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A metal-free method for synthesizing imidazopyridines utilizing ethylarene, 2-aminopyridine, and NBS
under visible light using Eosin-Y as a photocatalyst has been developed. Eosin-Y activates and oxidizes
the C—H bonds of ethylarene, followed by bromination and coupling with aminopyridine. This technique
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effectively transforms ethylbenzene and aminopyridine into desirable products, and it also employs cata-
lytic amounts of the halogenating agent, which is continuously regenerated. This approach is suitable for
biologically active compounds with luminescence properties due to its high atom efficiency, metal-free
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nature, environmental friendliness, and use of visible light as a renewable energy source.

Introduction

Imidazo[1,2-a]pyridines have been very popular building
blocks in synthetic organic chemistry over the last 20 years and
have attracted much attention. This is because of their numer-
ous biological effects, which include antituberculosis," anti-
pyretic,” antiepileptic,’ antiulcer,® anticonvulsant,” antifun-
gal,” antiviral,® anticancer,” antiprotozoal,® antibacterial,’ anti-
inflammatory,> anthelmintic,'® and antitumor properties.'* A
wide range of medications, including zolpidem (used to treat
insomnia), zolimidine (for peptic ulcer treatment), olprinone
(for acute heart failure), alpidem, necopidem and saripidem
(anxiolytic agents), and miroprofen (a prostanoid signaling
modulator, analgesic, and NSAID), share the core structure of
imidazo[1,2-a]pyridines (Fig. 1)."*"*

Due to its involvement in the synthesis of numerous
natural products, imidazo[1,2-a]pyridine is recognized as a
drug prejudice scaffold.* A significant amount of work has
been invested in the creation of imidazo[1,2-a]pyridine and its
derivatives. Since the imidazole moiety is fused with the pyri-
dine ring and increases biological activity because of a nitro-
gen-containing heterocycle, these molecules are regarded as
keystone heterocycles.” They are incredibly useful in the fields
of pharmaceuticals and natural products.'® Because of its wide
spectrum of pharmacological characteristics, scientists have
focused a lot of effort on developing mild yet effective syn-
thesis methods for the imidazo[1,2-a]pyridine scaffold. Several

Indian Institute of Technology BHU, Department of Chemistry, Varanasi, 221005,
Uttar Pradesh, India. E-mail: sundaram.apc@itbhu.ac.in

This journal is © The Royal Society of Chemistry 2025

imidazo[1,2-a]pyridine synthesis methods have thus emerged
in the last several years."®

Various techniques have been established to date for the
synthesis of imidazole rings. The conventional method often
entails cyclizing and directly condensing a-haloacetophenone
with 2-aminopyridine (Scheme 1a).*> Acetophenone can also be
used as the starting material. The carbonyl group is first ortho-
halogenated, and then it is condensed and cyclized with
2-aminopyridine (Scheme 1b)."” New synthetic techniques
have been developed in recent years. An oxidant and a halo-
genating reagent, for instance, can be added to ethylbenzene'®
and styrene'® to generate a-haloacetophenone (Schemes 1c
and d). Furthermore, techniques for activating C-H bonds in
phenylacetylene, catalyzed by transition metals, have been
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Fig. 1 Some biologically active compounds containing the imidazo
[1,2-a]pyridine framework.
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Scheme 1 Approach for the synthesis of imidazol[1,2-a]pyridines.

documented (Scheme 1e).>°?> In the previous literature,
a-bromoacetophenone has been utilized more frequently, and
its reactions are more developed.> However, as an eye irritant
that causes tears, a-bromoacetophenone can seriously affect
both the environment and the scientific community.
a-Bromoacetophenone has also been documented by
Shimokawa et al. as a significant intermediate in the reaction
involving ethylarenes with N-bromosuccinimide (NBS).>*
Motivated by this research, we thought about possibilities to
synthesize a range of imidazoles from ethylarenes. Various
metal catalysts have been used previously to synthesize
imidazo[1,2-a]pyridines under conventional conditions, which
also affect the environment.

C(sp’)-H functionalization is a unique and efficient
approach for converting simple substrates into useful com-
pounds. Catalytic C-H functionalization has significantly
expanded in scope and transformed substrates into useful
compounds in recent decades. Various catalytic approaches,
such as transition metal, enzymatic, photochemical, electro-
chemical, and photoredox systems, have been utilized to selec-
tively functionalize C-H bonds and create useful
compounds.”®*®> The field of photoredox catalysis is rapidly
expanding, with applications in new reaction development,
renewable energy, chemical feedstocks, natural product syn-
thesis, and biology.”®?” Visible light and photoredox catalysis
are increasingly being used for organic synthesis due to their
environmental friendliness and potency.”® Eosin-Y is an
organic dye that promotes photoredox catalysis in organic reac-
tions. It has gained popularity due to its ease of use, environ-
mental friendliness, and potential for use in visible-light-
mediated organic transformations.>

There is a need to develop effective methods for preparing
imidazo[1,2-a]pyridines using visible light and Eosin-Y as a
photocatalyst. Photocatalytic synthesis of imidazo[1,2-a]pyri-
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dines from ethylbenzene and 2-aminopyridine has not been
previously described. N-Bromosuccinimide (NBS) is widely
used in organic synthesis, particularly in green chemistry, due
to its efficiency and environmental friendliness. NBS functions
as a selective brominating agent, enabling controlled and
moderate halogenation reactions with minimal byproducts, in
accordance with the waste reduction principles of green chem-
istry. However, the direct functionalization of ethylbenzene as
a raw material is uncommon. Here, we present the synthesis of
imidazopyridines from ethylarenes and 2-aminopyridine, high-
lighting their potential applicability in pharmaceuticals and
natural products. Additionally, the synthesized compounds
exhibit promising photophysical properties, making them
useful in optoelectronic materials, fluorescent probes, biologi-
cal imaging, and excellent quantum yields.>**° The quantum
yields of the synthesized products 3a, 3e, 3k, and 3s were
82.8%, 79.3%, 105.4%, and 121.8%, respectively, using
quinine sulfate in 0.5 M H,SO, solution (Table S4 in the SI).

Results and discussion

In the preliminary investigation, ethylbenzene (1a) was utilized
as a model substrate and treated with NBS in the presence of
photoredox catalysts in the solvent. Subsequently, 2-aminopyri-
dine (2a) was introduced to produce the desired product. The
SI (see page S4) provides a detailed account of the optimization
studies. We were pleased to achieve a 45% product yield at the
start of our optimization efforts, employing ethylbenzene (1
equiv.), NBS, and 2-aminopyridine (1 equiv.), Eosin-Y as the
photocatalyst, and ethanol as the solvent. The reaction was
performed in ambient air at room temperature for 12 hours,
which served as our model conditions (Table 1, entry 1). The
expected product yield was significantly reduced when Eosin-Y

Table 1 Optimization of the reaction conditions

HoN Photocatalyst

& (Y __Nes(ismmo) @_{“: >
* Nz Solvent, air, r.t. \ N2
Light Source
1a 2a 3a
Entry Deviation from the standard reaction Yield® (%)
1 None“ 45
2 With different photocatalysts 12-18
3 Use of MeOH rather than EtOH 35
4 Use of H,O rather than EtOH 25
5 Use of DMSO rather than EtOH 47
6 Use of DMF rather than EtOH 42
7 Use of DCM rather than EtOH 40
8 Use of MeCN rather than EtOH 58
9 Use of nonpolar solvents rather than EtOH 15
10 1, 2, 3, and 5 mol% of Eosin-Y* 45-85
11 In the dark n.r.
12 Different LEDs instead of a blue LED 48-60
13 Without the PC n.r.

“Reaction conditions: ethylbenzene (1 mmol), NBS (1.5 mmol),
2-aminopyridine (1 mmol) Eosin-Y (2 mol%), and EtOH (10 mL)
under a blue LED (12 h) in open air at room temperature. ?Isolated
yield. ¢ Different reaction times (2-12 h).

This journal is © The Royal Society of Chemistry 2025
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was substituted with other photocatalysts, such as rhodamine
B, Rose Bengal, and Acridine Red, indicating that Eosin-Y is
more efficient under optimal conditions (Table 1, entry 2).

Furthermore, various solvents were screened in the place of
ethanol (Table 1, entries 3-9) with Eosin-Y (2 mol%) as the
optimal catalyst. The results indicated that acetonitrile was the
most effective solvent, providing the highest yield (Table 1,
entry 8). The Eosin-Y loading and reaction time were varied in
order to conduct the optimization study (Table 1, entry 10).
When 2 mol% Eosin-Y was utilized, the yield was 58% after
12 hours (see Table S2, entry 1). Under the same conditions,
decreasing the catalyst loading to 1 mol% reduced the yield to
45% (see Table S2, entry 2). Increasing the catalyst loading to
3 mol% increased the yield to 85% (see Table S2, entry 3),
while increasing it to 5 mol% lowered the yield to 75% (see
Table S2, entry 4). The influence of reaction time was then
investigated at the optimum catalyst loading (3 mol%). The
yield remained uniform at 85% even when the time was shor-
tened from 12 hours to 8, 6, 4, and 2 hours (see Table S2,
entries 5-8). This shows that the reaction occurs effectively
with 3 mol% Eosin-Y and that just 2 hours are required to
produce the maximal yield of 85% (see Table S2, entry 8).
Without light, no reaction (n.r.) was observed, which verifies
that the reaction is dependent on light and is driven by photo-
chemistry (Table 1, entry 11). The yield of the desired product
was reduced when the reaction was carried out under LEDs of
different colours other than blue (Table 1, entry 12). Next, we
explored our reaction in the absence of a photocatalyst but did
not obtain our desired product (Table 1, entry 13).

After optimizing the reaction conditions, a variety of ethy-
larenes and 2-aminopyridines were tested to determine the
method’s versatility and suitability for synthesising various
imidazo[1,2-a]pyridines (Table 2). Ethylarenes containing elec-
tron-withdrawing substituents on the aromatic ring, such as
halogens, nitro, and cyano groups, reacted efficiently with
2-aminopyridine (2a), affording products (3b-3h) in moderate
to good yields (70-80%). Similarly, ethylarenes with electron-
donating groups like hydroxy, methyl, and methoxy provided
high yields of imidazo[1,2-a]pyridines (3i-3m), ranging from
80% to 87%. A heteroarene subjected to the same reaction
with 2-aminopyridine also produced product 3n in a high yield
of 82%. The method showed good tolerance for both electron-
rich and electron-deficient substituents on 2-aminopyridine.
Electron-rich groups such as methyl led to excellent yields
(72-87%, 30-3u), whereas electron-withdrawing groups like
halogens gave slightly lower yields (75% and 78%, 3v and 3w).
Additionally, using ethylarenes with 2-aminobenzothiazole
under the same conditions afforded products 3x and 3y in
80% and 76% yields, respectively.

We further investigated the feasibility of this methodology
on a multigram scale (Scheme 2). Under the optimized reac-
tion conditions, a 10 mmol scale reaction was performed in a
50 mL round-bottom flask equipped with a magnetic stir bar.
Ethylbenzene (10 mmol, 1220 pL, 1.0 equiv.),
N-bromosuccinimide (15 mmol, 2.67 g, 1.5 equiv.), 2-amino-
pyridine (10 mmol, 0.94 g, 1.0 equiv.), and Eosin-Y (3 mol%)

This journal is © The Royal Society of Chemistry 2025

Table 2 Substrate scope of imidazol[1,2-alpyridines?
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“Reaction conditions: ethylbenzene (1 mmol), NBS (1.5 mmol),
2-aminopyridine (1 mmol), Eosin-Y (3 mol%), and CH3;CN (10 mL)
under a blue LED (4;ax = 440 nm, power = max 45 W, average intensity =
399 mW em™2) for 2 h in open air at room temperature. ? Isolated yield.

Eosin-Y (3 mol%)
NBS (15 mmol)

CHBCN (25 mL), air, rt.

O~ -7

(10 mmo[)

&O

(10 mmol) 80% (1 55g)

Scheme 2 Gram scale synthesis of 2-phenylimidazol[1,2-alpyridine (3a).

were dissolved in 25 mL of acetonitrile and irradiated with
blue LED light under open-air conditions for 2 h, with progress
monitored by TLC. Upon completion, the reaction mixture was
extracted with ethyl acetate (3 x 25 mL), and the combined
organic layers were dried over anhydrous Na,SO,. Removal of
the solvent under reduced pressure and purification by silica
gel column chromatography (10% ethyl acetate in n-hexane)
furnished the desired product in 80% yield (1.55 g).

Next, we shifted our focus to a mechanistic study for pro-
posing a reaction mechanism and carried out several control
experiments (Scheme 3a-e). To determine the reaction
pathway, an experiment was conducted using the radical sca-
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venger 2,2,6,6-tetramethylpiperidin-1-oxyl (TEMPO)
(Scheme 3a). The results showed a significant suppression in
the yield of product 3a (12%) and the formation of new
adducts 4a and 5a, which was confirmed by high-resolution
mass spectrometry (HRMS) data, indicating the generation of
a free radical and supporting the involvement of a free radical
mechanism in the reaction. Additionally, to evaluate the role
of O, (oxygen), the reaction was conducted under both oxygen
and nitrogen atmospheres (Scheme 3b). When the reaction
was performed under nitrogen (Scheme 3b), the obtained yield
of the product was 0%, whereas a significantly higher yield
(85%) of the desired product was achieved in the presence of
oxygen. These results suggest that oxygen is essential for this
transformation. The absence of a catalyst resulted in no
product formation, highlighting the crucial role of the photo-
catalyst in the reaction (Scheme 3b). To further understand the
reaction pathway, analysis under standard conditions was per-
formed, resulting in the detection of intermediates H
(a-bromoacetophenone, 6a) and E (acetophenone, 7a)
(Scheme 3c and d). The structures of these intermediates were
confirmed through 'H and *C NMR spectroscopy. The pres-
ence of H,0, was qualitatively verified using the potassium
iodide (KI) test. In this assay, H,O, oxidizes iodide ions (I") to
molecular iodine (I,), which imparts a characteristic brown

i . b)
— 5 300000 —EY
- © ——EY+1a (0.8 mM)
2a -
S ——EY = 200000 ——EY+1a (1.6 mM)
E 1a+2a 2200000 ——EY+1a (2.4 mM)
P 1a+EY ‘n ——EY+1a (3.2 mM)
2 2a+EY 5 150000 ——EY+1a (4.0 mM)
g 1a+2a+EY '€ 100000 ——EY+1a (4.8 mM)
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7] — Adj. R-Square 0.97541
c —— EY+2a(4.0 mM) 110
g 100000 —— EY+2a(4.8 mM) ’
= 50000 1.05 * 'la
L 0 1.00 ° —— Linear fit
500 525 550 575 600 625 650 S H > 3 ; H
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Fig. 2

(a) UV-vis absorption spectra of the reactants and the reaction mixture. (b and c) Fluorescence emission spectra of EY with different concen-

trations of quenchers 1a and 2a. (d and e) Stern—Volmer fluorescence quenching plot of EY with different concentrations of quenchers 1a and 2a. (f)

Light—dark cycle experiment.
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colouration when a few drops of KI solution are added to the
reaction mixture (Scheme 3e).

Next, the UV-Visible spectra were recorded for the (0.8 mM)
concentration of individual reactants (1a, 2a, and EY) as well as
for the reaction mixtures containing 1a, 2a, NBS, and EY in
ethanol solvent (Fig. 2a). The UV-Vis analysis indicated that both
the reactants, Eosin-Y and the reaction mixture, exhibited absorp-
tion in the blue region of the spectrum (detailed information in
the SI, page no. S6-S8). Furthermore, Stern-Volmer quenching
experiments revealed efficient quenching of the photoexcited
state of Eosin-Y by compounds 1a and 2a (Fig. 2b and c). The
extent of quenching increased proportionally with the concen-
trations of 1a and 2a, as shown in Fig. 2(d and e) (detailed infor-
mation in the SI, page no. S8-510). The Stern-Volmer graph is
linear at high concentrations, as shown in Fig. 2(d and e), indi-
cating a dynamic quenching mechanism. Additionally, the
light-dark cycling experiment revealed that continuous light
irradiation is essential for the reaction to proceed (Fig. 2f).

In light of prior reports'®>>!*? and control experiment find-
ings, a potential pathway for the overall reaction mechanism
was proposed (Scheme 4). Upon irradiation with blue light,

O > O 22O

1a A B

; O-N :
/ \___detected in HRMS
L ¢ O + 10— t0e120, I
EY :

J
l C-N bond formation

L C-N bond formation )

Scheme 4 Proposed mechanism.

This journal is © The Royal Society of Chemistry 2025
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Eosin-Y (EY) is promoted to its excited state (EY*). This potent
photooxidant initiates a single electron transfer (SET) with
ethylbenzene (1a), yielding the radical cation intermediate A.
The resulting reduced form of EY transfers an electron to mole-
cular oxygen, regenerating the ground-state catalyst and produ-
cing a superoxide anion. The radical cationic intermediate A
undergoes deprotonation to generate the benzylic radical B.
This reactive species rapidly reacts with molecular oxygen to
form the peroxyl intermediate C. A subsequent hydrogen atom
abstraction yields benzyl hydroperoxide D, which undergoes de-
hydration to furnish the key intermediate E. Next, intermediate
E reacts with NBS, resulting in a-bromoacetophenone (inter-
mediate H) and succinimide by selective bromination.
Furthermore, reactant 2a under blue light irradiation gives a
radical cation intermediate (2a’) (formed by the SET of EY),
which then couples with intermediate I to form intermediate J,
in which a new C-N bond is formed. After deprotonation, inter-
mediate J is converted into K, which is then dehydrated to
produce intermediate L. From intermediate L, the adjacent
nitrogen undergoes intramolecular nucleophilic attack on the
benzylic carbon, resulting in the displacement of the bromide
ion and the formation of the cyclized intermediate. The last
deprotonation of intermediate M restores aromaticity, resulting
in the imidazo[1,2-a]pyridine derivative (3a) as the end product.

The UV-Vis absorbance spectra of various imidazo[1,2-d]
pyridine derivatives were recorded in ethanol (EtOH) as the
solvent. For example, the UV-vis spectra of compounds 3a, 3e,
3k, and 3s were recorded at a concentration of ~0.6 pM and
are shown in Fig. 3, displaying maximum absorption bands
with peak absorbance at 300, 312.5, 322.5, and 263 nm,
respectively. These wavelength (red/blue) shifts may be attribu-
ted to enhanced electronic delocalization facilitated by the
presence of functionalized phenacyl substituents attached to
the imidazo[1,2-a]pyridine core.

The photoluminescence properties of the imidazo[1,2-a]
pyridine derivatives were examined under UV light excitation
in the 254-365 nm range at the same concentrations used in
UV-vis experiments, as shown in the inset images of the
samples in Fig. 4(a-d). As illustrated in Fig. 4(a-d), all the syn-
thesized derivatives exhibited pronounced emission in the
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0.08 4
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0.00 4
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Fig. 3 UV-Vis absorbance spectra of 3a, 3e, 3k, and 3s in EtOH.
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Fig. 4 Fluorescence emission spectra of different imidazol[l,2-alpyridine derivatives 3a, 3e, 3k, and 3s. The inset shows photographs of these

derivatives in EtOH solvent under visible and 365 nm UV irradiation.

blue to violet spectral regions when dispersed in EtOH solvent.
Maximum emission wavelengths were observed at 346, 370,
372, and 412 nm for compounds 3a, 3e, 3k, and 3s, respect-
ively, as shown in Fig. 4(a-d).

The quantum yields of the samples were determined using a
single-point method by comparison with quinine sulfate, which
possesses a quantum yield of approximately 54% at 350 nm.
The following equation was employed for the calculation:

A 2
Ax 1

I
= Qr X — X
Q=0r KA e

where Q represents the quantum yield of the sample, I denotes
the integrated emission intensity (i.e., the area under the emis-
sion curve), 5 corresponds to the refractive index and A refers to
the optical density. The subscript R indicates the reference
fluorophore with a known quantum yield.

Quinine sulfate in a 0.5 M H,SO, solution was used as the
reference standard, and the quantum yields of the synthesized
imidazo[1,2-a] pyridine derivatives 3a, 3e, 3k, and 3s were
determined to be 82.8%, 79.3%, 105.4%, and 121.8%, respect-
ively (as shown in Table S4 of the SI, page no. S10). The
quantum yield can sometimes exceed 100%, possibly due to
multiple exciton generation, where a single absorbed photon
generates more than one electron-hole pair, resulting in an
effective quantum yield greater than 100%.>*

Conclusions

In conclusion, we have synthesized imidazopyridines from
ethylbenzene, Eosin-Y, NBS, and 2-aminopyridine under blue

10872 | Org. Biomol. Chem., 2025, 23,10867-10873

LED irradiation in acetonitrile (CH;CN), demonstrating a suc-
cessful and efficient photoredox approach for constructing
nitrogen-containing heterocycles. The reaction relies critically
on visible-light activation, as shown by light-on/off experi-
ments, where product formation occurs only during illumi-
nated periods. Eosin-Y acts as a metal-free photoredox catalyst,
initiating benzylic radical formation via NBS-mediated bromi-
nation of ethylbenzene, followed by nucleophilic cyclization
with 2-aminopyridine to afford the imidazopyridine scaffold.

Notably, several imidazopyridine derivatives obtained through
this protocol exhibit promising photophysical properties, such as
fluorescence, making them attractive candidates for applications
in optoelectronic materials, fluorescent probes, and biological
imaging. The mild conditions, metal-free catalysis, and potential
for functional material development highlight the synthetic and
applicative value of this light-driven methodology.
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