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ABSTRACT
Visible light-driven transformations offer an attractive strategy for sustainable synthesis by simplifying reaction systems

while maintaining high efficiency. Herein, we report an exogenous photocatalyst-free visible light-induced three-component

1,2-acylarylation of quinoxalin-2(1H)-ones with styrenes and acyl oxime esters under mild conditions. Exploiting the intrinsic

photoactivity of quinoxalin-2(1H)-ones, direct excitation under purple LED irradiation enables single electron transfer (SET) to

acyl oxime esters, generating acyl radicals without the need for external photocatalysts. The resulting radicals undergo a sequen-

tial addition to alkenes and quinoxalin-2(1H)-ones, affording structurally diverse C3-functionalized products in moderate to good

yields. The current three-component coupling protocol exhibits broad substrate scope, tolerating a range of styrenes, quinoxalin-

2(1H)-ones, and benzoyl oxime esters. Mechanistic studies, including radical trapping experiments, fluorescence quenching, and

UV–Vis analysis, support a SET-driven radical relay pathway involving a photoexcited quinoxalin-2(1H)-one. This operationally

simple and modular approach highlights the dual role of quinoxalin-2(1H)-ones as both substrate and photoactive species,

expanding the scope of exogenous photocatalyst-free multicomponent radical transformations.

1 | Introduction

Visible light-promoted organic transformations have emerged as
a powerful platform for sustainable chemical synthesis, enabling
access to reactive open-shell intermediates under mild conditions
without the need for stoichiometric redox reagents or harsh
reaction conditions [1–5]. Although recent advances in visible
light photoredox catalysis have substantially expanded precision-
driven radical functionalization of both unsaturated and
saturated molecules [6–12], exogenous photocatalyst-free visible
light-driven reactions are particularly attractive, as they
minimize reaction complexity, improve operational simplicity,
and enhance functional group tolerance while aligning closely
with the principles of green chemistry [12–15]. Among visible
light photochromic heteroaromatic compounds [16–19], quinox-
alin-2(1H)-ones have attracted growing interest in visible light

photochemistry owing to their distinctive electronic properties
and broad relevance in medicinal and materials chemistry
[20]. The photochemical Minisci-type reactions of quinoxalin-
2(1H)-ones have been predominantly investigated in the context
of photoredox catalysis [21–25]. Alternatively, recent advances
have revealed that quinoxalin-2(1H)-ones can enable diverse
C─C and C─X bond-forming reactions by functioning as self-
sensitized photoactive species, either through single electron
transfer (SET) pathways [26–38] or through the formation of
charge-transfer or electron donor–acceptor (EDA) complexes
that become photoredox-active under visible-light irradiation
(Scheme 1a) [39–45]. In these exogenous photocatalyst-free
or self-catalyzed photochemical transformations, quinoxalin-
2(1H)-ones or molecular oxygen commonly serve as the terminal
oxidants. The intrinsic visible light-induced photoreactivity of
quinoxalin-2(1H)-ones has thus opened new opportunities for
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simplified reaction systems, while maintaining high reactivity
and selectivity. This feature has likely contributed to recent
advances in visible light-promoted multicomponent reactions
involving quinoxalin-2(1H)-ones [46–49], enabling rapid molec-
ular complexity generation through radical relay processes in a
single operation [50, 51]. Consistent with the self-sensitizable
character of quinoxalin-2(1H)-ones under visible light, our
groups recently reported an exogenous photocatalyst-free visible
light-induced three-component 1,2-di(hetero)arylation of styr-
enes using quinoxalin-2(1H)-ones and thianthrenium salts
(Scheme 1b) [52]. Inspired by recent advances in the visible light
self-catalysis of quinoxalin-2(1H)-ones in the three-component
reactions explored by Roy [53], Jin [54], and Yang [55], combined

with our ongoing interest in exogenous photocatalyst-free
photochemical processes [56–61], we envisioned that quinoxa-
lin-2(1H)-ones could engage in an exogenous photocatalyst-free
visible light-promoted three-component reaction with acyl oxime
esters, using alkenes as a bridging component to relay radical
reactivity (Scheme 1c). Acyl oxime esters serve as versatile acyl
radical precursors in visible light photoredox catalysis, as pio-
neered by Wu and co-workers in 2019 through efficient visible
light-induced single electron reduction [62, 63]. While acyl oxime
esters have been widely adopted in photoredox-catalyzed
transformations to enable diverse bond-forming reactions [64],
their application in photocatalyst-free visible light systems
remains to be explored. The strategy envisioned herein merges

(a) Visible Light-Excitable Quinoxalin-2(1H)-ones in C-C and C-X Bond Formations

(b) Visible Light Self-Catalysis of Quinoxalin-2(1H)-ones in Three-Component Reactions

(c) Proposed Visible Light-Induced 1,2-Acylarylation of Quinoxalin-2(1H)-ones
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SCHEME 1 | Visible light-excitable quinoxalin-2(1H)-ones and proposed three-component 1,2-acylarylation of quinoxalin-2(1H)-ones.
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the intrinsic photoactivity of quinoxalin-2(1H)-ones with the
radical-generating capacity of acyl oxime esters, enabling a
modular and operationally simple exogenous photocatalyst-free
three-component assembly of functionalized quinoxalin-2(1H)-
one derivatives under mild conditions.

2 | Results and Discussion

Distinct from prior intramolecular acylative alkene addition
approaches [65–71], the visible light-induced three-component

1,2-acylarylation of quinoxalin-2(1H)-ones was reacted with
styrenes and acyl oxime esters under various irradiation condi-
tions (Table 1). Initially, a 1:4:2 mixture of quinoxalin-2(1H)-one
1a, 4-tert-butylstyrene 2a, and benzoyl oxime ester 3a was
stirred in DMSO for 24 h in the absence of light (entry 1).
All starting materials were recovered almost quantitatively, dem-
onstrating their stability at ambient temperature. The reaction
mixture also remained unchanged under green LED irradiation
(entry 2). In contrast, blue LEDs promoted the formation of the
desired three-component product 4a in 22% yield, accompanied
by the C3-acylated quinoxalin-2(1H)-one 5a in 12% yield
(entry 3). Although the overall reaction conversion under blue

TABLE 1 | Optimization of visible light-induced three-component 1,2-acylarylation.a

Entry LEDs Solvent Deviations

Yield, %b

4a 5a 6a

1 — DMSO 1a (>95%) nr nr nr

2 Green DMSO 1a (>95%) nr nr nr

3 Blue DMSO 1a (58%) 22 12 0

4 Purple DMSO — 63 8 0

5 White DMSO 1a (65%) 14 9 0

6 Purple Sulfolane, 1a (8%), 48 h 18 5 9

7 Purple DMF, 1a (5%), 48 h 18 0 8

8 Purple CH3CN, 1a (3%), 48 h 20 4 30

9 Purple DCE, 1a (5%), 48 h 27 10 18

10 Purple THF, 1a (17%), 48 h 12 0 7

11 Purple EtOAc, 48 h 24 0 16

12 Purple HFIP, 1a (26%), 48 h 0 15 0

13 Purple DMSO 2a (3.0 equiv) 53 12 0

14 Purple DMSO 2a (5.0 equiv) 61 7 0

15 Purple DMSO 3a (1.5 equiv) 51 8 0

16 Purple DMSO 3a (2.5 equiv) 59 8 0

17 Purple DMSO 0.07M 54 12 0

18 Purple DMSO 0.2 M 71 (68) 7 0

19 Purple DMSO Under air 16 3 0
aReaction conditions: 1a (0.3 mmol), 2a (1.2 mmol), and 3a (0.6 mmol) in solvent (0.1 M) under visible light and argon atmosphere at 25 °C for 24 h.
bYields determined by 1H NMR using internal standard, CH2Br2 (isolated yield of 4a in parentheses). LEDs: Green (520 nm); Blue (455 nm); White (400–700 nm);
Purple (395 nm).
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LEDs reached only 42%, switching to purple LEDs significantly
improved the reaction efficiency, leading to complete consump-
tion of the limiting reagent 1a and providing 4a in 63% yield
(entry 4). White LEDs proved less effective, resulting in 35%
consumption of 1a and the formation of 4a in 14% yield
(entry 5). Subsequent solvent screening revealed the formation

of an additional by-product, the decarbonylated aryl addition
product 6a, in 7%–30% yield, which compromised the yield of
4a (entries 6–11). Optimization of substrate stoichiometry estab-
lished that 4 equivalents of 4-tert-butylstyrene 2a (entries 13–14)
and 2 equivalents of benzoyl oxime ester 3a (entries 15–16)
were optimal. Further adjustment of the DMSO volume

SCHEME 2 | Alkene substrate scope of visible light-induced three-component 1,2-acylarylation of quinoxalin-2(1H)-ones.
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afforded the three-component product 4a in 71% yield (entries
17–18). The reaction required an inert atmosphere; exposure
to air led to rapid decomposition, providing 4a in 16% yield
(entry 19).

The optimized visible light-induced three-component 1,2-acylaryla-
tion of quinoxalin-2(1H)-ones was applied to a range of styrene

substrates (Scheme 2). Styrenes bearing electron-donating,
electron-neutral, and electron-withdrawing groups were all well
tolerated, affording the desired products 4a–4l in 44%–70% yields.
Notably, electron-withdrawing substituents generally led to a
10%–20% decrease in yield, as observed for 4d–4h. Steric effects
on the styrene component appeared minimal, as indicated by the
comparable yields of products 4j–4l. In contrast, non-styrenyl

SCHEME 3 | Quinoxalin-2(1H)-one and oxime ester substrate scope of visible light-induced three-component 1,2-acylarylation of quinoxalin-2(1H)-

ones ([a]reaction in 1mmol).
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alkenes, such as aliphatic terminal and internal alkenes as well as
methyl acrylate, were incompatible under the current visible
light-induced three-component alkylation conditions, as compet-
itive direct C-3 acylation of quinoxalin-2(1H)-ones occurred
without involvement of the alkene component (see the
Supporting Information).

The substrate scope of quinoxalin-2(1H)-ones was initially
examined with respect to the N-substituents (Scheme 3).
A series of N-alkyl and benzyl quinoxalin-2(1H)-ones smoothly
participated in the reaction to furnish products 4m–4x, including
those bearing diverse functional groups such as halogens (4r–4s),
esters (4t–4u), and a ketone (4v). In addition, N-allyl and

SCHEME 4 | Control experiments and spectroscopic analysis.
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N-propargyl quinoxalin-2(1H)-ones were well tolerated, deliv-
ering the corresponding products 4w–4x in 68%–71% yields.
The use of N-unsubstituted quinoxalin-2(1H)-one, as well as
substituted quinoxalin-2(1H)-ones, furnished products 4y–4zc
in 52%–64% yields, further highlighting the structural versatility
of this transformation with respect to the quinoxalin-2(1H)-one
component. The structural variation of benzoyl oxime esters 3
exerted little influence on the efficiency of the three-component

alkylation, affording the desired products 4zd–4zp in generally
comparable yields. The reaction tolerated a broad range
of substituents, including halogenated arenes (4zf–4zh and
4zj), heteroaryl moieties (4zn–4zo), and a menthol-derived
styrene (4zp). To date, the use of non-benzoyl oxime esters,
such as acetyl and propionyl oxime esters, has not been
successful due to the competitive decomposition of alkyl oxime
esters.

SCHEME 5 | Plausible mechanism for visible light-induced 1,2-acylarylation of quinoxalin-2(1H)-ones and synthetic utilization.
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To better understand the present 1,2-acylarylation, the substitu-
ent effect of oxime esters 3 was first investigated (Scheme 4).
The 4-trifluoromethyl benzoate moiety proved to be a suitable
substituent due to the enhanced stability of the 4-trifluoromethyl
benzoate anion through the inductive effect exerted by the
electron-withdrawing trifluoromethyl group on the phenyl ring,
outperforming oxime esters bearing 4-fluorobenzoate or acetyl
groups. The addition of an electron scavenger, anhydrous
CuCl2, or a radical scavenger, TEMPO, completely suppressed
the formation of the desired products, while slow consumption
of 1a and 3a was still observed. However, the reaction mixture
did not provide any isolable or identifiable products suitable for
further structural characterization. Thus, HRMS analysis of the
TEMPO-added reaction mixture revealed the formation of
TEMPO-trapped radical intermediates 7a–7d, supporting the
involvement of radical species in the reaction pathway.
The detected TEMPO-incorporated products 7a and 7b suggest
that the acyl radical and iminyl radical species are generated from
the oxime ester 3a. In contrast, the benzyl radical and nitrogen-
centered radical intermediates were captured by TEMPO from the
respective two- and three-component coupled radical intermedi-
ates, leading to the formation of 7c and 7d, respectively.
These observations are consistent with a SET process as the
key mechanistic pathway. In particular, the electron scavenger
CuCl2 significantly inhibited the reaction, supporting the less
likely involvement of an energy transfer pathway, which would
not be expected to be strongly affected by electron scavengers.
In addition, the rapid decomposition observed under an oxygen
atmosphere (Table 1, entry 19), together with the requirement for
continuous visible light irradiation for the three-component
reaction to proceed efficiently, further supports the involvement
of SET pathways in the present reaction mechanism (see the
Supporting Information). Moreover, UV–Vis spectra of 1a, 3a,
and 5a exhibited absorption in the purple regionwithout evidence
of EDA complex formation. However, the 1:1mixture of 1a and 3a
exhibited new absorption bands at 465 and 495 nm after 15min of
irradiation with purple LEDs. Based on the previous studies on
the photochemical behavior of quinoxalin-2(1H)-ones, [20–25]
these new absorption bands were attributed to the formation
of an EDA complex between the photo-excited state of 1a and
3a (see the Supporting Information for details). In addition,
fluorescence quenching of 1a by 3a further supported the
occurrence of a SET process between the photo-excited state of
1a* and 3a.

Based on the control experiments and the known photochemical
properties of quinoxalin-2(1H)-ones, a plausible mechanism for
the present visible light-induced 1,2-acylarylation is proposed
(Scheme 5). Upon irradiation with purple visible light, quinoxa-
lin-2(1H)-one 1 is excited to its photoactive state 1*, which
initiates a SET process to oxime ester 3. This event generates
an acyl radical along with radical cation intermediate Int A,
4-trifluoromethyl benzoate anion, and neutral acetonitrile. The
resulting acyl radical outcompetes decarbonylation and adds
to alkene 2 to form a carbon-centered radical intermediate
Int B, which subsequently undergoes radical addition to
quinoxalin-2(1H)-one 1 to afford intermediate Int C. A subse-
quent SET process between Int A and Int C regenerates
quinoxalin-2(1H)-one 1 and furnishes intermediate Int D.
The formation of 4-trifluoromethyl benzoic acid then delivers
the desired product 4, completing the three-component

1,2-acylarylation sequence. The estimated photoexcited-state oxi-
dation potential (E*ox) of 1a in CH3CN was −1.51 V versus SCE,
whereas the reduction potential (Ered

1/2) of 3awas −1.25 V versus
SCE. These results indicate that SET from the photoexcited state
of 1a (E*ox = −1.51 V vs. SCE) to the ground state of 3a (Ered

1/2 =
−1.25 V vs. SCE) is thermodynamically feasible, supporting the
proposed mechanism (see the Supporting Information for
details). Because C3-acyl quinoxalin-2(1H)-one 5a exhibits
absorption in the blue visible light region (>450 nm), its possible
involvement under the reaction conditions was also examined.
However, the addition of varying amounts of 5a under blue
LED irradiation produced only small amounts of 4a, effectively
ruling out a self-photocatalytic pathway mediated by 5a.
Previously, the Niwetmarin group reported a DBU-promoted
C3-acylation of quinoxalin-2(1H)-ones through EDA complexa-
tion with oxime esters in a 1:1 mixture of DMSO and CH2Cl2
under blue LEDs [72]. In contrast, our SET-driven C3-acylation
of quinoxalin-2(1H)-ones under purple LEDs proceeded in 72%
yield, further supporting the proposed SET process between
photo-excited quinoxalin-2(1H)-one 1* and oxime ester 3.
Finally, the ketone moiety in product 4a could be readily trans-
formed into the corresponding alcohol 8a and oxime 8b,
highlighting the synthetic utility of the 1,2-acylarylation
products.

3 | Conclusion

In summary, we have developed an exogenous photocatalyst-free
visible light-induced three-component 1,2-acylarylation of qui-
noxalin-2(1H)-ones with styrenes and acyl oxime esters under
mild conditions. Harnessing the intrinsic photoactivity of qui-
noxalin-2(1H)-ones, purple light irradiation enabled direct exci-
tation of quinoxalin-2(1H)-one to its photoactive state, which
underwent SET to acyl oxime esters, generating acyl radicals that
participate in a tandem radical addition sequence with styrenes
and quinoxalin-2(1H)-ones. This exogenous photocatalyst-free
strategy merges the self-sensitizable character of quinoxalin-
2(1H)-ones with the radical-generating capacity of oxime esters,
providing a modular and operationally simple approach to
structurally diverse C3-functionalized quinoxalin-2(1H)-one
derivatives. By expanding the repertoire of exogenous photocata-
lyst-free visible light transformations of quinoxalin-2(1H)-ones,
this work highlights the potential of photo-excitable heteroaro-
matic scaffolds as both substrates and redox-active species
in multicomponent radical assembly. Ongoing studies in our
laboratory are directed toward further exploration of the visible
light photoredox reactivity of quinoxalin-2(1H)-one derivatives,
and these results will be reported in due course.

4 | Experimental Section

General Procedure for Visible Light-Induced Three-Component
Radical Reactions (For the standard 0.3 mmol scale procedure,
see the Supporting Information): A 20mL borosilicate scintillation
vial equipped with a magnetic stir bar was charged with
1-benzylquinoxalin-2(1H)-one (1e, 236 mg, 1.0 mmol, 1.0 equiv)
and 3a (670mg, 2.0 mmol, 2.0 equiv) with anhydrous DMSO
(5.0 mL, 0.2 M) at ambient temperature. After the addition of

8 of 11 Advanced Synthesis & Catalysis, 2026
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4-acetoxystyrene (2i, 0.61 mL, 4.0 mmol, 4.0 equiv) to the reac-
tion mixture, the reaction system was thoroughly degassed with
argon and then stirred under the irradiation of purple LEDs
(395 nm, 180 LED stripes (3 m), 3.5W/meter, distance app.
5 cm) for 12 h. After the reaction completion was confirmed
by TLC, the reaction mixture was extracted with ethyl acetate
(15 mL × 3). The combined organic layers were dried over anhy-
drous Na2SO4, filtered, and concentrated under reduced pressure.
The crude mixture was purified by silica gel column chromatog-
raphy using 6% ethyl acetate in hexanes to provide the desired
product 4p in 66% yield (0.33 g).

4-(1-(4-Benzyl-3-oxo-3,4-dihydroquinoxalin-2-yl)-3-oxo-3-
phenyl propyl)phenyl acetate (4p): White solid; m.p. =
158 °C–160 °C. 1H NMR (600 MHz, CDCl3): δ 8.03 (dd, J =
8.4, 1.8 Hz, 2H), 7.73 (dd, J = 7.2, 1.2 Hz, 1H), 7.58–7.56 (m,
3H), 7.47 (t, J = 7.2 Hz, 2H), 7.35–7.33 (m, 1H), 7.29 (t, J =
7.2 Hz, 2H), 7.24–7.18 (m, 5H), 7.05 (d, J = 8.4 Hz, 2H), 5.53
(d, J = 15.6 Hz, 1H), 5.50 (dd, J = 10.2, 4.2 Hz, 1H), 5.37 (d,
J = 15.6 Hz, 1H), 4.47 (dd, J = 18.0, 10.2 Hz, 1H), 3.50 (dd,
J = 18.0, 4.2 Hz, 1H), 2.28 (s, 3H); 13C NMR (150 MHz, CDCl3):
δ 198.1, 169.6, 160.3, 154.6, 149.7, 138.2, 137.1, 135.4, 133.1,
132.8, 132.6, 130.1, 129.8, 129.7, 129.0, 128.6, 128.2, 127.6,
126.9, 123.4, 121.7, 114.4, 46.1, 43.8, 42.4, 21.3; IR (neat):
3053, 2923, 1757, 1655, 1597, 1201 cm–1; HRMS (ESI): m/z cal-
culated for C32H27N2O4 [M + H]+ 503.1965; Found 503.1976.

Acknowledgments

This research was supported by a National Research Foundation of
Korea (NRF) grant, funded by the Korean government (MSIT) (Nos.
NRF-202400340550 and RS-2025-23323179). S. T. thanks SANKEN for
the 2025 Foreign Researcher Support Program.

Funding

This work was supported by the National Research Foundation of Korea
(Nos. NRF-202400340550 and RS-2025-23323179) and SANKEN (2025
Foreign Researcher Support Program).

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The data underlying this study are available in the published article and
its online supplementary material.

References

1. T. P. Nicholls, D. Leonori, and A. C. Bissember, “Applications of Visible
Light Photoredox Catalysis to the Synthesis of Natural Products and
Related Compounds,” Nature Product Reports 33 (2016): 1248–1254.

2. L. Marzo, S. K. Pagire, O. Reiser, and B. König, “Visible-Light
Photocatalysis: Does It Make a Difference in Organic Synthesis?,”
Angewandte Chemie, International Edition 57 (2018): 10034–10072.

3. X.-Y. Yu, J.-R. Chen, and W.-J. Xiao, “Visible Light-Driven Radical-
Mediated C–C Bond Cleavage/Functionalization in Organic Synthesis,”
Chemical Reviews 121 (2021): 506–561.

4. S. P. Pitre and L. E. Overman, “Strategic Use of Visible-Light
Photoredox Catalysis in Natural Product Synthesis,” Chemical Reviews
122 (2022): 1717–1751.

5. L. Buglioni, F. Raymenants, A. Slattery, S. D. A. Zondag,
and T. Noël, “Technological Innovations in Photochemistry for
Organic Synthesis: Flow Chemistry, High-Throughput Experimentation,
Scale-Up, and Photoelectrochemistry,” Chemical Reviews 122 (2022):
2752–2906.

6. E. G. Moschetta, G. C. Cook, L. J. Edwards, et al., “Photochemistry in
Pharmaceutical Development: A Survey of Strategies and Approaches to
Industry-Wide Implementation,” Organic Process Research & Development
28 (2024): 831–846.

7. N. A. Romero and D. A. Nicewicz, “Organic Photoredox Catalysis,”
Chemical Reviews 116 (2016): 10075–10166.

8. A. H. Bonardi, F. Dumur, G. Noirbent, J. Lalevée, and D. Gigmes,
“Organometallic vs Organic Photoredox Catalysts for Photocuring
Reactions in the Visible Region,” Beilstein Journal of Organic
Chemistry 14 (2018): 3025–3046.

9. J. D. Bell and J. A. Murphy, “Recent Advances in Visible Light-
Activated Radical Coupling Reactions Triggered by (i) Ruthenium, (ii)
Iridium and (iii) Organic Photoredox Agents,” Chemical Society
Reviews 50 (2021): 9540–9685.

10. N. F. Nikitas, P. L. Gkizis, and C. G. Kokotos, “Thioxanthone: A
Powerful Photocatalyst for Organic Reactions,” Organic & Biomolecular
Chemistry 19 (2021): 5237–5253.

11. Q. Liu, C. Huo, Y. Fu, and Z. Du, “Recent Progress in
Organophotoredox Reaction,” Organic & Biomolecular Chemistry 20
(2022): 6721–6740.

12. S. Gupta, A. Kundu, S. Ghosh, A. Chakaraborty, and A. Hajra, “Visible
Light-Induced Organophotoredox-Catalyzed Difunctionalization of
Alkenes and Alkynes,” Green Chemistry 25 (2023): 8459–8493.

13. C. G. S. Lima, T. D. Lima, M. Duarte, I. D. Jurberg, and M. W. Paixão,
“Organic Synthesis Enabled by Light-Irradiation of EDA Complexes:
Theoretical Background and Synthetic Applications,” ACS Catalysis 6
(2016): 1389–1407.

14. G. E. M. Crisenza, D. Mazzarella, and P. Melchiorre, “Synthetic
Methods Driven by the Photoactivity of Electron Donor–Acceptor
Complexes,” Journal of the American Chemical Society 142 (2020):
5461–5476.

15. A. K. Wortman and C. R. J. Stephenson, “EDA Photochemistry:
Mechanistic Investigations and Future Opportunities,” Chem 9 (2023):
2390–2415.

16. F. C. Braga, G. M. Martins, M. S. Franco, L. P. A. Belli, K. T. de
Oliveira, and F. F. de Assis, “Catalyst-Free Photoarylation Reactions
Promoted by Visible Light,” Organic Chemistry Frontiers 11 (2024):
1251–1275.

17. Y. Sumida and H. Ohmiya, “Direct Excitation Strategy for Radical
Generation in Organic Synthesis,” Chemical Society Reviews 50 (2021):
6320–6332.

18. M. Tavakolian and M. Hosseini-Sarvari, “Catalyst-Free Organic
Transformations Under Visible-Light,” ACS Sustainable Chemistry &
Engineering 9 (2021): 4296–4323.

19. R. Bhanja, S. K. Rera, and P. Mal, “Photocatalyst- and Transition-
Metal-Free Light-Induced Formation of Carbon–Chalcogen Bonds,”
Advanced Synthesis & Catalysis 366 (2024): 168–182.

20. K. Renault, P.-Y. Renard, and C. Sabot, “Quinoxalin-2(1H)-Ones:
Chemical Synthesis, Fluorescence Properties and Applications ,”
European Journal of Organic Chemistry 2022 (2022): e202201314.

21. X. Liu, W. Li, C. Zhuang, and H. Cao, “Application of Photochemical/
Electrochemical Synthesis in C–H Functionalization of Quinoxalin-
2(1H)-One,” Chinese Journal of Organic Chemistry 41 (2021): 3459–3481.

22. Q. Yang, H. Wang, X. Wang, and Y. Lei, “Recent Developments in
Direct C–H Functionalization of Quinoxalin-2(1H)-Ones via Heterogeneous
Catalysis Reactions,” Molecules 28 (2023): 5030.

Advanced Synthesis & Catalysis, 2026 9 of 11

 16154169, 2026, 12, D
ow

nloaded from
 https://advanced.onlinelibrary.w

iley.com
/doi/10.1002/adsc.70585 by C

hung-A
ng L

ibrary - C
hung-A

ng U
niversity , W

iley O
nline L

ibrary on [11/08/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



23. V. Kumar, A. Bisoyi, V. F. Beevi, and V. R. Yatham, “Light-Induced
Difunctionalization of Alkenes with Polyhaloalkanes and Quinoxalin-
2(1H)-Ones ,” Journal of Organic Chemistry 89 (2024): 16964–16968.

24. Y. Zuo, X. Bai, C. Wang, et al., “Recent Advances in Photo-Promoted
Generalized C3–H Alkylation of Quinoxalin-2(1H)-Ones,” Organic &
Biomolecular Chemistry 23 (2025): 5703–5727.

25. Z. Liu, L. Peng, and H. Huang, “Recent Advances in Photochemical
Multicomponent Minisci Reactions,” Chemical Communications 61
(2025): 14490–14509.

26. J. Wang, B. Sun, L. Zhang, T. Xu, Y. Xie, and C. Jin, “Visible-Light-
Induced Trifluoromethylation of Quinoxalin-2(1H)-Ones Under
Photocatalyst-Free Conditions ,” Asian Journal of Organic Chemistry 8
(2019): 1942–1946.

27. L.-Y. Xie, Y.-S. Bai, X.-Q. Xu, et al., “Visible-Light-Induced
Decarboxylative Acylation of Quinoxalin-2(1H)-Ones with α-Oxo
Carboxylic Acids Under Metal-, Strong Oxidant-, and External
Photocatalyst-Free Conditions ,” Green Chemistry 22 (2020): 1720–1725.

28. M. Sun, L. Wang, L. Zhao, Z. Wang, and P. Li, “Visible-Light
Photoredox Catalyzed C–N Coupling of Quinoxaline-2(1H)-Ones with
Azoles without External Photosensitizer ,” ChemCatChem 12 (2020):
5261–5268.

29. L.-Y. Xie, S. Peng, L.-H. Yang, et al., “Aryl Acyl Peroxides for Visible-
Light-Induced Decarboxylative Arylation of Quinoxalin-2(1H)-Ones
Under Additive-, Metal Catalyst-, and External Photosensitizer-Free
Conditions ,” Green Chemistry 23 (2021): 374–378.

30. L. Hunang, J. Xu, L. He, et al., “Rapid Alkenylation of Quinoxalin-
2(1H)-Ones Enabled by the Sequential Mannich-Type Reaction and
Solar Photocatalysis ,” Chinese Chemical Letters 32 (2021): 3627–3631.

31. L. Xuan, R. Du, P. Lei, et al., “Remote C(sp3)–H Heteroarylation
of N-Fluorocarboxamides with Quinoxalin-2(1H)-Ones Under Visible-
Light-Induced Photocatalyst-Free Conditions,” Green Chemistry 24
(2022): 9475–9481.

32. X. Shi, Y. Cao, Y. Liu, et al., “Catalyst-Free Visible-Light-Induced
Decarbonylative C–H Alkylation of Quinoxalin-2(1H)-Ones,” Organic
Chemistry Frontiers 10 (2023): 1296–1300.

33. A. Sharma, N. Singh, R. Kumar, and A. Sharma, “Visible Light-
Enabled Decarboxylative Alkylation of Quinoxalin-2(1H)-Ones Using
Alkyl Carboxylic Acids via Energy Transfer Process ,” Advanced
Synthesis & Catalysis 366 (2024): 2735–2741.

34. H. Jiao, Y. Jing, K. Niu, H. Song, Y. Liu, and Q. Wang, “Photoinduced
Dehydrogenative Amination of Quinoxalin-2(1H)-Ones with Air as an
Oxidant ,” Journal of Organic Chemistry 89 (2024): 5371–5381.

35. W. Liu, X. Liu, R. Liu, H. Zhao, and Z. Xia, “Self-Catalyzed, Visible-
Light-Induced Selective C3–HAroylation of Quinoxalin-2(1H)-Ones with
Arylaldehydes by Air as an Oxidant,” Journal of Organic Chemistry 89
(2024): 7233–7242.

36. S. Cao, J.-X. Chen, X.-L. Zhang, et al., “Merging Quinoxalin-2(1H)-
Ones Excitation with Cobaloxime Catalysis: C3 Alkylation of
Quinoxalin-2(1H)-Ones with Unactivated Alkyl Iodides and Carboxylic
Acids under Light ,” Organic Letters 26 (2024): 5833–5838.

37. Y.-D. Xu, Y.-M. Xing, H.-T. Ji, et al., “Self-Catalyzed Sono-Photoinduced
Arylation of Quinoxalin-2(1H)-Ones with Arylhydrazines,” Journal of
Organic Chemistry 89 (2024): 17701–17707.

38. W. Huang, T. Wang, S.-Y. Chen, Q. Zhou, and L. Wang, “Photo-
Induced Aerobic Cross-Coupling of Quinoxalin-2(1H)-Ones with
Electron-Rich Thiophenes ,” Organic & Biomolecular Chemistry 23
(2025): 5564–5568.

39. L. Yao, D. Zhu, L. Wang, J. Liu, Y. Zhang, and P. Li, “Visible-Light-
Induced Chemoselective Reactions of Quinoxalin-2(1H)-Ones with
Alkylboronic Acids Under Air/N2 Atmosphere ,” Chinese Chemical
Letters 32 (2021): 4033–4037.

40. K. Niu, H. Jiao, P. Zhou, and Q. Wang, “Photoinduced Direct Electron
Transfer between Quinoxalin-2(1H)-Ones and Alkyl Carboxylic Acids for
C–H Alkylation ,” Organic Letters 25 (2023): 8970–8974.

41. D. A. More, S. R. Shirsath, and M. Muthukrishnan, “Metal- and
Photocatalyst-Free, Visible-Light-Initiated C3 α-Aminomethylation of
Quinoxalin-2(1H)-Ones via Electron Donor–Acceptor Complexes ,”
Journal of Organic Chemistry 88 (2023): 13339–13350.

42. K. Zheng, C. Chen, H. Xu, J. Mao, and C. Shen, “Unlocking the
Accessibility of Alkyl/Aryl Radicals from Boronic Acids through EDA
Complex Photoactivation,” Journal of Organic Chemistry 90 (2025):
15567–15577.

43. A. Chen, Y. Du, X. Wang, et al., “Metal- and Photocatalyst-Free C3–H
Functionalization of Quinoxalin-2(1H)-Ones Enabled by Electron
Donor–Acceptor Complex Photoactivation,” Organic & Biomolecular
Chemistry 24 (2026): 190–195.

44. Y. Li, X.-Y. Zhong, G.-D. Zhu, et al., “The C–H Aminoalkylation of
Quinoxalin-2(1H)-Ones with Tertiary Amines via Electron Donor–
Acceptor Photoactivation,” Tetrahedron 190 (2026): 135030.

45. Y. Li, J. Xu, Y. Wang, R. Xu, Y. Zhao, and W. Li, “Multicomponent
Synthesis of Alkyl BCP-Heteroaryls via Electron Donor−Acceptor
Complex Photoactivation under Mild Conditions,” Journal of Organic
Chemistry 90 (2025): 1683–1696.

46. K.-L. Wang, H.-T. Ji, L.-J. Ou, and W.-H. He, “Three-Component
Reactions of Quinoxalin-2(1H)-Ones: Recent Advances ,” European
Journal of Organic Chemistry 26 (2023): e202300752.

47. Q. Yang, B. Wang, M. Wu, and Y.-Z. Lei, “Recent Developments in
Direct C–H Functionalization of Quinoxalin-2(1H)-Ones via Multi-
Component Tandem Reactions,” Molecules 28 (2023): 2513.

48. B. Pal, S. Sahoo, and P. Mal, “Atom Transfer Radical Addition
Reactions of Quinoxalin-2(1H)-Ones with CBr4 and Styrenes Using
Mes-Acr-MeClO4 Photocatalyst ,” Journal of Organic Chemistry 89
(2024): 1784–1796.

49. S. Mondal, A. N. Malode, G. S. Londhe, and B. Gnanaprakasam,
“Visible Light-Induced Sequential Nitrogen Insertion and Benzotriazolation
of Quinoxaline-2(1H)-Ones,” Organic Letters 27 (2025): 1465–1469.

50. P. Renzi, J. Scarfiello, A. Lanfranco, and A. Deagostino, “Light-
Induced Domino and Multicomponent Reactions: How to Reach
Molecular Complexity with a Catalyst,” European Journal of Organic
Chemistry 26 (2023): e202300713.

51. R. Bhanja, S. K. Bera, and P. Mal, “Sustainable Synthesis Through
Catalyst-Free Photoinduced Cascade Bond Formation,” Chemistry –

An Asian Journal 19 (2024): e202400279.

52. S. Sau, S. Takizawa, H. Y. Kim, and K. Oh, “Visible Light-Induced
Radical Cascade Functionalization of Quinoxalin-2(1H)-Ones: Three-
Component 1,2-Di(hetero)arylation Approach with Styrenes and
Thianthrenium Salts ,” Organic Letters 26 (2024): 8821–8826.

53. S. Singh, N. Dagar, G. Pal, and S. R. Roy, “Photoinduced Radical
Cascade Reactions for the Thioalkylation of Quinoxalin-2(1H)-Ones:
An Access to β-Heteroaryl Thioethers Under Metal- and Catalyst-Free
Conditions ,” Green Chemistry 24 (2022): 8460–8465.

54. B. Sun, X.-L. Tang, X. Zhuang, et al., “Visible-Light-Driven
Multicomponent Radical Cascade Versatile Alkylation of Quinoxalinones
Enabled by Electron Donor–Acceptor Complex in Water,” Advanced
Synthesis & Catalysis 365 (2023): 1020–1026.

55. S. Peng, L.-Y. Xie, and L. Yang, “A Visible-Light-Mediated Cascade
Reaction of Quinoxalin-2(1H)-Ones, Alkenes, and Sulfinic Acids ,”
Organic & Biomolecular Chemistry 21 (2023): 4109–4113.

56. D. Patil, T. Si, H. Y. Kim, and K. Oh, “Visible-Light-Induced
Photoaddition of N-Nitrosoalkylamines to Alkenes: One-Pot Tandem
Approach to 1,2-Diamination of Alkenes from Secondary Amines,”
Organic Letters 23 (2021): 3105–3109.

10 of 11 Advanced Synthesis & Catalysis, 2026

 16154169, 2026, 12, D
ow

nloaded from
 https://advanced.onlinelibrary.w

iley.com
/doi/10.1002/adsc.70585 by C

hung-A
ng L

ibrary - C
hung-A

ng U
niversity , W

iley O
nline L

ibrary on [11/08/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



57. D. Patil, Y. Lee, H. Y. Kim, and K. Oh, “Visible-Light-Promoted
Photoaddition of N-Nitrosopiperidines to Alkynes: Continuous Flow
Chemistry Approach to Tetrahydroimidazo[1,2-a]pyridine 1-Oxides,”
Organic Letters 24 (2022): 5840–5844.

58. D. Patil, Y. T. Hong, H. Y. Kim, and K. Oh, “Visible-Light-Induced
Three-Component Selenofunctionalization of Alkenes: An Aerobic
Selenol Oxidation Approach,” Organic Letters 24 (2022): 8465–8469.

59. D. Patil, K. Ramesh, H. Y. Kim, and K. Oh, “Visible Light-Promoted
Aryl Cation Formation: Aromatic SN1 Reactions of Areneazo-2-(2-Nitro)
Propanes,” Organic Letters 25 (2023): 7204–7208.

60. Y. T. Hong, J. Park, H. Y. Kim, and K. Oh, “Visible Light-Induced
Redox-Neutral Selenocyclization of Ortho-Vinylanilides: Oxygen-
Controlled Synthesis of 4H-3,1-Benzoxazines,” Advanced Synthesis &
Catalysis 366 (2024): 1212–1217.

61. D. Patil, R. Patel, S. Takizawa, H. Y. Kim, and K. Oh, “Tandem
Photocatalyst-Free Visible Light Aryl Azidation–Intramolecular C–H
Amination: One-Pot Access to Carbazoles and Indoles from Areneazo-
2-(2-nitro)propanes,” Advanced Synthesis & Catalysis 367 (2025):
e202401333.

62. X. Fan, T. Lei, B. Chen, C.-H. Tung, and L.-Z. Wu, “Photocatalytic C–C
Bond Activation of Oxime Ester for Acyl Radical Generation and
Application,” Organic Letters 21 (2019): 4153–4159.

63. Y.-Y. Cheng, T. Lei, L. Su, et al., “Visible Light Irradiation of Acyl
Oxime Esters and Styrenes Efficiently Constructs β-Carbonyl Imides
by a Scission and Four-Component Reassembly Process,” Organic
Letters 21 (2019): 8789–8794.

64. P. Chen, H. Huang, Q. Tan, X. Ji, and F. Zhao, “Recent Advances in
Molecule Synthesis Involving C–C Bond Cleavage of Ketoxime Esters,”
Molecules 28 (2023): 2667.

65. Y. Chen, C. Shu, F. Luo, X. Xiao, and G. Zhu, “Photocatalytic
Acylarylation of Unactivated Alkenes with Diaryliodonium Salts toward
Indanones and Related Compounds,” Chemical Communications 54
(2018): 5373–5376.

66. R. Sakamoto, N. Hirama, and K. Maruoka, “The Radical Acylarylation
of N-Arylacrylamides with Aliphatic Aldehydes Using the Photolysis of
Hypervalent Iodine(III) Reagents,” Organic & Biomolecular Chemistry 16
(2018): 5412–5415.

67. Z.-T. Luo, J.-H. Fan, B.-Q. Xiong, K.-W. Tang, and P.-F. Huang,
“Visible-Light-Induced Acylation/Arylation of Alkenes via Aryl
Migration/Desulfonylation,” European Journal of Organic Chemistry
2022 (2022): e202200793.

68. T. Wang, Y.-Y. Zong, W.-Z. Feng, L.-Z. Wu, and Q. Liu, “Visible-Light-
Mediated Generation of Acyl Radicals from Triazine Esters,” Journal of
Organic Chemistry 88 (2023): 12698–12708.

69. P. Biswas, S. Mandal, and J. Guin, “Aerobic Acylarylation of
α,β-Unsaturated Amides with Aldehydes,” Organic Letters 22 (2020):
4294–4299.

70. Z. Li, S. Wang, S.-C. Chen, X. Zhu, Z. Lian, and D. Xing,
“Cu-Catalyzed Asymmetric Three-Component Radical Acylarylation of
Vinylarenes with Aldehydes and Aryl Boronic Acids,” Journal of the
American Chemical Society 146 (2024): 32235–32242.

71. Y.-L. Liu, Y.-J. Ouyang, H. Zheng, H. Liu, and W. T. Wei, “Recent
Advances in Acyl Radical Enabled Reactions Between Aldehydes and
Alkenes,” Chemical Communications 57 (2021): 6111–6120.

72. W. Niwetmarin, N. Saesian, R. Saruengkhanphasit, C. Eurtivong,
N. Thasana, and S. Ruchirawat, “Metal- and Photocatalyst-Free
Approach to Visible-Light-Induced Acylation of Quinoxalinones,”
Organic & Biomolecular Chemistry 22 (2024): 5924–5929.

Supporting Information

Additional supporting information can be found online in the Supporting
Information section.

Advanced Synthesis & Catalysis, 2026 11 of 11

 16154169, 2026, 12, D
ow

nloaded from
 https://advanced.onlinelibrary.w

iley.com
/doi/10.1002/adsc.70585 by C

hung-A
ng L

ibrary - C
hung-A

ng U
niversity , W

iley O
nline L

ibrary on [11/08/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense


	Visible Light-Induced Three-Component 1,2-Acylarylation of Quinoxalin-2(1H)-Ones with Styrenes and Oxime Esters
	1. Introduction
	2. Results and Discussion
	3. Conclusion
	4. Experimental Section


