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Abstract

Pyrrolo[1,2-a]quinoxalines are a class of heterocyclic compounds with significant biological activities
and rigid structures, demonstrating broad application potential in drug development (e.g., antitumor,
antidiabetic, antimalarial) and materials science (e.g., organic light-emitting diodes, sensors, organic solar
cells). However, traditional synthetic methods for their core structures often suffer from low selectivity,
multiple steps, and difficulties in precisely constructing multi-substituted derivatives. This thesis focuses on
C-H activation reactions, developing a series of green and efficient synthetic methods to successfully achieve
arylation, amination, selenation, sulfuration, and alkenylation of pyrrolo[1,2-a]quinoxalines.

Palladium-catalyzed C-H arylation reactions were conducted using palladium acetate as the catalyst, in
synergy with the X-Phos ligand, in toluene solvent, achieving direct C-H arylation of pyrrolo[1,2-
a]quinoxalines with aryl iodides. By adjusting substrate ratios and steric hindrance, selective synthesis of
mono-arylated (C1 position) or di-arylated (C1 and C3 positions) products was achieved with yields ranging
from 44% to 88%. The reaction conditions are mild, with broad substrate compatibility, accommodating both
electron-donating and electron-withdrawing groups, and scalable to gram-scale preparation (yield 65%).

Palladium-catalyzed C-H alkenylation reactions also utilized palladium acetate as the catalyst,
interacting with the ligand L-pyroglutamic acid, to achieve C3-H alkenylation of pyrrolo[1,2-a]quinoxalines
with allyl esters (such as ethyl acrylate and adamantane-derived esters) in acetic acid, yielding 81%. Coupling
with bioactive molecules like L-menthol derivatives was also successfully achieved.

C-H selenation/sulfuration reactions of pyrrolo[1,2-a]quinoxalines were promoted by iodine (I»),
selectively functionalizing C-H bonds with diaryl diselenides or disulfides in DMSO, successfully
constructing 3-monoselenated, 1,3-diselenated, and 1-sulfurated products. By adjusting substrate ratios and
temperature, reaction sites and substitution patterns could be precisely controlled, with yields ranging from
24% to 85%. This reaction does not require transition metal catalysis, features green conditions, and is
applicable to heterocyclic thiols (e.g., thiophene thiol). Single-crystal X-ray diffraction confirmed the product
structures, and gram-scale experiments (yield 84%) and derivatization (e.g., palladium-catalyzed coupling)
further highlighted their synthetic value.

Alkyne C-H arylthiolation reactions primarily involve two systems: base-promoted and oxidant-
promoted. The base-promoted system uses imidazole in acetonitrile to selectively arylthiolate 1-
phenylethynylpyrrolo[1,2-a]quinoxalines with aryl thiols, generating (Z)- or (E)-vinyl sulfides with yields
between 75% and 95%, and Z/E ratios ranging from 10:1 to 1:1. The (NH4),S20s-mediated system with
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diphenyl diselenides or thiophenols and pyrrolo[1,2-a]quinoxaline alkynes at room temperature for 45
minutes produced (E)-configured diselenated products and (Z)- or (E)-vinyl sulfides with yields between 70%
and 85%. This method shows strong compatibility and adaptability to complex substrates, with further
derivatization potential, thus the products exhibit broad versatility.

Copper-promoted Cl1-H amination reactions utilized tetrakis(acetonitrile)copper(I)
hexafluorophosphate ([Cu(MeCN)4]PF¢) as the catalyst, with N-fluorobenzenesulfonimide (NFSI) as the
amination reagent, achieving direct C1 amination of pyrrolo[1,2-a]quinoxalines. The reaction completed
within 30 minutes at 100 °C with yields up to 96%, showing good tolerance to 7-, 8-position substituents and
4-aryl substituted substrates. Gram-scale experiments verified its practical application potential, and further
derivatization for thiocyanation or iodination provided new pathways for drug molecule modification.

This study proposes a multifunctional reaction system for C-H activation of pyrrolo[1,2-a]quinoxalines,
significantly enhancing synthetic efficiency and structural diversity. All methods demonstrate simplicity,
mild reaction conditions, and broad substrate compatibility, validated through gram-scale reactions and
derivatization experiments. Future research will delve into reaction mechanisms, expand substrate options,
and explore applications in natural products, drug synthesis, and materials.

Key words: C-H activation; Arylation; Arylselenylation or Sulfenylation; Alkenylation; Amination
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Figure 1-1 Application molecule of pyrrolo[1,2-a]quinoxalines structure
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Figure 1-3 Synthesis of pyrrolo[1,2-a]quinoxalines based on a redox strategy
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Figure 1-4 Copper-catalyzed reaction of N-(2-halophenyl)pyrrole to pyrrolo[1,2-a]quinoxalines
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Figure 1-5 Construction of pyrrolo[1,2-a]quinoxalines by C(sp?)-N bond cyclization reaction
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Figure 1-6 Synthesis of pyrrolo[1,2-a]quinoxalines based on C-H activation strategy

2017 4F, JEBERBIPABOIF K7 —Fd 10 1) B AT C(sp?)-H AR SRR,
TR T S T 1,2-a] R RNIPE R 22 (I 1-7) 0 B BL N-(2-B FE 2RI )it g 5
RIS NJEY), £ Cu(OAc):BL CuCl: (10 mol%) i1k ~, LA DMF JNIEFIT 120-130 °C
Tl E e N SEIL C(sp?)-H S EE B e LR L. HLEBFR KR, Cu)fEfl
FLIES BT (SET) BUGIRY) C-H 8, FHAEREH 0 E BRIk, b5 55
RAERRIEARE, RAL AT B AR, &7 % 7 e Refe P IR, B
ik H R AR S T RSN S SIS T R, XTIRE TR ((NOp) R T (-
OMe) HURJEYIY BT R 7 Fe k.

Cu(OAC),/CuCl,-H,0 (10 mol%)

=

N / TN | =
RN * R I DMF, O,, 12 h RitC
1 > N CH3

120 or 130 °C
NH,

B 17 T B R E B SRS RO SR PR (1,20 RSV B0 A A
Figure 1-7 Synthesis of pyrrolo[1,2-a]quinoxalines based on radical oxidative coupling strategy
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Figure 1-8 One-pot synthesis of pyrrolo[1,2-a]quinoxalines
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Figure 1-9 Asymmetric hydrogenation reaction of pyrrole/indolo[1,2-a]quinoxalines
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Figure 1-10 A heterogeneous, two-step approach toward synthesis of pyrrolo[1,2-a]quinoxalines



