (ppm): 99.2,115.5,115.8(2C), 119.4,121.2,121.6,
122.5,123.1,124.8,127.8,128.5,128.2,129.3,131.3,136.0,
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137.6,151.3,161.4,162.0, 163.6, 166.1, 183.7. Anal.cald.for
Cy3H,,F3N;0,: C, 65.87%; H, 2.88%; N, 10.02%. Found: C,
65.86%, H, 2.87%, 10.01%. LCMS (EI, m/z): 419.9 [M+H]".

Biological Procedures

In-vitro anti-cancer activity bioassay

For Cytotoxicity studies, 10mM stocks were prepared
using Chloroform. Serial two-fold dilutions were prepared
from 100uM to 3.125uM using DMEM media for treatment.

Cell lines and Culture

MCEF-7 cell line was procured from ATCC, stock cells were
cultured in DMEM supplemented with 10% inactivated
Fetal Bovine Serum (FBS), penicillin (100 IU/ml),
streptomycin (100pg/ml) in a humidified atmosphere of
5% CO, at 37°C until confluent. The cell was dissociated
with cell dissociating solution (0.2 % trypsin, 0.02 %
EDTA, 0.05 % glucose in PBS). The viability of the cells is
checked and centrifuged. Further, 50,000 cells/well were
seeded in a 96 well plate and incubated for 24 h at 37°C,
5% CO, incubator.

MTT assay

The monolayer cell culture was trypsinized and the cell
count was adjusted to 5 x 10° cells/ml using respective
media containing 10% FBS. To each well of the 96 well
Microtiter plate, 100ul of the diluted cell suspension
(50,000cells/well) was added. After 24 h, when a partial
monolayer was formed, the supernatant was flicked off,
washed the monolayer once with medium, and 100ul of
different test concentrations of test drugs were added to
the partial monolayer in Microtiter plates. The plates were
then incubated at 37°C for 24 h in a 5% CO, atmosphere.
After incubation, the test solutions in the wells were
discarded and 100 pl of MTT (5mg/10 ml of MTT in PBS)
was added to each well. The plates were incubated for 4
h at 37°C in a 5% CO, atmosphere. The supernatant was
removed and 100pul of DMSO was added and the plates
were gently shaken to solubilize the formed formazan. The
absorbance was measured using a microplate reader ata

‘ X
o N
Br o)
AN a
“ () 2o d
N tZ
F
1 2 3 4
F
o
NH, R o
NN <
7@n) 7 =/ HN-NH )~y F
d g R
0

8(a-n)

wavelength of 590 nm. The percentage growth inhibition
was calculated using the following formula and the
concentration of test drug needed to inhibit cell growth
by 50% (ICs,) values is generated from the dose-response
curves for each cell line.[?3-2¢]

In- vitro Antibacterial Activity Assay

The newly synthesized novel compounds were screened
for their antibacterial activity against Staphylococcus
aureus and Escherichia coli strains by the well diffusion
method. The cell suspension was prepared and grown on
Tryptic soyabroth, and cultures were incubated for 24 h at
37°C for bacteria. Cell density is adjusted to 1 x 108 cells/
ml using 0.5 McFarland standards. The cell suspensions
of all the cultures were adjusted to 1-2 x10° cells/mL and
inoculated on Soya bean Casein Digested agar plates. Test
compounds 9a-n (20 pL), Standard Ciprofloxacin (20 pL)
for S. aureus and E. coli were added to the 5mm well on agar
plates. The treated plates are incubated in an anaerobic
chamber at 37°C for 24 hours. The plates were observed
for the zone of inhibition around the wells.

In-vitro Antifungal Activity Assay

All compounds were screened for antifungal activity
against Candida albicans by the well diffusion method.
Cells were grown on Potato dextrose broth and cultures
were incubated for 24 h 35°C for candida. Cell density was
adjusted to1x 108 cells/ml usinga 0.5 McFarland standard.
The cell suspensions of all the cultures were adjusted to
1-2x10°cells/ml. The strain was inoculated of n Potato
dextrose agar plate (90 mm). Test compounds 9a-n (20 pL),
Standard Itracanazole (20 pL) for C. Albicans was added to
the 5mm well on agar plates and incubated in the aerobic
chamber at 35°C for 24 hours. The plates were observed
for the zone of inhibition around the wells.[27-31]

RESULTS AND DISCUSSION

Chemistry

The synthetic approach for preparing target compounds
is illustrated in Scheme 1. The pyridinium salt 3, was

/\ /\
. Lo/N F o /N F
c =
g — Ho
5 © eo

Ry /7
| o /N F
N
9(a-n) o

Scheme 1: Synthesis of (4-Fluorophenyl)(1-(5-phenyl-1,3,4-oxadiazol-2-yl)indolizin-3-yl)methanone derivatives.
Reagents and Conditions: a) Acetone, rt, 0.5 h; b) TEA, CH,Cl,, rt, 12h, 60%; c) Citric acid, THF/H,0 (4:1), Reflux, 48h; d) T;P, TEA, CH,Cl,,
rt, 12h; e) Triflic anhydride, Pyridine, CH,Cl,, rt, Zh.
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Table 1: Structure of 9(a-n) derivatives.

Compounds  Structure

Isolated yield in %
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synthesized by commercially available 2-Bromo-1-
(4-fluorophenyl)ethanone 1 with pyridine 2. The
construction of indolizine ring 5 was achieved by the
cycloaddition reaction of the corresponding ylide,
generated in situ by the treatment of pyridinium salt
3 with ethyl propiolate in the presence of triethylamine.
Compound 5 in the presence of citric acid and THF/H,0
afforded acid 6, which on reaction with substituted
hydrazide 7(a-n) in presence of T;P, triethylamine in
CH,Cl, afforded N-Benzoyl-3-(4-flulorobenzoyl) indolizine
-1-carbohydrazide derivatives 8(a-n). Finally, the title
compounds 9(a-n) were synthesized by cyclization
of carbohydrazide derivatives 8a-n in the presence of
pyridine and triflic anhydride in CH,Cl,

Biological Activity

In-vitro Anti-cancer Activity

The analogue of 9(a-n) was screened for their in-vitro
cytotoxicity activity against MCF-7 cell line and the
obtained results ICy, value tabulated in Table 2. Among
the synthesized compounds 9c¢ (IC;, = 26.48 uM), 9] (ICs,
= 21.57 uM), 9k (IC;, = 28.85 uM) and exhibited potent
cytotoxicity activity compared with standard drug
doxorubicin (1C;,=25.71 pM) showed in Fig. 2(a), Fig. 2
(b) and Fig. 3 and 9n (IC5, = 8.52 uM) considered to be the
best candidate of the series.

In-vitro Antimicrobial Activity

The in-vitro antimicrobial activity was carried out by
well diffusion method and the obtained results are

MTT assay using MCF-7 cells

100 ..
® Doxorubicin
g 804 Fig. 2(a)
=
= 404 °
NS
20 L
Conc. pM (LogX)
[ | Doxorubicin |
[ 1C50 [ 25.71 |
MTT assay using MCF-7 cells Fig. 2(b)
100
80 9¢c
= = 9¢
2 60 9i
=
= 40
= - vV 9k
X 20 & 9l
0 z
0t OTS 0 | L) pPAL 215

Conc. pM (LogX)

Fig. 2(a) and 2(b): Dose-response curve
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Table 2: In-vitro anticancer activity of 9(a-n) derivatives.

Conc. uM

0D @ 590nm
Comp. No 3.125 6.25 12.5 25 50 100 % Inhibition IC5y uM
9a 0.856 0.841 0.724 0674 0.634  0.589 1.75 841 1542 2126 2593 3119 -
9b 0.786 0.724 0.645 0596 0524 0.511 818 1542 2465 3037 3879 3879 -
9c 0.745 0.625 0.556 0489 0289  0.231 1297 2699 35.05 4287 6624 73.01 26.48
9d 0.823 0.789  0.743  0.682 0.631  0.561 386 7.83 13.20 2033 2629 3446 -
9e 0.730 0.620  0.521  0.462 0.356  0.187 14.72 27.57 39.14 46.03 5841 7815 34.01
of 0.821 0.799 0.725 0.688  0.652  0.533 4.09 6.66 1530 19.63 2383 37.73 -
9g 0.801 0.763  0.641 0556  0.512  0.487 643 1086 2512 35.05 40.17 4311 -
%h 0.823 0.789  0.745 0700 0.646  0.613 386 7.83 1297 1822 2453 2839 -
9i 0.774 0712  0.679  0.604 0542 0389 9.58 1682 20.68 2944 36.68 5456 86.97
9j 0.764 0.674  0.541 0384  0.267 0.125 10.75 21.26 3680 5514 6881 8540 21.57
9k 0.723 0.638 0.571 0489 0367 0.274 15.54 2547 3329 4287 5713 6799 2885
9l 0.707 0.613  0.524 0430 0328 0.168 1741 2839 3879 49.77 61.68 8037 33.76
9m 0.779 0.724  0.654  0.632 0.523 0487 9.00 1542 2360 2617 3890 4311 -
9n 0.685 0.540  0.387  0.301 0.210  0.110 1998 3692 54.79 6484 7547 87.15 8527
Doxorubicin  0.670 0.508 0465 0399 0232 0.141 21.73 40.65 45.68 5339 7290 8353 25.71

Table 3: [n-vitro antimicrobial activity of 9(a-n) derivatives.

Zone of inhibition(mm)

S. aureus E. coli C. albicans
Compounds Concentration per well(400ug)
9a 8 11 10
9b 7.5 9 11
9c 9 9 10
9d 9.5 - 7
e 13 -
of 13 8 9
9g 12 8.5 11
9h 16 9 11
9i 18 9 11
9] 8.5 9 10
9k 8.5 8.5 9
91 9 9 9.5
9m 10 10 10
9n 11 12 11
Ciprofloxacin(2.0pg/well) 21.2+0.44 21.2+0.83 -
Itraconazole (20ug/well) - - 21+1.22

summarized in Table 3 and the zone of inhibitions was
also shown in Fig. 4. The analog 9a-n was tested for their
antibacterial activity. The compounds 9h (ZOI=16mm)
and 9i (Z0I=18 mm) exhibited significant inhibition
compared with standard drug ciprofloxacin. Most of the
compounds in this series showed moderate inhibition
on fungi strains compared with the standard drug
Itraconazole.

9c 9e 9i

9j 9k 91

9n Doxorubicin
Fig. 3: Anti-proliferative images.
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CONCLUSION

The present research focused on the efficient synthesis
and biological applications of indolizines appended
1,3,4-oxadiazole ring by intramolecular cyclization using
triflic anhydride. The reactions were performed keeping
green-chemistry principles in mind and were carried
out at room temperature. A series of novel compounds
(4-Fluorophenyl)(1-(5-phenyl-1,3,4-oxadiazol-2-yl)
indolizin-3-yl)methanone 9(a-n) were screened for their
in-vitro anticancer activity. Results indicate that among
the synthesized compounds, 9c¢ (ICg, = 26.48 pM), 9j
(ICso = 21.57 pM) and 9k (ICg, = 28.85 uM) exhibited
significant anticancer activity compared with standard
drug doxorubicin (ICs, = 25.71 pM). 9n (IC;, = 8.52 pM)
is considered a good candidate for the series. This could
be a good starting point to develop new lead compounds
in the fight against cancer.

Supporting Information Summary

Details of Characterization data for synthesized
compounds, H NMR, 3C-NMR, and Mass spectra, have
been provided in the supporting information file.
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