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Abstract

Imidazo[1,2-a]pyridine and 1,3,4-oxadiazole are privileged scaffolds in medicinal chemistry owing to their
diverse biological as well as pharmacological properties. They also have wide applications in material chemistry
due to their interesting photophysical properties. Combining these two scaffolds through a thioether linkage
leads to novel imidazopyridine-oxadiazole hybrids. This has been achieved by a regioselective C-3 sulfenylation
of imidazo[1,2-a]pyridines with 1,3,4-oxadiazole-2-thiols using I,-FeCls as an efficient catalytic system and aerial
oxygen as co-oxidant. This protocol provides a general, mild, efficient and atom-economic method for C-3
sulfenylation of imidazo[1,2-a]pyridines with 1,3,4-oxadiazole-2-thiols, a class of heterocyclic thiols not being
used in such reactions.
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Introduction

Imidazo[1,2-a]pyridine is an important fused heterocycle which has enormous applications in the field of
medicinal chemistry,»2 material chemistry,>* and in organometallics.>® The C-3 functionalized imidazo-pyridine
compounds exhibit variety of pharmacological activities such as anticancer,”® antiviral,® anti-inflammatory,°
anti-TB9,*! anti-HIV,'? antibacterial,’* antiepileptic,'* cytotoxicity, etc. Imidazo[1,2-a]pyridine functionalized at
C-3 position has been found in many commercially available drugs such as alpidem (anxiolytic agent),
minodronic acid (antiosteoporosis), zolpidem (treatment of insomnia), saripidem (sedative and anxiolytic),
necopidem (sedative and anxiolytic), and DS-1 (GABA receptor antagonist) (Figure 1). Imidazo[1,2-a]pyridine
skeleton is also found in natural products with diverse biological activities.® Imidazo[1,2-a]pyridine derived

conjugates such as 2-(2'-hydroxyphenyl)imidazo[1,2-a]pyridine and its derivatives show unique optical
properties.>*
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Figure 1. Examples of commercial drugs containing C-3 functionalized imidazo[1,2-a]pyridines and C-2
functionalized 1,3,4-oxadiazoles.
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Like imidazo[1,2-a]pyridine, 1,3,4-oxadiazole is also a privileged scaffold and displays diverse biological
activities such as anti-cancer,'®> antimicrobial, anti-inflammatory, etc.'® The 1,3,4-oxadiazole skeleton is found
in several commercially available drugs such as furamizole (antimicrobial), raltegravir (antiviral) and nesapidil
(antihypertensive) (Figure 1). Many 1,3,4-oxadiazole derivatives are known for their herbicidal, insecticidal and
fungicidal activities, and act as plant protection agents.!” Oxadiazoles are considered as amide and ester bio
isosteres.'® Oxadiazole is capable of mimicking any local pair of amino acids in any secondary structure hence
used as universal peptidomimetics.® Oxadiazoles also find use in materials development. The 1,2-diazole unit
in oxadiazoles acts as an electron withdrawing group hence used in various types of conducting systems.?°
Oxadiazole derivatives have potential applications in organic light emitting diodes, laser dyes, optical
brighteners and scintillators.??

Molecular hybridization is the quickest possible way to conjugate two different scaffolds which can
drastically alter the properties of individual components and also can open up new avenues of pharmacological
properties or material characteristics.?> The development of molecular hybrid drugs with two or more
pharmacophores can potentially overcome drug resistance. It can also reduce the side effects through multiple
mechanisms of action. We have developed oxadiazole-urea hybrids as RECQL5 helicase inhibitors and anticancer
agents having excellent cell permeability and cytotoxicity.? Very recently, we have reported the synthesis of
thioether linked indole-oxadiazole molecular hybrids (MHs) and also shown their promising anti-proliferative
activities against human breast carcinoma MCF-7 cell line.?*

Bio-active MHs of imidazo[1,2-a]pyridine and 1,3,4-oxadiazole are not very uncommon. A series of
imidazopyridine-oxadiazole hybrids have been reported for 5-HT4 receptor partial agonist activity which can be
useful in the treatment of Alzheimer’s disease.?® The imidazopyridine-oxadiazole hybrids have also been shown
as anticancer agents.?® Sometimes, a thioether linkage is critical for the bioactivities of many pharmacophores.?’
Imidazo[1,2-a]pyridine MHs linked at C-3 by a thioether to aryl and heteroaryl systems are also being reported
with various biological activities.?2 The C-3 position in imidazo[1,2-a]pyridines is comparatively electron rich.
Therefore, reaction with reactive electrophiles or radicals normally occurs at this position.?®

Aryl or alkyl sulfenylated at C-3 of imidazo[1,2-a]pyridine have been achieved using commonly used
sulfenylating agents (Scheme 1; entry 1) such as disulfides,3 thiols,3! sulfenyl chlorides,®? sulfinates,** and
sulfonyl hydrazines.3* Phenyliodine bis(trifluoroacetate)-promoted oxidative intermolecular C=S cross-coupling
of imidazopyridines with aryl thiols gave 3-arylsulfenylated imidazo[1,2-a]pyridines.3> The direct sulfenylation
of 2-aryl substitutituted imidazo[1,2-a]-pyridine with aryl and alkyl thiols in the presence of N-chlorosuccinimide
(NCS) produced 2-aryl-3-(aryl/alkylthio)imidazo[1,2-a]pyridines.3® Sulfenylation of imidazo[1,2-a]pyridines at C-
3 with aryl thiols by using the flavin-iodine dual catalytic system in an aerobic environment gave good yield of
products.?’ Synthesis of thiolated imidazo[1,2-a]pyridines at C-3 position with arylthiols was catalyzed by
potassium iodide and TBHP as stoichiometric oxidant.38

Thioarylations of imidazo[1,2-a]pyridines with diaryl disulphide (Scheme 1; entry 1) have been
performed using transition metal catalysts.3® lodine-mediated sulfenylation at C-3 of imidazo[1,2-a]pyridines
has been reported using sodium arylsulfenates-l,/PPhs which goes via disulphide intermediate.*® Both
substituted imidazo[1,2-a]pyridines and substituted disulfides under NHal-catalyzed C—H bond chalcogenation
provided the desired C-3 sulfenylated products.*! The oxidative sulfurization of imidazo[1,2-a]pyridine
derivatives with diaryl disulfides using N-bromosuccinimide was also realized.*> The C-3 sulfenylation of
imidazo[1,2-a]pyridine with diphenyl disulphide was catalyzed by Cul-BF3.OEt;.*3
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1. Reported sulfenylation methods with alkyl and aromatic thiols/ disulfides
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Scheme 1. C-3 Sulfenylation methods for imidazo[1,2-a]pyridines.

Most of the reported methods for 3-sulfenylation of imidazo[1,2-a]pyridine mentioned above mainly
utilized arylthiols or disulfides. Sulfenylation with heterocyclic thiol compounds is a challenging task. The
methods available for the sulfenylation using heteroaromatic thiols are rare (Scheme 1; entry 2).
Heteroaromatic thiol which remain equilibrium between tautomeric thione and thiol changes the reactivity
pattern of thiol group compared to simple heteroaryl or aryl thiols.*> The only report wherein both
heteroaromatic thiols and thiones engaged in C-3 sulfenylation of imidazo[1,2-a]pyridine used I, as catalyst and
DMSO as oxidant (Scheme 1; entry 3).%¢ To the best of our knowledge, sulfenylation of imidazo[1,2-a]pyridine
using using 1,3,4-oxadiazole-2-thiol has not been reported. Herein, we report a direct synthesis of imidazo[1,2-
a]pyridine-1,3,4-oxadiazole MHs by C-3 sulfenylation of imidazo[1,2-a]pyridine with 5-aryl-1,3,4-oxadiazole-2-
thiols/thiones for the first time using iodine-FeCls as a non-toxic, inexpensive catalyst system and aerial oxygen
as benign oxidant (Scheme 1; entry 4).
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Results and Discussion

To prepare molecular hybrids of imidazo[1,2-a]pyridine and 1,3,4-oxadiazole connected the former at C-3 and
the later at C-2 through a thioether linkage, it was essential to establish the conditions for C-3 sulfenylation of
imidazo[1,2-a]pyridine with 1,3,4-oxadiazole-2-thiol. To optimize the reaction conditions, the reaction between
2-phenylimidazo[1,2-a]pyridine 1a and 5-(4-methoxy)phenyl-1,3,4-oxadiazole-2-thiol 2a was chosen as the
model reaction (Table 1). When the reaction between stoichiometric amount of 1a and 2a was performed
following the reported procedure*® using 20 mol % iodine in DMSO (both as oxidant and solvent) at 80 °C for 8
h indeed gave the desired molecular hybrid 3a albeit in low yield (Table 1, entry 1). The yield did not improve
even when the reaction time or temperature (90 °C) was increased. The yield was not affected much when
performed by using 20 mol % of iodine, DMSO (2 equivalent) and CH3CN as solvent (Table 1, entry 2). Using
stoichiometric amount of iodine, the yield of 3a was improved to 65% but associated with the formation of a
good amount of unidentified polar byproduct and the decomposition of thiol was also observed (Table 1, entry
3). Use of 20 mol % of iodine and different co-oxidants such as TBHP, H,03, K;5,0s in CH3CN also did not improve
the yield of 3a (Table 1, entries 4-6) to acceptable level. Copper salts have reported for positive effect in
sulfenylation reactions.** Several copper salts such as Cu(acac),, Cu(NOs), and CuBr were screened as co-catalyst
along with I, (Table 1, entries 7-9) without any beneficial effect.

A Fe(lll) salt/ |, catalyst system has been employed for sulfenylation of indole with aromatic thiols.*” Iron
salts are also relatively less toxic compared to many other metal salts and considered to be suitable for green
and sustainable chemistry. This metal also possesses good redox properties and can liberate iodine on reaction
with iodide salts.*® Therefore, the sulfenylation reaction between imidazo[1,2-a]pyridine 1a and 1,3,4-
oxadiazole-2-thiol 2a was performed in the presence of 5 mol % of FeCls as co-catalyst in addition to 20 mol %
of iodine as catalyst in acetonitrile at 80 °C. Gratifyingly, the yield of 3a was increased to 86% (Table 1, entry
10). Other iron salts viz. FeS04.7 H,0 and Fe(acac)s also facilitated the reaction but the yield 3a was less in
comparison to FeCls (Table 1, entries 11 & 12). We next turned our attention to select the best solvent for the
reaction. Dichloroethane and DMSO (Table 1, entries 13 &14) gave similar result but the yield of 3a was poor in
1,4-dioxane (Table 1, entry 15). The reaction did not proceed in water (Table 1, entry 16). Interestingly, when
N,N-dimethylacetamide (DMA) was used as the solvent, the yield of 3a was increased to 90% (Tablel, entry 17).
We optimized the reaction further in terms of catalyst loading and temperature. The iodine loading was
decreased to 10 mol % and increasing the temperature to 90 °C for over 4 h, the yield was further improved to
92% (Table 1, entry 18). Further decrease in iodine quantity reduced the yield of 3a (Table 1, entry 19). lodine
plays an important role in catalytic cycle and without it, little amount of product formation was observed (Table
1, entry 20). Therefore, the optimized reaction conditions is to use 1 equiv each of 2-phenylimidazo[1,2-
alpyridine 1a and 5-(4-methoxy)phenyl-1,3,4-oxadiazole-2-thiol 2a, 10 mol % iodine, 5 mol % FeClz and DMA as
solvent at 90 °C over 4 h which gave the desired MH product 3a in 92% yield (Table 1, entry 18).
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Table 1. Optimization of sulfenylation reaction

S
1a lodine (20 mol%)  N=('
+ Additve Ny O
/E—I:l Solvent, 80 °C
HS O)\@\
OMe
2a MeO
3a
Entry Additive Solvent Time Yield*®
1 DMSO 8h 42%
2 DMSO (2 equiv) CHsCN 8h 45%
3¢ DMSO (2 equiv) CHsCN 8h 65%
4 TBHP (2 equiv) CHsCN 4h 61%
5 H.03 (2 equiv) CHsCN 4h 38%
6 K2S,0s (2 equiv) CHsCN 4h 44%
7 Cu(acac)z (5 mol %) CHsCN 4h 43%
8 Cu (NO3)2. 3H,0 (5 mol%) CHsCN 4 h 40%
9 CuBr (5 mol %) CHsCN 4h 38%
10 FeCls (5 mol %) CHsCN 4 h 86%
11 FeSO4.7H,0 (5mol %)  CHsCN  4h 71%
12 Fe(acac)s (5 mol %) CHsCN 4h 55%
13 FeCls (5 mol%) DCE 4h 79%
14 FeCls (5 mol %) DMSO  4h 80%
15 FeCls (5 mol %) 1,4- 4h 75%
dioxane
16 FeCls (5 mol %) H,0 4h N.R.
17 FeCls (5 mol %) DMA  4h 90%
18¢ FeCls (5 mol %) DMA  4h 92%
19¢ FeCls (5 mol %) DMA  4h 81%
20f FeCls (5 mol %) DMA  4h 26%

aReaction Conditions: 1a (0.2 mmol) and 2a (0.2 mmol), iodine (20
mol %), additive, solvent (1.5 mL), 80 °C, 4 h; "Isolated yield;
‘lodine (100 mol %); “lodine (10 mol %) at 90 °C; €lodine (5 mol %);
fin absence of iodine.
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Scheme 2. Synthesis of MHs from imidazo[1,2-a]pyridine 1a and 5-aryl-1,3,4-oxadiazole-2-thiols 2a-i.
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With the optimized reaction procedure, the scope of reaction was explored between imidazo[1,2-
a]pyridine 1a and 5-aryl-1,3,4-oxadiazole-2-thiols 2a-i having aryl groups with varying electronic substituents
(Scheme 2). The MHs 3a-3h were obtained in good to excellent yield (71-93%) and in all cases the C-3
sulfenylated regioisomer was formed exclusively. This is in accordance with the electron rich nature at C-3 of
imidazo[1,2-a]pyridine where electrophilic attack takes place. Amongst the 5-aryl-1,3,4-oxadiazole-2-thiols, 5-
phenyl-1,3,4-oxadiazole-2-thiol 2b reacted with 1a and the MH 3b has been isolated in highest yield (93%). The
reactions of 5-aryl-1,3,4-oxadiazole-2-thiols having aryl group bearing electron donating substituents like OMe
and Me took place smoothly and corresponding MHs 3a and 3c (Figure 2) obtained in excellent yield. In case of
thiols having aryl group such as 3,4,5-trimethoxyphenyl and 4-hydroxyphenyl, the reactions also occurred
smoothly but took slightly longer reaction time (6-7 h) for completion providing MHs 3d & 3e in 83% and 77%
yield, respectively. Reaction of 4-flurophenyl-1,3,4-oxadiazole-2-thiol 2f with 1a produced the MH 3f in 71%
yield. Whereas 4-chlrophenyl and 4-bromophenyl substituted thiols gave excellent yield of MHs 3g in 87% and
3hin 88%, respectively. Unfortunately, the reaction did not progress with 4-nitrophenyl-1,3,4-oxadiazole-2-thiol
2i.

N~ ba®
Ny O = & & ,\;’-ﬁ
A O

'véfl‘\
il of
PR,

4

Me 3¢ N

CCDC: 2184609
Figure 2. X-Ray crystal structure of 3c.

To find out the generality of the methodology, we next explored the reaction of 5-phenyl-1,3,4-
oxadiazole-2-thiol 2b with a few imidazo[1,2-a]pyridine 1 derivatives where the 2-aryl group in imidazole ring
of imidazo[1,2-a]pyridine has substituents with varying electronic properties and in two cases the pyridine ring
is substituted with a Me group at two different positions (Scheme 3). The reaction of thiol 2b with imidazo[1,2-
a]pyridine derivatives having 2-aryl groups such as 4-methylphenyl, 4-methoxyphenyl, 4-fluorophenyl, 4-
chlorophenyl and naphth-2-yl smoothly reacted and produced the desired MHs 4a-4e in good to excellent yield.
Electron donating 4-methylphenyl and 4-methoxyphenyl groups furnished the MHs 4a and 4b with excellent
yield 94% and 90%, respectively. Electron withdrawing substituents in the C-2 aryl group such 4-fluorophenyl
influenced the reaction negatively with increase in reaction time to 6 h and the MH 4c was obtained in 68%
yield. 4-Chlorophenyl and naphth-2-yl substituent have performed well in the reaction and the corresponding
MHs 4d and 4e were isolated in 81% and 88% vyield, respectively. Imidazo[1,2-a]pyridine having methyl
substituents either at C-6 or C-7 position of the pyridine ring and a phenyl substituent at C-2 of the imidazole
ring reacted well with 5-phenyl-1,3,4-oxadiazole-2-thiol 2b, and furnished the corresponding MHs 4f and 4g in
90% and 91% vyield, respectively.
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To show the utility of the methodology, 3d was synthesised in gram scale (Scheme 4) using 4 mmol of
imidazo[1,2-a]pyridine 1a and 4 mmol of 5-(3,4,5-trimethoxyphenyl)-1,3,4-oxadiazole-2-thiol 2d under the
optimized conditions in 60 mL pressure tube (air atmosphere). After work-up, pure 3d was obtained in 76% yield
(1.4 g) just by simple filtration through a silica gel column. Therefore, this protocol can be used as a practical
method for the synthesis of MHs made up of thioether linked imidazo[1,2-a]pyridine and 1,3,4-oxadiazole which
might find use in medicinal chemistry and materials development.

lodine 10 (mol%)

0,
N HS/( FeCls 5 (mol%) N=(
Ny O
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MeO
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Scheme 4. Gram scale synthesis.

TEMPO (1.5 equiv) 3a 88%

MeO
Scheme 5. Control experiment in the presence of TEMPO.

The mechanism of sulfenylation of 2-arylimidazo[1,2-a]pyridines with alkyl/aryl thiols using iodine as
catalyst have been explained via disulfide formation“® or sulfenyl iodide.>® From our earlier experience,?® the
formation of disulfide from 5-ary-1,3,4-oxadiazole-2-thiol could not be observed when treated with iodine even
at elevated temperature. To get further insight into the reaction mechanism, the reaction of 2-
phenylimidazo[1,2-a]pyridine 1a and 5-methoxy-1,3,4-oxadiazole-2-thiol 2a was performed under the standard
conditions in the presence of 1.5 equiv of TEMPO as a radical inhibitor. Interestingly, the reaction proceeds well
to form 3a in 88% yields indicating that the reaction is not proceeding through a radical mechanism (Scheme 5).
So, the most plausible mechanism of the reaction is presented in Figure 3. Molecular iodine reacts with 5-
methoxy-1,3,4-oxadiazole-2-thiol 2a to give sulfenyl iodide A and a molecule of HI. 2- Phenylimidazo[1,2-
a]pyridine 1a then undergoes an electrophilic substitution with the sulfenyl iodide A producing product 3a and
another molecule of HI. The HI molecules then oxidized by Fe(lll) to give |, which then continues the catalytic
cycle while Fe(ll) undergoes oxidation by areal O to give back Fe(lll) and the process continues.
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Figure 3. Plausible reaction mechanism.

Conclusions

In summary, we have developed a regioselective C-3 sulfenylation of 2-arylimidazo[1,2-a]pyridines with 5-aryl-
1,3,4-oxadiazole-2-thiols for the synthesis of novel imidazopyridine-oxadiazole MHs using iodine-FeCls catalyst
system and aerial O, co-oxidant. To the best of our knowledge, this is the first report of sulfenylation of 2-
arylimidazo[1,2-a]pyridines using 5-aryl-1,3,4-oxadiazole-2-thiols and also under such conditions. The MHs are
interesting compounds and might find applications in medicinal chemistry and in materials development. The
optimization of structures and evaluation of such properties are under active consideration.

Experimental Section

General. The reagents and chemicals were procured from Sigma Aldrich and Spectrochem (India) Ltd. (SRL), and
used as such. TLC was examined on pre-coated aluminum plates (G/UVa2s4). The column chromatographic
separation was conducted on silica gel (SRL; 230-400 mesh). *H and '3C NMR spectra were recorded on Bruker
spectrometers at operating H frequencies of 300 MHz and 3C frequencies of 75 MHz as mentioned in the
individual spectrum. The spectra were referenced to residual protic solvent. The melting points were recorded
in open-ended capillary tubes on a Digital melting-point apparatus (Buchi M560). Infrared (IR) spectroscopy was
recorded using TENSOR Il Bruker spectrophotometer. High Resolution Mass Spectrometric (HRMS) analysis was
done using 6540 UHD Accurate-Mass Agilent Q-TOF LC/MS instrument. Single crystal X-ray crystallographic
analysis was done using CrysAlisPRO, Oxford Diffraction /Agilent Technologies UK Ltd, Yarnton, England.
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General procedure for synthesis 3a-h, 4a-g as exemplified for compound 3a. A solution of 2-arylimidazo[1,2-
alpyridine 1a (48.5 mg, 0.25 mmol), 5-(4-methoxy)phenyl-1,3,4-oxadiazole-2-thiol 2a (52.0 mg, 0.25 mmol),
iodine (6.3 mg, 10 mol %) and FeCls (2 mg, 5 mol %) in DMA (1 mL) was stirred at 90 °C for 4 hin a 15 mL teflon
capped pressure tube. After completion of the reaction (monitored by TLC) resulting mixture was successively
worked-up using aqueous solution of sodium thiosulfate pentahydrate-ethyl acetate. The organic phase was
then dried over anhydrous Na,SO,, filtered, and concentrated under reduced pressure. The resulting crude
product was purified by silica gel column chromatography using petroleum ether and ethyl acetate (3:2) as the
eluent to afford pure 3a (91 mg, 92%).
2-(4-methoxyphenyl)-5-((2-phenylimidazo[1,2-a]pyridin-3-yl)thio)-1,3,4-oxadiazole (3a). White solid (91 mg,
92% yield); mp 150.1 - 151.2 °C; 'H NMR (300 MHz, CDCls) & (ppm) 8.52 (d, J 6.9 Hz, 1 H), 8.18 (d, J 7.5 Hz, 2 H),
7.79-7.72 (m, 3 H), 7.53-7.37 (m, 4 H), 7.01 (t, J 6.9 Hz, 1 H), 6.91 (d, J 8.4 Hz, 2 H), 3.82 (s, 3 H); 13C NMR (75
MHz, CDCls) & (ppm) 166.6, 162.6, 159.5, 152.5, 147.7, 132.8, 129.0, 128.8, 128.6, 127.4, 124.7, 117.9, 115.6,
114.5, 113.7, 99.8, 55.4; IR (neat, vmax cm™): 1608, 1479, 1264, 1016, 751, 692; HRMS (ESI): Calculated for
C22H17N40,S [M + H*] 401.1072, found 401.1078.
2-phenyl-5-((2-phenylimidazo[1,2-a]pyridin-3-yl)thio)-1,3,4-oxadiazole (3b). White crystalline solid (86 mg,
93% yield); mp 162.8 — 163.9 °C; *H NMR (300 MHz, CDCl3) & (ppm) 8.52 (d, J 6.6 Hz, 1 H), 8.17 (d, J 7.2 Hz, 2
H), 7.86 (d, J 6.9 Hz, 2 H), 7.76 (d, J 9.0 Hz, 1 H), 7.54 — 7.40 (m, 7 H), 7.04 (t, J 6.6 Hz, 1 H); 13C NMR (75 MHz,
CDCls) 6 (ppm) 166.7, 160.3, 152.6, 147.8, 132.8, 132.0, 129.1, 128.8, 128.6, 127.5, 126.8, 124.7, 123.2, 118.0,
113.7, 99.5; IR (neat, vmax cm™): 1470, 1342, 1166, 764, 692; HRMS (ESI): Calculated for C21H14N4OS [M + H]:
371.0961, found 371.0966.

2-((2-phenylimidazo[1,2-a]pyridin-3-yl)thio)-5-(p-tolyl)-1,3,4-oxadiazole (3c). Off white crystalline solid (86
mg, 90% yield); mp 163.4 — 164.8 °C; *H NMR (300 MHz, CDCls3) 6 (ppm) 8.59 (d, J 6.6 Hz, 1 H), 8.21 (d, J 6.6 Hz,
2 H),7.99 (d, J 8.7 Hz, 1 H), 7.74 (d, J 8.4 Hz, 2 H), 7.58-7.47 (m, 4 H), 7.25 (d, J 8.1 Hz, 2 H), 7.16 (t, J 6.6 Hz, 1
H), 2.39 (s, 3 H); 13C NMR (75 MHz, CDCls) & (ppm) 166.8, 159.9, 152.5, 147.7, 142.7, 132.8, 129.8, 129.0, 128.8,
128.6, 127.5, 126.7, 124.7, 120.4, 117.9, 113.7, 99.7, 21.6; IR (neat, vmax cm™2): 1609, 1472, 1436, 1339, 1070,
731, 698; HRMS (ESI): Calculated for C2;H17N4OS [M + H*] 385.1123, found: 385.1125.
2-((2-phenylimidazo[1,2-a]pyridin-3-yl)thio)-5-(3,4,5-trimethoxyphenyl)-1,3,4-oxadiazole (3d). White solid
(95 mg, 83% yield); mp 170.8 — 171.9 °C; 'H NMR (300 MHz, CDCls) & (ppm) 8.61 (d, J 6.6 Hz, 1 H), 8.23 (d, J 6.6
Hz, 2 H), 8.05 (d, J 8.7 Hz, 1 H), 7.62-7.48 (m, 4 H), 7.22 (t, J 6.6 Hz, 1 H), 7.07 (s, 2 H) 3.88 (s, 3 H), 3.84 (s, 6 H);
13C NMR (75 MHz, CDCls3) 6 (ppm) 166.6, 160.0, 153.6, 152.5, 147.7, 141.4, 132.7, 129.1, 128.7, 128.5, 127.4,
124.8,118.1, 118.0, 113.7, 104.0, 99.6, 61.0, 56.3; IR (neat, vmax cm™): 1594, 1428, 1234, 739, 688; HRMS (ESI):
Calculated for C24H21N404S [M + H*] 461.1283, found: 461.1284.
4-(5-((2-phenylimidazo[1,2-a]pyridin-3-yl)thio)-1,3,4-oxadiazol-2-yl)phenol (3e). White solid powder (74 mg,
77% yield); mp 244.3 — 245.9 °C; 'H NMR (300 MHz, DMSO- ds) & (ppm) 8.70 (d, J 6.0 Hz, 1 H), 8.29 (s, 1 H), 8.11
(d, 6.6 Hz, 2 H), 7.80 (d, J 8.7 Hz, 1 H), 7.67 (d, J 7.8 Hz, 2 H), 7.58 — 7.44 (m, 4 H), 7.18 (t, J 6.0 Hz, 1 H), 6.89 (d,
J7.8Hz, 2 H); 3C NMR (75 MHz, DMSO- ds) 6 (ppm) 166.5, 161.3,159.8, 151.2, 147.4, 133.2,129.4,129.0, 128.9,
128.8, 128.5, 126.1, 117.7, 116.6, 114.4, 100.2, 79.6; IR (neat, vmax cm™): 3008, 1610, 1480, 1234, 836, 735;
HRMS (ESI): Calculated for C21H1sN402S [M + H*] 387.0915, found: 387.0919.
2-(4-fluorophenyl)-5-((2-phenylimidazo[1,2-a]pyridin-3-yl)thio)-1,3,4-oxadiazole (3f).

Off White solid (68 mg, 71% vield); mp 170.6 — 171.9 °C; *H NMR (300 MHz, CDCls) & (ppm) 8.57 (d, J 6.3 Hz, 1
H), 8.20(d, J 7.2 Hz, 2 H), 7.99 (d, J 6.0 Hz, 1 H), 7.89 — 7.84 (m, 2 H), 7.58 -7.45 (m, 4 H), 7.16-7.11 (m, 3 H); 13C
NMR (75 MHz, CDCl3) 6 (ppm) 165.8, 164.9 (d, Jcr 252.7 Hz), 160.4, 152.6, 147.7, 132.7, 128.9 (d, Jcr 33 Hz),
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128.7, 128.6, 127.5, 124.7, 119.5, 118.0, 116.6, 116.3, 113.8, 99.4; IR (neat, vmax cm™): 1603, 1464, 1225, 734,
616; HRMS (ESI): Calculated for C21H14aFN4OS [M + H*] 389.0872, found: 389.0878.
2-(4-chlorophenyl)-5-((2-phenylimidazo[1,2-a]pyridin-3-yl)thio)-1,3,4-oxadiazole (3g). White crystalline solid
(88 mg, 87% yield); mp 186.7 — 187.8 °C; 'H NMR (300 MHz, DMSO- ds) & (ppm) 8.69 (d, J 6.6 Hz, 1 H), 8.11 (d, J
7.5Hz, 2 H), 7.82 (t,J 8.7 Hz, 3 H), 7.61 (d, J 8.7 Hz, 2 H), 7.55 — 7.41 (m, 4 H), 7.17 (t, J 6.6 Hz, 1 H); 13C NMR (75
MHz, DMSO-ds) 6 (ppm) 165.5, 161.3,151.4, 147.5,137.3, 133.1, 130.1, 129.4,129.0, 128.8, 128.6, 126.2, 122.3,
117.7,114.4,99.7; IR (neat, vmax cm™): 1603, 1440, 1152, 752, 690; HRMS (ESI): Calculated for C21H14CIN4OS [M
+ H*]: 405.0576, found: 405.0592.
2-(4-bromophenyl)-5-((2-phenylimidazo[1,2-a]pyridin-3-yl)thio)-1,3,4-oxadiazole (3h). White solid (98 mg,
88% yield); mp 205.1 — 206.2 °C; *H NMR (300 MHz, CDCl3) 6 (ppm) 8.49 (d, J 6.9 Hz, 1 H), 8.16 (d, J 6.9 Hz, 2 H),
7.76-7.68 (m, 3 H), 7.58-7.39 (m, 6 H), 7.02 (t, J 6.6 Hz, 1 H); *3C NMR (75 MHz, CDCls) & (ppm) 165.9, 160.6,
152.7, 147.8, 132.7, 132.4, 129.1, 128.7, 128.6, 128.1, 127.5, 126.8, 124.7, 122.1, 118.0, 113.8, 99.2; IR (neat,
Vmax €M™1): 1629, 1472, 1338, 1071, 732, 691; HRMS (ESI): Calculated for C21H14BrN4OS [M + H*]: 449.0071,
found: 449.0065.

2-phenyl-5-((2-(p-tolyl)imidazo[1,2-a]pyridin-3-yl)thio)-1,3,4-oxadiazole (4a). Off white solid (90 mg, 94%
yield); mp 174.1 — 175.8 °C; *H NMR (300 MHz, CDCls) & (ppm) 8.50 (d, J 6.9 Hz, 1 H), 8.08 (d, J 7.8.1 Hz, 2 H),
8.84 (d,J 7.5 Hz, 2 H), 7.74 (d, J 9.0 Hz, 1 H), 7.51 — 7.30 (m, 6 H), 7.01 (t, J 6.9 Hz, 1 H), 2.42 (s, 3 H); 13C NMR (75
MHz, CDCls3) 6 (ppm) 166.6, 160.4, 152.6, 147.7, 139.1, 132.0, 129.8, 129.3, 129.0, 128.6, 127.4, 126.8, 124.7,
123.2, 117.9, 113.6, 99.2, 21.4; IR (neat, vmax cm™): 1632, 1549, 1342, 1068, 765, 692; HRMS (ESI): Calculated
for C22H17N40OS [M + H*]: 385.1123, found: 385.1127.
2-((2-(4-methoxyphenyl)imidazo[1,2-a]pyridin-3-yl)thio)-5-phenyl-1,3,4-oxadiazole (4b). White crystalline
solid (89 mg, 90% yield); mp 138.4 — 139.7 °C; *H NMR (300 MHz, CDClz3) & (ppm) 8.52 (d, J 6.6 Hz, 1 H), 8.17 (d,
J8.7Hz,2H), 7.86—7.82 (m, 3H), 7.50—7.40 (m, 4 H), 7.09—7.02 (m, 3 H), 3.86 (s, 3 H); 3C NMR (75 MHz,CDCl5)
6 (ppm) 166.6, 160.5, 160.4, 152.4, 147.7, 132.0, 130.1, 129.0, 127.4, 126.8, 125.3, 124.6, 123.2, 117.7, 114.0,
113.5, 98.6, 55.3; IR (neat, vmax cm™): 1606, 1539, 1469, 1246, 1027, 747, 689; HRMS (ESI): Calculated for
C22H17N40,S [M + H*]: 401.1072, found: 401.1077.
2-((2-(4-fluorophenyl)imidazo[1,2-a]pyridin-3-yl)thio)-5-phenyl-1,3,4-oxadiazole (4c). White solid (66 mg,
68% yield); mp 162.5 — 163.8 °C; 'H NMR (300 MHz, CDCls) & (ppm) 8.52 (d, J 6.6 Hz, 1 H), 8.18 (t, J 5.4 Hz, 2 H),
7.86 (d, J 7.5 Hz, 2 H), 7.75 (d, J 8.7 Hz, 1 H), 7.53 — 7.40 (m, 4 H), 7.20 (t, J 8.4 Hz, 2 H), 7.04 (t, J 6.6 Hz, 1 H); 13C
NMR (75 MHz,CDCl3) & (ppm) 166.7, 163.3 (d, Jcr 247.5 Hz), 160.2, 151.6, 147.7, 132.1, 130.6 (d, Jcr 8.2 Hz),
129.1, 128.9, 127.6, 126.8, 124.7, 123.1, 117.9, 115.8, 115.5 113.8, 99.3; IR (neat, vmax cm™2): 1602, 1468, 1224,
798, 693; HRMS (ESI): Calculated for C21H13FN4OS [M + H*]: 389.0866, found: 389.0880
2-((2-(4-chlorophenyl)imidazo[1,2-a]pyridin-3-yl)thio)-5-phenyl-1,3,4-oxadiazole (4d). White solid (82 mg,
81% yield); mp 187.8 — 188.9 °C; 'H NMR (300 MHz, CDCls) & (ppm) 8.52 (d, J 6.6 Hz, 1 H), 8.15 (d, J 8.4 Hz, 2 H),
7.86 (d, J 7.5 Hz, 2 H), 7.75 (d, J 9.0 Hz, 1 H), 7.51 = 7.41 (m, 6 H), 7.05 (t, J 6.6 Hz, 1 H); 13C NMR (75 MHz, CDCl3)
6 (ppm) 166.7, 160.0, 151.3, 147.7, 135.1, 132.1, 131.3, 130.0, 129.1, 128.8, 127.7, 126.8, 124.7, 123.1, 118.0,
113.9, 99.7; IR (neat, vmax cm™): 1555, 1347, 1184, 759, 679; HRMS (ESI): Calculated for C21H13CIN4OS [M + H*]:
405.0571, found: 405.0578.
2-((2-(naphthalen-2-yl)imidazo[1,2-a]pyridin-3-yl)thio)-5-phenyl-1,3,4-oxadiazole (4e). White solid (92 mg,
88% vield); mp 126.6 — 127.8 °C; 'H NMR (300 MHz, CDCls) & (ppm) 8.70 (s, 1 H), 8.56 (d, J 6.9 Hz, 1 H), 8.34 (d,
J7.5Hz, 1H),7.97 (d, J 8.7 Hz, 2 H), 7.90 — 7.77 (m, 4 H), 7.53 — 7.50 (m, 2 H), 7.49 — 7.38 (m, 4 H), 7.05 (t, J 6.9
Hz, 1 H); 3C NMR (75 MHz, CDCls) & (ppm) 166.7, 160.2, 152.5, 147.8, 133.5, 133.3, 132.0, 130.2, 129.0, 128.7,
128.4,128.2,127.7,127.6,126.8, 126.7, 126.3, 126.0, 124.7,123.2,118.0, 113.8, 99.9; IR (neat, Vmax cm™): 1553,
1442, 1183, 748, 691; HRMS (ESI): Calculated for C2sH17N4OS [M + H*]: 421.1123, found: 421.1129.
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2-((7-methyl-2-phenylimidazo[1,2-a]pyridin-3-yl)thio)-5-phenyl-1,3,4-oxadiazole (4f). White solid (86 mg,
90% yield); mp 211.4 — 212.7 °C; 'H NMR (300 MHz, CDCls) & (ppm) 8.37 (d, J 6.9 Hz, 1 H), 8.16 (d, J 7.8 Hz, 2 H),
7.85(d, J 7.5 Hz, 2 H), 7.52-7.40 (m, 7 H), 6.85 (d, J 6.9 Hz, 1 H), 2.46 (s, 3 H); 3C NMR (75 MHz, CDCls) & (ppm)
166.6, 160.5, 152.6, 148.1, 138.8, 132.9, 132.0, 129.0, 128.9, 128.7, 128.5, 126.8, 123.8, 123.2, 116.5, 116.3,
98.6, 21.4; IR (neat, vmax cm™?): 1487, 1357, 1169, 770, 692; HRMS (ESI): Calculated for C2;H16N4OS [M + H*]:
385.1117, found: 385.1117.

2-((6-methyl-2-phenylimidazo[1,2-a]pyridin-3-yl)thio)-5-phenyl-1,3,4-oxadiazole (4g). White solid (87 mg,
91% yield); mp 181.6 — 182.8 °C; 'H NMR (300 MHz, CDCl3) & (ppm) 8.28 (s, 1 H), 8.16 (d, J 6.6 Hz, 2 H), 7.86 (d,
16.9 Hz, 2 H), 7.65 (d, J 9.0 Hz, 1 H), 7.52 - 7.41 (m, 6 H), 7.28 — 7.24 (m, 1 H), 2.41 (s, 3 H); 3C NMR (75 MHz,
CDCIl3) 6 (ppm) 166.6, 160.5, 152.4, 146.8, 132.9, 132.0, 130.5, 129.1, 128.9, 128.7, 128.5, 126.8, 123.7, 123.2,
122.5,117.3,98.9, 18.4; IR (neat, vmax cm™): 1553, 1336, 1163, 772, 689; HRMS (ESI): Calculated for C22H16N40S
[M + H*]:385.1117, found: 385.1117.
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