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N-羟乙基-N-芳基丙炔酰胺的无金属硒化螺三环化反应 

王玉超 a,b    刘晋彪*,a    邱观音生*,b    杨  宇 b    周宏伟*,b 
(a江西理工大学材料冶金化学学部  江西赣州 341000) 

(b嘉兴学院生物与化学工程学院  浙江嘉兴 314001) 

摘要  报道了一种温和的经由 N-羟乙基-N-芳基丙炔酰胺的自位环化及选择性邻位捕捉的方法, 并高效合成了系列含

硒苯并[b]吡咯并[2,1-c][1,4]噁嗪-3-酮化合物. 反应无需过渡金属催化, 具有较高的效率和较广的底物适应范围. 该串

联环化过程包含了炔烃的 α-加成、ipso-环化和螺环中间体的邻位俘获.  
关键词  硒化; 去芳构化; 自位环化; N-羟乙基-N-芳基丙炔酰胺 

Metal-Free Selenizative spiro-Tricyclization of 
N-Hydroxylethyl-N-arylpropiolamides 

Wang, Yuchaoa,b    Liu, Jinbiao*,a    Qiu, Guanyinsheng*,b 
Yang, Yub    Zhou, Hongwei*,b 

(a Faculty of Materials Metallurgy and Chemistry, Jiangxi University of Science and Technology,  
Ganzhou, Jiangxi 341000) 

(b College of Biological, Chemical Sciences and Engineering, Jiaxing University, Jiaxing, Zhejiang 314001) 

Abstract  Facile ipso-cyclization and regioselective ortho-capture of N-hydroxylethyl-N-arylpropiolamides are reported for 
the synthesis of various selenium-containing benzo[b]pyrrolo[2,1-c][1,4]oxazin-3-ones. The reaction works well with high 
efficiency and broad reaction scope. In the process, it is believed that α-addition of the propiolamide, sequential ip-
so-cyclization of the aniline, and regioselective ortho-capture with a hydroxyl group are involved. 
Keywords  selenization; dearomatization; ipso-cyclization; N-hydroxylethyl-N-phenylpropiolamide 

 
1  Introduction 

Quaternary carbons, which are ubiquitous in many nat-
ural products and marketed drugs, have attracted the atten-
tion of synthetic chemists.[1] Among the procedures for their 
synthesis, the de-aromatization spiro-cyclization of 
arenes,[2] promoted by transition metal catalysis, electro-
philic pathways and radical processes, is well-recognized as 
a powerful tool for the preparation of cyclic quaternary 
carbon centers. With high reaction efficiency, this 
dearomatization still has the potential to be expanded to the 
synthesis of various arenes. 

N-Arylpropiolamide is a bi-functional substrate,[3] and is 
often used as a versatile building block for the preparation 
of cyclic spiro-bicycles trienones.[4] The formation of cyclic 

spiro-bicycle trienones has often resorted to the use of ac-
tivated arenes bearing OMe/OH groups at the para site.[5] In 
the past decade, the development of radical ipso-cycliza-
tions has suggested that the use of arenes without activating 
groups can also be employed.[6] It is generally accepted that 
radical ipso-cyclization involves radical α-addition of the 
propiolamide and sequential 5-exo-trig spiro-cyclization of 
the aniline, producing a spiro cyclohexa-dienyl radical A as 
a key intermediate. Interestingly, the intermediate A is 
predominantly trapped at the para site of the quaternary 
carbon with the formation of a trienone (Scheme 1, a). Re-
cently, by changing the N-protecting group to a ketone by 
utilizing oxone chemistry, the first ortho-hydroxylation of 
the intermediate A was realized (Scheme 1, b).[7] In the 
process, it is believed that oxidation of the intermediate A 
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into a spiro cyclohexa-dienyl cation is an important step for 
the trapping of intramolecular carbonyl groups, and or-
tho-hydroxylation has been ascribed to a transfer reaction of 
the carbonyl oxygen atom.[8]  

Considering the ubiquity of spiro-tricyclic compounds in 
many useful molecules, in this paper we report the synthesis 
of spiro-tricycles from propiolamide through the regiose-
lective ortho-etherification of intermediate A. To the best of 
our knowledge, this spiro-tricycle has always been prepared 
by a post-Ugi reaction[9] and a combination of radical ip-
so-cyclization and sequential Michael additions.[10] The 
method reported herein, involving regioselective ortho- 
etherification of the intermediate A, represents a simple and 
efficient alternative, especially for the synthesis of oxo/aza- 
spiro-tricycles. Moreover, this spiro-tricycle contains a 
functional diene group, which provides great potential for 
structural elaboration. 

Recent emphasis has been placed on the selenation of 
organomolecular motifs.[11] To date, Se sources are either Se 
powder or diselenides. Diselenides are activated by elec-
trophiles and oxidants, providing electrophilic selenium 
species[12] and radical triggers to produce selenium radical 
species.[13] Moreover, these established methodologies 
suggested transition metals,[14] especially copper catalysts, 
could activate the diselenides to form metalloselenide spe-
cies, which have been proposed as key intermediates in C—
H functionalization and decarboxylation, etc.  

2  Results and discussion 
Inspired by the above work, this work employed 

N-hydroxyl-ethyl-N-phenylpropiolamide (1a) and diphenyl 
diselenides 2a as the model substrates to optimize the above 
projected regioselective ortho-etherification of intermediate 
A for the synthesis of spiro-tricycle 3a (Scheme 1, c). 
N-Hydroxylethyl-N-phenylpropiolamide (1a) is readily 

accessed through the NaBH4-based reduction of N-ketonyl- 
N-phenylpropiolamide. Considering our continuous interest 
in oxone chemistry,[7,8] the model reaction employed oxone 
as a reaction promoter, and was envisioned to work well 
under metal-free conditions. To our delight, a preliminary 
result indicated that when the model reaction was conducted 
at 80 ℃ in the presence of oxone in CH3CN, the regiose-
lective ortho-etherification of intermediate A seemed reli-
able, leading to the desired spiro-tricyclic benzo[b]-   
pyrrolo[2,1-c][1,4]oxazin-3-one (3a) in 61% isolated yield 
(Scheme 1, c). The exact structure of product 3a was iden-
tified by X-ray diffraction (CCDC 2047872), NMR and 
HRMS. Interestingly, the direct 6-endo-dig oxy-cyclization- 
derived byproduct 3a' was not observed in the reaction. To 
confirm the radical pathway, a control experiment with 2.0 
equiv. 2,2,6,6-tetramethylpiperidinooxy (TEMPO) as an 
additive was conducted, presenting a similar yield to afford 
the desired product 3a. To our surprise, another control 
reaction with 1,1-diphenylethene as an additive also showed 
no significant impact on reaction yield. We reasoned that 
these results could be attributed to the fact that the reaction 
probably proceed through a distinctive pathway, thus en-
couraging us to optimize other result-affecting factors. The 
results are presented in Table 1. 

As shown in Table 1, our initial efforts focused on 
screening various solvents. The results implied that CH3CN 
was the best choice (Table 1, Entry 1), and other solvents 
including 1,2-dichloroethane (DCE), tetrahydrofuran 
(THF), dimethyl sulfoxide (DMSO), and N,N-dimethyl- 
formamide (DMF) did not give better yields (Table 1, En-
tries 2～6). The use of different oxidants such as dibenzoyl 
peroxide (BPO), t-butyl hydroperoxide (TBHP), K2S2O8 
and (NH4)2S2O8 decreased the reaction efficiency (Table 1, 
Entries 7～10). The reaction yield was increased to 70% 
when the loading of oxone was decreased from 2.0 equiv. to  
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Scheme 1  Projected route for radical selenizative dearomatization of alkyne-tethered anilines towards spiro-tricyles  
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Table 1  Optimization of the reaction conditionsa 

 

Entry Oxidant (equiv.) Solvent Temp./℃ Yielda/% of 3a
1 Oxone (2.0) CH3CN 80 61 
2 Oxone (2.0) DCE 80 20 
3 Oxone (2.0) THF 80 17 
4 Oxone (2.0) DMSO 80 44 
5 Oxone (2.0) 1,4-Dioxane 80 13 
6 Oxone (2.0) DMF 80 42 
7 BPO (2.0) CH3CN 80 10 
8 K2S2O8 (2.0) CH3CN 80 38 
9 TBHP (2.0) CH3CN 80 0 
10 (NH4)2S2O8 (2.0) CH3CN 80 Trace 
11 Oxone (1.2) CH3CN 80 70 
12 Oxone (1.2) CH3CN r.t. Trace 

a Isolated yield based on 1a. Oxone＝KHSO5•KHSO4•K2SO4; BPO＝benzoyl 
peroxide; TBHP＝tert-butyl hydroperoxide (5.0～6.0 mol/L in decane) 

1.2 equiv. (Table 1, Entry 11). Performing the reaction at 
room temperature did not provide the desired product (Ta-
ble 1, Entry 12). 

Under the optimal reaction conditions, the reaction scope 
for the preparation of spiro-tricycles 3 from propiolamide 1 
was then explored through the regioselective ortho-etheri-
fication of the intermediate A. Our initial emphasis was 
directed towards the use of different diselenides 2. As 
shown in Scheme 2, diselenides 2 could be replaced by 
arylselanes, alkylselane and benzylselane. For example, the 
reaction using 4-bromophenylselane worked well with the 
formation of 3d in a similar yield, while the reaction with 
benzylselane gave rise to the corresponding product 3f in 
moderate yield.  

Subsequently, various N-protecting alcohol groups were 
also explored. From the results, both primary alcohols and 
secondary alcohols were compatible with the reaction con-
ditions. When the substituent R3 was t-Bu, the reaction of 
the corresponding substrate 1i worked well, producing 3i in 
64% yield. Particularly, a moderate yield for 3k was ob-
served when N-(2-hydroxy-2-(naphthalen-1-yl)ethyl)-N,3- 
diphe-nylpropiolamide was used as the substrate. Moreover, 
the reaction of N-(3-hydroxypropyl)-N,3-diphenyl-propio-
lamide proceeded smoothly, and the corresponding seven-  
membered ring-containing spiro-tricyclic product 3m was 
obtained in 64% yield. 

In addition, various anilines bearing different substituents 
were examined, and a series of spiro-tricyclic benzo[b]-
pyrrolo[2,1-c][1,4]oxazin-3-ones 3o～3x were obtained in 
moderate to good yields. From the results, the substituents 
on the aniline could be 4-Br, 4-Cl, 4-F, 4-Ph and 4-Et 
groups. In particular, the reaction of substrates with 2-Me 
and 2-Ph groups also worked well, leading to the corre-
sponding products 3r and 3t in 57% and 55% yields, re-
spectively. Moreover, substrates bearing naphthalen-1- 
amine, naphthalen-2-amine,and anthracen-1-amine groups 
were efficient reaction partners, leading to the correspond-
ing benzo[b]pyrrolo[2,1-c][1,4]oxazin-3-ones 3u～3w in 
moderate yields. It is noteworthy that the reaction of 
N-(2-hydroxyethyl)-N-(4-methylphenyl)-3-phenylpropiol- 
amide (1y) did not provide the desired spiro-tricyclic 
products, and instead, produced the distinctive product 
aldehyde 3y in 53% yield. We reasoned that the aldehyde 
group was derived from the oxidation of the methyl group. 
Additionally, the desired product was not observed when 
N-(2-hydroxyethyl)-N-(4-methoxyphenyl)-3-phenylpropiol- 
amide (1z) was employed. Under the standard conditions, 
the reaction of 1z underwent ipso-cyclization and Michael 
addition to afford spiro-tricyclic trienone 3z in 67% yield. 

To expand the reaction scope, the reaction of N-(2-((4- 
methylphenyl)sulfonamido)ethyl)-N,3-diphenylpropiol- 
amide (1z-a) was conducted. To our delight, the reaction 
proceeded smoothly to provide 1-phenyl-2-(phenylselanyl)- 
7-tosyl-5,6,7,7a-tetra-hydro-3H-pyrrolo[1,2-d]quinoxalin- 
3-one (3z-a), although the reaction yield was poor. 

Structural elaboration of benzo[b]pyrrolo[2,1-c][1,4]- 
oxazin-3-ones 3 was also conducted. The results are illus-
trated in Scheme 3. From the results, the selenium group 
could be oxidized into a seleninyl group when 2.2 equiv. of 
m-CPBA was used in CH2Cl2 at 0 ℃. Additionally, cross- 
coupling of 3a with various boronic acids was conducted. 
We were pleased to find that the use of 40 mol% Pd(PPh3)4 
and 1.2 equiv. of Cu(OAc)2 gave the spiro- tricycles 6a～6c 
in 52%～82% yields. 

In light of the aforementioned results, a plausible mech-
anism has been proposed as shown in Scheme 4. Oxone is a 
combination of KHSO5, KHSO4 and K2SO4. Based on pre-
vious findings,[15] diselenides are converted into electro-
philic selenide species A-1 and A-2 in the presence of 
KHSO5. It seems possible that the treatment of electrophilic 
selenide A-2 with KHSO4 provides A-1. The resulting 
electrophilic selenide species activates substrates 1, and 
electrophilic ipso-cyclization[16] takes place to release spi-
ro-bicyclic cation B. This is trapped by the intramolecular 
hydroxyl group to give the final products 3. In particular, 
when R on the arene is a methoxyl group, a trienone in-
termediate is formed. Following a Michael addition, the 
final product 3z is observed. Notably, it appears more likely 
that the reaction reported herein undergoes an electrophilic 
spiro-tricyclization, although numerous publications pro-
pose a radical pathway.[17] 
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Scheme 4  A plausible mechanism 
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3  Conclusions 
A facile protocol for the synthesis of various selenium- 

containing benzo[b]pyrrolo[2,1-c][1,4]-oxazin-3-one via 
ipso-cyclization of an alkyne-tetherered aniline and 
regioselective ortho-etherification was developed. The 
reaction worked well with high reaction efficiency and good 
reaction scope. In the process, it is believed that α-addition 
of the propiolamide, sequential ipso-cyclization of the 
aniline, and regioselective ortho-etherification with a hy-
droxyl group are involved. 

4  Experimental section 
4.1  General procedure 

Unless otherwise noted, all of the reagents were pur-
chased from commercial suppliers and used without puri-
fication. Purification of products was conducted by chro-
matography on silica gel (200～300 mesh). Nuclear mag-
netic resonance (NMR) spectra were measured on a Bruker 
Avance III 400 (400 MHz). The 1H NMR (400 MHz) 
chemical shifts were obtained relative to CDCl3 as the in-
ternal reference (CDCl3: δ 7.26). The 13C NMR (101 MHz) 
chemical shifts were given using CDCl3 as the internal 
standard (CDCl3: δ 77.16). HRMS was obtained on a VG 
ZAB-HS mass spectrometer, Brucker Apex IV FTMS 
spectrometer.  
4.2  General procedure for the synthesis of 4,5-  
dihydro-1H-pyrrolo[3,2-c]quinolin-2-amine 3 

The reaction mixture of N-arylpropynamides 1 (0.2 
mmol), diselenides 2 (0.12 mmol) and oxone (0.24 mmol) 
was added to CH3CN (2 mL). The mixture was stirred at 
80 ℃ for 12 h under N2, and monitored by thin layer 
chromatography (TLC). Upon completion, the reaction 
mixture was diluted with saturated NaHCO3 (2 mL) and 
extracted with ethyl acetate (2 mL×3). The combined or-
ganic layers were dried over anhydrous Na2SO4, and fil-
tered. The solvent was removed under vacuum. The residue 
was purified by column chromatography to afford product 
3. 

1-Phenyl-2-(phenylselanyl)-5,6-dihydro-3H,7aH-benzo- 
[b]pyrrolo[2,1-c][1,4]oxazin-3-one (3a): White solid, 58.9 
mg, 70% yield (eluent: ethyl acetate/petroleum ether, V∶  
V＝3∶7～1∶1). 1H NMR (400 MHz, CDCl3) δ: 7.40～
7.31 (m, 2H), 7.27～7.22 (m, 1H), 7.21～7.05 (m, 5H), 6.92 
(d,  J＝7.6 Hz, 2H), 6.19 (dd, J＝9.4, 2.4 Hz, 1H), 5.69～
5.61 (m, 2H), 5.51 (d, J＝9.5 Hz, 1H), 4.30 (d, J＝13.1 Hz, 
1H), 3.91～3.84 (m, 1H), 3.70 (d, J＝2.1 Hz, 1H), 3.35 (t,  
J＝11.3 Hz, 1H), 3.25～3.15 (m, 1H); 13C NMR (101 MHz, 
CDCl3) δ: 167.4, 159.9, 133.5, 132.7, 128.8, 128.7, 128.6, 
128.2, 128.1, 127.9, 127.4, 127.2, 126.8, 125.5, 124.5, 73.7, 
68.4, 66.4, 39.4; HRMS (ESI-TOF) calcd for C23H20NO2Se 
[M＋H]＋ 422.0659, found 422.0669.  

1-Phenyl-2-(p-tolylselanyl)-5,6-dihydro-3H,7aH-benzo- 
[b]pyrrolo[2,1-c][1,4]oxazin-3-one (3b): Yellow solid, 49.5 
mg, 57% yield (eluent: ethyl acetate/petroleum ether, V∶  
V＝3∶7～1∶1). 1H NMR (400 MHz, CDCl3) δ: 7.30～

7.21 (m, 3H), 7.16 (t, J＝7.0 Hz, 2H), 6.92 (d, J＝7.6 Hz, 
4H), 6.22～6.14 (m, 1H), 5.64 (d, J＝2.3 Hz, 2H), 5.50 (d,  
J＝9.5 Hz, 1H), 4.29 (d, J＝13.2 Hz, 1H), 3.87 (d, J＝11.0 
Hz, 1H), 3.68 (d, J＝1.6 Hz, 1H), 3.34 (t, J＝11.4 Hz, 1H), 
3.19 (t, J＝12.5 Hz, 1H), 2.26 (s, 3H); 13C NMR (101 MHz, 
CDCl3) δ: 167.6, 159.0, 137.6, 134.2, 132.9, 129.7, 129.1, 
128.6, 128.3, 128.2, 127.2, 126.9, 125., 124.56, 123.9, 73.8, 
68.5, 66.5, 39.5, 21.1; HRMS (ESI-TOF) calcd for C24H21- 
NO2NaSe [M＋Na]＋ 458.0635, found 458.0639. 

2-((4-Chlorophenyl)selanyl)-1-phenyl-5,6-dihydro- 
3H,7aH-benzo[b]pyrrolo[2,1-c][1,4]oxazin-3-one (3c): 
White solid, 61.8 mg, 68% yield (eluent: ethyl ace-
tate/petroleum ether, V∶V＝3∶7～1∶1). 1H NMR (400 
MHz, CDCl3) δ: 7.27 (d, J＝7.3 Hz, 3H), 7.16 (t, J＝7.4 Hz, 
2H), 7.06 (d, J＝8.1 Hz, 2H), 6.91 (d, J＝7.4 Hz, 2H), 6.19 
(d, J＝7.2 Hz, 1H), 5.63 (d, J＝13.2 Hz, 2H), 5.50 (d, J＝
9.4 Hz, 1H), 4.29 (d, J＝13.1 Hz, 1H), 3.95～3.83 (m, 1H), 
3.69 (s, 1H), 3.34 (t, J＝11.3 Hz, 1H), 3.20 (t, J＝12.4 Hz, 
1H); 13C NMR (101 MHz, CDCl3) δ: 167.2, 159.5, 135.2, 
133.9, 132.4, 128.9, 128.7, 128.5, 128.3, 128.0, 127.2, 
126.8, 125.6, 125.2, 124.4, 73.6, 68.5, 66.3, 39.4; HRMS 
(ESI-TOF) calcd for C23H18NO2NaClSe [M ＋ Na] ＋ 
478.0089, found 478.0099. 

2-((4-Bromophenyl)selanyl)-1-phenyl-5,6-dihydro- 
3H,7aH-benzo[b]pyrrolo[2,1-c][1,4]oxazin-3-one (3d): 
Yellow solid, 69.9 mg, 70% yield (eluent: ethyl ace-
tate/petroleum ether, V∶V＝3∶7～1∶1). 1H NMR (400 
MHz, CDCl3) δ: 7.32～7.25 (m, 1H), 7.25～7.08 (m, 6H), 
6.91 (d, J＝7.7 Hz, 2H), 6.25～6.13 (m, 1H), 5.65 (d, J＝
2.9 Hz, 2H), 5.50 (d, J＝9.5 Hz, 1H), 4.29 (d, J＝13.2 Hz, 
1H), 3.89 (dd, J＝11.0, 3.2 Hz, 1H), 3.69 (d, J＝1.8 Hz, 
1H), 3.37～3.30 (m, 1H), 3.25～3.19 (m, 1H); 13C NMR 
(101 MHz, CDCl3) δ: 167.3, 159.7, 135.6, 132.6, 132.0, 
128.8, 128.6, 128.4, 128.1, 127.3, 126.9, 126.4, 125.4, 
124.6, 122.2, 73.8, 68.6, 66.5, 39.5; HRMS (ESI-TOF) 
calcd for C23H18NO2NaSeBr [M＋Na]＋ 521.9584, found 
521.9588. 

2-(Ethylselanyl)-1-phenyl-5,6-dihydro-3H,7aH-benzo- 
[b]pyrrolo[2,1-c][1,4]oxazin-3-one (3e): Yellow solid, 55.1 
mg, 74% yield (eluent: ethyl acetate/petroleum ether, V∶  
V＝3∶7～1∶1). 1H NMR (400 MHz, CDCl3) δ: 7.35～
7.26 (m, 3H), 7.08 (d, J＝6.9 Hz, 2H), 6.20 (dd, J＝6.2, 2.9 
Hz, 1H), 5.68 (s, 2H), 5.51 (d, J＝9.0 Hz, 1H), 4.30 (d, J＝
13.1 Hz, 1H), 3.89 (d, J＝10.9 Hz, 1H), 3.70 (s, 1H), 3.35 (t,    
J＝11.3 Hz, 1H), 3.20 (dd, J＝17.2, 7.6 Hz, 1H), 2.99～
2.75 (m, 2H), 1.27 (t, J＝7.4 Hz, 3H); 13C NMR (101 MHz, 
CDCl3) δ: 167.8, 156.7, 133.2, 128.3, 128.3, 128.1, 127.3, 
127.0, 126.7, 125.8, 124.4, 73.7, 68.2, 66.3, 39.2, 18.4, 
15.7; HRMS (ESI-TOF) calcd for C19H19NO2NaSe [M＋
Na]＋ 396.0479, found 396.0481. 

2-(Benzylselanyl)-1-phenyl-5,6-dihydro-3H,7aH- 
benzo[b]pyrrolo[2,1-c][1,4]oxazin-3-one (3f): Yellow sol-
id, 34.7 mg, 40% yield (eluent: ethyl acetate/petroleum 
ether, V∶V＝3∶7～4∶6). 1H NMR (400 MHz, CDCl3) δ: 
7.25 (q, J＝7.4 Hz, 4H), 7.21～7.11 (m, 4H), 6.63 (d, J＝
7.8 Hz, 2H), 6.14 (d, J＝9.4 Hz, 1H), 5.61 (s, 2H), 5.39 (d,  
J＝9.5 Hz, 1H), 4.36 (d, J＝13.2 Hz, 1H), 4.30 (d, J＝11.2 
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Hz, 1H), 4.08 (d, J＝11.4 Hz, 1H), 3.91 (d, J＝10.9 Hz, 
1H), 3.52 (s, 1H), 3.34 (t, J＝11.4 Hz, 1H), 3.22 (t, J＝12.3 
Hz, 1H); 13C NMR (101 MHz, CDCl3) δ: 167.9, 160.2, 
139.0, 133.1, 129.3, 128.4, 128.4, 128.3, 128.2, 127.2, 
126.81, 126.8, 125.7, 124.5, 73.6, 68.4, 66.6, 39.5, 28.7; 
HRMS (ESI-TOF) calcd for C24H21NO2NaSe [M＋Na]＋ 
458.0635,  found 458.0640. 

6-Methyl-1-phenyl-2-(phenylselanyl)-5,6-dihydro- 
3H,7aH-benzo[b]pyrrolo[2,1-c][1,4]oxazin-3-one (3g): 
Yellow solid, 58.2 mg, 67% yield (eluent: ethyl ace-
tate/petroleum ether, V∶V＝3∶7～1∶1). 1H NMR (400 
MHz, CDCl3) δ: 7.34 (d, J＝4.2 Hz, 2H), 7.24 (s, 1H), 
7.20～7.04 (m, 5H), 6.92 (d, J＝6.0 Hz, 2H), 6.19 (s, 1H), 
5.66 (d, J＝3.4 Hz, 2H), 5.50 (d, J＝7.1 Hz, 1H), 4.28 (d,   
J＝13.0 Hz, 1H), 3.77 (s, 1H), 3.42 (s, 1H), 2.87～2.71 (m, 
1H), 1.24～1.14 (m, 3H); 13C NMR (101 MHz, CDCl3) δ: 
167.5, 160.1, 133.6, 132.8, 128.9, 128.8, 128.6, 128.3, 
128.2, 128.1, 127.5, 127.2, 126.9, 125.5, 124.6, 73.6, 72.8, 
67.9, 45.3, 18.2; HRMS (ESI-TOF) calcd for C24H21- 
NO2NaSe [M＋Na]＋ 458.0635, found 458.0646. 

6-Ethyl-1-phenyl-2-(phenylselanyl)-5,6-dihydro-3H,7aH- 
benzo[b]pyrrolo[2,1-c][1,4]oxazin-3-one (3h): Yellow 
solid, 52.9 mg, 59% yield (eluent: ethyl acetate/petroleum 
ether, V∶V＝3∶7～1∶1). 1H NMR (400 MHz, CDCl3) δ: 
7.35 (d,   J＝6.9 Hz, 2H), 7.28～7.21 (m, 1H), 7.19～7.07 
(m, 5H), 6.92 (d, J＝7.1 Hz, 2H), 6.22～6.13 (m, 1H), 5.66 
(p, J＝9.6 Hz, 2H), 5.49 (d, J＝9.4 Hz, 1H), 4.31 (d, J＝
13.1 Hz, 1H), 3.75 (d, J＝4.9 Hz, 1H), 3.18 (dd, J＝8.2, 5.1 
Hz, 1H), 2.85～2.73 (m, 1H), 1.63～1.44 (m, 2H), 0.94 (t,  
J＝7.4 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ: 167.6, 
160.0, 133.6, 132.9, 128.9, 128.7, 128.6, 128.3, 128.2, 
128.1, 127.5, 127.2, 126.8, 125.5, 124.6, 78.1, 73.7, 68.3, 
43.9, 25.8, 9.7; HRMS (ESI-TOF) calcd for C25H23N- 
O2NaSe [M＋Na]＋ 472.0792, found 472.0803. 

6-(tert-Butyl)-1-phenyl-2-(phenylselanyl)-5,6-dihydro- 
3H,7aH-benzo[b]pyrrolo[2,1-c][1,4]oxazin-3-one (3i): 
White solid, 61.1 mg, 64% yield (eluent: ethyl ace-
tate/petroleum ether, V∶V＝1∶9～2∶8). 1H NMR (400 
MHz, CDCl3) δ: 7.36 (d, J＝7.0 Hz, 2H), 7.27～7.21 (m, 
1H), 7.17～7.11 (m, 5H), 6.92 (d, J＝7.2 Hz, 2H), 6.16 (s, 
1H), 5.63 (s, 2H), 5.45 (d, J＝9.3 Hz, 1H), 4.29 (t, J＝8.8 
Hz, 1H), 3.72 (s, 1H), 2.89 (d, J＝6.9 Hz, 2H), 0.91 (s, 9H); 
13C NMR (101 MHz, CDCl3) δ: 167.7, 159.9, 133.6, 133.0, 
128.8, 128.6, 128.5, 128.2, 128.1, 128.0, 127.4, 127.1, 
126.4, 125.2, 124.8, 83.7, 73.8, 68.1, 39.9, 33.3, 25.8; 
HRMS (ESI-TOF) calcd for C27H27NO2NaSe [M＋Na]＋ 
500.1105, found 500.1105. 

6-Cyclopropyl-1-phenyl-2-(phenylselanyl)-5,6-dihydro- 
3H,7aH-benzo[b]pyrrolo[2,1-c][1,4]oxazin-3-one (3j): 
Yellow solid, 56.3 mg, 61% yield (eluent: ethyl ace-
tate/petroleum ether, V∶V＝3∶7～4∶6). 1H NMR (400 
MHz, CDCl3) δ: 7.32 (d, J＝7.0 Hz, 2H), 7.22 (t, J＝7.4 Hz, 
1H), 7.15～7.07 (m, 5H), 6.89 (d, J＝7.2 Hz, 2H), 6.20～
6.14 (m, 1H), 5.73～5.58 (m, 2H), 5.48 (d, J＝9.5 Hz, 1H), 
4.35 (d, J＝13.2 Hz, 1H), 3.69 (d, J＝3.7 Hz, 1H), 2.97 (dd, 
J＝13.0, 10.8 Hz, 1H), 2.55 (t, J＝9.2 Hz, 1H), 0.86 (dd,   
J＝8.1, 4.7 Hz, 1H), 0.59～0.48 (m, 2H), 0.35～0.26 (m, 

2H); 13C NMR (101 MHz, CDCl3) δ: 167.3, 159.7, 133.6, 
132.7, 128.7, 128.7, 128.5, 128.1, 128.0, 127.8, 127.4, 
127.1, 126.8, 125.3, 124.5, 81.0, 73.5, 67.9, 43.7, 12.8, 3.3, 
1.8; HRMS (ESI-TOF) calcd for C26H24NO2Se [M＋H]＋ 
462.0972, found 462.0978. 

6-(Naphthalen-1-yl)-1-phenyl-2-(phenylselanyl)-5,6- 
dihydro-3H,7aH-benzo[b]pyrrolo[2,1-c][1,4]oxazin-3-one  
(3k): Yellow solid, 45.8 mg, 42% yield (eluent: ethyl ace-
tate/petroleum ether, V∶V＝3∶7～1∶1). 1H NMR (400 
MHz, CDCl3) δ: 7.81 (d, J＝5.3 Hz, 4H), 7.46 (d, J＝9.0 
Hz, 3H), 7.42～7.35 (m, 2H), 7.29 (d, J＝7.2 Hz, 1H), 
7.21～7.12 (m, 5H), 6.98 (d, J＝7.5 Hz, 2H), 6.28 (dd, J＝
9.5, 4.9 Hz, 1H), 5.79～5.68 (m, 2H), 5.59 (d, J＝9.5 Hz, 
1H), 4.54 (dd, J＝17.8, 11.9 Hz, 2H), 4.00 (d, J＝4.8 Hz, 
1H), 3.17 (dd, J＝12.8, 10.6 Hz, 1H); 13C NMR (101 MHz, 
CDCl3) δ: 167.6, 160.0, 135.5, 133.8, 133.2, 133.2, 132.8, 
129.0, 128.9, 128.8, 128.4, 128.3, 128.2, 128.0, 127.9, 
127.6, 127.6, 127.3, 127.1, 126.2, 126.1, 125.3, 125.2, 
124.5, 123.9, 78.3, 74.0, 68.0, 45.4; HRMS (ESI-TOF) 
calcd for C33H25NO2NaSe [M＋Na] ＋  570.0948, found 
570.0951. 

5-Ethyl-1-phenyl-2-(phenylselanyl)-5,6-dihydro-3H,7aH- 
benzo[b]pyrrolo[2,1-c][1,4]oxazin-3-one (3l): Yellow sol-
id, 58.3 mg, 65% yield (eluent: ethyl acetate/petroleum 
ether, V∶V＝3∶7～1∶1). 1H NMR (400 MHz, CDCl3) δ: 
7.34 (s, 2H), 7.27～7.06 (m, 6H), 6.90 (s, 2H), 6.03 (s, 1H), 
5.62 (d, J＝4.3 Hz, 2H), 5.51 (s, 1H), 4.25 (s, 1H), 3.87～
3.78 (m, 2H), 3.49 (s, 1H), 1.91～1.71 (m, 2H), 1.01～1.00 
(m, 3H); 13C NMR (101 MHz, CDCl3) δ: 168.6, 159.7, 
133.6, 132.5, 128.7, 128.3, 128.1, 128.1, 127.7, 127.3, 
127.0, 126.9, 126.6, 126.1, 124.0, 73.7, 69.1, 67.7, 52.2, 
23.1, 10.8; HRMS (ESI-TOF) calcd for C25H23NO2NaSe  
[M＋Na]＋ 472.0792, found 472.0799. 

1-Phenyl-2-(phenylselanyl)-6,7-dihydro-3H,5H,8aH- 
benzo[b]pyrrolo[2,1-c][1,4]oxazepin-3-one (3m): Yellow 
oil, 55.6 mg, 64% yield (eluent: ethyl acetate/petroleum 
ether, V∶V＝3∶7～1∶1). 1H NMR (400 MHz, CDCl3) δ: 
7.30～7.20 (m, 4H), 7.15 (t, J＝8.0 Hz, 4H), 6.62 (d, J＝7.5 
Hz, 2H), 6.18～6.09 (m, 1H), 5.61 (d, J＝2.2 Hz, 2H), 5.39 
(d,  J＝9.5 Hz, 1H), 4.36 (d, J＝13.1 Hz, 1H), 4.29 (d, J＝
11.4 Hz, 1H), 4.07 (d, J＝11.4 Hz, 1H), 3.91 (dd, J＝10.9, 
2.7 Hz, 1H), 3.52 (s, 1H), 3.34 (t, J＝11.4 Hz, 1H), 3.27～
3.17 (m, 1H); 13C NMR (101 MHz, CDCl3) δ: 167.9, 160.2, 
139.0, 133.0, 129.2, 128.4, 128.3, 128.3, 128.2, 127.2, 
127.1, 126.8, 126.8, 125.6, 124.5, 73.6, 68.4, 66.5, 39.5, 
28.6; HRMS (ESI-TOF) calcd for C24H21NO2NaSe [M＋
Na]＋ 458.0635, found 458.0647. 

1-Pentyl-2-(phenylselanyl)-5,6-dihydro-3H,7aH-benzo- 
[b]pyrrolo[2,1-c][1,4]oxazin-3-one (3n): Yellow solid, 70.3 
mg, 85% yield (eluent: ethyl acetate/petroleum ether, V∶  
V＝3∶7～1∶1). 1H NMR (400 MHz, CDCl3) δ: 7.53～
7.39 (m, 2H), 7.27～7.17 (m, 3H), 6.36～6.33 (m, 1H), 
6.30～6.27 (m, 1H), 6.14～6.11 (m, 1H), 5.40 (d, J＝9.4 
Hz, 1H), 4.23 (d, J＝13.1 Hz, 1H), 3.87～3.83 (m, 1H), 
3.53 (d, J＝5.2 Hz, 1H), 3.28 (t, J＝11.4 Hz, 1H), 3.18～
3.11 (m, 1H), 2.50～2.39 (m, 1H), 2.24～2.16 (m, 1H), 1.35 
(d, J＝7.1 Hz, 2H), 1.24 (d, J＝4.1 Hz, 4H), 0.86 (t, J＝6.6 
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Hz, 3H); 13C NMR (101 MHz, CDCl3) δ: 167.9, 165.2, 
132.0, 129.3, 129.2, 127.9, 127.6, 127.5, 127.2, 126.3, 
125.1, 73.5, 68.1, 66.7, 39.4, 32.1, 30.3, 27.9, 22.1, 13.9; 
HRMS (ESI-TOF) calcd for C22H25NO2NaSe [M＋Na]＋ 
438.0948, found 438.0955. 

9-Bromo-1-phenyl-2-(phenylselanyl)-5,6-dihydro- 
3H,7aH-benzo[b]pyrrolo[2,1-c][1,4]oxazin-3-one (3o): 
Yellow solid, 71.8 mg, 72% yield (eluent: ethyl ace-
tate/petroleum ether, V∶V＝3∶7～1∶1). 1H NMR (400 
MHz, CDCl3) δ: 7.35 (d, J＝7.0 Hz, 2H), 7.27 (d, J＝8.2 
Hz, 1H), 7.25～7.14 (m, 3H), 7.10 (t, J＝7.3 Hz, 2H), 6.92 
(d, J＝7.0 Hz, 2H), 6.22 (dd, J＝9.7, 1.5 Hz, 1H), 5.92 (d,  
J＝4.9 Hz, 1H), 5.52 (d, J＝9.7 Hz, 1H), 4.29 (d, J＝13.4 
Hz, 1H), 3.88 (d,  J＝11.1 Hz, 1H), 3.70～3.62 (m, 1H), 
3.34 (t, J＝11.4 Hz, 1H), 3.19 (t, J＝12.5 Hz, 1H); 13C 
NMR (101 MHz, CDCl3) δ: 167.4, 158.2, 134.0, 133.3, 
132.1, 129.4, 128.9, 128.6, 127.9, 127.8, 127.7, 127.7, 
127.4, 124.5, 123.0, 75.4, 67.6, 66.5, 39.4; HRMS 
(ESI-TOF) calcd for C23H18NO2NaBrSe [M ＋ Na] ＋ 
521.9584, found 521.9588. 

9-Chloro-1-phenyl-2-(phenylselanyl)-5,6-dihydro- 
3H,7aH-benzo[b]pyrrolo[2,1-c][1,4]oxazin-3-one (3p): 
Yellow solid, 67.3 mg, 74% yield (eluent: ethyl ace-
tate/petroleum ether, V∶V＝3∶7～1∶1). 1H NMR (400 
MHz, CDCl3) δ: 7.32 (d, J＝7.0 Hz, 2H), 7.24 (d, J＝4.8 
Hz, 1H), 7.21～7.12 (m, 3H), 7.08 (t, J＝7.3 Hz, 2H), 6.89 
(d, J＝7.1 Hz, 2H), 6.08 (dd, J＝9.7, 1.4 Hz, 1H), 5.65 (d,  
J＝6.0 Hz, 1H), 5.58 (d, J＝9.7 Hz, 1H), 4.27 (d, J＝12.1 
Hz, 1H), 3.89～3.81 (m, 1H), 3.73～3.67 (m, 1H), 3.32 (t,  
J＝10.5 Hz, 1H), 3.17 (dd, J＝17.6, 7.5 Hz, 1H); 13C NMR 
(101 MHz, CDCl3) δ: 167.4, 158.2, 134.0, 133.9, 132.1, 
131.4, 129.4, 128.9, 128.6, 128.1, 127.9, 127.7, 127.6, 
127.4, 120.4, 75.0, 67.9, 66.5, 39.5; HRMS (ESI-TOF) 
calcd for C23H18NO2NaClSe [M＋Na]＋ 478.0089, found 
478.0097. 

9-Fluoro-1-phenyl-2-(phenylselanyl)-5,6-dihydro- 
3H,7aH-benzo[b]pyrrolo[2,1-c][1,4]oxazin-3-one (3q): 
Yellow oil, 63.1 mg, 72% yield (eluent: ethyl ace-
tate/petroleum ether, V∶V＝3∶7～1∶1). 1H NMR (400 
MHz, CDCl3) δ: 7.35 (d, J＝7.9 Hz, 2H), 7.31～7.25 (m, 
1H), 7.21～7.16 (m, 3H), 7.11 (t, J＝7.3 Hz, 2H), 6.92 (d,   
J＝7.6 Hz, 2H), 6.16～6.05 (m, 1H), 5.66 (dd, J＝9.7, 5.3 
Hz, 1H), 5.12 (dd, J＝9.4, 7.1 Hz, 1H), 4.31 (d, J＝13.3 Hz, 
1H), 3.93～3.81 (m, 2H), 3.39～3.32 (m, 1H), 3.22～3.15 
(m, 1H); 13C NMR (101 MHz, CDCl3) δ: 167.44, 159.78 (d, 
J＝257.9 Hz), 158.4, 134.0, 132.3, 130.0 (d, J＝10.2 Hz), 
129.7, 128.9, 128.6, 128.0, 127.7, 127.6, 127.4, 125.5 (d,   
J＝37.2 Hz), 100.6 (d, J＝18.5 Hz), 75.4 (d, J＝12.8 Hz), 
68.6, 66.5, 39.6; HRMS (ESI-TOF) calcd for C23H18NO2- 
NaSeF [M＋Na]＋ 462.0384, found 462.0393. 

11-Methyl-1-phenyl-2-(phenylselanyl)-5,6-dihydro- 
3H,7aH-benzo[b]pyrrolo[2,1-c][1,4]oxazin-3-one (3r): 
Yellow solid, 49.5 mg, 57% yield (eluent: ethyl acetate/ 
petroleum ether, V∶V＝3∶7～1∶1). 1H NMR (400 MHz, 
CDCl3) δ: 7.38～7.29 (m, 2H), 7.24 (d, J＝7.4 Hz, 1H), 
7.20～7.06 (m, 5H), 6.88～6.77 (m, 2H), 5.98 (s, 1H), 5.56 
(d, J＝1.7 Hz, 2H), 4.32 (d, J＝13.3 Hz, 1H), 3.93 (dd, J＝

11.1, 3.4 Hz, 1H), 3.66 (s, 1H), 3.41 (t, J＝10.3 Hz, 1H), 
3.05～2.98 (m, 1H), 1.70 (s, 3H); 13C NMR (101 MHz, 
CDCl3) δ: 168.0, 160.0, 133.5, 132.7, 131.7, 129.2, 128.9, 
128.3, 128.3, 128.0, 127.7, 127.5, 127.3, 125.4, 122.7, 75.0, 
71.2, 67.4, 39.8, 17.2; HRMS (ESI-TOF) calcd for 
C24H21N- O2NaSe [M＋Na]＋ 458.0635, found 458.0638. 

1,9-Diphenyl-2-(phenylselanyl)-5,6-dihydro-3H,7aH- 
benzo[b]pyrrolo[2,1-c][1,4]oxazin-3-one (3s): Yellow oil, 
58.6 mg, 59% yield (eluent: ethyl acetate/petroleum ether, 
V∶V＝3∶7～1∶1). 1H NMR (400 MHz, CDCl3) δ: 7.36 
(d, J＝7.9 Hz, 2H), 7.20～7.07 (m, 9H), 6.95 (d, J＝7.3 Hz, 
2H), 6.87 (d, J＝7.8 Hz, 2H), 6.54 (d, J＝9.6 Hz, 1H), 5.74 
(d, J＝5.8 Hz, 1H), 5.69 (d, J＝9.6 Hz, 1H), 4.34 (d, J＝
13.1 Hz, 1H), 3.93 (dd, J＝10.9, 2.9 Hz, 1H), 3.83 (d, J＝
5.9 Hz, 1H), 3.40 (t, J＝11.2 Hz, 1H), 3.31～3.21 (m, 1H); 
13C NMR (101 MHz, CDCl3) δ: 167.6, 159., 139.7, 138.6, 
133.7, 132.8, 131.2, 128.9, 128.3, 128.1, 128.0, 127.9, 
127.9, 127.6, 127.4, 126.4, 125.9, 120.2, 74.6, 68.5, 66.6, 
39.6; HRMS (ESI-TOF) calcd for C29H23NO2NaSe [M＋
Na]＋ 520.0792, found 520.0798. 

1,11-Diphenyl-2-(phenylselanyl)-5,6-dihydro-3H,7aH- 
benzo[b]pyrrolo[2,1-c][1,4]oxazin-3-one (3t): Yellow sol-
id, 54.6 mg, 55% yield (eluent: ethyl acetate/petroleum 
ether, V∶V＝3∶7～1∶1). 1H NMR (400 MHz, CDCl3) δ: 
7.47 (d, J＝7.2 Hz, 2H), 7.29 (dd, J＝13.2, 6.9 Hz, 2H), 
7.23～7.14 (m, 9H), 6.97 (d, J＝7.5 Hz, 2H), 6.32 (d, J＝
5.4 Hz, 1H), 5.74 (dd, J＝9.4, 5.6 Hz, 1H), 5.70～5.64 (m, 
1H), 3.99 (d, J＝13.4 Hz, 1H), 3.81 (dd, J＝11.1, 3.2 Hz, 
1H), 3.58 (d, J＝5.4 Hz, 1H), 3.37 (t, J＝10.6 Hz, 1H), 
2.63～2.56 (m, 1H); 13C NMR (101 MHz, CDCl3) δ: 167.9, 
161.3, 137.9, 134.6, 134.5, 133.0, 129.5, 129.0, 128.7, 
128.4, 128.1, 128.0, 128.0, 127.9, 127.7, 127.6, 127.5, 
126.6, 124.0, 77.1, 70.5, 66.7, 39.4; HRMS (ESI-TOF) 
calcd for C29H23NO2NaSe [M＋Na]＋  520.0792, found: 
520.0799. 

1-Phenyl-2-(phenylselanyl)-5,6-dihydro-3H,7aH- 
naphtho[2,1-b]pyrrolo[2,1-c][1,4]oxazin-3-one (3u): Yel-
low solid, 51.7 mg, 55% (eluent: ethyl acetate/petroleum 
ether, V∶V＝3∶7～1∶1). 1H NMR (400 MHz, CDCl3) δ: 
7.33 (d, J＝10.6 Hz, 4H), 7.25 (s, 1H), 7.17～7.10 (m, 4H), 
7.02 (d, J＝5.6 Hz, 3H), 6.26 (s, 2H), 6.11 (d, J＝9.3 Hz, 
1H), 5.70 (s, 1H), 4.32 (d, J＝13.2 Hz, 1H), 3.87 (d, J＝
10.2 Hz, 1H), 3.77 (s, 1H), 3.46 (t, J＝11.1 Hz, 1H), 3.11 (t, 
J＝11.9 Hz, 1H); 13C NMR (101 MHz, CDCl3) δ: 168.4, 
163.9, 134.4, 133.1, 133.0, 131.7, 129.8, 129.4, 129.2, 
128.9, 128.4, 128.3, 128.0, 127.6, 127.4, 127.4, 127.0, 
125.0, 123.4, 75.3, 70.2, 67.0, 38.6; HRMS (ESI-TOF) 
calcd for C27H21NO2NaSe [M＋Na] ＋  494.0635, found 
494.0642. 

7-Phenyl-6-(phenylselanyl)-2,3-dihydro-5H,13bH- 
naphtho[1,2-b]pyrrolo[2,1-c][1,4]oxazin-5-one (3v): Yel-
low solid, 50.8 mg, 54% yield (eluent: ethyl acetate/petro-
leum ether, V∶V＝3∶7～1∶1). 1H NMR (400 MHz, 
CDCl3) δ: 7.39～7.31 (m, 2H), 7.17～7.05 (m, 3H), 7.04～
6.97 (m, 3H), 6.93 (t, J＝7.4 Hz, 1H), 6.84 (t, J＝7.4 Hz, 
2H), 6.74 (dd, J＝11.8, 4.4 Hz, 3H), 6.68 (d, J＝9.6 Hz, 
1H), 5.55 (d, J＝9.6 Hz, 1H), 4.33 (d, J＝12.4 Hz, 1H), 4.09 
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(s, 1H), 3.93 (dd, J＝11.1, 3.4 Hz, 1H), 3.51 (dd, J＝17.4, 
5.6 Hz, 1H), 3.28 (td, J＝12.6, 3.7 Hz, 1H); 13C NMR (101 
MHz, CDCl3) δ: 167.3, 159.8, 133.6, 132.9, 132.1, 131.8, 
131.7, 129.4, 129.2, 128.9, 128.5, 128.1, 128.0, 128.0, 
127.9, 127.5, 126.9, 126.7, 124.4, 79.5, 69.3, 66.7, 39.1; 
HRMS (ESI- TOF) calcd for C27H21NO2NaSe [M＋Na]＋ 
494.0635, found 494.0644. 

1-Phenyl-2-(phenylselanyl)-5,6-dihydro-3H,7aH-anthra- 
[2,1-b]pyrrolo[2,1-c][1,4]oxazin-3-one (3w): Yellow solid, 
55.2 mg, 53% yield (eluent: ethyl acetate/petroleum ether, 
V∶V＝3∶7～1∶1). 1H NMR (400 MHz, CDCl3) δ: 
7.67～7.54 (m, 2H), 7.43 (s, 1H), 7.36 (d, J＝7.5 Hz, 4H), 
7.24 (d, J＝9.8 Hz, 1H), 7.15～7.19 (m, 3H), 6.88 (d, J＝
9.5 Hz, 1H), 6.78～6.69 (m, 5H), 5.61 (d, J＝9.5 Hz, 1H), 
4.36 (d,  J＝13.1 Hz, 1H), 4.26 (s, 1H), 3.97～3.94 (m, 
1H), 3.57 (t, J＝10.8 Hz, 1H), 3.32 (t, J＝11.1 Hz, 1H); 13C 
NMR (101 MHz, CDCl3) δ: 167.3, 159.9, 133.7, 133.6, 
133.2, 132.7, 131.6, 130.3, 129.3, 129.1, 128.9, 128.5, 
128.1, 128.0, 127.9, 127.8, 127.8, 127.5, 126.9, 126.7, 
126.3, 125.9, 124.5, 80.0, 69.4, 66.6, 39.0; HRMS 
(ESI-TOF) calcd for C31H23NO2NaSe [M＋Na]＋ 544.0792, 
found 544.0790. 

9-Ethyl-1-phenyl-2-(phenylselanyl)-5,6-dihydro-3H,7aH- 
benzo[b]pyrrolo[2,1-c][1,4]oxazin-3-one (3x): Yellow 
solid, 61.8 mg, 69% yield (eluent: ethyl acetate/petroleum 
ether, V∶V＝3∶7～1∶1). 1H NMR (400 MHz, CDCl3) δ: 
7.34 (d, J＝7.1 Hz, 2H), 7.22 (t, J＝7.4 Hz, 1H), 7.19～7.05 
(m, 5H), 6.90 (d, J＝7.4 Hz, 2H), 6.08 (d, J＝9.5 Hz, 1H), 
5.52 (d, J＝9.4 Hz, 1H), 5.36 (d, J＝5.5 Hz, 1H), 4.29 (d,   
J＝12.1 Hz, 1H), 3.87 (dd, J＝11.0, 3.1 Hz, 1H), 3.68 (d,   
J＝5.4 Hz, 1H), 3.35 (t, J＝10.6 Hz, 1H), 3.23～3.16 (m, 
1H), 1.80～1.71 (m, 1H), 1.70～1.58 (m, 1H), 0.50 (t, J＝
7.4 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ: 167.5, 160.4, 
141.7, 133.6, 133.0, 132.1, 128.9, 128.7, 128.2, 128.1, 
128.1, 127.5, 127.2, 125.3, 117.7, 74.7, 68.8, 66.4, 39.6, 
27.9, 11.4; HRMS (ESI-TOF) calcd for C25H23NO2NaSe  
[M＋Na]＋ 472.0792, found 472.0801. 

3-Oxo-1-phenyl-2-(phenylselanyl)-5,6-dihydro-3H,7aH- 
benzo[b]pyrrolo[2,1-c][1,4]oxazine-9-carbaldehyde (3y): 
Yellow solid, 47.6 mg, 53% yield (eluent: ethyl ace-
tate/petroleum ether, V∶V＝3∶7～1∶1). 1H NMR (400 
MHz, CDCl3) δ: 9.00 (s, 1H), 7.38～7.28 (m, 2H), 7.21～
7.11 (m, 2H), 7.11～7.01 (m, 4H), 6.83 (d, J＝7.1 Hz, 2H), 
6.67 (d, J＝9.7 Hz, 1H), 6.27 (d, J＝5.6 Hz, 1H), 5.68 (d,   
J＝9.6 Hz, 1H), 4.31 (d, J＝13.3 Hz, 1H), 3.90 (dd, J＝
10.2, 3.7 Hz, 2H), 3.39 (t, J＝10.3 Hz, 1H), 3.26～3.16 (m, 
1H); 13C NMR (101 MHz, CDCl3) δ: 189.7, 167.4, 157.6, 
138.7, 138.1, 134.1, 131.9, 129.2, 128.9, 128.7, 128.0, 
127.9, 127.8, 127.6, 127.1, 123., 73.5, 68.6, 66.8, 39.3; 
HRMS (ESI-TOF) calcd for C24H19NO3NaSe [M＋Na]＋ 
472.0428, found 472.0440. 

1-Phenyl-2-(phenylselanyl)-5,6,7a,8-tetrahydro-3H,9H-
benzo[b]pyrrolo[2,1-c][1,4]oxazine-3,9-dione (3z): White 
solid, 58.5 mg, 67% yield (eluent: ethyl acetate/petroleum 
ether, V∶V＝3∶7～1∶1). 1H NMR (400 MHz, CDCl3) δ: 
7.35 (d, J＝7.1 Hz, 2H), 7.30 (d, J＝7.4 Hz, 1H), 7.27～
7.22 (m, 2H), 7.18 (t, J＝7.3 Hz, 1H), 7.10 (t, J＝7.3 Hz, 

2H), 7.02 (d, J＝7.2 Hz, 2H), 6.42～6.30 (m, 2H), 4.29 (dd, 
J＝13.4, 2.3 Hz, 1H), 3.89 (dd, J＝11.3, 3.6 Hz, 1H), 3.75 
(d, J＝2.3 Hz, 1H), 3.39～3.32 (m, 1H), 3.21～3.14 (m, 
1H), 2.34 (dd, J＝17.2, 2.3 Hz, 1H), 1.83 (dd, J＝17.2, 3.0 
Hz, 1H); 13C NMR (101 MHz, CDCl3) δ: 194.3, 167.1, 
156.2, 142.5, 134.1, 133.9, 132.5, 131.0, 129.4, 129.0, 
128.7, 128.0, 127.9, 126.4, 78.9, 67.4, 66.2, 41.3, 38.9; 
HRMS (ESI-TOF) calcd for C23H19NO3NaSe [M＋Na]＋ 
460.0428, found 460.0428. 

1-Phenyl-2-(phenylselanyl)-7-tosyl-5,6,7,7a-tetrahydro- 
3H-pyrrolo[1,2-d]quinoxalin-3-one (3z-a): Yellow solid, 
45.9 mg, 40% yield (eluent: ethyl acetate/petroleum ether, 
V∶V＝3∶7～1∶1). 1H NMR (400 MHz, CDCl3) δ: 7.58 
(d, J＝8.2 Hz, 2H), 7.35～7.19 (m, 9H), 7.09 (dd, J＝14.9, 
7.5 Hz, 3H), 6.17 (dd, J＝9.1, 6.1 Hz, 1H), 6.03～5.95 (m, 
1H), 5.57 (dd, J＝9.7, 3.8 Hz, 1H), 5.29 (d, J＝9.5 Hz, 1H), 
4.74 (s, 1H), 4.09～3.91 (m, 2H), 3.33～3.27 (m, 1H), 3.09 
(dd, J＝12.8, 4.3 Hz, 1H), 2.49 (s, 3H); 13C NMR (101 
MHz, CDCl3) δ: 168.38, 160.83, 144.06, 136.65, 133.02, 
131.45, 130.17, 129.3, 128.9, 128.5, 128.2, 127.9, 127.4, 
127.0, 126.4, 125.4, 125.3, 124.1, 65.1, 52.5, 38.6, 35.3, 
21.7; HRMS (ESI-TOF) calcd for C30H26N2O3NaSSe [M＋
Na]＋ 597.0727, found 597.0720. 
4.3  Procedure for the synthesis of selenoxide 4 

The reaction mixture of compound 3o (0.2 mmol) and 
m-CPBA (0.44 mmol) was added to CH2Cl2 (DCM) (2 mL) 
at 0 ℃. The mixture was stirred at 0 ℃ for 2 min. Then, the 
reaction mixture was diluted with saturated Na2SO4 solution 
(10 mL) and extracted with DCM (5 mL×3). The com-
bined organic layers were dried over MgSO4, and filtered. 
The solvent was removed under vacuum. The residue was 
purified by column chromatography (eluent: ethyl acetate) 
to afford product 4. 

9-Bromo-1-phenyl-2-(phenylseleninyl)-5,6-dihydro- 
3H,7aH-benzo[b]pyrrolo[2,1-c][1,4]oxazin-3-one (4): 
White solid, 98.8 mg, 93% yield. 1H NMR (400 MHz, 
CDCl3) δ: 7.68 (s, 1H), 7.59 (d, J＝6.1 Hz, 1H), 7.48～7.32 
(m, 5H), 7.25 (t, J＝7.2 Hz, 1H), 7.11 (d, J＝6.9 Hz, 1H), 
6.99 (d, J＝7.2 Hz, 1H), 6.24 (t, J＝10.7 Hz, 1H), 5.97～
5.84 (m, 1H), 5.43 (d, J＝9.2 Hz, 1H), 4.19 (t, J＝14.3 Hz, 
1H), 3.82 (d, J＝10.5 Hz, 1H), 3.71 (dd, J＝19.1, 5.0 Hz, 
1H), 3.29 (q, J＝11.9 Hz, 1H), 3.10 (dd, J＝26.1, 13.0 Hz, 
1H); 13C NMR (101 MHz, CDCl3) δ: 164.7, 164.1, 163.7, 
163.7, 138.3, 138.2, 137.7, 136.8, 134.2, 134.2, 131.3, 
131.1, 129.7, 129.4, 129.3, 129.2, 129.1, 128.9, 128.0, 
127.9, 127.5, 126.5, 126.3, 126.2, 125.9, 124.6, 124.4, 
122.7, 122.7, 74.8, 74.3, 67.8, 67.3, 66.2, 66.2, 39.1, 39.1; 
HRMS (ESI-TOF) calcd for C23H18NO3NaSeBr [M＋Na]＋ 
537.9533, found 537.9534. 
4.4  Palladium-catalyzed Suzuki cross-coupling re-
action for the synthesis of product 6 

The reaction mixture of compound 3a (0.2 mmol), aryl 
boronic acid (0.6 mmol), Pd(PPh3)4 (0.08 mmol) and 
Cu(OAc)2•H2O (0.24 mmol) was added to DMF (2 mL). 
The mixture was stirred at 80 ℃ for 24 h under N2 at-
mosphere. Then, the reaction mixture was diluted with 
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saturated NH4Cl solution (5 mL) and extracted with ethyl 
acetate (5 mL×3). The combined organic layers were dried 
over MgSO4, and filtered. The solvent was removed under 
vacuum. The residue was purified by column chromatog-
raphy to afford product 6. 

1-Phenyl-2-(thiophen-2-yl)-5,6-dihydro-3H,7aH-benzo- 
[b]pyrrolo[2,1-c][1,4]oxazin-3-one (6a): Yellow solid, 36.1 
mg, 52% yield (eluent: ethyl acetate/petroleum ether, V∶  
V＝3∶7～1∶1). 1H NMR (400 MHz, CDCl3) δ: 7.43～
7.38 (m, 2H), 7.36～7.32 (m, 2H), 7.22 (d, J＝5.1 Hz, 1H), 
7.15～7.06 (m, 2H), 6.89 (t, J＝4.4 Hz, 1H), 6.19 (dd, J＝
9.5, 5.3 Hz, 1H), 5.72～5.68 (m, 1H), 5.65～5.62 (m, 1H), 
5.51 (d, J＝9.5 Hz, 1H), 4.40 (d, J＝13.1 Hz, 1H), 3.95 (dd, 
J＝11.0, 3.4 Hz, 1H), 3.82 (d, J＝5.4 Hz, 1H), 3.43～3.38 
(m, 1H), 3.30～3.23 (m, 1H); 13C NMR (101 MHz, CDCl3) 
δ: 167.5, 148.9, 133.0, 132.7, 128.9, 128.7, 128.4, 128.4, 
128.2, 127.6, 127.4, 126.8, 126.6, 126.0, 124.6, 74.0, 66.6, 
66.5, 39.3; HRMS (ESI-TOF) calcd for C21H18NO2S [M＋
Na]＋ 348.1058, found 348.1053. 

1-Phenyl-2-(p-tolyl)-5,6-dihydro-3H,7aH-benzo[b]- 
pyrrolo[2,1-c][1,4]oxazin-3-one (6b): Yellow solid, 58.3 
mg, 82% yield (eluent: ethyl acetate/petroleum ether, V∶  
V＝3∶7～1∶1). 1H NMR (400 MHz, CDCl3) δ: 7.25～
7.17 (m, 5H), 7.04～6.96 (m, 4H), 6.17 (s, 1H), 5.65 (s, 
2H), 5.53 (d, J＝7.2 Hz, 1H), 4.37 (d, J＝12.1 Hz, 1H), 3.84 
(d,  J＝35.3 Hz, 2H), 3.37～3.21 (m, 2H), 2.21 (s, 3H); 13C 
NMR (101 MHz, CDCl3) δ: 168.5, 152.6, 137.8, 133.4, 
133.3, 129.3, 129.0, 128.6, 128.4, 128.1, 127.8, 127.5, 
126.8, 126.5, 124.7, 74.0, 66.5, 66.4, 39.3, 21.3; HRMS 
(ESI-TOF) calcd for C24H21NO2Na [M＋Na]＋ 378.1470, 
found 378.1478. 

2-(4-Methoxyphenyl)-1-phenyl-5,6-dihydro-3H,7aH- 
benzo[b]pyrrolo[2,1-c][1,4]oxazin-3-one (6c): Yellow sol-
id, 57.2 mg, 77% yield (eluent: ethyl acetate/petroleum 
ether, V∶V＝3∶7～1∶1). 1H NMR (400 MHz, CDCl3) δ: 
7.37～7.35 (m, 2H), 7.30～7.28 (m, 1H), 7.24～7.20 (m, 
2H), 7.11～7.02 (m, 2H), 6.71 (d, J＝8.9 Hz, 2H), 6.23～
6.19 (m, 1H), 5.73～5.65 (m, 2H), 5.57 (d, J＝9.5 Hz, 1H), 
4.40 (dd, J＝13.2, 2.1 Hz, 1H), 3.94 (dd, J＝11.0, 3.4 Hz, 
1H), 3.81 (dd, J＝5.1, 1.4 Hz, 1H), 3.73 (s, 3H), 3.44～3.38 
(m, 1H), 3.30～3.21 (m, 1H); 13C NMR (101 MHz, CDCl3) 
δ: 168.5, 159.3, 151.6, 133.5, 132.8, 130.7, 129.0, 128.4, 
128.1, 127.6, 126.8, 126.6, 124.7, 123.2, 74.1, 66.5, 66.3, 
55.1, 39.2; HRMS (ESI-TOF) calcd for C24H21NO3Na [M＋
Na]＋ 394.1419, found 394.1422. 
 
Supporting Information  X-ray crystal structure for 3a 
(CCDC: 2047872) (CIF). The Supporting Information is 
available free of charge via the Internet at 
http://sioc-journal.cn. 
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