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吡唑化提高喹喔啉酮敏化效率: 氮杂环丁烷的合成及进一步开环反应 

赵成军†    白治琴†    何  建    刘  强* 
(兰州大学化学化工学院  功能有机高分子化学国家重点实验室  兰州 730000) 

摘要  在温和条件下利用吡唑作为合适的辅助基促进喹喔啉酮类化合物被光催化剂敏化, 通过分子间 aza Paternò-Büchi
反应制备功能化的氮杂环丁烷. 总体而言, 吡唑基具有降低喹喔啉酮类化合物的三线态激发态能量、改变氧化还原电位

及作为良好的离去基进行后续转化等关键作用. 研究涉及交叉脱氢偶联(CDC)-胺化、aza Paternò-Büchi 反应和消除反应.  
关键词  可见光催化; 需氧氧化; 光环加成; aza Paternò-Büchi 反应; 能量转移 

Improving the Efficiency of Sensitized Quinoxlin-2(1H)-ones via  
Pyrazolylation: Synthesis of Azetidines and Further  

Ring-Opening Reaction 

Zhao, Chengjun†    Bai, Zhiqin†    He, Jian    Liu, Qiang* 
(State Key Laboratory of Applied Organic Chemistry, College of Chemistry and Chemical Engineering,  

Lanzhou University, Lanzhou 730000) 

Abstract  A mild approach to prepare functionalized azetidines by intermolecular aza Paternò-Büchi reaction using suitable 
auxochrome (pyrazole) to promote 3-pyrazolyl quinoxalin-2(1H)-ones into its excited state has been developed. Overall, 
pyrazolyl plays a key role in reducing the excited state energy of the triplet state of quinoxalinones, changing the redox poten-
tial and subsequent transformation as a good leaving group. The cross-dehydrogenative coupling (CDC)-amination, aza Pater-
nò-Büchi reaction, and elimination reaction were also investigated. 
Keywords  visible light catalysis; aerobic oxidation; photocycloaddition; Paternò-Buchi reaction; energy transfer 

 
1  Introduction 

The aza Paternò-Buchi (PB) reaction, the [2＋2] photo-
cycloaddition reaction between an imine and an alkene 
component, is one of the most efficient ways to synthesize 
functionalized azetidines (Scheme 1).[1] Traditionally, the 
aza PB cycloadditions often proceed under high-energy 
UV radiation,[2] which can lead to the problems including 
the special equipment for UV irradiation, practical limita-
tions in assembling structurally complex azetidines and the 
undesired parallel pathways of the excited imines.[3] Re-
cently, visible-light-mediated energy transfer (EnT) path-
way has served as a powerful strategy for cycloaddi-
tions.[4-5] Compared to activation of the alkene compo-
nent[6-8] to its corresponding triplet state to accomplish the 
aza PB reaction, visible-light-enabled intermolecular cy-
cloadditions of alkenes with triplet state imines are rare. 

The high triplet state energy of imines seriously restricts 
the scope of triplet sensitizers to activate imines. So far, 
the reported sensitizers are either noble metal complexes[4] 
or hard-to-excite ketones.[5a,5m] Consequently, developing a 
protocol for aza PB reactions relying on a commonly 
available and highly efficient organo-ensitizer would be 
highly desirable. 

Herein, we try to modify the imine moiety of quinoxa-
lin-2(1H)-ones[4] with pyrazole, a reversible directing 
group in photocycloadditions, to decrease their first triplet 
energies and enable efficient aza PB reactions with a 
commonly available sensitizer. In this regard, we success-
fully developed an efficient visible-light-induced 4CzIPN- 
catalyzed direct C—H amination[9] with pyrazole leading 
to 3-pyrazol-quinoxalinones. The pyrazole-modified 
quinoxalinones could be easily activated by many photo-
catalysts due to their dramatically decreased triplet ener-
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gies.[8] As a result, the aza PB reaction between 3-pyrazol- 
quinoxalinones and alkenes could be achieved efficiently 
under blue LEDs irradiation. In addition, the removal of 
pyrazole moiety of the azetidine products could obtain 
3-alkylated quinoxalinones (Scheme 1). 

2  Results and discussion 
To this end, the generality of the C3-amination of 

quinoxalin-2(1H)-ones with azoles was examined (Table 
1). A variety of functional groups were tolerated under the  
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Scheme 1  Strategies for the functionalization of quinoxalin-2(1H)-ones 

Table 1  Scope of C-3 amination of quinoxalinonesa,b 
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a Reation conditions: 1 (0.5 mmol), 2 (2 equiv.), catalyst (1 mol%) were added in 1,2-dichloroethene (DCE, 0.1 mol/L) under air atmosphere and irradiation of 10 W 
blue LED for 6 h at room temperature. b Isolated yield. 
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optimized reaction conditions, including N-ethyl, N-ben-
zyl, N-esteryl, N-2-oxo-2-phenylethyl and N-allylic, af-
fording 3-pyrazol-quinoxalinones (Table 1, 3a～3g). Fur-
thermore, a series of substituted quinoxalin-2-ones with 
halo groups at the phenyl ring reacted smoothly to produce 
the corresponding products 3h～3j. Finally, substituted 
azoles 3l and 3m were attempted under the standard condi-
tions, and the C3-aminated quinoxalin-2(1H)-ones could 
also be obtained with a decreased efficiency. 

As shown in Table 2, the reaction aza Paternò-Buchi of 
3-pyrazol-quinoxalinones and styrene occurred smoothly 
by using the organic dye 4CzIPN as photocatalyst and blue 
LEDs as the light source. Quinoxalinones with the func-
tional groups at N atom (Table 2, 5a～5f) and phenyl ring 
reacted (5g～5j) with styrene giving high to excellent 
yields of the desired azetidines with moderate diastereose-
lectivity. The scope of [2＋2] photocycloadditions could 
be successfully explored to quinoxalinone bearing substi-
tuted pyrazole such as 3-methylpyrazole (5k) and 4-iodo-
pyrazole (5l) without significant influence on yield. 

We next targeted to extend [2＋2] cycloadditions to 
various alkenes (Table 3). To our delight, both electron- 
deficient and electron-rich vinylarenes were tolerated, af-
fording the corresponding adducts in high yields (6a～6i, 
6m, 6z and 6ab). Vinyl heteroarenes were used as good 
coupling partners in this transformation, such as vinyl pyr-
idines (6j～6k) and vinyl indole (6ab). At the same time, 
[2 ＋ 2]-cycloadducts with vinyl naphthalene (6o) and 
2-substituted vinylarenes (6q～6r) were achieved. In addi-
tion, terminal alkenes like buta-1,3-diene (6s), acrylonitrile 
(6t) and N-vinylpyrrolidin-2-one (6y), also conducted well 
leading to desired products. Moreover, internal alkenes, 

such as prop-1-en-1-ylbenzene (6n), dihydrofuran (6u), 
1H-indene (6v), 1,2-dihydronaphthalene (6x) and N- 
methylmaleimide (6w), were appropriate for this cycliza-
tion resulting in desired azetidines. It should be noted that 
polycyclic skeletons could be formed from 3-pyrazol- 
quinoxalinones and cycloalkenes (6u～6w). 

The removal of pyrazole moiety of the photoadducts 
was accompanied by ring opening of azetidine rings in a 
methanol solution containing acetic acid. As a conse-
quence, 3-alkylated-quinoxalinones were formed from 
pyrazole-containing azetidines in excellent yield. The 
photocycloddition and subsequent pyrazole removal were 
successfully extended to a one-pot process and accom-
plished 3-(2-methoxy-2-arylethyl)quinoxalin-2(1H)-one 
using simple quinoxalin-2(1H)-ones and vinylarenes as 
starting materials. As shown in Table 4, a cyclopentyl me-
thyl ether (CPME) solution containing quinoxalin-2(1H)- 
ones 3, vinylarenes 4 and a catalytic amount of 4CzIPN 
were irradiated by blue LEDs irradiation for 5 h. After the 
removal of CPME, methanol and acetic acid were added to 
the reaction mixture, followed by stirring at 35 ℃ for 5 h. 
Gratifyingly, a series of representative quinoxalin-2(1H)- 
one substrates smoothly underwent the one-pot process, 
providing a diverse library of 3-alkylated quinoxalin- 
2(1H)-ones (7a～7f, with 55%～84% yields).  

The low-temperature phosphorescence of quinoxalinone 
1a and 3-pyrazol-quinoxalinone 3a (Figure 1, A) indicates 
that the first triplet energy of 3a is much lower than that of 
1a [ET(1a)＝250.3 kJ•mol－1 (77 K, CPME), while ET(3a)＝ 
236.5 kJ•mol－1]. In addition, the phosphorescence of the 
photocatalyst 4CzIPN could be quenched efficiently in the 
presence of 3a, while the quenching of the phosphoresc- 

Table 2  Substrate scope with respect to quinoxalinones derivativesa,b 

 

 
a Standard condition: 3 (0.2 mmol), 4a (2 equiv.), PC (0.5 mol%), Ar atmosphere, solvent (0.03 mol/L), irradiated by 10 W 450～455 nm for 5 h at room temperature. 
b Isolated yield. 
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Table 3  Scope alkenes of aza-Paternò-Büchi reactiona,b  
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a Standard condition: 3a (0.2 mmol), 4 (2 equiv.), PC (0.5 mol%), Ar atmosphere, cyclopentyl methyl ether (CPME, 0.03 mol/L), irradiated by 10 W 450～455 nm 
for 5 h at room temperature. b Isolated yield. 

Table 4  Scope of the difunctionalization of vinyl arenesa,b 

   

 

a Standard condition: 3a (0.3 mmol), 4 (2 equiv.), PC (0.5 mol%), Ar atmosphere, CPME (0.03 mol/L), irradiated by 10 W 450～455 nm for 5 h at room temperature. 
After completion of the reaction as indicated by thin layer chromatography (TLC), CPME was replaced by MeOH (6 mL), and AcOH (0.6 mmol) was added. The 
mixture was stirred in 35 ℃ until the disappearance of 3a. b Isolated yield.  
 
ence of 4CzIPN is very slight with unmodified quinoxali- none 1a. These results indicate that the pyrazolated 
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quinoxalinone could be activated by 4CzIPN in the triplet 
state. Moreover, the activation is unlikely to result from an 
electron-transfer process between 3a and 4CzIPN based on 
the insufficient redox potentials of 4CzIPN [Ered(T1)＝＋
1.35 V vs SCE; Eox(T1)＝－1.04 V vs SCE][10] to oxidize 
or reduce 3a (Ered＝－1.31 V, Eox＝＋1.79 V vs SCE). 
Therefore, the activation of 3-pyrazol-quinoxalinones 
should be attributed to triplet-triplet energy transfer from 
the excited 4CzIPN to 3-pyrazol-quinoxalinones. 

On the basis of the performed mechanistic experiments 
and previous mechanistic studies, a reasonable mechanistic 
hypothesis was put forth as described in Scheme 1. We 
propose a mechanism that relies on an efficient triplet en-
ergy transfer from 4CzIPN to 3a. Subsequently, the 33a 
(A) undergoes stepwise [2＋2] cycloaddition with the al-
kene to intermediate B (Scheme 2).[8] The 1,4-biradicals 
(B) undergo intersystem crossing to the corresponding sin-
glet 1,4-biradicals followed by ring closure leading to the 
desired azetidine product 6. 

3  Conclusions 
In summary, we have reported the development of visi-

ble light-mediated multi-step reactions of quinoxalin- 
2(1H)-ones. Our current understanding of pyrozole effects 
observed in this strategy now enables access to three clas-
ses of divergent reactivity: (a) visible-light-promoted aero-
bic oxidation, (b) aza Paternò-Büchi reaction, and (c) 
elimination reaction. As a result, the approach developed 
herein the functionalization of imines and activating of 

imines. We expect that this strategy will provide a new 
platform for the synthesis of azetidines and will enable 
further advancements in other conversions. 

4  Experimental section 
4.1  General experimental information 

Unless otherwise stated, all reactions were set up in 
clear pyrex glassware and were stirred with a Teflon- 
coated magnetic stir bar. Analytical grade solvents and 
commercially available reagents were used to conduct the 
reactions. All other reagents were purchased from com-
mercial suppliers and used without additional purification. 
Except in the case of aqueous reactions, all reaction glass-
ware was oven-dried prior to use. Reactions were moni-
tored by thin layer chromatography (TLC), and the prod-
ucts were obtained by column chromatography on neutral 
alumina (Al2O3). 1H NMR, 13C NMR, and 19F NMR spec-
tra were recorded on a Bruker AM-400 MHz spectrometer. 
1H NMR spectra were internally referenced to tetramethyl 
silane (δ 0.00) or the residual proton-solvent peak in CDCl3 
(δ 7.26), and 13C NMR spectra were internally referenced 
to CDCl3 (δ 77.16). Mass spectra were reported in units of 
m/z and were obtained with esquire6000, TRACE DSQ 
and ORBITRAP ELITE mass spectrometers. UV-Vis ab-
sorption spectra were recorded on UV-2600 UV-Vis spec-
trophotometers. Phosphorescence spectra were measured 
using a combined fluorescence lifetime & steady state 
spectrometer (FLS920). Infrared spectra (IR) were record-
ed with a Bruker TENSOR27 fourier transform infrared 

 
Figure 1  (A) Normalized phosphorescence emission of 1a and 3a (λex＝300 nm,150 µs delay) and (B) emission spectrum of PC (black 
line), luminescence quenching of 4CzIPN by 3a and 4a (λex＝340 nm, 500 µs delay) in deoxygenated CPME at 77 K 

 
Scheme 2  Proposed reaction mechanism for aza Paternò-Buchi reaction 



   
Chinese Journal of Organic Chemistry ARTICLE  

 
Chin. J. Org. Chem. 2022, 42, 4300～4314 © 2022 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/      4305 

spectrometer. The melting point was measured by a WRX® 
X-4B melting point system. 
4.2  General procedure for the synthesis of C-3 
amination of quinoxalin-2(1H)-ones. 

1a (0.5 mmol, 1.0 equiv.), pyrazole substrate (1.0 mmol, 
2.0 equiv.) and photosensitizer PC (1 mol%) were added to 
a 10 mL Pyrex tube equipped with a magnetic stir bar. The 
combined materials were dissolved in DCE (5 mL) under 
an air atmosphere. The reaction mixture was irradiated by 
10 W LEDs (450～455 nm) for 5 h at room temperature 
(maintained with cooling water). After completion of the 
reaction as indicated by TLC, the organic layer was 
washed with saturated NH4Cl (15 mL×1) and deionized 
water (15 mL×1), and then dried over Na2SO4. The sol-
vent was removed in vacuo to give a solid that was purified 
by flash chromatography (SiO2) using hexane/EtOAc mix-
tures of increasing polarity as the eluent to give the corre-
sponding 1-substituted quinoxalin-2(1H)-ones.  

1-Methyl-3-(1H-pyrazol-1-yl)quinoxalin-2(1H)-one  
(3a):[11] White solid, yield 80% (90.4 mg). m.p. 153～
155 ℃; 1H NMR (400 MHz, chloroform-d) δ: 9.11 (dd,  
J＝2.7, 0.6 Hz, 1H), 8.05 (dd, J＝8.1, 1.5 Hz, 1H), 7.91～
7.90 (m, 1H), 7.59 (ddd, J＝8.6, 7.3, 1.5 Hz, 1H), 7.44～
7.37(m, 2H), 6.53 (dd, J＝2.8, 1.6 Hz, 1H), 3.84 (s, 3H); 
13C NMR (100 MHz, chloroform-d) δ: 150.7, 143.4, 142.6, 
133.2, 132.6, 131.3, 130.2, 130.1, 124.6, 113.7, 108.3, 
29.9; IR (thin film) ν: 3169, 1661, 1601, 1476, 1392, 1196, 
1094, 1039, 930, 754 cm－1; HRMS (ESI) calcd for C12H10- 
N4ONa [M＋Na]＋ 249.0747, found 249.0744.  

1-Ethyl-3-(1H-pyrazol-1-yl)quinoxalin-2(1H)-one  
(3b):[11] White solid, yield 60% (72 mg). m.p. 101～
103 ℃; 1H NMR (400 MHz, chloroform-d) δ: 9.10 (d, J＝
2.2 Hz, 1H), 8.04 (d, J＝7.9 Hz, 1H), 7.89 (s, 1H), 7.59～
7.55 (m, 1H), 7.41～7.37 (m, 2H), 6.51 (t, J＝2.1 Hz, 1H), 
4.44 (q, J＝7.1 Hz, 2H), 1.44 (t, J＝7.1 Hz, 3H); 13C NMR 
(100 MHz, chloroform-d) δ: 150.3, 143.5, 142.7, 133.3, 
131.7, 131.6, 130.6, 130.2, 124.5, 113.6, 108.3, 38.4, 12.5; 
IR (thin film) ν: 2921, 1749, 1659, 1604, 1509, 1394, 
1218, 1098, 1040, 933, 771, 668 cm－1; HRMS (ESI) calcd 
for C13H12N4ONa [M＋Na]＋ 263.0903, found 263.0907. 

1-Benzyl-3-(1H-pyrazol-1-yl)quinoxalin-2(1H)-one  
(3c):[11] Pale yellow solid, yield 72% (108.8 mg). m.p. 
124～126 ℃; 1H NMR (400 MHz, chloroform-d) δ: 9.11 
(s, 1H), 8.01 (d, J＝7.8 Hz, 1H), 7.91 (s, 1H), 7.43～7.39 
(m, 1H), 7.34～7.24 (m, 7H), 6.50 (s, 1H), 5.57 (s, 2H); 
13C NMR (100 MHz, chloroform-d) δ: 150.7, 143.4, 142.5, 
134.6, 133.2, 131.8, 131.4, 130.1, 130.0, 128.9, 127.8, 
126.7, 124.6, 114.4, 108.3, 46.5; IR (thin film) ν: 3031, 
2921, 2852, 1661, 1475, 1392, 1194, 1040, 926, 753, 668 
cm－1; HRMS (ESI) calcd for C18H14N4ONa [M＋Na]＋

325.1060, found 325.1068.  
Ethyl 2-(2-oxo-3-(1H-pyrazol-1-yl)quinoxalin-1(2H)- 

yl)acetate (3d):[11] Pale yellow solid, yield 67% (99.9 mg). 
m.p. 162～164 ℃; 1H NMR (400 MHz, chloroform-d) δ: 
9.03 (s, 1H), 8.03 (d, J＝8.0 Hz, 1H), 7.88 (s, 1H), 7.54～
7.50 (m, 1H), 7.39 (t, J＝7.6 Hz, 1H), 7.12 (d, J＝8.4 Hz, 

1H), 6.49 (s, 1H), 5.11 (s, 2H), 4.25 (q, J＝7.1 Hz, 2H), 
1.26 (t, J＝7.1 Hz, 3H); 13C NMR (100 MHz, chloro-
form-d) δ: 166.7, 150.5, 143.6, 142.5, 133.2, 131.8, 131.4, 
130.6, 130.3, 125.0, 113.2, 108.5, 62.4, 44.3, 14.2; IR (thin 
film) ν: 2982, 2922, 2850, 1747, 1666, 1601, 1393, 1213, 
1105, 1039, 925, 756, 667 cm－1; HRMS (ESI) calcd for 
C15H14N4O3Na [M＋Na]＋ 321.0958, found 321.0966. 

1-(2-Oxo-2-phenylethyl)-3-(1H-pyrazol-1-yl)quinoxalin- 
2(1H)-one (3e):[11] Pale yellow solid, yield 80% (132 mg). 
m.p. 208～210 ℃; 1H NMR (400 MHz, chloroform-d) δ: 
9.00 (s, 1H), 8.06～8.00 (m, 3H), 7.88 (s, 1H), 7.67～7.63 
(m, 1H), 7.54～7.50 (m, 2H), 7.42～7.38 (m, 1H), 7.35～
7.31 (m, 1H), 6.96 (d, J＝8.2 Hz, 1H), 6.47 (s, 1H), 5.79 
(s, 2H); 13C NMR (100 MHz, chloroform-d) δ: 190.6, 
150.5, 143.5, 142.4, 134.6, 134.4, 133.2, 132.0, 131.4, 
130.4, 130.2, 129.5, 128.2, 124.7, 113.5, 108.4, 49.2; IR 
(thin film) ν: 2924, 2851, 1699, 1663, 1603, 1475, 1393, 
1227, 1105, 1040, 917, 752, 688 cm－1; HRMS (ESI) calcd 
for C19H14N4O2Na [M＋Na]＋ 353.1009, found 353.1015.  

1-Allyl-3-(1H-pyrazol-1-yl)quinoxalin-2(1H)-one (3f):[11] 
Pale yellow solid, yield 40% (50.4 mg). m.p. 111～
113 ℃; 1H NMR (400 MHz, chloroform-d) δ: 9.09 (s, 
1H), 8.02 (d, J＝7.8 Hz, 1H), 7.89 (s, 1H), 7.55～7.51 (m, 
1H), 7.38 (t, J＝7.4 Hz, 1H), 7.33 (d, J＝8.3 Hz, 1H), 6.50 
(s, 1H), 6.00～5.91 (m, 1H), 5.30 (d, J＝10.4 Hz, 1H), 
5.20 (d, J＝17.3 Hz, 1H), 5.01 (s, 2H); 13C NMR (100 
MHz, chloroform-d) δ: 150.4, 143.5, 142.7, 133.3, 131.9, 
131.6, 130.4, 130.2, 130.1, 124.7, 118.6, 114.3, 108.4, 
45.4; IR (thin film) ν: 3133, 2980, 1662, 1604, 1475, 1394, 
1197, 1103, 1043, 929, 756, 670 cm－1; HRMS (ESI) calcd 
for C14H12N4ONa [M＋Na]＋ 275.0903, found 275.0907.  

1-(Prop-2-yn-1-yl)-3-(1H-pyrazol-1-yl)quinoxalin- 
2(1H)-one (3g):[11] Pale yellow solid, yield 55% (68.8 mg). 
m.p. 189～191 ℃; 1H NMR (400 MHz, chloroform-d) δ: 
9.06 (s, 1H), 8.02 (d, J＝7.6 Hz, 1H), 7.88 (s, 1H), 7.60～
7.56 (m, 1H), 7.49 (d, J＝8.0 Hz, 1H), 7.42～7.39 (m, 
1H), 6.50 (s, 1H), 5.14 (s, 2H), 2.32 (s, 1H); 13C NMR 
(100 MHz, chloroform-d) δ: 149.9, 143.6, 142.4, 133.3, 
131.5, 131.2, 130.4, 130.3, 125.0, 114.2, 108.5, 76.3, 73.8, 
32.4; IR (thin film) ν: 2920, 2851, 1664, 1603, 1474, 1393, 
1298, 1195, 1105, 1040, 916, 770, 668 cm－1; HRMS (ESI)  
calcd for C14H10N4Ona [M ＋ Na] ＋  273.0747, found 
273.0756. 

6-Fluoro-1-methyl-3-(1H-pyrazol-1-yl)quinoxalin-2(1H)- 
one (3h):[11] Pale yellow solid, yield 56% (68.3 mg). m.p. 
184～186 ℃; 1H NMR (400 MHz, chloroform-d) δ: 9.11 
(d, J＝2.7 Hz, 1H), 7.89 (s, 1H), 7.69 (d, J＝8.8 Hz, 1H), 
7.31～7.29 (m, 2H), 6.52 (s, 1H), 3.79 (s, 3H); 13C NMR 
(100 MHz, chloroform-d) δ: 159.17 (d, J＝244.9 Hz), 
150.2, 143.7, 143.4, 133.4, 132.0 (d, J＝11.8 Hz), 129.2, 
117.8 (d, J＝24.1 Hz), 115.4 (d, J＝23.1 Hz), 114.82 (d,  
J＝9.0 Hz), 108.58, 30.18; 19F NMR (376 MHz, chloro-
form-d) δ: －117.29; IR (thin film) ν: 3184, 3097, 3041, 
2924, 1662, 1501, 1392, 1305, 1164, 1034, 929, 808, 756, 
637 cm－1; HRMS (ESI) calcd for C12H9FN4ONa [M＋ 
Na]＋ 267.0653, found 267.0658.  

6,7-Dichloro-1-methyl-3-(1H-pyrazol-1-yl)quinoxalin- 
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2(1H)-one (3i):[11] Pale yellow solid, yield 77% (113.2 
mg). m.p. 190～192 ℃; 1H NMR (400 MHz, chloro-
form-d) δ: 9.06 (d, J＝2.2 Hz, 1H), 8.07 (s, 1H), 7.89 (s, 
1H), 7.43 (s, 1H), 6.51 (s, 1H), 3.76 (s, 3H); 13C NMR 
(100 MHz, chloroform-d) δ: 150.2, 144.1, 143.3, 134.2, 
133.5, 131.9, 130.8, 130.5, 128.6, 115.3, 108.9, 30.3; IR 
(thin film) ν: 2919, 2850, 1672, 1560, 1527, 1382, 1300, 
1099, 931, 768, 669 cm－1; HRMS (ESI) calcd for C12H8- 
Cl2N4ONa [M＋Na]＋ 316.9967, found 316.9974. 

6-Chloro-1-methyl-3-(1H-pyrazol-1-yl)quinoxalin-2(1H)- 
one (3j):[11] White solid, yield 31% (40.3 mg). m.p. 190～
192 ℃; 1H NMR (400 MHz, chloroform-d) δ: 9.09 (d, J＝
2.4 Hz, 1H), 7.97 (d, J＝2.1 Hz, 1H), 7.90 (s, 1H), 7.49 
(dd, J＝8.9, 2.2 Hz, 1H), 7.27 (d, J＝8.9 Hz, 1H), 6.52 (d, 
J＝0.9 Hz, 1H), 3.78 (s, 3H); 13C NMR (100 MHz, chlo-
roform-d) δ: 150.3, 143.8, 143.3, 133.4, 131.9, 131.2, 
130.0, 130.0, 129.3, 114.9,108.7, 30.1; IR (thin film) ν: 
3171, 2925, 1721, 1665, 1586, 1488, 1388, 1302, 1100, 
1039, 933, 759, 648 cm－1; HRMS (ESI) calcd for C12H9Cl- 
N4ONa [M＋Na]＋ 283.0357, found 283.0365. 

7-Fluoro-1-methyl-3-(1H-pyrazol-1-yl)quinoxalin-2(1H)- 
one (3k):[11] Pale yellow solid, yield 39% (47.6 mg). m.p. 
174～176 ℃; 1H NMR (400 MHz, chloroform-d) δ: 9.05 
(d, J＝2.5 Hz, 1H), 8.02～7.98 (m, 1H), 7.89 (d, J＝0.6 
Hz, 1H), 7.12 (dt, J＝8.5, 2.5 Hz, 1H), 7.04 (dd, J＝9.8, 
2.4 Hz, 1H), 6.52～6.51 (m, 1H), 3.77 (s, 3H); 13C NMR 
(100 MHz, chloroform-d) δ: 163.3 (d, J＝251.3 Hz), 
150.6, 143.4, 141.8, 134.0 (d, J＝11.7 Hz), 133.2, 132.1 
(d, J＝10.3 Hz), 127.9 (d, J＝12 Hz), 112.7 (d, J＝23.5 
Hz), 108.4, 100.8 (d, J＝28.1 Hz), 30.2; 19F NMR (376 
MHz, chloroform-d) δ: －106.83; IR (thin film) ν: 3173, 
2923, 2854, 1665, 1616, 1594, 1471, 1391, 1242, 1194, 
1090, 941, 760 cm－1; HRMS (ESI) calcd for C12H9F- 
N4ONa [M＋Na]＋ 267.0653, found 267.0660.  

1-Methyl-3-(3-methyl-1H-pyrazol-1-yl)quinoxalin-2(1H)- 
one (3l):[12] Pale yellow solid, yield 26% (31.2 mg). m.p. 
114～116 ℃; 1H NMR (400 MHz, chloroform-d) δ: 9.04 
(d, J＝2.3 Hz, 1H), 8.04 (d, J＝7.2 Hz, 1H), 7.56～7.52 
(m, 1H), 7.38 (t, J＝7.7 Hz, 1H), 7.34 (d, J＝8.6 Hz, 1H), 
6.32 (d, J＝2.4 Hz, 1H), 3.81 (s, 3H), 2.46 (s, 3H); 13C 
NMR (100 MHz, chloroform-d) δ: 153.5, 150.7, 142.4, 
134.2, 132.4, 131.4, 130.2, 129.7, 124.5, 113.6, 109.0, 
29.9, 14.2; IR (thin film) ν: 3171, 2926, 2853, 1658, 1661, 
1545, 1477, 1360, 1206, 1046, 937, 772, 669 cm－1; HRMS 
(ESI) calcd for [C13H12N4ONa [M＋Na]＋ 263.0903, found 
263.0909.  

3-(4-Iodo-1H-pyrazol-1-yl)-1-methyl quinoxaline-2(1H)- 
one (3m):[12] Pale yellow solid, yield 47% (82.8 mg). m.p. 
157～159 ℃; 1H NMR (400 MHz, chloroform-d) δ: 9.17 
(s, 1H), 7.99 (d, J＝8.0 Hz, 1H), 7.86 (s, 1H), 7.61～7.57 
(m, 1H), 7.41 (t, J＝7.7 Hz, 1H), 7.36 (d, J＝8.4 Hz, 1H), 
3.81 (s, 3H); 13C NMR (100 MHz, chloroform-d) δ: 150.4, 
147.9, 141.6, 137.4, 132.7, 131.0, 130.6, 130.3, 124.9, 
113.8, 60.4, 30.0; IR (thin film) ν: 3223, 3163, 2983, 1660, 
1602, 1476, 1390, 1313, 1177, 943, 754 cm－1; HRMS 
(ESI) calcd for C12H9IN4ONa [M＋Na]＋ 374.9713, found 
374.9721.  

4.3  General procedure for the synthesis of azet-
idines 

3a (0.2 mmol, 1.0 equiv.), styrene (4a) (0.4 mmol, 2.0 
equiv.) and photosensitizer PC (0.001 mmol,0.5 mol%) 
were added to a 10 mL Pyrex tube equipped with a mag-
netic stir bar. The combined materials were dissolved in 
cyclopentyl methyl ether (6 mL). This system was bubbled 
with Ar for 10 min, then sealed and irradiated by 10 W 
LEDs (450～455 nm) for 5 h at room temperature (main-
tained with cooling water). After completion of the reac-
tion as indicated by TLC, the solution was concentrated 
under reduced pressure. The residue was purified by flash 
column chromatography on aluminum oxide gel [unless 
otherwise specified, petroleumether/ethyl acetate (V∶V＝
5∶1) was used as eluent] to give the target product. 

4-Ethyl-1-phenyl-2a-(1H-pyrazol-1-yl)-2,2a-dihydro-1H- 
azeto[1,2-a]quinoxalin-3(4H)-one (5a, 5a'): Pale yellow 
solid (Rf＝0.5), yield 66% (45.4 mg, 5.6∶1 dr). m.p. 52～
54 ℃; 1H NMR (400 MHz, chloroform-d) δ: 7.71～7.67 
(m, 1.2H), 7.62～7.58 (m, 3.3H), 7.43～7.39 (m, 2H), 
7.36～7.32 (m, 1.1H), 7.20～7.14 (m, 1H), 7.10～7.03 (m, 
2.2H), 6.92～6.75 (m, 1.8H), 6.70 (d, J＝7.8 Hz, 1H), 6.59 
(d, J＝7.8 Hz, 0.2H), 6.29 (t, J＝2.3 Hz, 1H), 6.26 (t, J＝
2.2 Hz, 0.2H), 5.54 (dd, J＝7.7, 4.8 Hz, 0.2H), 4.73 (t, J＝
7.5 Hz, 1H), 4.33～4.21 (m, 1.3H), 4.14～4.05 (m, 1.2H), 
3.88 (dd, J＝12.9, 7.7 Hz, 0.2H), 3.66 (dd, J＝12.0, 7.7 
Hz, 1H), 3.55 (dd, J＝12.9, 4.8 Hz, 0.2H), 3.35(dd, J＝
12.0, 7.4 Hz, 1H), 1.37 (t, J＝7.1 Hz, 3H), 1.29 (t, J＝7.1 
Hz, 0.8H); 13C NMR (100 MHz, chloroform-d) δ: 162.40, 
161.12, 141.49, 140.67, 140.57, 137.66, 132.53, 131.85, 
130.42, 128.81, 128.64, 128.47, 128.36, 127.88, 127.21, 
127.09, 127.05, 125.20, 123.74, 123.61, 122.80, 122.52, 
120.26, 115.16, 115.13, 106.47, 106.38, 77.67, 74.98, 
64.21, 63.31, 41.43, 40.21, 37.68, 37.47, 12.57, 12.20; IR 
(thin film) ν: 3065, 2977, 2867, 1672, 1597, 1548, 1498, 
1395, 1262, 1101, 1045, 913, 749, 700 cm－1; HRMS (ESI) 
calcd for C21H20N4ONa [M ＋ Na] ＋  367.1529, found 
367.1537.  

4-Benzyl-1-phenyl-2a-(1H-pyrazol-1-yl)-2,2a-dihydro- 
1H-azeto[1,2-a]quinoxalin-3(4H)-one (5b, 5b'): Pale yel-
low solid (Rf＝0.5), yield 76% (61.7 mg, 3.1∶1 dr). m.p. 
145～147 ℃; 1H NMR (400 MHz, chloroform-d) δ: 7.77 
(d, J＝2.5 Hz, 1H), 7.67 (d, J＝2.4 Hz, 0.3H), 7.62～7.59 
(m, 3H), 7.41～7.15 (m, 10.4H), 6.89 (d, J＝3.7 Hz, 2H), 
6.83～6.80 (m, 0.3H), 6.77～6.68 (m, 2.4H), 6.55 (dd, J＝
7.3, 2.1 Hz, 0.2H), 6.31～6.27 (m, 1.1H), 5.77 (d, J＝16.1 
Hz, 1H), 5.60～5.52 (m, 0.4H), 5.03 (d, J＝15.9 Hz, 
0.2H), 4.94 (d, J＝16.1 Hz, 1H), 3.81 (dd, J＝13.0, 7.6 Hz, 
0.2H), 3.73 (dd, J＝12.1, 7.7 Hz, 1H), 3.59 (dd, J＝13.0, 
5.0 Hz, 0.2H), 3.28 (dd, J＝12.1, 7.7 Hz, 1H); 13C NMR 
(100 MHz, chloroform-d) δ: 163.32, 161.97, 141.35, 
140.69, 140.57, 137.48, 136.14, 136.09, 132.61, 132.43, 
129.38, 128.84, 128.82, 128.75, 128.69, 128.47, 128.38, 
127.84, 127.35, 127.30, 127.10, 127.06, 126.94, 126.58, 
125.12, 123.88, 123.72, 122.39, 122.29, 119.64, 116.16, 
115.99, 77.80, 75.23, 64.18, 63.32, 46.48, 46.35, 41.42, 
39.96; IR (thin film) ν: 3032, 2920, 2851, 1750, 1677, 
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1596, 1498, 1394, 1217, 1044, 772, 670, 664 cm－1; HRMS 
(ESI) calcd for C26H22N4ONa [M＋Na]＋ 429.1686, found 
429.1692.  

Ethyl-2-(3-oxo-1-phenyl-2a-(1H-pyrazol-1-yl)-1,2,2a,3- 
tetrahydro-4H-azeto[1,2-a]quinoxalin-4-yl)acetate (5c, 5c'): 
Pale yellow solid (Rf＝0.5), yield 81% (65.1 mg, 3.1∶1 
dr). m.p. 159～161 ℃; 1H NMR (400 MHz, chloroform-d) 
δ: 7.84 (d, J＝2.5 Hz, 1H), 7.79 (d, J＝2.5 Hz, 0.3H), 
7.68～7.64 (m, 3.1H), 7.45～7.34 (m, 3H), 7.29～7.17 (m, 
1.7H), 7.09～7.05 (m, 1H), 6.92～6.76 (m, 2.5H), 6.72～
6.68 (m, 1H), 6.56～6.50 (m, 1.2H), 6.54～6.52 (m, 0.3H), 
6.31～6.27 (m, 1.2H), 5.66 (dd, J＝7.5, 5.2 Hz, 0.25H), 
5.11 (d, J＝17.5 Hz, 1.2H), 4.82～4.65 (m, 2.3H), 4.34～
4.23 (m, 2.5H), 4.09 (dd, J＝12.8, 7.6 Hz, 0.3H), 3.70～
3.56 (m, 2H), 3.50 (dd, J＝12.8, 5.2 Hz, 0.3H), 1.33～1.26 
(m, 4.5H); 13C NMR (100 MHz, chloroform-d) δ: 168.10, 
163.74, 161.99, 141.45, 140.84, 140.70, 137.74, 132.43, 
132.30, 129.31, 128.83, 128.57, 128.44, 128.11, 127.98, 
127.88, 127.49, 125.39, 124.47, 124.26, 123.26, 122.22, 
119.56, 114.79, 114.57, 77.48, 75.35, 64.54, 63.31, 62.05, 
61.99, 44.37, 44.25, 41.18, 40.75, 29.75, 14.22; IR (thin 
film) ν: 3736, 3609, 3567, 3398, 2919, 2851, 1784, 1682, 
1598, 1499, 1389, 1212, 1109, 1016, 921, 770, 688 cm－1; 
HRMS (ESI) calcd for C23H22N4O3Na [M ＋ Na] ＋ 
425.1584, found 425.1593.  

4-(2-Oxo-2-phenylethyl)-1-phenyl-2a-(1H-pyrazol-1-yl)- 
2,2a-dihydro-1H-azeto[1,2-a]quinox-alin-3(4H)-one (5d, 
5d'): Pale yellow solid (Rf＝0.5), yield 91% (80 mg, 7.1∶
1 dr). m.p. 147～149 ℃; 1H NMR (400 MHz, chloro-
form-d) δ: 8.10～7.99 (m, 3.4H), 7.71～7.64 (m, 4.4H), 
7.54 (t, J＝7.6 Hz, 2.4H), 7.43 (t, J＝7.4 Hz, 1H), 7.39～
7.26 (m, 1.7H), 7.24 (s, 0.7H), 6.98～6.94 (m, 1H), 6.82 (t, 
J＝7.6 Hz, 1H), 6.75～6.67 (m, 2.3H), 6.65～6.50 (m, 
0.3H), 6.32 (t, J＝2.1 Hz, 1.1H), 5.85 (d, J＝17.8 Hz, 
0.2H), 5.79 (d, J＝17.8 Hz, 1H), 5.67 (dd, J＝7.7, 5.2 Hz, 
0.2H), 5.47 (d, J＝17.8 Hz, 1H), 5.34 (d, J＝17.8 Hz, 
0.2H), 4.87 (t,  J＝7.6 Hz, 1.0H),  4.11 (dd, J＝12.0, 7.5 
Hz, 1H), 3.70 (dd, J＝12.0, 7.5 Hz, 0.2H), 3.61 (dd, J＝
12.0, 7.7 Hz, 1H), 3.52 (dd, J＝12.9, 5.1 Hz, 0.2H); 13C 
NMR (100 MHz, chloroform-d) δ: 192.36, 192.22, 163.98, 
162.29, 141.56, 140.82, 140.69, 137.85, 134.65, 134.63, 
134.29, 132.47, 132.43, 130.64, 129.38, 129.11, 128.85, 
128.80, 128.55, 128.52, 128.40, 128.20, 128.19, 128.17, 
128.07, 127.54, 125.34, 124.31, 124.12, 123.30, 122.19, 
119.64, 115.11, 114.92, 106.83, 106.71, 77.91, 75.45, 
64.55, 63.20, 49.47, 49.30, 41.19, 40.77; IR (thin film) ν: 
2920, 2851, 1677, 1597, 1498, 1395, 1226, 1109, 1003, 
921, 772, 669 cm－1; HRMS (ESI) calcd for C27H22N4O2Na 
[M＋Na]＋ 435.1816, found 435.1818. 

4-Allyl-1-phenyl-2a-(1H-pyrazol-1-yl)-2,2a-dihydro-1H- 
azeto[1,2-a]quinoxalin-3(4H)-one (5e, 5e'): Pale yellow 
solid (Rf＝0.5), yield 93% (66.2 mg, 5.9∶1 dr). m.p. 78～
80 ℃; 1H NMR (400 MHz, chloroform-d) δ: 7.73 (d, J＝
2.5 Hz, 1H), 7.64 (d, J＝2.5 Hz, 0.2H), 7.62～7.57 (m, 
3H), 7.47～7.38 (m, 2H), 7.44～7.40 (m, 1H), 7.37～7.32 
(m, 1H), 7.20～7.15 (m, 1H), 7.08～6.99 (m, 2.2H), 
6.89～6.75 (m, 1.7H), 6.71 (dd, J＝7.8, 1.4 Hz, 1H), 6.59 

(dd, J＝7.8, 1.4 Hz, 0.2H), 6.30 (t, J＝2.1 Hz, 1H), 6.27 (t, 
J＝2.1 Hz, 0.2H), 6.00～5.81 (m, 1.2H), 5.55 (dd, J＝7.7, 
4.9 Hz, 0.2H), 5.37 (dd, J＝17.3, 1.3 Hz, 1H), 5.26 (dd,   
J＝10.5, 1.3 Hz, 1H), 5.23～5.18 (m, 0.2H), 5.11～5.04 
(m, 1H), 5.00～4.93 (m, 0.2H), 4.77 (t, J＝7.5 Hz, 1H), 
4.53～4.40 (m, 1.2H), 3.83 (dd, J＝12.0, 7.7 Hz, 0.2H), 
3.67 (dd, J＝12.0, 7.7 Hz, 1H), 3.56 (dd, J＝13.0, 4.9 Hz, 
0.2H), 3.56 (dd, J＝13.0, 4.9 Hz, 1H); 13C NMR (101 
MHz, chloroform-d) δ: 162.83, 161.51, 141.41, 140.75, 
140.63, 132.44, 132.37, 131.36, 131.31, 128.84, 128.71, 
128.54, 128.40, 128.16, 127.91, 127.15, 127.11, 125.15, 
123.91, 123.77, 122.55, 122.41, 117.65, 117.38, 116.00, 
115.86, 106.51, 106.41, 77.79, 75.14, 64.18, 63.23, 45.06, 
45.00, 41.47, 39.94; IR (thin film) ν: 3031, 2967, 2922, 
2852, 1676, 1597, 1498, 1389, 1346, 1218, 1106, 1043, 
920, 700, 668 cm－1; HRMS (ESI) calcd for C22H20N4ONa 
[M＋Na]＋ 379.1529, found 379.1537. 

1-Phenyl-4-(prop-2-yn-1-yl)-2a-(1H-pyrazol-1-yl)-2,2a-
dihydro-1H-azeto[1,2-a]quinoxalin-3(4H)-one (5f, 5f'): 
Pale yellow solid (Rf＝0.5), yield 67% (47.4 mg, 2.9∶1 
dr). m.p. 70～72 ℃; 1H NMR (400 MHz, chloroform-d) δ: 
7.67 (d, J＝2.5 Hz, 1H), 7.64～7.57 (m, 3.6H), 7.46～7.39 
(m, 2H), 7.38～7.33 (m, 1H), 7.26～7.05 (m, 5.4H), 
6.90～6.86 (m, 1H), 6.83～6.79 (m, 0.4H), 6.71 (dd, J＝
7.8, 1.5 Hz, 1H), 6.57 (dd, J＝7.8, 1.5 Hz, 0.3H), 6.33～
6.27 (m, 1H), 5.55 (dd, J＝7.7, 4.9 Hz, 0.3H), 5.03～4.97 
(m, 1.4H), 4.88～4.83 (m, 1.3H), 4.75 (t, J＝7.5 Hz, 1H), 
3.91 (dd, J＝13.0, 7.7 Hz, 0.4H), 3.69 (s, 0.8H), 3.65 (dd,  
J＝12.1, 7.4 Hz, 1H), 3.52 (dd, J＝13.0, 4.9 Hz, 0.4H), 
3.40 (dd, J＝12.1, 7.4 Hz, 1H), 2.33～2.26 (m, 1.3H); 13C 
NMR (100 MHz, chloroform-d) δ: 162.60, 141.37, 140.85, 
140.76, 132.45, 131.39, 130.15, 129.59, 128.88, 128.81, 
128.55, 128.47, 127.89, 127.27, 127.20, 125.20, 124.40, 
124.27, 122.65, 122.50, 119.94, 115.92, 115.84, 106.69, 
106.60, 77.71, 75.25, 72.93, 72.58, 64.42, 63.49, 41.25, 
40.29, 32.06, 31.97; IR (thin film) ν: 3283, 2920, 2851, 
1679, 1598, 1450, 1389, 1317, 1218, 1107, 1045, 920, 771, 
668 cm－1; HRMS (ESI) calcd for C22H18N4ONa [M＋Na]＋ 
377.1313, found 377.1384.  

7-Fluoro-4-methyl-1-phenyl-2a-(1H-pyrazol-1-yl)-2,2a-
dihydro-1H-azeto[1,2-a]quinoxalin-3(4H)-one (5g, 5g'): 
Pale yellow solid (Rf＝0.5), yield 92% (64 mg, 2.8∶1 dr). 
m.p. 6365 ℃; 1H NMR (400 MHz, Chloroform-d) δ: 7.72 
(d, J＝2.5 Hz, 1H), 7.64～7.56 (m, 3.5H), 7.45～7.35 (m, 
3.1H), 7.27～7.21 (m, 1.3H), 7.14 (d, J＝6.3 Hz, 1H), 6.98 
(dd, J＝9.1, 4.9 Hz, 1H), 6.86～6.77 (m, 1.4H), 6.56 (td,  
J＝8.5, 2.8 Hz, 0.4H), 6.42 (dd, J＝8.8, 2.9 Hz, 1H), 
6.33～6.29 (m, 1.2H), 6.26 (dd, J＝8.8 Hz, 2.9 Hz, 0.3H), 
5.55 (dd, J＝7.6, 5.1 Hz, 0.3H), 4.80 (t, J＝7.6 Hz, 1H), 
3.83 (dd, J＝13.0, 7.9 Hz, 0.4H), 3.69 (dd, J＝12.2, 7.9 
Hz, 1H), 3.55 (s, 3H), 3.53 (s, 1H), 3.29 (dd, J＝12.2, 7.2 
Hz, 1H); 13C NMR (100 MHz, Chloroform-d) δ: 162.57, 
161.38, 160.22, 157.79, 141.00, 140.96, 140.88, 137.12, 
133.71, 133.60, 129.57, 129.03, 128.96, 128.84, 128.65, 
127.84, 127.22, 127.04, 116.40, 116.31, 116.17, 111.70, 
111.47, 109.39, 109.15, 108.87, 106.71, 106.64, 106.44, 
74.97, 64.60, 63.68, 41.35, 40.31, 30.11, 30.03; IR (thin 
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film) ν: 3032, 2923, 2852, 1675, 1591, 1505, 1387, 1172, 
858, 700, 689 cm－1; HRMS (ESI) calcd for C20H17FN4ONa 
[M＋Na]＋ 371.1279, found 371.126. 

6,7-Dichloro-4-methyl-1-phenyl-2a-(1H-pyrazol-1-yl)- 
2,2a-dihydro-1H-azeto[1,2-a]quinoxal-in-3(4H)-one (5h, 
5h'): Pale yellow solid (Rf＝0.5), yield 92% (73 mg, 4.3∶
1 dr). m.p. 136～138 ℃; 1H NMR (400 MHz, chloro-
form-d) δ: 7.73 (d, J＝2.5 Hz, 1H), 7.65 (d, J＝2.5 Hz, 
0.3H), 7.61～7.52 (m, 3.2H), 7.46～7.36 (m, 3H), 7.31～
7.24 (m, 1.1H), 7.14～7.12 (m, 1.5H), 6.97 (s, 0.3H), 6.76 
(s, 1H), 6.62 (s, 0.2H), 6.35～6.31 (m, 1.2H), 5.52 (dd, J＝
7.7, 5.0 Hz, 0.2H), 4.78 (t, J＝7.5 Hz, 1H), 3.81 (dd, J＝
13.1, 7.7 Hz, 0.3H), 3.67 (dd, J＝12.2, 7.9 Hz, 1H), 3.54 
(s, 3H), 3.50 (s, 0.8H), 3.25 (dd, J＝12.2, 7.2 Hz, 1H); 13C 
NMR (100 MHz, chloroform-d) δ: 162.85, 161.67, 141.16, 
141.09, 140.70, 136.69, 133.01, 131.96, 129.16, 129.14, 
129.11, 128.82, 128.68, 127.80, 127.23, 127.15, 127.04, 
126.94, 123.50, 120.79, 117.05, 116.89, 106.91, 106.87, 
74.87, 64.75, 63.77, 41.40, 39.95, 30.12, 30.05; IR (thin 
film) ν: 2920, 1683, 1490, 1392, 1102, 1025, 938, 771, 668 
cm－1; HRMS (ESI) calcd for C20H16Cl2N4ONa [M＋Na]＋ 
421.0593, found 421.0603.  

7-Chloro-4-methyl-1-phenyl-2a-(1H-pyrazol-1-yl)-2,2a- 
dihydro-1H-azeto[1,2-a]quinoxalin-3(4H)-one (5i, 5i'): 
Pale yellow solid (Rf＝0.5), yield 83% (60.4 mg, 2.1:1 dr). 
m.p. 56～58 ℃; 1H NMR (400 MHz, chloroform-d) δ: 
7.72 (d, J＝2.5 Hz, 1H), 7.64 (d, J＝2.5 Hz, 1H), 7.60～
7.56 (m, 3H), 7.47～7.33 (m, 3.1H), 7.28～7.19 (m, 2.2H), 
7.14～7.12 (m, 1H), 7.06 (dd, J＝8.8, 2.3 Hz, 1H), 6.95 (d, 
J＝8.7 Hz, 1H), 6.81 (d, J＝1.4 Hz, 1H), 6.68 (d, J＝2.3 
Hz, 1H), 6.54 (t, J＝1.4 Hz, 0.5H), 6.63～6.29 (m, 1.4H), 
5.54 (dd, J＝7.6, 5.1 Hz, 0.5H), 4.80 (t, J＝7.5 Hz, 1H), 
3.82 (dd, J＝13.0, 7.7 Hz, 0.5H), 3.68 (dd, J＝12.2, 7.9 
Hz, 1H), 3.54 (s, 3H), 3.51 (s, 1H), 3.26 (dd, J＝12.2, 7.2 
Hz, 1H); 13C NMR (100 MHz, chloroform-d) δ: 162.74, 
161.56, 141.01, 140.95, 140.88, 137.05, 133.48, 131.94, 
130.75, 130.50, 129.05, 128.97, 128.86, 128.64, 127.77, 
127.20, 127.14, 126.95, 125.02, 122.40, 122.04, 119.42, 
116.45, 116.27, 106.74, 106.67, 77.56, 74.99, 64.59, 63.67, 
41.48, 40.21, 30.02, 29.94; IR (thin film) ν: 2920, 1748, 
1680, 1593, 1375, 1218, 1044, 772, 669 cm－1; HRMS 
(ESI) calcd for C20H17ClN4ONa [M＋Na]＋  387.0983, 
found 387.0991. 

6-Fluoro-4-methyl-1-phenyl-2a-(1H-pyrazol-1-yl)-2,2a- 
dihydro-1H-azeto[1,2-a]quinoxalin-3(4H)-one (5j): Pale 
yellow solid (Rf＝0.5), yield 83% (57.8 mg, 7.9∶1 dr). 
m.p. 80～82 ℃; 1H NMR (600 MHz, chloroform-d) δ: 
7.75 (d, J＝2.0 Hz, 1H), 7.58 (d, J＝5.9 Hz, 3H), 7.43 (t,  
J＝7.5 Hz, 2H), 7.38～7.35 (m, 1H), 6.79 (dd, J＝10.2, 
2.2 Hz, 1H), 6.68～6.66 (m, 1H), 6.57 (dt, J＝2.3, 8.3 Hz, 
1H), 6.33 (s, 1H), 4.70 (t, J＝7. 6 Hz, 1H), 3.64 (dd, J＝
12.0, 7.7 Hz, 1H), 3.55 (s, 3H), 3.25 (dd, J＝12.0, 7.5 Hz, 
1H); 13C NMR (100 MHz, chloroform-d) δ: 163.45, 160.44 
(d, J＝242.6 Hz), 141.18, 140.88, 134.76 (d, J＝10.3 Hz), 
128.99, 128.61, 128.27 (d, J＝2.8 Hz), 127.25, 127.19, 
123.97 (d, J＝9.5 Hz), 110.19 (d, J＝22.3 Hz), 106.73, 
103.38 (d, J＝28.0 Hz), 75.09, 63.42, 41.59, 30.04; IR 

(thin film) ν: 3032, 2921, 1682, 1509, 1364, 1219, 1091, 
1025, 847, 772, 669 cm － 1; HRMS (ESI) calcd for 
C20H17FN4ONa [M＋Na]＋ 371.1279, found 371.1286.  

4-Methyl-2a-(3-methyl-1H-pyrazol-1-yl)-1-phenyl-2,2a- 
dihydro-1H-azeto[1,2-a]quinoxalin-3(4H)-one (5k): Pale 
yellow solid (Rf＝0.5), yield 74% (50.9 mg, 6.5∶1 dr). 
m.p. 142～144 ℃; 1H NMR (400 MHz, chloroform-d) δ: 
7.60 (d, J＝7.4 Hz, 2H), 7.58 (d, J＝2.3 Hz, 1H), 7.43 (t,  
J＝7.3 Hz, 2H), 7.36 (d, J＝7.2 Hz, 1H), 7.10 (t, J＝7.7 
Hz, 1H), 7.04 (d, J＝7.8 Hz, 1H), 6.88 (t, J＝7.2 Hz, 1H), 
6.72 (d, J＝7.4 Hz, 1H), 6.08 (d, J＝2.1 Hz, 1H), 4.75 (t,  
J＝7.6 Hz, 1H), 3.64 (dd, J＝12.1, 7.8 Hz, 1H), 3.56 (s, 
3H), 3.29 (dd, J＝12.1, 7.4 Hz, 1H), 2.26 (s, 3H); 13C 
NMR (100 MHz, chloroform-d) δ: 163.20, 149.93, 141.63, 
133.28, 132.56, 128.86, 128.40, 127.78, 127.26, 125.08, 
123.88, 122.33, 115.41, 106.48, 74.90, 63.59, 41.41, 29.88, 
14.02; IR (thin film) ν: 3032, 2924, 1676, 1596, 1473, 
1219, 771, 668 cm－1; HRMS (ESI) calcd for C21H20N4ONa 
[M＋Na]＋ 367.1529, found 367.1537.  

2a-(4-Iodo-1H-pyrazol-1-yl)-4-methyl-1-phenyl-2,2a- 
dihydro-1H-azeto[1,2-a]quin-oxalin-3(4H)-one (5l): Pale 
yellow solid (Rf＝0.5), yield 45% (41 mg, ＞20∶1 dr). 
m.p. 79～81 ℃; 1H NMR (400 MHz, chloroform-d) δ: 
7.75 (s, 1H), 7.59 (d, J＝6.0 Hz, 3H), 7.44 (t, J＝7.3 Hz, 
2H), 7.38 (d, J＝7.2 Hz, 1H), 7.15～7.11 (m, 1H), 7.06 (d,  
J＝8.2 Hz, 1H), 6.90 (t, J＝7.5 Hz, 1H), 6.74～6.72 (m, 
1H), 4.77 (t, J＝7.5 Hz, 1H), 3.67 (dd, J＝12.1, 7.8 Hz, 
1H), 3.57 (s, 3H), 3.24 (dd, J＝12.1, 7.3 Hz, 1H); 13C 
NMR (100 MHz, chloroform-d) δ: 162.48, 145.64, 141.17, 
133.06, 132.06, 131.72, 129.00, 128.61, 127.17, 125.47, 
124.22, 122.43, 115.60, 75.59, 63.59, 57.97, 41.49, 29.95; 
IR (thin film) ν: 2921, 1679, 1598, 1376, 1218, 1128, 
1041, 939, 772, 669 cm－1; HRMS (ESI) calcd for C20H17I- 
N4ONa [M＋Na]＋ 479.0339, found 479.0347.  

4-Methyl-1-phenyl-2a-(1H-pyrazol-1-yl)-2,2a-dihydro- 
1H-azeto[1,2-a]quinoxalin-3(4H)-one (6a, 6a'): White 
solid (Rf＝0.4), yield 85% (56.1 mg, 4.5∶1 dr). m.p. 58～
60 ℃; 1H NMR (400 MHz, chloroform-d) δ: 7.73 (d, J＝
2.5 Hz, 1H), 7.63 (d, J＝2.5 Hz, 0.3H), 7.61～7.58 (m, 
3H), 7.61～7.58 (m, 2H), 7.38～7.33 (m, 1.1H), 7.23～
7.00 (m, 3.2H), 6.91～6.82 (m, 1.5H), 6.91～6.82 (m, 
0.3H), 6.71 (dd, J＝7.8, 1.5 Hz, 1H), 6.57 (dd, J＝7.8, 1.5 
Hz, 0.2H), 6.31 (t, J＝2.1 Hz, 1H), 6.27 (t, J＝2.1 Hz, 
0.2H), 5.54 (dd, J＝7.7, 4.9 Hz, 0.2H), 4.76 (t, J＝7.5 Hz, 
1H), 3.84 (dd, J＝13.0, 7.7 Hz, 0.3H), 3.68 (dd, J＝12.1, 
7.8 Hz, 1H), 3.57 (s, 3H), 3.53 (s, 0.7H), 3.28 (dd,   J＝
12.1, 7.3 Hz, 1H); 13C NMR (100 MHz, chloroform-d) δ: 
163.06, 161.87, 141.49, 140.78, 140.69, 137.53, 133.23, 
132.41, 132.06, 129.38, 128.89, 128.76, 128.56, 128.43, 
127.89, 127.19, 127.16, 125.23, 123.98, 123.82, 122.56, 
122.38, 119.85, 115.44, 115.29, 106.55, 106.46, 77.85, 
75.21, 64.36, 63.49, 41.52, 40.14, 29.91, 29.84; IR (thin 
film) ν: 2954, 2924, 2853, 1683, 1598, 1500, 1378, 1305, 
1096, 1043, 921, 750, 710 cm－1; HRMS (ESI) calcd for 
C20H18N4ONa [M＋Na]＋ 353.1373, found 353.1376.  

1-(4-Fluorophenyl)-4-methyl-2a-(1H-pyrazol-1-yl)-2,2a- 
dihydro-1H-azeto[1,2-a]quinoxalin-3(4H)-one (6b, 6b'): 
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Pale yellow solid (Rf＝0.4), yield 69% (48 mg, 5∶1 dr). 
m.p. 134～136 ℃; 1H NMR (400 MHz, chloroform-d) δ: 
7.67 (d, J＝2.5 Hz, 1H), 7.64～7.54 (m, 3.4H), 7.13～7.04 
(m, 4.3H), 6.93～6.87 (m, 1.8H), 6.84～7.80 (m, 0.2H), 
6.69～6.66 (m, 1H), 6.58～6.56 (m, 0.2H), 6.31 (t, J＝2.1 
Hz, 1H), 6.28 (t, J＝2.2 Hz, 0.2H), 5.53 (dd, J＝7.7, 4.9 
Hz, 0.2H), 4.73 (t, J＝7.5 Hz, 1H), 3.86 (dd, J＝12.1, 7.7 
Hz, 0.2H), 3.66 (dd, J＝12.1, 7.7 Hz, 1H), 3.57 (s, 3H), 
3.56～7.50 (m, 0.8H), 3.31 (dd, J＝12.1, 7.3 Hz, 1H); 13C 
NMR (100 MHz, chloroform-d) δ: 164.08, 163.08, 161.93, 
161.62, 140.82, 137.41, 137.38, 133.21, 132.28, 129.73, 
129.65, 129.09, 129.01, 127.20, 125.40, 124.08, 123.94, 
122.87, 122.36, 120.04, 115.91, 115.70, 115.53, 115.40, 
106.63, 106.55, 77.76, 75.14, 63.62, 62.85, 41.61, 40.18, 
29.94, 29.88; IR (thin film) ν: 3118, 3065, 2920, 2852, 
1671, 1601, 1510, 1379, 1223, 1094, 1043, 840, 749, 669 
cm－1; HRMS (ESI) calcd for C20H17FN4ONa [M＋Na]＋ 
371.1279, found 371.1284.  

1-(4-Chlorophenyl)-4-methyl-2a-(1H-pyrazol-1-yl)-2,2a- 
dihydro-1H-azeto[1,2-a]quinoxalin-3(4H)-one (6c, 6c):  
Pale yellow solid (Rf＝0.4), yield 89 % (64.8 mg, 5.2∶1 
dr). m.p. 152～154 ℃; 1H NMR (400 MHz, chloroform-d) 
δ: 7.67 (d, J＝2.4 Hz, 1H), δ: 7.62 (d, J＝2.4 Hz, 0.2H), 
7.42～7.33 (m, 3.2H), 7.45～7.33 (m, 2.4H), 7.27～7.25 
(m, 0.4H), 7.20～7.18 (m, 0.4H), 7.15～7.02 (m, 2.5H), 
6.94～6.79 (m, 1.7H), 6.68 (dd, J＝7.8, 1.5 Hz, 1H), 
6.60～6.53 (m, 0.2H), 6.31～6.28 (m, 1.3H), 5.51 (dd, J＝
7.7, 4.9 Hz, 0.2H), 4.73 (t, J＝7.5 Hz, 1H), 3.86 (dd, J＝
13.0, 7.7 Hz, 0.2H), 3.66 (dd, J＝12.1, 7.8 Hz, 1H), 3.57 
(s, 3H), 3.53～3.48 (m, 0.9H), 3.29 (dd, J＝12.1, 7.3 Hz, 
1H); 13C NMR (100 MHz, chloroform-d) δ: 162.95, 
140.77, 140.03, 134.19, 133.13, 132.14, 129.47, 129.21, 
129.03, 128.96, 128.61, 128.22, 127.14, 125.39, 124.04, 
123.95, 122.89, 122.28, 119.90, 115.49, 115.40, 106.60, 
106.51, 75.09,63.54, 62.75, 41.39, 39.97, 29.91, 29.82; IR 
(thin film) ν: 2920, 1674, 1599, 1499, 1473, 1378, 1318, 
1218, 1091, 1013, 833, 750, 668 cm－1; HRMS (ESI) calcd 
for C20H17ClN4ONa [M＋Na]＋ 387.0983, found 387.0991.  

1-(3-Chlorophenyl)-4-methyl-2a-(1H-pyrazol-1-yl)-2,2a- 
dihydro-1H-azeto[1,2-a]quinoxalin-3(4H)-one (6d, 6d'):  
Pale yellow solid (Rf＝0.4), yield 55% (40 mg, 5.6∶1 dr). 
m.p. 88～90 ℃; 1H NMR (400 MHz, chloroform-d) δ: 
7.69～7.68 (m, 1H), 7.62～7.59 (m, 2.2H), 7.51～7.49 (m, 
1H), 7.38～7.32 (m, 2H), 7.16～7.09 (m, 1.6H), 7.07～
7.04 (m, 1H), 6.93～6.88 (m, 1.3H), 6.85～6.81 (m, 0.2H), 
6.72 (dd, J＝7.7, 1.5 Hz, 1H), 6.59 (dd, J＝7.7, 1.5 Hz, 
0.2H), 6.31 (dd, J＝2.5, 1.8 Hz, 1H), 6.28 (dd, J＝2.5, 1.8 
Hz, 0.2H), 5.49 (dd, J＝7.7, 4.8 Hz, 0.2H), 4.73 (t, J＝7.5 
Hz, 1H), 3.87 (dd, J＝12.1, 7.8 Hz, 0.2H), 3.67 (dd, J＝
12.1, 7.8 Hz, 1H), 3.57 (s, 3H), 3.55 (s, 1H), 3.50 (dd, J＝
13.0, 4.8 Hz, 0.2H), 3.29 (dd, J＝12.1, 7.3 Hz, 1H); 13C 
NMR (100 MHz, chloroform-d) δ: 162.99, 143.68, 140.88, 
140.83, 134.82, 133.23, 132.13, 130.29, 130.12, 128.74, 
128.63, 128.20, 127.31, 127.23, 127.19, 125.87, 125.52, 
125.40, 124.12, 124.05, 123.07, 122.42, 120.06, 115.54, 
115.49, 106.70, 106.58,75.15, 63.74, 62.86, 41.38, 40.03, 
29.97, 29.88; IR (thin film) ν: 2919, 2851, 1676, 1596, 

1474, 1378, 1318, 1215, 1128, 1043, 772, 750, 669 cm－1; 
HRMS (ESI) calcd for C20H17ClN4ONa [M ＋ Na] ＋ 
387.0983, found 387.0989.  

1-(2-Chlorophenyl)-4-methyl-2a-(1H-pyrazol-1-yl)-2,2a- 
dihydro-1H-azeto[1,2-a]quinoxalin-3(4H)-one (6e): Pale 
yellow solid (Rf＝0.4), yield 60% (43.7 mg, ＞20∶1 dr). 
m.p. 124～126 ℃; 1H NMR (400 MHz, chloroform-d) δ: 
8.17 (dd, J＝7.7, 1.5 Hz, 1H), 7.66 (d, J＝2.3 Hz, 1H), 
7.57 (d, J＝1.40 Hz, 1H), 7.43 (dt, J＝7.5, 1.0 Hz, 1H), 
7.38～7.36 (m, 1H), 7.31～7.27 (m, 1H), 7.15～7.10 (m, 
1H), 7.05 (d, J＝7.4 Hz, 1H), 6.95～6.90 (m, 1H), 6.89～
6.87 (m, 1H), 6.30～6.29 (m, 1H), 5.24 (t, J＝7.4 Hz, 1H), 
3.86 (dd, J＝12.3, 8.1 Hz, 1H), 3.57 (s, 3H), 3.14 (dd, J＝
12.3, 6.8 Hz, 1H); 13C NMR (100 MHz, chloroform-d) δ: 
162.81, 140.72, 139.48, 132.95, 132.66, 132.05, 129.55, 
129.17, 128.09, 127.53, 127.25, 125.12, 124.12, 121.54, 
115.60, 106.66, 60.95, 40.68, 29.92; IR (thin film) ν: 2924, 
2852, 1675, 1598, 1502, 1472, 1380, 1034, 1044, 922, 750 
cm－1; HRMS (ESI) calcd for C20H17ClN4ONa [M＋Na]＋ 
387.0983, found 387.0993.  

1-(4-Bromophenyl)-4-methyl-2a-(1H-pyrazol-1-yl)-2,2a- 
dihydro-1H-azeto[1,2-a]quinoxalin-3(4H)-one (6f, 6f'):  
Pale yellow solid (Rf＝0.4), yield 88% (74.8 mg, 5.3∶1 
dr). m.p. 151～153 ℃; 1H NMR (400 MHz, chloroform-d) 
δ: 7.67 (d, J＝2.5 Hz, 1H), 7.62 (d, J＝2.5 Hz, 0.3H), 
7.60～7.40 (m, 5.7H), 7.36～7.34 (m, 0.6H), 7.29～7.26 
(m, 0.4H), 7.16～6.98 (m, 2.6H), 6.93～6.81 (m, 1.8H), 
6.72～6.64 (m, 1H), 6.60～6.53 (m, 0.3H), 6.33～6.24 (m, 
1.3H), 5.50 (dd, J＝7.7, 4.8 Hz, 0.3H), 4.72 (t, J＝7.5 Hz, 
1H), 3.85 (dd, J＝13.0, 7.7 Hz, 0.3H), 3.66 (dd, J＝12.1, 
7.8 Hz, 1.2H), 3.57 (s, 3H), 3.54～3.45 (m, 1H), 3.29 (dd, 
J＝12.1, 7.3 Hz, 1H); 13C NMR (101 MHz, chloroform-d) 
δ: 162.57, 161.23, 141.33, 140.84, 140.76, 137.60, 132.40, 
131.35, 130.10, 129.55, 128.86, 128.80, 128.54, 128.46, 
127.87, 127.25, 127.19, 125.20, 124.39, 124.26, 122.65, 
122.50, 119.93, 115.90, 115.83, 106.68, 106.59, 77.73, 
77.67, 77.53, 75.20, 72.93, 72.58, 64.40, 63.43, 43.57, 
41.25, 40.27, 32.04, 31.94; IR (thin film) ν: 2919, 2852, 
1675, 1597, 1473, 1378, 1216, 1010, 829, 749, 669 cm－1; 
HRMS (ESI) calcd for C20H17BrN4ONa [M ＋ Na] ＋ 
431.0478, found 431.0482.  

4-Methyl-2a-(1H-pyrazol-1-yl)-1-(p-tolyl)-2,2a-dihydro-
1H-azeto[1,2-a]quinoxalin-3(4H)-one (6g, 6g'): Pale yel-
low solid (Rf＝0.4), yield 58% (39.9 mg, 10∶1 dr). m.p. 
95～97 ℃; 1H NMR (400 MHz, chloroform-d) δ: 7.65 (d, 
J＝2.5 Hz, 1H), 7.55 (d, J＝2.5 Hz, 0.1H), 7.52 (d, J＝1.7 
Hz, 0.1H), 7.49 (d, J＝1.8 Hz, 1H), 7.39 (d, J＝7.8 Hz, 
2H), 7.14 (d, J＝7.7 Hz, 2H), 7.03～6.94 (m, 2H), 6.83～
6.76 (m, 1.2H), 6.63 (dd, J＝7.8, 1.5 Hz, 1H), 6.48 (dd,   
J＝7.8, 1.5 Hz, 0.1H), 6.22 (t, J＝2.0 Hz, 1H), 6.19 (t, J＝
2.0 Hz, 0.1H), 5.43 (dd, J＝7.7, 5.0 Hz, 0.1H), 4.64 (t, J＝
7.5 Hz, 1H), 3.73 (dd, J＝12.1, 7.6 Hz, 0.1H), 3.57 (dd,   
J＝12.1, 7.6 Hz, 1H), 3.48 (s, 3H), 3.46～3.42 (m, 0.5H), 
3.17 (dd, J＝12.1, 7.4 Hz, 1H), 2.30 (s, 3H), 2.14 (s, 
0.3H); 13C NMR (100 MHz, chloroform-d) δ: 163.08, 
140.76, 140.67, 138.54, 138.24, 133.22, 132.45, 129.55, 
129.46, 127.82, 127.18, 127.12, 125.17, 123.94, 123.81, 
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122.40, 119.81, 115.41, 115.26, 106.51, 106.42, 75.14, 
64.16, 63.31, 41.63, 40.33, 29.90, 29.82, 21.28; IR (thin 
film) ν: 2920, 2851, 1750, 1679, 1595, 1509, 1387, 1218, 
773, 669 cm－1; HRMS (ESI) calcd for C21H20N4ONa [M＋
Na]＋ 367.1529, found 367.1536.  

4-Methyl-2a-(1H-pyrazol-1-yl)-1-(m-tolyl)-2,2a-dihydro- 
1H-azeto[1,2-a]quinoxalin-3(4H)-one (6h, 6h'): Pale yel-
low solid (Rf＝0.4), yield 60% (41.3 mg, 7.7∶1 dr). m.p. 
50～52 ℃; 1H NMR (400 MHz, chloroform-d) δ: 7.74 (d, 
J＝2.5 Hz, 1H), 7.68 (d, J＝2.5 Hz, 0.2H), 7.65～7.58 (m, 
1.4H), 7.50 (d, J＝6.8 Hz, 0.2H), 7.41～7.29 (m, 4H), 
7.18～7.03 (m, 3.1H), 7.02～6.98 (m, 0.2H), 6.95～6.83 
(m, 1.5H), 6.74 (dd, J＝7.7, 1.5 Hz, 1H), 6.57 (dd, J＝7.7, 
1.5 Hz, 0.1H), 6.31 (t, J＝2.1 Hz, 1H), 6.28 (t, J＝2.1 Hz, 
0.1H), 5.50 (dd, J＝7.7, 4.9 Hz, 0.1H), 4.73 (t, J＝7.5 Hz, 
1H), 3.83 (dd, J＝12.0, 7.7 Hz, 0.1H), 3.66 (dd, J＝12.0, 
7.7 Hz, 1H), 3.57 (s, 3H), 3.55～3.51 (m, 0.6H), 3.26 (dd, 
J＝12.1, 7.3 Hz, 1H); 13C NMR (100 MHz, chloroform-d) 
δ: 163.11, 162.99, 143.70, 141.45, 140.83, 140.70, 138.57, 
134.83, 133.25, 132.50, 132.15, 130.29, 129.31, 129.22, 
128.83, 128.63, 127.75, 127.32, 127.22, 127.19, 125.52, 
125.40, 125.22, 124.85, 124.25, 124.12, 123.97, 123.85, 
122.45, 122.42, 115.55, 115.44, 106.70, 106.55, 75.22, 
75.16, 63.54, 62.87, 41.52, 41.38, 29.88, 29.85, 21.58, 
21.49; IR (thin film) ν: 3109, 3028, 2919, 1674, 1598, 
1499, 1470, 1381, 1306, 1100, 1042, 911, 747 cm－1; 
HRMS (ESI) calcd for C21H20N4ONa [M ＋ Na] ＋ 
367.1529, found 367.1538.  

4-Methyl-2a-(1H-pyrazol-1-yl)-1-(o-tolyl)-2,2a-dihydro- 
1H-azeto[1,2-a]quinoxalin-3(4H)-one (6i): Pale yellow 
solid (Rf＝0.4), yield 57% (39.2 mg, ＞20∶1 dr). m.p. 
102～104 ℃; 1H NMR (400 MHz, chloroform-d) δ: 8.09 
(d, J＝7.6 Hz, 1H), 7.73 (d, J＝2.3 Hz, 1H), 7.55 (s, 1H), 
7.37 (t, J＝7.5 Hz, 1H), 7.25 (t, J＝7.40 Hz, 1H), 7.16 (d, 
J＝7.5 Hz, 1H), 7.12～7.09 (m, 1H), 7.06 (d, J＝7.8 Hz, 
1H), 6.95～6.86 (m, 2H), 6.30 (t, J＝2.0 Hz, 1H), 5.06 (t,  
J＝7.5 Hz, 1H), 3.80 (dd, J＝12.1, 8.0 Hz, 1H), 3.59 (s, 
3H), 3.06 (dd, J＝12.1, 7.0 Hz, 1H), 2.21 (s, 3H); 13C 
NMR (100 MHz, CDCl3) δ: 162.86, 140.59, 139.93, 
134.50, 133.04, 132.88, 130.41, 127.78, 127.28, 126.73, 
126.09, 124.97, 124.07, 121.76, 115.54, 106.65, 75.64, 
61.03, 40.95, 29.93, 18.90; IR (thin film) ν: 2965, 2924, 
1674, 1598, 1468, 1381, 1304, 1099, 1041, 752 cm－1; 
HRMS (ESI) calcd for C21H20N4ONa [M ＋ Na] ＋ 
367.1529, found 367.1535.  

4-Methyl-2a-(1H-pyrazol-1-yl)-1-(pyridin-4-yl)-2,2a- 
dihydro-1H-azeto[1,2-a]quino-xalin-3(4H)-one (6j): Pale 
yellow solid (Rf＝0.4, petroleumether/ethyl acetate, V∶  
V＝3∶1), yield 55% (36.4 mg, 2.4∶1 dr). m.p. 178～
180 ℃; 1H NMR (400 MHz, chloroform-d) δ: 8.66 (d, J＝
5.5 Hz, 2H), 7.63 (d, J＝2.0 Hz, 2H), 7.58 (s, 1H), 7.55 (d, 
J＝5.5 Hz, 2H), 7.13 (t, J＝7.7 Hz, 1H), 7.06 (d, J＝7.8 
Hz, 1H), 6.90 (t, J＝7.5 Hz, 1H), 6.70 (d, J＝7.7 Hz, 1H), 
6.30 (s, 1H), 4.76 (t, J＝7.5 Hz, 1H), 3.69 (dd, J＝12.1, 
8.0 Hz, 1H), 3.57 (s, 3H), 3.31 (dd, J＝12.1, 7.1 Hz, 1H); 
13C NMR (100 MHz, chloroform-d) δ: 162.85, 140.57, 
139.93, 134.48, 133.04, 132.88, 130.40, 127.77, 127.26, 

126.73, 126.09, 124.96, 124.05, 121.75, 115.52, 106.63, 
75.64, 61.01, 40.94, 29.92, 18.88; IR (thin film) ν: 3028, 
2927, 1673, 1599, 1562, 1501, 1414, 1379, 1303, 1098, 
1043, 827 cm－1; HRMS (ESI) calcd for C19H17N5ONa  
[M＋Na]＋ 354.1325, found 354.1333.  

4-Methyl-2a-(1H-pyrazol-1-yl)-1-(pyridin-4-yl)-2,2a- 
dihydro-1H-azeto[1,2-a]quin-oxalin-3(4H)-one (6j'):  
Pale yellow solid (Rf＝0.4, petroleumether/ethyl acetate, 
V∶V＝3∶1), yield 23% (15.2 mg, 2.4∶1 dr). m.p. 178～
180 ℃; 1H NMR (400 MHz, chloroform-d) δ: 8.49～8.48 
(m, 1H), 7.62～7.60 (m, 1H), 7.04～7.03 (m, 1H), 6.95～
6.93 (m, 1H), 6.88～6.84 (m, 1H), 6.64～6.62 (m, 1H), 
6.29 (t, J＝2.1 Hz, 1H), 5.51 (dd, J＝7.7, 4.6 Hz, 1H), 3.89 
(dd, J＝13.1, 7.7 Hz, 1H), 3.55～3.49 (m, 4H); 13C NMR 
(100 MHz, chloroform-d) δ: 161.84, 150.45, 146.39, 
141.03, 132.31, 128.81, 127.25, 124.20, 123.52, 122.60, 
120.17, 115.66, 106.73, 77.83, 62.96, 39.16, 30.05; IR 
(thin film) ν: 3060, 3037, 2957, 2853, 1664, 1632, 1600, 
1466, 1385, 1130, 751 cm－1; HRMS (ESI) calcd for 
C19H17N5ONa [M＋Na]＋ 354.1325, found 354.1333.  

4-Methyl-2a-(1H-pyrazol-1-yl)-1-(pyridin-2-yl)-2,2a- 
dihydro-1H-azeto[1,2-a]quinoxalin-3(4H)-one (6k, 6k'):  
Pale yellow solid (Rf＝0.4, petroleumether/ethyl acetate, 
V∶V＝3∶1), yield 81% (53.6 mg, 5∶1 dr). m.p. 136～
138 ℃; 1H NMR (400 MHz, chloroform-d) δ: 8.56～8.54 
(m, 1H), 8.32～8.30 (m, 0.2H), 7.79 (d, J＝2.5 Hz, 1H), 
7.76～7.69 (m, 2H), 7.63～7.53 (m, 1H), 7.47 (d, J＝1.8 
Hz, 1H), 7.42～7.36 (m, 0.4H), 7.22～7.15 (m, 1.6H), 
7.04～6.95 (m, 2.8H), 6.92～6.89 (m, 0.4H), 6.81～6.74 
(m, 1.6H), 6.64 (dd, J＝7.8, 1.5 Hz, 1H), 6.55 (dd, J＝7.8, 
6.4 Hz, 0.3H), 6.22 (t, J＝2.2 Hz, 1H), 6.18 (t, J＝2.1 Hz, 
0.2H), 5.34 (dd, J＝7.6, 4.1 Hz, 0.2H), 4.82 (dd, J＝8.0, 
7.0 Hz, 1H), 3.71 (dd, J＝12.2, 7.6 Hz, 0.2H), 3.62 (dd, J
＝12.2, 8.1 Hz, 1.2H), 3.47 (s, 3H), 3.45～3.38 (m, 2H); 
13C NMR (100 MHz, chloroform-d) δ: 162.92, 160.53, 
157.20, 150.07, 149.68, 140.65, 140.53, 137.24, 136.14, 
133.04, 132.28, 127.62, 127.28, 125.18, 124.00, 123.88, 
123.13, 123.03, 122.82, 122.01, 121.97, 121.78, 120.37, 
115.54, 115.07, 106.65, 106.26, 77.98, 75.48, 64.67, 64.12, 
39.48, 37.86, 29.87, 29.80; IR (thin film) ν: 3032, 2919, 
2851, 1678, 1591, 1474, 1390, 1213, 1042, 922, 772, 669 
cm－1; HRMS (ESI) calcd for C19H17N5ONa [M＋Na]＋ 
354.1325, found 354.1332.  

1-(4-Methoxyphenyl)-4-methyl-2a-(1H-pyrazol-1-yl)- 
2,2a-dihydro-1H-azeto[1,2-a]quinoxal-in-3(4H)-one (6l, 
6l'): Pale yellow solid (Rf＝0.4), yield 72% (52 mg, 11∶1 
dr). m.p. 86～88 ℃; 1H NMR (400 MHz, chloroform-d) δ: 
7.72 (d, J＝2.5 Hz, 1H), 7.63 (d, J＝2.5 Hz, 0.1H), 7.58 
(d, J＝1.8 Hz, 1H), 7.51 (d, J＝8.6 Hz, 2H), 7.13～7.02 
(m, 2.2H), 6.95 (d, J＝8.7 Hz, 2H), 6.87 (td, J＝7.5, 1.4 
Hz, 1H), 6.80 (td, J＝7.4, 1.8 Hz, 0.1H), 6.74 (d, J＝8.7 
Hz, 0.2H), 6.69 (dd, J＝7.8, 1.5 Hz, 1H), 6.57 (dd, J＝7.7, 
1.5 Hz, 0.1H), 6.30 (t, J＝2.2 Hz, 1H), 6.27 (t, J＝2.2 Hz, 
0.1H), 5.49 (dd, J＝7.7, 4.9 Hz, 0.1H), 4.70 (t, J＝7.5 Hz, 
1H), 3.82 (s, 3H), 3.70 (s, 0.3H), 3.64 (dd, J＝12.1, 7.7 Hz, 
1H), 3.56 (s, 3H), 3.53 (s, 0.3H), 3.28 (dd, J＝12.1, 7.7 Hz, 
1H); 13C NMR (100 MHz, chloroform-d) δ: 163.13, 
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159.81, 140.76, 140.70, 133.61, 133.21, 132.45, 129.21, 
128.57, 127.17, 125.17, 123.95, 123.82, 122.50, 122.41, 
115.42, 115.27, 114.22, 114.10, 106.50, 106.42, 75.09, 
63.10, 55.41, 55.23, 41.70, 40.38, 29.90, 29.83; IR (thin 
film) ν: 2919, 1750, 1676, 1601, 1513, 1376, 1303, 1250, 
1175, 1036, 771, 668, cm－ 1; HRMS (ESI) calcd for 
C21H20NO2Na [M＋Na]＋ 354.1325, found 354.1333.  

1-Mesityl-4-methyl-2a-(1H-pyrazol-1-yl)-2,2a-dihydro- 
1H-azeto[1,2-a]quinoxalin-3(4H)-one (6m): Pale yellow 
solid (Rf＝0.4), yield 70% (52.1 mg, ＞20∶1 dr). m.p. 
146～148 ℃; 1H NMR (400 MHz, chloroform-d) δ: 7.59 
(d, J＝4.3 Hz, 2H), 7.12 (t, J＝7.6 Hz, 1H), 7.07 (d, J＝7.5 
Hz, 1H), 6.92 (t, J＝7.5 Hz, 1H), 6.86 (s, 2H), 6.69 (d, J＝
7.7 Hz, 1H), 6.29 (s, 1H), 5.28 (t, J＝8.2 Hz, 1H), 3.61 (d, 
J＝8.2 Hz, 2H), 3.54 (s, 3H), 2.41 (s, 6H), 2.28 (s, 3H);  
13C NMR (100 MHz, chloroform-d) δ: 163.15, 140.66, 
137.68, 133.45, 132.86, 131.48, 126.99, 124.84, 124.23, 
121.82, 115.38, 106.33, 75.39, 60.61, 37.23, 29.75, 20.90, 
20.77; IR (thin film) ν: 2920, 1673, 1599, 1500, 1472, 
1376, 1302, 1095, 1041, 853, 748, 668 cm－1; HRMS (ESI) 
calcd for C23H24N4ONa [M ＋ Na] ＋  95.1842, found 
395.1849.  

2,4-Dimethyl-1-phenyl-2a-(1H-pyrazol-1-yl)-2,2a- 
dihydro-1H-azeto[1,2-a]quinoxal-in-3(4H)-one (6n): Pale 
yellow solid (Rf＝0.4), yield 92% (63.3 mg, ＞20∶1 dr). 
m.p. 109～111 ℃; 1H NMR (400 MHz, chloroform-d) δ: 
7.63 (d, J＝1.8 Hz, 1H), 7.61 (s, 1H), 7.56 (d, J＝7.2 Hz, 
2H), 7.42 (t, J＝7.3 Hz, 2H), 7.36 (t, J＝7.2 Hz, 1H), 7.11 
(t, J＝7.6 Hz, 1H), 7.06 (d, J＝7.5 Hz, 1H), 6.89 (t, J＝7.4 
Hz, 1H), 6.74 (d, J＝7.6 Hz, 1H), 6.31 (t, J＝2.1 Hz, 1H), 
4.32 (d, J＝6.7 Hz, 1H), 3.62 (q, J＝7.1 Hz, 1H), 3.56 (s, 
3H), 1.46 (d, J＝7.2 Hz, 3H); 13C NMR (100 MHz, chlo-
roform-d) δ: 161.44, 141.09, 140.70, 132.80, 132.60, 
128.91, 128.44, 127.22, 127.11, 124.95, 124.04, 122.12, 
115.12, 106.32, 73.74, 49.97, 29.42, 15.34; IR (thin film) 
ν: 3397, 2966, 2926, 2853, 1685, 1591, 1457, 1388, 1255, 
1215, 1011, 858, 749, 708 cm－1; HRMS (ESI) calcd for 
C21H20N4ONa [M＋Na]＋ 367.1529, found 367.1534. 

4-Methyl-1-(naphthalen-2-yl)-2a-(1H-pyrazol-1-yl)-2,2a- 
dihydro-1H-azeto[1,2-a]quinoxalin-3(4H)-one (6o): Pale 
yellow solid (Rf＝0.4), yield 89% (67.6 mg, ＞20∶1 dr). 
m.p. 123～125 ℃; 1H NMR (400 MHz, CDCl3) δ: 7.96 (d, 
J＝8.2 Hz, 2H), 7.91～7.84 (m, 3H), 7.79 (d, J＝1.9 Hz, 
1H), 7.65 (s, 1H), 7.53 (d, J＝3.2 Hz, 1H), 7.52 (d, J＝3.3 
Hz, 1H), 7.12 (t, J＝7.6 Hz, 1H), 7.08 (d, J＝7.1 Hz, 1H), 
6.86 (td, J＝7.3, 1.2 Hz, 1H), 6.73 (dd, J＝7.7, 0.6 Hz, 
1H), 6.36 (s, 1H), 4.95 (t, J＝7.5 Hz, 1H), 3.76 (dd, J＝
12.2, 7.8 Hz, 1H), 3.62 (s, 3H), 3.42 (dd, J＝12.1, 7.3 Hz, 
1H); 13C NMR (100 MHz, chloroform-d) δ: 163.11, 
140.80, 138.79, 133.48, 133.27, 133.23, 132.40, 129.03, 
128.13, 127.89, 127.27, 126.50, 126.39, 126.36, 125.29, 
124.80, 124.02, 122.44, 115.48, 106.62, 75.34, 63.71, 
41.38, 29.88; IR (thin film) ν: 3118, 3080, 3012, 1750, 
1684, 1550, 1509, 1362, 1339, 1219, 773, 669 cm－1; 
HRMS (ESI) calcd for C24H20N4ONa [M ＋ Na] ＋ 
403.1529, found 403.1536.  

1-([1,1'-Biphenyl]-4-yl)-4-methyl-2a-(1H-pyrazol-1-yl)- 

2,2a-dihydro-1H-azeto[1,2-a]quinox-alin-3(4H)-one (6p, 
6p'): Pale yellow solid (Rf＝0.4), yield 90% (73.1 mg, 4∶
1 dr). m.p. 123～125 ℃; 1H NMR (400 MHz, chloro-
form-d) δ: 7.74 (d, J＝2.5 Hz, 1H), 7.69～7.59 (m, 7.6H), 
7.50～7.42 (m, 3.5H), 7.41～7.26 (m, 2.1H), 7.23～7.18 
(m, 0.8H), 7.12～7.03 (m, 2.1H), 6.92～6.76 (m, 2.8H), 
6.61 (dd, J＝7.7, 1.6 Hz, 0.3H), 6.32～6.27 (m, 1.2H), 
5.58 (dd, J＝7.7, 4.9 Hz, 0.2H), 4.80 (t, J＝7.6 Hz, 1H), 
3.86 (dd, J＝13.0, 7.7 Hz, 0.3H), 3.70 (dd, J＝12.1, 7.8 
Hz, 1H), 3.57 (s, 3H), 3.54 (s, 1H), 3.33 (dd, J＝12.1, 7.3 
Hz, 1H); 13C NMR (100 MHz, chloroform-d) δ: 163.06, 
161.88, 141.36, 140.80, 140.73, 140.68, 140.49, 140.19, 
136.59, 133.20, 132.39, 132.05, 128.91, 128.83, 128.33, 
127.62, 127.54, 127.37, 127.22, 127.16, 127.00, 125.26, 
124.03, 123.92, 122.62, 122.41, 119.86, 115.47, 115.36, 
106.58, 106.48, 77.83, 75.21,64.03, 63.22, 41.54, 40.25, 
29.94, 29.85; IR (thin film) ν: 3029, 1673, 1598, 1472, 
1378, 1306, 1095, 1043, 750, 698 cm－1; HRMS (ESI) 
calcd for C26H22N4ONa [M ＋ Na] ＋  429.1686, found 
429.1687. 

1,4-Dimethyl-1-phenyl-2a-(1H-pyrazol-1-yl)-2,2a- 
dihydro-1H-azeto[1,2-a]quinoxalin-3(4H)-one (6q, 6q'): 
Pale yellow solid (Rf＝0.4), yield 79% (54.4 mg, 2.9∶1 
dr). m.p. 71～73 ℃; 1H NMR (400 MHz, chloroform-d) δ: 
7.70～7.63 (m, 3.4H), 7.58～7.53 (m, 1.6H), 7.44～7.40 
(m, 2H), 7.36～7.24 (m, 1.7H), 7.23～7.03 (m, 5.2H), 
6.98～6.87 (m, 4.4H), 6.86～6.83 (m, 1H), 6.81～6.78 (m, 
0.6H), 6.27～6.26 (m, 1.5H), 3.94 (d, J＝16.0 Hz, 0.6H), 
3.56 (s, 2.7H), 3.51 (d, J＝12.4 Hz, 1H), 3.46 (d, J＝12.7 
Hz, 0.6H), 3.33 (d, J＝12.4 Hz, 1H), 3.27 (s, 1.8H), 2.08 
(s, 2H), 1.64 (s, 3H); 13C NMR (100 MHz, chloroform-d) 
δ: 162.90, 162.70, 146.70, 140.65, 140.49, 140.02, 133.61, 
133.27, 129.84, 128.82, 128.15, 127.78, 127.49, 127.22, 
127.07, 126.14, 125.34, 124.22, 124.02, 123.92, 123.75, 
122.31, 121.39, 115.63, 115.43, 106.51, 106.42, 
75.16,74.87, 67.71, 66.64, 47.88, 44.92, 30.80, 29.91, 
29.66, 23.99; IR (thin film): ν 2970, 2927, 1673, 1597, 
1499, 1473, 1378, 1318, 1110, 1043, 923, 748, 701 cm－1; 
HRMS (ESI) calcd for C21H20N4ONa [M ＋ Na] ＋ 
367.1529, found 367.1535. 

4-Methyl-1,1-diphenyl-2a-(1H-pyrazol-1-yl)-2,2a- 
dihydro-1H-azeto[1,2-a]quinoxalin-3(4H)-one (6r): Pale 
yellow solid (Rf＝0.4), yield 77% (62.5mg). m.p. 119～
121 ℃; 1H NMR (400 MHz, chloroform-d) δ: 7.71 (d, J＝
2.3 Hz, 1H), 7.63 (d, J＝7.4 Hz, 2H), 7.53 (d, J＝0.8 Hz, 
1H), 7.42 (t, J＝7.5 Hz, 2H), 7.35 (t, J＝7.8 Hz, 1H), 7.12 
(s, 5H), 7.06 (dd, J＝7.7, 0.9 Hz, 1H), 6.97～6.93 (m, 1H), 
6.86 (t, J＝7.2 Hz, 1H), 6.75 (d, J＝8.1 Hz, 1H), 6.28 (t,  
J＝1.9 Hz, 1H), 4.43 (d, J＝12.9 Hz, 1H), 3.49 (d, J＝12.9 
Hz, 1H), 3.24 (s, 3H); 13C NMR (100 MHz, chloroform-d) 
δ: 163.00, 147.25, 140.39, 138.48, 134.34, 129.83, 128.61, 
128.31, 127.96, 127.65, 127.49, 127.36, 126.66, 124.89, 
123.62, 123.41, 115.44, 106.70, 75.19, 73.68, 45.78, 29.67; 
IR (thin film) ν: 3057, 3028, 1672, 1599, 1470, 1381, 
1317, 1103, 1043, 749, 700 cm－1; HRMS (ESI) calcd for 
C26H22N4ONa [M＋Na]＋ 429.1686, found 429.1690.  

4-Methyl-2a-(1H-pyrazol-1-yl)-1-vinyl-2,2a-dihydro-1H- 
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azeto[1,2-a]quinoxalin-3(4H)-one (6s, 6s'): Pale yellow oil 
(Rf＝0.5), yield 61% (34.2 mg, 2.8∶1 dr). 1H NMR (400 
MHz, chloroform-d) δ: 7.67～7.59 (m, 1H), 7.56～7.53 
(m, 1H), 7.14～6.82 (m, 4H), 6.27～6.24 (m, 1H), 6.22～
5.62 (m, 1H), 5.40～5.17 (m, 2H), 4.84～4.17 (m, 1H), 
3.70～3.47 (m, 4H), 3.20～3.10 (m, 1H); 13C NMR (100 
MHz, chloroform-d) δ: 162.85, 140.73, 140.61, 139.28, 
136.28, 133.11, 132.32, 129.85, 127.08, 125.04, 124.01, 
123.91, 123.61, 122.49, 121.54, 121.01, 118.10, 115.44, 
115.30, 106.49, 106.44, 75.49, 62.89, 62.62, 39.02, 38.39, 
29.93, 29.81; IR (thin film) ν: 3118, 2920, 2853, 1646, 
1508, 1474, 1379, 1219, 1043, 772, 669 cm－1; HRMS 
(ESI) calcd for C16H16N4ONa [M＋Na]＋ 303.1216, found 
303.1220. 

4-Methyl-3-oxo-2a-(1H-pyrazol-1-yl)-2,2a,3,4-tetrahydro- 
1H-azeto[1,2-a]quinoxaline-1-carbonitrile (6t, 6t'): Pale 
yellow solid (Rf＝0.5, petroleumether/ethyl acetate, V∶  
V＝3∶1), yield 58% (32.4 mg, 1.4∶1 dr). m.p. 82～
84 ℃; 1H NMR (400 MHz, CDCl3) δ: 7.69 (d, J＝4.0 Hz, 
1H), 7.57 (dd, J＝14.0, 4.0 Hz, 1.5H), 7.49 (d, J＝4.0 Hz, 
0.8H), 7.26～7.18 (m, 3.5H), 7.14～7.01 (m, 4.6H), 6.33 
(t, J＝4.0 Hz, 1H), 6.27 (t, J＝4.0 Hz, 0.8H), 4.9 (dd, J＝
8.0, 4.0 Hz, 0.8H), 4.44 (dd, J＝8.0, 8.0 Hz,1H), 3.96 (dd,  
J＝12.0, 8.0 Hz, 0.8H), 3.72 (dd, J＝12.0, 8.0 Hz, 1H), 
3.64 (dd, J＝12.0, 8.0 Hz, 0.8H), 3.59 (s, 2.2H), 3.54 (s, 
3H), 3.50 (dd, J＝12.0, 4.0 Hz, 1H); 13C NMR (101 MHz, 
chloroform-d) δ: 161.77, 161.67, 141.32, 141.13, 134.45, 
133.30, 129.82, 128.05, 127.50, 127.25, 126.94, 124.77, 
124.71, 123.42, 123.21, 118.07, 116.17, 115.83, 107.41, 
107.13, 77.76,76.05, 47.98, 46.70, 36.99, 36.64, 30.25, 
30.05; IR (thin film) ν: 3398, 3118, 2923, 2851, 1675, 
1601, 1473, 1380, 1307, 1129, 1044, 752, 664 cm－1; 
HRMS (ESI) calcd for C15H13N5ONa [M ＋ Na] ＋ 
302.1012, found 302.1018.  

5-Methyl-6a-(1H-pyrazol-1-yl)-6b,7,8,9a-tetrahydro-5H- 
furo[3',2':3,4]azeto[1,2-a]quinoxalin-6(6aH)-one (6u, 6u'): 
Pale yellow oil (Rf＝0.5, petroleumether/ethyl acetate, V∶  
V＝2∶1), yield 34% (20.1 mg, 5.9∶1 dr). 1H NMR (400 
MHz, chloroform-d) δ: 7.90～7.85 (m, 1.2H), 7.70 (d, J＝
1.7 Hz, 0H), 7.66 (d, J＝2.4 Hz, 1H), 7.60～7.54 (m, 
2.4H), 7.42 (d, J＝2.4 Hz, 0.2H), 7.39～7.30 (m, 2.6H), 
6.70 (d, J＝6.6 Hz, 0.2H), 6.53 (d, J＝3.6 Hz, 1H), 6.28 (t, 
J＝2.1 Hz, 1H), 5.95 (t, J＝2.1 Hz, 0.2H), 4.73～4.68 (m, 
1H), 4.59～4.54 (m, 0.2H), 4.38～4.33 (m, 1.1H), 4.26～
4.18 (m, 1.5H), 3.70 (s, 3H), 3.63 (s, 0.5H), 2.84～2.76 
(m, 1H), 2.45～2.37 (m, 1.2H); 13C NMR (101 MHz, 
chloroform-d) δ: 158.02, 154.64, 140.45, 139.54, 133.35, 
132.48, 130.46, 130.38, 130.25, 130.02, 128.86, 128.78, 
123.87, 123.54, 113.74, 113.54, 105.83, 104.80, 92.18, 
90.59, 69.73, 69.41, 48.86, 48.43, 30.56, 29.82, 29.28, 
29.12; IR (thin film) ν: 2919, 2851, 1716, 1654, 1602, 
1473, 1396, 1214, 931, 771, 669 cm－1; HRMS (ESI) calcd 
for C16H16N4O2Na [M＋Na]＋ 319.1165, found 319.1170. 

5-Methyl-6a-(1H-pyrazol-1-yl)-6a,6b,7,11b-tetrahydro- 
indeno[2',1':3,4]azeto[1,2-a]quinoxalin-6(5H)-one (6v): 
White solid (Rf＝0.5, petroleumether/ethyl acetate, V∶  
V＝3∶1), yield 86% (58.8 mg, ＞20∶1 dr). m.p. 228～

230 ℃; 1H NMR (400 MHz, chloroform-d) δ: 7.60 (s, 1H), 
7.51～4.89 (m, 1H), 7.46 (d, J＝1.9 Hz, 1H), 7.32～7.29 
(m, 2H), 7.23～7.22 (m, 1H), 7.13～7.05 (m, 3H), 6.96～
6.94 (m, 1H), 6.12 (s, 1H), 5.25 (d, J＝6.8 Hz, 1H), 4.39～
4.34 (m, 1H), 3.49 (s, 3H), 3.12 (dd, J＝18.0, 10.3 Hz, 
1H), 2.59～2.54 (m, 1H); 13C NMR (100 MHz, chloro-
form-d) δ: 161.70, 146.09, 142.25, 141.31, 132.45, 131.33, 
129.05, 128.55, 127.20, 125.78, 124.26, 124.16, 123.97, 
120.22, 115.44, 105.42, 78.55, 71.42, 46.17, 32.01, 30.06; 
IR (thin film) ν: 2920, 1750, 1680, 1603, 1550, 1457, 
1213, 1036, 772, 669 cm － 1; HRMS (ESI) calcd for 
C21H18N4ONa [M＋Na]＋ 365.1373, found 365.1380.  

5,8-Dimethyl-6a-(2H-pyrrol-2-yl)-6b,9a-dihydropyrrolo- 
[3',4':3,4]azeto[1,2-a]quinoxaline-6,7,9(5H,6aH,8H)-trione 
(6w, 6w'): Pale yellow solid (Rf＝0.5, petroleumether/ethyl 
acetate, V∶V＝3∶1), yield 81% (54.6 mg, 6.7∶1 dr). 
m.p. 158～160 ℃; 1H NMR (400 MHz, chloroform-d) δ: 
7.68 (d, J＝2.6 Hz, 0.2H), 7.66 (d, J＝1.8 Hz, 1H), 7.55 
(d, J＝1.7 Hz, 0.2H), 7.52 (d, J＝2.6 Hz, 1H), 7.21～7.10 
(m, 3.2H), 7.04～6.98 (m, 1.2H), 6.30 (dd, J＝2.6, 1.7 Hz, 
1H), 6.26 (dd, J＝2.6, 1.7 Hz, 0.2H), 5.06 (d, J＝5.5 Hz, 
1H), 4.68 (d, J＝5.4 Hz, 1H), 4.46 (d, J＝6.0 Hz, 0.2H), 
4.42 (d, J＝6.0 Hz,0.2H), 3.54 (s, 0.4H), 3.47 (s, 3H), 3.11 
(s, 0.4H), 2.97 (s, 3H); 13C NMR (100 MHz, chloroform-d) 
δ: 171.69, 170.81, 158.50, 141.84, 132.43, 131.58, 129.61, 
128.45, 128.12, 127.89, 125.96, 125.24, 124.97, 124.85, 
122.60, 122.13, 115.74, 115.59, 107.34, 107.21, 61.48, 
60.52, 50.20, 47.30, 30.43, 30.07, 25.63, 25.24; IR (thin 
film) ν: 2922, 2851, 1712, 1501, 1474, 1376, 1278, 1132, 
1042, 751, 669 cm－1; HRMS (ESI) calcd for C17H15- 
N5O3Na [M＋Na]＋ 360.1067, found 360.1074.  

5-Methyl-6a-(1H-pyrazol-1-yl)-6b,7,8,12b-tetrahydro- 
5H-naphtho[2',1':3,4]azeto[1,2-a]quinoxalin-6(6aH)-one  
(6x): White solid (Rf＝0.5, petroleumether/ethyl acetate, 
V∶V＝3∶1), yield 74% (52.7 mg, ＞20∶1 dr). m.p. 
214～216 ℃; 1H NMR (400 MHz, chloroform-d) δ: 7.63 
(d, J＝0.7 Hz, 1H), 7.57 (d, J＝1.8 Hz, 1H), 7.31 (t, J＝7.4 
Hz, 1H), 7.23 (t, J＝7.1 Hz, 1H), 7.17 (d, J＝7.7 Hz, 2H), 
7.15～7.10 (m, 1H), 7.05～6.94 (m, 2H), 6.85～6.80 (m, 
1H), 6.20 (s, 1H), 4.86 (d, J＝7.6 Hz, 1H), 3.96 (td, J＝
7.2, 2.2 Hz, 1H), 3.45 (s, 3H), 2.70～2.62 (m, 1H), 2.55 
(dt, J＝15.4, 3.9 Hz, 1H), 2.15 (dd, J＝14.2, 2.8 Hz, 1H), 
1.70～1.61 (m, 1H); 13C NMR (100 MHz, chloroform-d) 
δ: 163.16, 141.01, 140.11, 134.99, 133.52, 131.73, 128.91, 
128.79, 128.69, 127.71, 126.42, 125.33, 123.96, 122.82, 
115.38, 105.43, 77.26, 61.83, 41.44, 29.82, 27.07, 21.51; 
IR (thin film) ν: 2928, 2853, 1679, 1499, 1473, 1373, 
1310, 1127, 1041, 750, 669 cm－1; HRMS (ESI) calcd for 
C22H20N4ONa [M＋Na]＋ 379.1529, found 379.1536.  

4-Methyl-1-(2-oxopyrrolidin-1-yl)-2a-(1H-pyrazol-1-yl)- 
2,2a,4,8b-tetrahydrocyclobuta[c]quinolin-3(1H)-one (6y, 
6y'): Pale yellow solid (Rf＝0.5, petroleumether/ethyl ace-
tate, V∶V＝4∶1), yield 51% (34.3 mg, 7.7∶1 dr). m.p. 
102～104 ℃; 1H NMR (400 MHz, chloroform-d) δ: 7.68 
(d, J＝2.4 Hz, 0.2H), 7.58 (d, J＝1.7 Hz, 1H), 7.50 (d, J＝
2.6 Hz, 1.2H), 7.16～7.12 (m, 1H), 7.07～6.98 (m, 2.3H), 
6.76 (dd, J＝7.8, 1.5 Hz, 1H), 6.26 (t, J＝2.2 Hz, 1H), 6.22 
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(t, J＝2.1 Hz, 0.1H), 5.81 (dd, J＝7.5, 6.3 Hz, 1H), 4.08～
4.00 (m, 1.1H), 3.73～3.69 (m, 1.6H), 3.69～3.63 (m, 
1.3H), 3.53 (s, 3H), 3.52～3.47 (m, 1.3H), 2.50 (t, J＝8.0 
Hz, 2H), 2.27 (t, J＝8.1 Hz, 0.3H), 2.19～2.11 (m, 2H); 
13C NMR (101 MHz, chloroform-d) δ: 175.34, 155.16, 
154.66, 140.76, 139.66, 133.22, 132.56, 130.34, 130.21, 
130.06, 127.06, 125.62, 124.51, 123.75, 122.26, 115.50, 
113.75, 106.73, 105.59, 64.69, 63.64, 43.39, 42.58, 36.98, 
34.97, 32.19, 31.20, 29.91, 29.22, 18.37, 18.10; IR (thin 
film) ν: 2920, 2852, 1690, 1653, 1602, 1473, 1418, 1268, 
1215, 1091, 1041, 756, 669 cm－1; HRMS (ESI) calcd for 
C18H19N5O2Na [M＋Na]＋ 360.1431, found 360.1437. 

tert-Butyl(4-(4-methyl-3-oxo-2a-(1H-pyrazol-1-yl)- 
2,2a,3,4-tetrahydro-1H-azeto[1,2-a]quino-xalin-1-yl)- 
phenyl)carbamate (6z, 6z'): Pale yellow solid (Rf＝0.5), 
yield 98% (87.2 mg, 4.2∶1 dr). m.p. 190～192 ℃; 1H 
NMR (400 MHz, chloroform-d) δ: 7.72 (d, J＝4.0 Hz, 1H), 
7.63 (d, J＝4.0 Hz,1H), 7.60～7.57 (m, 1.3H), 7.53～7.45 
(m, 2H), 7.42 (d, J＝8.0 Hz, 2.0H), 7.26～7.22 (m, 2H), 
7.11～7.02 (m, 2.6H), 6.88～6.78 (m, 2.9H), 6.70～ 6.67 
(m, 1.3H), 6.31～7.27 (m, 1.2H), 5.48 (dd, J＝8.0, 4.0 Hz, 
0.2H), 4.69 (t, J＝8.0 Hz, 1H), 3.82 (dd, J＝16.0, 8.0 Hz, 
0.2H), 3.64 (dd, J＝12.0, 8.0 Hz,1H), 3.56 (s, 3H), 3.52 (s, 
0.8H), 3.64 (dd, J＝12.0, 4.0 Hz, 1H), 1.52 (s, 9H), 1.46 (s, 
2H); 13C NMR (100 MHz, chloroform-d) δ: 163.09, 
162.37, 152.86, 140.73, 140.67, 138.68, 135.84, 133.14, 
132.34, 132.02, 131.79, 128.61, 127.94, 127.19, 125.20, 
123.96, 122.55, 122.41, 119.92, 118.85, 118.37, 115.41, 
115.29, 106.52, 106.42, 80.65,77.73, 77.34,75.08, 63.89, 
63.05, 41.50, 40.25, 29.89, 29.81, 28.39, 28.33; IR (thin 
film) ν: 3309, 3118, 2921, 2851, 1600, 1528, 1417, 1318, 
1217, 1160, 1048, 772, 669 cm－1; HRMS (ESI) calcd for 
C25H27N5O3Na [M＋Na]＋ 468.2006, found 468.2013.  

tert-Butyl-5-(4-methyl-3-oxo-2a-(1H-pyrazol-1-yl)- 
2,2a,3,4-tetrahydro-1H-azeto[1,2-a]quino-xalin-1-yl)-1H- 
indole-1-carboxylate (6aa, 6aa'): Pale yellow solid (Rf＝
0.5), yield 78% (73.2 mg, 3.6∶1 dr). m.p. 104～106 ℃; 
1H NMR (400 MHz, chloroform-d) δ: 8.19 (d, J＝8.5 Hz, 
1H), 7.98 (d, J＝8.5 Hz, 0.26H), 7.78 (t, J＝2.7 Hz, 2H), 
7.66～7.60 (m, 2.5H), 7.57～7.53 (m, 1.4H),7.39 (d, J＝
1.6 Hz, 0.3H), 7.25 (s, 0.7H), 7.12～7.03 (m, 2.4H), 
6.90～6.69 (m, 2.9H), 6.60～6.57 (m, 1.3H), 6.47 (d, J＝
4.0 Hz, 0.3H), 6.32(t, J＝4.0 Hz, 1H), 6.29 (d, J＝4.0 Hz, 
0.3H), 5.64 (dd, J＝7.6, 5.4 Hz, 0.3H), 4.85 (t, J＝8.0 Hz, 
1H), 3.89 (dd, J＝12.0, 8.0 Hz, 0.3H), 3.71 (dd, J＝12.0, 
8.0 Hz, 1H), 3.65～3.61 (m, 0.3H), 3.58 (s, 3H), 3.55 (s, 
0.8H), 3.34 (dd, J＝12.0, 8.0 Hz, 1H), 1.68 (s, 9H), 1.62 (s, 
2.4H); 13C NMR (100 MHz, chloroform-d) δ: 163.16, 
161.98, 149.72, 140.72, 135.91, 135.23, 133.24, 132.48, 
130.96, 127.26, 127.18, 125.20, 123.93, 123.82, 123.68, 
123.49, 122.45, 120.87, 119.80, 119.72, 115.55, 115.42, 
115.30, 107.41, 107.20, 106.54, 106.43, 83.97, 77.88, 
75.16, 64.63, 63.74, 41.96, 40.63, 29.94, 29.84, 28.26, 
28.20; IR (thin film) ν: 3118, 2978, 2932, 1732, 1674, 
1599, 1501, 1473, 1359, 1161, 1084, 852, 751 cm－1; 
HRMS (ESI) calcd for C27H27N5O3Na [M ＋ Na] ＋ 
492.2006, found 492.2014.  

4-Methyl-3-oxo-2a-(1H-pyrazol-1-yl)-2,2a,3,4-tetrahydro- 
1H-azeto[1,2-a]quino-xalin-1-yl)-N-(quinolin-7-yl)benza- 
mide (6ab): Pale yellow solid (Rf＝0.5), yield 76% (76 mg, 
7.1∶1 dr). m.p. 115～117 ℃; 1H NMR (400 MHz, chlo-
roform-d) δ: 10.79 (s, 1H), 8.95 (d, J＝7.4 Hz, 1H), 8.85 
(d, J＝2.7 Hz, 1H), 8.19 (d, J＝8.5 Hz, 1H), 8.16 (d, J＝
8.1 Hz, 2H), 7.81 (d, J＝8.1 Hz, 2H), 7.72 (d, J＝1.9 Hz, 
1H), 7.62 (s, 1H), 7.59 (d, J＝7.6 Hz, 1H), 7.55 (d, J＝8.1 
Hz, 1H), 7.48 (dd, J＝8.2, 4.2 Hz, 1H), 7.13 (t, J＝7.6 Hz, 
1H), 7.07 (d, J＝7.8 Hz, 1H), 6.91 (t, J＝7.1 Hz, 1H), 6.75 
(d, J＝7.7 Hz, 1H), 6.34 (s, 1H), 4.87 (t, J＝7.5 Hz, 1H), 
3.74 (dd, J＝12.2, 7.9 Hz, 1H), 3.60 (s, 3H), 3.38 (dd, J＝
12.1, 7.3 Hz, 1H); 13C NMR (100 MHz, chloroform-d) δ: 
165.15, 163.01, 148.44, 145.46, 140.87, 138.87, 136.53, 
135.35, 134.62, 133.24, 132.23, 128.11, 128.02, 127.68, 
127.57, 127.27, 125.50, 124.18, 122.39, 121.90, 121.84, 
116.68, 115.57, 106.73, 75.30, 63.09, 41.44, 29.93; IR 
(thin film) ν: 3351, 2920, 2851, 1671, 1597, 1532, 1484, 
1386, 1328, 1268, 1125, 1044, 752, 669 cm－1; HRMS 
(ESI) calcd for C30H24N6O2Na [M＋Na]＋ 523.1853, found 
523.1859.  
4.4  General procedure for the synthesis of 3-alky-
lated quinoxalin-2(1H)-ones 

3a (0.3 mmol, 1.0 equiv.), styrene substrate (4) (0.6 
mmol, 2.0 equiv.) and photosensitizer PC (0.0015 mmol, 
0.5 mol%) were dissolved in dry and deoxygenated cyclo-
pentyl methyl ether (9 mL) under argon atmosphere. The 
reaction mixture was irradiated by 10 W LEDs (450～455 
nm) for 5 h at room temperature (maintained with cooling 
water). After completion of the reaction as indicated by 
TLC, cyclopentyl methyl ether (9 mL) was replaced by 
MeOH (6 mL), and AcOH (35 μL, 0.6 mmol) was added at 
35 ℃. After completion of the reactions, the solvent was 
removed under reduced pressure and the residues purified 
by flash column chromatography (petroleumether/ethyl 
acetate, V∶V＝5∶1) to give the target product 7. 

3-(2-Methoxy-2-phenylethyl)-1-methylquinoxalin-2(1H)- 
one (7a): Pale yellow solid (Rf＝0.5), yield 78% (68.8 mg). 
m.p. 118～120 ℃; 1H NMR (400 MHz, chloroform-d) δ: 
7.89 (dd, J＝8.0, 1.5 Hz, 1H), 7.55～7.51 (m, 1H), 7.49～
7.46 (m, 2H), 7.38～7.25 (m, 5H), 4.98 (dd, J＝9.3, 4.4 
Hz, 1H), 3.70 (s, 3H), 3.41 (dd, J＝14.7, 9.3 Hz, 1H), 
3.30～3.23 (m, 1H), 3.19 (s, 3H); 13C NMR (100 MHz, 
chloroform-d) δ: 158.03, 155.09,141.91, 133.30, 132.91, 
130.10, 129.91, 128.55, 127.81, 126.97, 123.66, 113.68, 
81.04, 56.89, 43.45, 29.16; IR (thin film) ν: 2980, 2932, 
2821, 1653, 1602, 1472, 1312, 1096, 1000, 754, 702 cm－1; 
HRMS (ESI) calcd for C18H18N2O2Na [M ＋ Na] ＋ 
317.1259, found 317.1260.  

3-(2-(4-Chlorophenyl)-2-methoxyethyl)-1-methylquin- 
oxalin-2(1H)-one (7b): Pale yellow solid (Rf＝0.5), yield 
72% (70.8 mg). m.p. 90～92 ℃; 1H NMR (400 MHz, 
chloroform-d) δ: 7.87 (d, J＝8.0 Hz, 1H), 7.53 (t, J＝7.8 
Hz, 1H), 7.41 (d, J＝8.0 Hz, 2H), 7.42～7.27 (m, 4H), 
4.97 (dd, J＝9.0, 4.8 Hz, 1H), 3.69 (s, 3H), 3.38 (dd, J＝
14.8, 9.0 Hz, 1H), 3.23 (dd, J＝14.9, 5.0 Hz, 1H), 3.18 (s, 
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3H); 13C NMR (100 MHz, chloroform-d) δ: 157.54, 
154.96, 140.41, 133.40, 133.21, 132.77, 129.99, 129.97, 
128.68, 128.34, 123.66, 113.66, 80.34, 56.86, 43.15, 29.11; 
IR (thin film) ν: 2982, 2933, 2821, 1654, 1602, 1473, 
1411, 1305, 1093, 1014, 827, 753 cm－1; HRMS (ESI) 
calcd for C18H17ClN2O2Na [M＋Na]＋ 351.0871, found 
351.0869.  

3-(2-Methoxy-2-(naphthalen-2-yl)ethyl)-1-methylquin- 
oxalin-2(1H)-one (7c): Pale yellow solid (Rf＝0.5), yield 
70% (72.3 mg). m.p. 35～37 ℃; 1H NMR (400 MHz, 
chloroform-d) δ: 7.92～7.82 (m, 5H), 7.66～7.64 (m, 1H), 
7.47～7.45 (m, 3H), 7.32～7.28 (m, 1H), 7.21～7.19 (m, 
1H), 5.16 (dd, J＝9.2, 4.4 Hz, 1H), 3.64 (s, 3H), 3.50 (dd, 
J＝14.7, 9.3 Hz, 1H), 3.21 (s, 3H); 13C NMR (100 MHz, 
chloroform-d) δ: 157.82, 154.98, 139.26, 133.27, 133.18, 
133.16, 132.78, 129.95, 129.84, 128.43, 127.96, 127.74, 
126.11, 126.09, 125.86, 124.67, 123.57, 113.61, 81.09, 
56.89, 43.31, 29.04; IR (thin film) ν: 3053, 2934, 2821, 
1652, 1602, 1472, 1095, 821, 751, 665 cm－1; HRMS (ESI) 
calcd for C22H20N2O2Na [M＋Na] ＋  367.1417, found 
367.1416.  

3-(2-([1,1'-Biphenyl]-4-yl)-2-methoxyethyl)-1-methyl- 
quinoxalin-2(1H)-one (7d): Pale yellow solid (Rf＝0.5), 
yield 55% (61.1.7 mg). m.p. 165～167 ℃; 1H NMR (400 
MHz, chloroform-d) δ: 7.89 (d, J＝8.0 Hz, 1H), 7.60～
7.48 (m, 7H), 7.42 (t, J＝7.6 Hz, 2H), 7.34～7.25 (m, 3H), 
5.04 (dd, J＝9.2, 4.5 Hz, 1H), 3.68 (s, 3H), 3.45 (dd, J＝
14.7, 9.2 Hz, 1H), 3.31 (dd, J＝14.6, 4.7 Hz, 1H), 3.22 (s, 
3H); 13C NMR (100 MHz, chloroform-d) δ: 157.90, 
155.03, 140.94, 140.63, 133.25, 132.85, 130.02, 129.87, 
128.80, 127.40, 127.29, 127.25, 127.12, 123.62, 113.64, 
80.76, 56.90, 43.32, 29.10; IR (thin film) ν: 3028, 2931, 
2821, 1653, 1601, 1472, 1310, 1095, 1006, 839, 753, 698 
cm－1; HRMS (ESI) calcd for C24H22N2O2Na [M＋Na]＋ 
393.1573, found 393.1573.  

3-(2-Methoxy-2-phenylpropyl)-1-methylquinoxalin- 
2(1H)-one (7e): Pale yellow solid (Rf＝0.5), yield 70% 
(64.7 mg). m.p. 105～107 ℃; 1H NMR (400 MHz, chlo-
roform-d) δ: 7.81～7.79 (m, 1H), 7.50～7.44 (m, 3H), 
7.33～7.27 (m, 3H), 7.24～7.20 (m, 2H), 3.58 (s, 3H), 
3.52～3.44 (m, 2H), 3.13 (s, 3H); 13C NMR (100 MHz, 
chloroform-d) δ: 157.72, 155.20, 144.60, 133.17, 132.58, 
130.01, 129.82, 128.02, 127.00, 126.53, 123.36, 113.46, 
79.93, 50.72, 44.53, 29.19, 23.11; IR (thin film) ν: 3057, 
2978, 2936, 2824, 1654, 1602, 1472, 1315, 1154, 1094, 
1071, 755, 701 cm－1; HRMS (ESI) calcd for C19H20N2- 
O2Na [M＋Na]＋ 331.1417, found 331.1416.  

3-(2-Methoxy-2,2-diphenylethyl)-1-methylquinoxalin- 
2(1H)-one (7f): Pale yellow solid (Rf＝0.5), yield 84% 
(93.3 mg). m.p. 53～55 ℃; 1H NMR (400 MHz, chloro-
form-d) δ: 7.60 (d, J＝7.9 Hz, 1H), 7.46～7.39 (m, 1H), 
7.33～7.31 (m, 4H), 7.25～7.12 (m, 8H), 7.13 (d, J＝8.3 
Hz, 1H), 4.03 (s, 2H), 3.41 (s, 3H), 3.32 (s, 3H); 13C NMR 
(100 MHz, chloroform-d) δ: 157.18, 154.73, 144.91, 
132.98, 132.50, 129.98, 129.71, 127.70, 127.62, 126.91, 
123.21, 113.35, 83.81, 51.41, 36.97, 29.02; IR (thin film) 
ν: 3057, 3022, 2937, 2827, 1654, 1602, 1472, 1194, 1076, 

1036, 895, 753, 699 cm－1; HRMS (ESI) calcd for C24H22- 
N2O2Na [M＋Na]＋ 393.1573, found 393.1571.  
 
Supporting Information  Experimental procedures, the 
synthesis method of the starting materials, the mechanistic 
study and compound characterization data. The Supporting 
Information is available free of charge via the Internet at 
http://sioc-journal.cn. 

References 
[1] Richardson, A. D.; Becker, M. R.; Schindler, C. S. Chem. Sci. 2020, 

11, 7553. 
[2] (a) Tsuge, O.; Tashiro, M.; Oe, K. Tetrahedron Lett. 1968, 9, 3971. 

(b) Koch, T. H.; Howard, K. H. Tetrahedron Lett. 1972, 13, 4035. 
(c) Koch, T. H.; Rodehorst, R. M. Tetrahedron Lett. 1972, 13, 4039. 
(d) Howard, K. A.; Koch, T. H. J. Am. Chem. Soc. 1975, 97, 7288. 
(e) Rodehorst, R. M.; Koch, T. H. J. Am. Chem. Soc. 1975, 97, 
7298.  
(f) Sa-kamoto, R.; Inada, T.; Sakurai, S.; Maruoka, K. Org. Lett. 
2016, 18, 6252.  

[3] (a) Padwa, A. Chem. Rev. 1977, 77, 37.  
(b) Pratt, A. C. Chem. Soc. Rev. 1977, 6, 63. 
(c) Padwa, A.; Albrecht, F. J. Am. Chem. Soc. 1972, 94, 1000.  
(d) Kandappa, S. K.; Valloli, L. K.; Ahuja, S.; Parthiban, J. Chem. 
Soc. Rev. 2021, 50, 1617. 

[4] Becker, M. R.; Wearing, E. R.; Schindler, C. S. Nat. Chem. 2020, 
12, 898. 

[5] (a) Hyatt, J. A.; Swenton, J. S. J. Chem. Soc., Chem. Commun. 
1972, 1144.  
(b) Swenton, J. S.; Hyatt, J. A. J. Am. Chem. Soc. 1974, 96, 4879.  
(c) Swenton, J. S.; Balchunis, R. J. J. Heterocycl. Chem 1974, 11, 
917.  
(d) Kumagai, T.; Kawamura, Y.; Mukai, T. Chem. Lett. 1983, 12, 
1357.  
(e) Kawamura, Y.; Kumagai, T.; Murai, T. Chem. Lett. 1985, 14, 
1937.  
(f) Becker, M. R.; Wearing, E. R.; Schindler, C. S. Nat. Chem. 
2020, 12, 898.  
(g) Futamura, S.; Ohta, H.; Kamiya, Y. Chem. Lett. 1980, 9, 655.  
(h) Nishio, T. J. Org. Chem. 1984, 49, 827.  
(i) Nishio, T.; Omote, Y. J. Org. Chem. 1985, 50, 1370.  
(j) Nishio,T.; Omote, Y. J. Chem. Soc., Perkin Trans. 1 1987, 2611.  
(k) Nishio, T. J. Chem. Soc., Perkin Trans. 1 1990, 565.  
(l) Katagiri, N.; Kasai, K.; Kaneko, C. Chem. Pharm. Bull. 1986, 
34, 4429.  
(m) Li, X.; Großkopf, J.; Jandl, C.; Bach, T. Angew. Chem., Int. Ed. 
2021, 60, 2684. 

[6] Kumarasamy, E.; Kandappa, S. K.; Raghunathan, R.; Jockusch, S.; 
Sivaguru, J. Angew. Chem., Int. Ed. 2017, 56, 7056. 

[7] Becker, M. R.; Richardson, A. D.; Schindler, C. S. Nat. Commun. 
2019, 10, 5095. 

[8] Zhu, M.; Zhang, X.; Zheng, C.; You, S.-L. ACS Catal. 2020, 10, 
12618. 

[9] (a) Wei, W.; Wang, L.; Bao, P.; Shao, Y.; Yue, H.; Yang, D.; Yang, 
X.; Zhao, X.; Wang, H. Org. Lett. 2018, 20, 7125.  
(b) Li, K.-J.; Xu, K.; Liu, Y.-G.; Zeng, C.-C.; Sun, B.-G. Adv. Synth. 
Catal. 2019, 361, 1033.  

[10] Luo, J.; Zhang, J. ACS Catal. 2016, 6, 873. 
[11]  Sun, M.; Wang, L.; Zhao, L.; Wang, Z.; Li, P. ChemCatChem 

2020, 12, 5261. 
[12] Niu, K.; Ding, L.; Zhou, P.; Hao, Y.; Liu, Y.; Song, H.; Wang, Q. 

Green Chem. 2021, 23, 3246. 

(Zhao, C.) 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


