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Abstract: Dearomatization is a powerful strategy for constructing complex carbocycles and heterocycles, though
it typically relies on harsh conditions due to aromatic stability. Herein, a visible-light-driven photocatalytic dear-
omatization strategy for electron-poor imidazo[1,2-a]pyridines is reported, addressing a key limitation of current
methods, which predominantly target electron-rich aromatic systems. Using a-keto acids as acyl radical precur-
sors, this mild method enables the efficient synthesis of structurally diverse and functionalized imidazole deriv-
atives, a privileged scaffold in pharmaceuticals and advanced materials. Some of the synthesized imidazoles
display noteworthy photophysical properties. Some of the synthesized imidazoles show dual fluorescence from
deep violet to greenish-cyan, highlighting potential as innovative fluorescent probes. This work expands the scope
of dearomatization and provides a valuable tool for accessing new chemical space in drug discovery and materials
science.

Keywords: C—C coupling, dearomatization, fluorescence, ketones, photocatalysis

conditions,  transition-metal-catalyzed  transforma-
tions,™ and catalytic hydrogenation, have been widely
explored. Most of these methods lack selectivity for sen-
sitive substrates. More recently, visible-light-mediated
dearomatization has emerged as a particularly powerful
alternative.”? By harnessing the high-energy excited states

1. Introduction

Dearomatization reactions have emerged as a powerful
strategy for converting readily available aromatic
precursors into partially or fully saturated, sp3-rich
frameworks.["! These nonplanar structures expand the

accessible chemical space in drug discovery, aligning
with the widely recognized trend of ‘“escape from
flatland”.! Notably, 59% of FDA-approved small-
molecule drugs contain at least one nitrogen heterocycle,
underscoring the importance of these motifs in medicinal
chemistry.’! Despite their prevalence, the selective
saturation and functionalization of heteroarenes, partic-
ularly electron-deficient systems, remains a major
synthetic challenge. In this context, dearomatization
offers a cost-effective and efficient route to complex het-
erocyclic scaffolds with promising bioactive potential.

Several strategies have been developed over the past
decade to address this issue. Traditional approaches,
including Birch-type reductions under optimized
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of visible-light-absorbing photocatalysts, these reactions
enable the activation of heteroarenes under mild condi-
tions, opening new avenues for selective functionaliza-
tion. Unlike conventional methods, which often face
limitations in installing complex functionalities, photoca-
talytic dearomatization allows for both skeletal editing
and the introduction of diverse substituents in a single
step.’®! However, current scope is limited to electron-rich
aromatic systems (Scheme 1a)."”-"!

In search of novel, synthetically accessible scaffolds
with potential relevance to drug discovery, we turned our
attention to imidazo[1,2-a]pyridines 1. These are “priv-
ileged” motifs widely employed in medicinal chemis-
try.l'"”) Thus far, photocatalytic strategies have only
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Scheme 1. Context of the current work. a) Photocatalytic dear-
omatization of electron-rich heteroaromatics. b) This work:
Dearomatization of imidazo[1,2-a]pyridines.

been used for the selective C3 and C5 functionalization
of imidazo[1,2-a]pyridines."'"! The photocatalytic dear-
omatization of this scaffold has not been reported.!!'1?!
We thus set out to develop a visible-light-driven method
for the saturation of the electron-deficient pyridine moi-
ety, providing access to the functionalized imidazoles 2
(Scheme 1Db).

Functionalized imidazoles constitute a relevant class
of molecules both in synthetic and medicinal chemis-
try.!"¥ In addition, imidazoles play a significant role in
optical and electronic applications.!'*! Their distinctive
bipolar structure, comprising an electron-donating and
an electron-accepting nitrogen atom separated by
the C2 carbon, enhances the functional performance of
chromogenic and fluorogenic derivatives. A photocata-
lytic dearomatization approach offers a fundamentally
new and orthogonal pathway to access these valuable het-
erocycles under mild, operationally simple conditions.!"!

Specifically, our efforts have focused on the incorpo-
ration of acyl groups into these relevant scaffolds
(Scheme 1b). Ketone derivatives are fundamental struc-
tural motifs in organic synthesis and are widely present
in bioactive compounds and pharmaceuticals.!'® Their
synthesis has attracted considerable attention, with radi-
cal acylation reactions emerging as one of the most effi-
cient and versatile approaches. Acyl radicals, being
inherently nucleophilic, serve as key intermediates in
diverse transformations, including Giese-type additions
to activated alkenes!'”! and Minisci-type acylations of
heteroarenes,"® enabling access to a wide range of nat-
ural and biologically active ketones. Traditional methods
for acyl radical generation often required harsh condi-
tions such as UV irradiation or elevated temperatures,
which can limit substrate scope and functional group
tolerance. In contrast, the photocatalytic generation of
acyl radicals under visible-light irradiation offers a mild
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and sustainable alternative.!'”) In particular, a-keto acids
can be efficiently converted into acyl radicals, enabling
downstream functionalization under benign reaction
conditions.?” Their versatility as building blocks in cat-
alytic organic synthesis further positions a-keto acids as
attractive, sustainable acylating agents, providing a
viable alternative to traditional acyl chlorides and other
acyl-transfer reagents. a-Keto acids offer a greener
alternative in organic synthesis, as they generate CO,
as the only coproduct, making them an environmentally
friendly choice.

2. Results and Discussion

We initiated our study using 1a as the model substrate
(Scheme 2). Initial attempts with benzoyl chloride 3 and
the anhydride 4 as benzoyl radical precursors were
unsuccessful: No reaction occurred with 3, and only
low yields were obtained with 4. These results can be
explained by the competitive N-acylation of compound
1 with either 3 or 4. In contrast, the a-keto acid 5a effi-
ciently delivered product 2aa in good yield. After opti-
mization of the reaction conditions (see the Supporting
Information for full details), 2aa was obtained in 69%
yield.

With these observations in hand, we extended the
reaction to a variety of imidazo[1,2-a]pyridines 1 and
o-keto acids 5 (Scheme 3). Using 5a as the a-keto acid
counterpart, a broad range of imidazo[1,2-a]pyridines
proved to be suitable substrates for this dearomative
acylation reaction (Scheme 3a). Compounds bearing a
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36h
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36h

(c) N )
7 NF PhCOCO,H 5a (3 equiv.) | =
N N\/X 5 W Blue led (435445 nm) N/
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(a) 9-Mesityl-10-methylacridinium tetrafluoroborate (2.5 mol%),
DMAP (10 mol%), DCM:H,0 9:1, 2aa (12 %)

(b) (I[dF (CF3)ppylx(dtbpy))PFs (1.5 mol%), Na,HPO, (1.8 equiv.),
DCM:H,0 1:1, 2aa (46 %)

(c) (Ir[dF(CF 3)ppyl,(dtbpy))PFg (1.5 mol%), K3POy4 (3 equiv.),
DCM:H,0 1:1, 2aa (69 %)

1a

Scheme 2. Optimization of reaction conditions. a) 9-Mesityl-10-
methylacridinium tetrafluoroborate (2.5 mol%), DMAP (10 mol%),
DCM:H,0 9:1, 2aa (12%). b) (Ir[dF(CF;)ppylL.(dtbpy))PFs
(1.5 mol%), Na,HPO, (1.8 equiv.), DCM:H,0 1:1, 2aa (46%)
¢) (Irf[dF(CF3)ppylo(dtbpy))PFe(1.5 mol%), K;PO, (3 equiv.),
DCM:H,0 1:1, 2aa (69%).
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Scheme 3. Scope and limitations. a) Variation of the imidazo
[1,2-a]pyridines 1. b) Variation of the a-keto acids 5.

3-formyl group and various substituents at C2 (R?),
either alkyl (2ba) or aryl (2ca—fa), were obtained in good
yields (65-72%). Substrates with a 3-aryl (1g) or 3-alkyl
ketone group (1h, 1i) also performed well (60—66%).
Similarly, 3-carboxylates bearing alkyl (2ja) or aryl
(2ka) groups at position 2 were obtained in 59 and
63% yield, respectively. A 3-CF; substituent (11) was
also compatible, delivering the dearomatized product
in good yield (67%). Notably, the reaction tolerated hal-
ogen substituents such as Cl, which is significant
because these functional handles may enable further
downstream derivatization. Moderate yields were
obtained with the 3-chloro derivative 1m (53%).
Substitution by F at position 6 (In, 75%) and at C7
by Cl (1o-p, 70-72%) led to increased yields.

A methyl substituent at C8 (1q) led to reduced
efficiency and only traces of the desired compound
2qa were observed. The unsubstituted imidazo[1,2-a]
pyridine 1r, the 2-carbaldehyde derivative 1s, and
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3-phenylimidazo[1,2-a]pyridine 1t were unreactive, high-
lighting the essential role of an electron-withdrawing
group at C3 in promoting the dearomatization reaction.

The scope of the reaction with respect to the a-keto
acids 5 is shown in Scheme 3b. 2-Naphthyl-substituted
glyoxylic acid 5b proved to be a suitable acylating agent,
affording product 2ab in moderate yield. A range of
2-oxo-2-phenylacetic acids bearing either electron-
donating or electron-withdrawing substituents on the
aryl ring were well tolerated. Functional groups such as
acetals (5¢), aryl fluorides (5d), and chlorides (5e) were
all compatible. Additionally, the 2-furyl-substituted
glyoxylic acid 5f delivered the desired product in mod-
erate yield. Moreover, 2-isopropyl-2-oxoacetic acid (5g)
was also reactive, and the desired product 2ag incorpo-
rating an alkyl ketone was obtained in 60% yield.

To better understand the mechanism, we carried out a
radical trapping experiment using TEMPO, which led to
the formation of trapping adduct 6 in 75% yield, recov-
ering the starting imidazo[1,2-a]pyridine 1a unreactive
(Scheme 4a). This outcome supports the involvement
of a radical pathway in the reaction. Isotope-labeling
studies using DO as solvent showed deuterium incorpo-
ration (Scheme 4b). These results support that the trans-
formation does not proceed via a hydrogen atom transfer
(HAT) mechanism.

Mechanistically, the conversion of a-keto acids to
their acyl radical equivalents begins with single-electron
transfer (SET) from the excited photocatalyst in its oxi-
dated state ([PC-Ox]*) to the a-oxocarboxylate anion,
followed by decarboxylation to generate the acyl radical
species (Scheme 5a).['>*”) These nucleophilic radicals
readily add to Michael acceptors, yielding a new carbon-
centered radical, which undergoes SET with the reduced
photocatalyst ([PC-Red]). Subsequent protonation
furnishes the corresponding ketone products. Building
on this mechanistic basis and DFT calculations (see
the Supporting Information), we propose a reaction
pathway for the acylative radical dearomatization of imi-
dazo[1,2-a]pyridines (Scheme 5b). Regioselective addi-
tion of the acyl radical at the C5 position of 1 generates

PhCOCO,H 5a (3 equiv.) _N
7PN (MF(CFappyl(topy)PFs (15 mai%) (| [~ >+ 9
N N\/) K3PO, (3 equiv.) Ph)ko N
TEMPO (3 equiv.) COPh
1a DCM:H,0 1:1 2aa 6
5 W Blue led (435-445 nm) 0% 75%
36 h
(b) H D
PhCOCO,H 5a (3 equiv.) _N
Z N (HAF(CF)ppyly(dtopy) PFo (1.5 moi%)_ (| [ 7
X N\/) K3PO, (3 equiv.)
DCM:D,0 1:1 COPh
1a 5 W Blue led (435-445 nm) 2aa
36 h 69%

Scheme 4. Mechanistic studies. a) Radical trapping experiment.
b) Isotope-labeling experiment.
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delivers the final 5,8-dihydroimidazo[l,2-a]pyridine
product 2 while regenerating the Ir'"" photocatalyst.
The observed regioselectivity in protonation can be
rationalized by the formation of an aromatic imidazole
ring and a kinetically favored Ca protonation, analogous
to the behavior of dienolates, which predominantly react
at the a-position rather than the y-position.!?")
Imidazole derivatives are known for their stable pho-
tophysical properties, including high molar extinction
coefficients, large Stokes shifts, high quantum yields,
tunable emission wavelengths, and overall stability.!'*!
To explore these characteristics, the UV—vis absorption
and fluorescence emission spectra of selected synthe-
sized compounds 2 were measured in DCM and
MeOH (see Table 1 and Supporting Information).
Spectral analysis revealed that the nature of substituent

—) 3] e—1 b3 2Ca emm—2)ma

—) 30 2ef emmm—72ag

Figure 1. Fluorescence emission spectra of selected compounds
recorded in DCM and MeOH.

R? is critical to the fluorescence behavior of these com-
pounds, while substituents R' and R* also significantly
influence emission bands and quantum yields. All com-
pounds showed a weak absorption between 290 and
350 nm. Compounds bearing a formyl group (2aa,
2ba, 2ca, 2ae, 2af, 2ag) or a chlorine atom (2ma) at
position R* exhibited dual fluorescence emission in both
DCM and MeOH (Figure 1). In DCM, two distinct

Table 1. Luminescent properties of compounds 2 in DCM and MeOH (10—4 M).

Compound® Jen?(DCM) Jem?(MeOH) AL(DCM) AP(MeOH) @Y (DCM) @Y (MeOH)
2aa 383, 489 383, 495 83, 189 48, 160 0.068 0.151
2ba 385, 491 384, 497 85,191 49, 162 0.017 0.055
2ca 379, 495 381, 497 79, 195 46, 162 0.014 0.088
2ma 379, 496 389, 495 79, 196 54, 160 0.051 0.166
2ad 383, 481 385, 492 83, 181 50, 157 0.052 0.057
2af 385, 448 449 85, 148 114 0.033 0.044
2ag 383, 490 490 83, 190 155 0.110 0.115

® Analysis was carried out at room temperature;
® JEm = emission maxima (nm);

9 Ass = Stokes shifts in nm;

9® = quantum yield.
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emission bands were observed: a short-wavelength
(SW) band between 359 and 385nm, and a long-
wavelength (LW) band between 481 and 495 nm, with
compound 2ae showing an emission at 448 nm. Notably,
compound 2ma (R* = CI) displayed a particularly
intense LW band, while in aldehyde-substituted com-
pounds, the SW band was dominant. In MeOH, both
bands persisted, but their intensities varied with the sub-
stitution pattern. For aldehydes substituted at position 2
(2ba, 2ca), the SW band remained dominant, especially
in compound 2ca, which showed a strong peak at
381 nm. In contrast, compounds lacking substitution at
this position (R* = H) showed more intense LW bands,
particularly when R' was a Ph group (2aa, 2ma).
Imidazole derivatives with R® = ketone (2ga, 2ha), ester
(2ja, 2ka), or CF; (2la) did not exhibit detectable fluo-
rescence under the conditions tested.

No significant solvent polarity effect on peak
positions was observed (Table 1). Stokes shifts ranged
from 46 to 196 nm. Fluorescence quantum yields were
measured at a concentration of 1 x 107 mol L' using
quinine sulfate in 0.05 M H,SO, (® = 0.52) as a stan-
dard. The compounds generally showed low quantum
yields in DCM (1.4-11.0%), with higher values
observed in MeOH (4.4-16.6%). Overall, these findings
are consistent with emission from a locally excited state
(SW) and an intramolecular charge transfer (LW).

3. Conclusions

In conclusion, we have demonstrated that the electron-
poor pyridine moiety of imidazo[1,2-a]pyridines can be
dearomatized by a photocatalyzed-driven acylation reac-
tion to furnish functionalized imidazoles. The process
takes place under mild conditions, constituting a practi-
cal and operationally easy method for the synthesis of
imidazole derivatives that can be particularly attractive
from the standpoint of late-stage functionalization.
Some of the synthesized imidazoles exhibited notewor-
thy photophysical properties, with several compounds
showing dual fluorescence ranging from deep violet to
greenish-cyan. These characteristics make them strong
candidates for further development as fluorescent sen-
sors or probes, owing to their structural tunability and
distinctive dual-emission behavior. Some of the synthe-
sized imidazoles displayed noteworthy photophysical
properties, highlighting potential as innovative fluores-
cent probes.

4. Experimental Section

General Procedure for Photocatalized-Driven Dearomatization
of Imidazo[l,2-aJpyridines: To a 10 mL vial equipped with a mag-
netic stir bar were added imidazo[1,2-a]pyridine 1 (0.2 mmol),
a-keto acid 5 (0.6 mmol, 3 equiv), K;PO, (127.4 mg, 0.6 mmol,
3 equiv), and Ir-catalyst (3.4 mg, 0.003 mmol, 1.5 mol%). The

Adv. Synth. Catal. 2025, 367, 70084 Wiley Online Library

vial was sealed with a septum, and a degassed 1:1 mixture of
DCM/H,0 (2 mL) was added. The reaction mixture was irradiated
with a blue LED (5 W) under stirring for 36 h. Upon completion,
the layers were separated, and the organic phase was dried
over MgSO, and filtered. The solvent was removed under
reduced pressure using a rotary evaporator. The crude residue
was purified by column chromatography on silica gel to afford
compounds 2.

Supporting Information

Supporting Information is available from the Wiley
Online Library or from the author.
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