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可见光促进钯催化 C—H键胺化反应合成咔唑醌衍生物的研究 

韩  阳†    姜为超†    张  靖    彭进松*    陈春霞* 
(东北林业大学化学化工与资源利用学院  哈尔滨 150040) 

摘要  以 2-氨基-3-芳基萘-1,4-二酮为底物, 发展了一类可见光/钯催化的分子内 C—H 键氧化胺化反应. 以氧气作为氧

化剂及醋酸钯作为催化剂, 在蓝色 LED 光照射下, 2-氨基-3-芳基萘-1,4-二酮底物在室温下被转化为咔唑醌衍生物, 反
应具有良好的产率、官能团耐受性和优异的区域选择性. 
关键词  光促进; 钯催化; 碳-氢键胺化; 咔唑醌 

Visible-Light-Promoted Palladium-Catalyzed C—H Amination for the 
Synthesis of Carbazolequinones 

Han, Yang†    Jiang, Weichao†    Zhang, Jing    Peng, Jinsong*    Chen, Chunxia* 
(College of Chemistry, Chemical Engineering and Resource Utilization, Northeast Forestry University, Harbin 150040) 

Abstract  An intramolecular palladium-catalyzed cross-dehydrogenative C—H amination under blue LED irradiation at room 
temperature was developed. With oxygen as the external oxidant, a broad range of functional groups was compatible with the 
aromatic C—H amination of 2-amino-3-arylnaphthalene-1,4-diones, and diverse carbazolequinones can be obtained with good 
yields and excellent regioselectivity. 
Keywords  light-promoted; palladium-catalyzed; C—H amination; carbazolequinones 

 

1  Introduction 
The carbazolequinone motif is widely found in a diverse 

array of bioactive natural products (Figure 1), many car-
bazolequinone alkaloids (such as ellipticine quinone,[1] 
murrayaquinones,[2] calothrixins,[3] and koeniginequi-
nones[4]) have exhibited various biological activities to act 
as anticancer, anti-inflammatory, antibacterial, and anti- 
infective properties agents. In addition, they are also valu-
able intermediates for the synthesis of carbazoles, carba-
zolequinols, and other alkaloids.[5] Carbazolequinone alka-
loids are the focus of intensive research due to their poten-
tial in the field of medicinal chemistry, therefore, much 
effort has been focused on the synthetic methods of carba-
zolequinone derivatives.[6] 

Using functionalized indoles or arylamines as precur-
sors, various annulation strategies have been developed for 
the construction of carbazolequinone skeleton through 
cross-coupling reaction,[6c-6h,7] radical chemistry,[8] and  
metal-catalyzed[9] or metal-free[10] cascade reaction for the 

formation of C—C or C—N bond. Over the last decades, 
transition metal-catalyzed C—H bond functionalization 
has emerged as popular and powerful tools for the assem-
bly of complex polycyclic structures. Following this ten-
dency, several attractive palladium-catalyzed C—H func-
tionalization protocols have been discovered for the syn-
thesis of carbazolequinones from the corresponding ani-
linoquinones (Scheme 1, paths a～c).[6c-6h,7] The above 
methods have a number of drawbacks, such as the use of a 
stoichiometric amount of palladium or highly toxic and 
dangerous reagents, harsh reaction conditions, and the use 
of a large amount of copper salts as the terminal oxidant. 
Thus, novel synthetic approaches with enhanced reaction 
efficiency, milder and greener reaction conditions are still 
desirable. 

Recently, photochemical C—H amination has emerged 
as an efficient and selective alternative for the construction 
of C—N bond by photoredox catalysis.[11] This chemistry 
can be accomplished with the help of air or oxygen as the  
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Figure 1  Selected examples of biologically active carbazolequinones 

 

Scheme 1  Palladium-catalyzed synthesis of carbazolequinones 

green oxidant.[12] Various photocatalytic C—N forming 
reactions have been applied in the construction of polycy-
clic structures.[13] For instance, Cho and You et al.[13b] re-
ported a novel intramolecular C—N coupling reaction by 
merging Pd and photoredox catalysis to construct the 
N-substituted carbazole framework in 2015. Unfortunately, 

2-aminobiaryl substrates did not undergo the C—H amina-
tion. This lack of reactivity was due to reductive quenching 
of the photoexcited catalysts by “free” aminobiaryls 
(Scheme 1d).  

Although visible light-mediated metal-catalyzed C—H 
amination processes using dual metal/photoredox catalysts 
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have recently been reported,[11] there are no examples of 
visible light-mediated, palladium-catalyzed C—H amina-
tion without photosensitizers. Inspired by Cho and You’s 
study[13b] and experience of photoredox catalysis for direct 
amination of aromatic C—H bonds with free amines,[11,14] 
we designed a photosensitizer-free palladium-catalyzed 
protocol for the synthesis of carbazolequinones where an 
intramolecular C—H bond amination would take place by 
visible light irradiation of a solution of a “free” 2-amino-  
3-phenylnaphthalene-1,4-dione under an oxygen atmos-
phere (Scheme 1e). 

2  Results and discussion 
2-Amino-3-phenylnaphthalene-1,4-dione (1a), readily 

derived from the reaction of 2-aminonaphthoquinone and 
phenyl boronic acid in the presence of Mn(OAc)3•2H2O,[15] 
was selected as a model substrate for visible light-   
promoted Pd-catalyzed C—H amination to construct the 
carbazolequinone (2a) (Table 1).  

Table 1  Visible light-mediated Pd-catalyzed C—H amination 
condition optimizationa 

 

Entry Pd LEDs Solvent Yieldb/%
1 Pd(OAc)2 — DMSO 0 
2 — Blue (4 W) DMSO 0 
3c Pd(OAc)2 Blue (4 W) DMSO 74 
4 Pd(OAc)2 Blue (4 W) NMP 11 
5 Pd(OAc)2 Blue (4 W) Methanol 34 
6 Pd(OAc)2 Blue (4 W) DCM 0 
7 Pd(OAc)2 Blue (4 W) DCE 0 
8 Pd(OAc)2 Blue (4 W) THF 0 
9 Pd(OAc)2 Blue (4 W) 1,4-Dioxane 0 
10 Pd(OAc)2 Blue (4 W) DMF 0 
11 Pd(OAc)2 Blue (4 W) Acetone 0 
12 Pd(OAc)2 Blue (4 W) Toluene 0 
13 PdCl2 Blue (4 W) DMSO Trace
14 Pd(CF3COO)2 Blue (4 W) DMSO 10 
15 Pd2(dba)3 Blue (4 W) DMSO Trace
16 Pd(dppf)Cl2 Blue (4 W) DMSO Trace
17 Pd(PPh3)4 Blue (4 W) DMSO Trace
18 Pd(PPh3)2Cl2 Blue (4 W) DMSO Trace
19c Pd(OAc)2 Blue (2 W) DMSO 22 
20c Pd(OAc)2 Blue (6 W) DMSO 21 
21c Pd(OAc)2 Blue (8 W) DMSO 16 
22c Pd(OAc)2 Blue (10 W) DMSO 36 
23 Pd(OAc)2 Purple (4 W) DMSO 11 
24 Pd(OAc)2 Green (4 W) DMSO 18 

a Reaction conditions: 1a (0.2 mmol), palladium catalyst (0.02 mmol, 10 
mol%), solvent (1.0 mL), O2 (101 kPa), 25～30 ℃, 24 h. b Isolated yields 
after chromatography. c Under the same wavelength. 

At first, the blank experiment (without the visible light 
irradiation or palladium catalyst) of 1a was examined in 
dimethyl sulfoxide (DMSO) in the presence of oxygen at 
25～30 ℃ for 24 h, and no desired product 2a was ob-
tained (Entries 1 and 2, Table 1). Then the model reaction 
was examined in the presence of Pd(OAc)2 (10 mol%) un-
der irradiation with blue LEDs (4 W) in DMSO, and for-
tunately, the desired product 2a was indeed formed in 74% 
yield (Entry 3, Table 1). Next, different solvents were 
evaluated using Pd(OAc)2 as the catalyst and 4 W blue 
LEDs light source (Entries 4～12, Table 1). N-Methyl- 
pyrrolidone (NMP) and methanol were inferior to DMSO, 
affording the product 2a in low yields (11% and 34% 
yields, respectively, Entries 4 and 5, Table 1). Other sol-
vents, such as dichloromethane (DCM), 1,2-dichloroethane 
(DCE), tetrahydrofuran (THF), 1,4-dioxane, N,N-dimethyl 
formamide (DMF), acetone and toluene, gave no desired 
product (Entries 6～12, Table 1). 

The effect of palladium catalysts bearing various lig-
ands, such as PdCl2, Pd(CF3COO)2, Pd2(dba)3, Pd(dppf)-
Cl2, Pd(PPh3)4, and Pd(PPh3)2Cl2, was then investigated on 
the reaction (Entries 13～18, Table 1). Compared to 
Pd(OAc)2, the use of Pd(CF3COO)2 gave a lower yield 
(Entry 14, Table 1). With a palladium(0) or palladium(II) 
complex possessing a phosphine ligand, the product 2a 
was formed only in a trace quantity (Entries 15～18, Table 
1). Finally, a set of experiments were carried out to reveal 
the crucial role of the LEDs light source (power and wave 
length). The results showed that 4 W blue LEDs provided 
better yield than blue LEDs (2, 6 and 10 W), green LEDs 
(4 W), and purple LEDs (4 W) (Entries 19～24, Table 1). 
The yield of 2a was depended on both decomposition and 
conversion rate of 1a. Under the same wavelength, the rate 
of substrate decomposition increased along with the in-
crease of light power, leading to a decrease in the yield of 
2a. However, 10 W blue LEDs provided better yield than 
blue LEDs (2, 6, 8 W), which was related to higher con-
version of 1a. 

Having established the feasibility of this Pd-catalyzed 
intramolecular C—H amination under visible light irradia-
tion (Entry 3, Table 1), we next focused on the expansion 
of the substrate scope by investigating a range of 2-amino- 
3-arylnaphthalene-1,4-diones (Table 2). For 3-aryl moiety 
of substrates 1, a variety of substituents (F, Cl, Br, I, CF3, 
alkyl, alkenyl, aryl, alkyoxyl, phenoxyl, and methylthio) 
were applicable, and both electron-withdrawing (1b～1f, 
1r～1t, and 1v) and electron-donating (1g～1q, 1u, 1w～
1y, 1bb, and 1bc) substituents can be incorporated at the 
para-, meta-, or ortho-position, affording carbazolequi-
none products 2b～2z, and 2ba～2bc in 15%～93% 
yields. The most of halo-substituted 2-aminonaphtho-
quinone substrates can smoothly be converted to the de-
sired products in good yields (46%～77%), however, the 
use of aryl iodide 1e to effect this transformation afforded 
an inferior result than fluro, chloro, or bromo analogues, 
only 23% isolated yield was obtained.  
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Table 2  Visible-light-induced Pd-catalyzed synthesis of carbazolequinonesa,b 

 

 
a Reaction conditions: 1 (0.2 mmol), Pd(OAc)2 (0.02 mmol, 10 mol%), 4 W blue LEDs, DMSO (1.0 mL), O2 (101 kPa), 25～30 ℃, 24 h. b Isolated yields after 
chromatography. c One millimole scale.

For hydrocarbon substitutions, aliphatic primary, sec-
ondary, and tertiary alkyl-substituted substrates 1g～1i 
were generally more reactive than those bearing an alkenyl 
(1j) or aromatic substituent (1k). For various alkyoxy sub-
stitutions, methoxy substrate 1l afforded a corresponding 
product 2l in 93% yield, however, other analogues 1m～
1p generated the desired products 2m～2p in only moder-
ate yields (35%～38%). Regioselectivity issues may po-

tentially exist in the C—H amination process when func-
tional groups are selectively introduced at the meta posi-
tions of the aryl moiety. The influence of sterics and elec-
tronics of the substituent (F, Cl, Br, CF3, Me, OMe, and 
OCF3) on the regioselectivity was then examined. The in-
corporation of the above groups did not hamper the reac-
tion, and the corresponding products 2r～2x can be ob-
tained in 31%～89% yields. Interestingly, although there 
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are two possible C—H activation sites, the amination reac-
tion in all the examined cases occurred only at the most 
sterically accessible site to give single regioisomers. Simi-
larly, β-naphthyl substrate 1z also provided a single prod-
uct 2z through β-site specific C—H amination. Disubsti-
tuted substrates (dimethyl and dimethoxy, 1bb and 1bc) 
were finally investigated, the corresponding products (2bb 
and 2bc) were obtained in 80% and 59% yield respective-
ly. 

To gain insight into the mechanism of the reaction, some 
designed control experiments were conducted under stand-
ard reaction conditions (Scheme 2). The light on/off ex-
periment was firstly carried out (Scheme 2a), and the result 
showed that the conversion of 1a ceased upon removal 
from irradiation and continued upon additional irradiation, 
and the continuous light irradiation was essential for the 
completion of the reaction. The above result indicated that 
the reaction may be amenable to photo-induced palladium 
catalysis rather than just photo-initiated chain process. 
UV/Vis absorption spectra studies were then conducted 
(Scheme 2b), the absorbance of 1a gradually increased at 
the wavelength of 465 nm with the introduction of palla-
dium acetate and the radiation of the blue LEDs, proving 
that 1a can be gradually excited. At a wavelength of 378 
nm, the absorbance of the mixture was similar to that of 
the product 2a, indicating a new substance had been 
formed. Finally, when two equivalents of 2,2,6,6-tetram-

ethylpiperidinooxy (TEMPO) were added into the reaction 
mixture under standard reaction conditions, the reaction 
was shut down and the substrate 1a was completely recov-
ered from the reaction mixture (Scheme 2c), indicating that 
radical species was abolished by radical scavenger TEM-
PO. 

On the basis of the above results, a possible catalytic cy-
cle involved in the intramolecular C—H amination process 
is outlined in Scheme 3. The initial step involved the coor-
dination of 2-amino-3-arylnaphthalene-1,4-dione 1 to the 
Pd(II) center to form the complex 3, which was then ex-
cited into PdII* species 3* under blue LED irradiation. 
Next, the superoxide anion radical was generated from O2 
by oxidative quenching of the excited state of PdII* 3* to 
PdIII species 4 (Scheme 3, cycle A).[16] In the catalytic cy-
cle B, an intermediate complex 5 was generated from the 
deprotonation of N—H and the dissociation of acetate an-
ion of Pd(II) complex 3.[13b] Subsequently, the aromatic 
ring reacted with the Pd(II) center to afford a six-mem-
bered palladacycle 6 via a concerted metalation-deproto-
nation (CMD) transition state.[17] Palladacycle intermediate 
6 underwent C—N bond-forming reductive elimination to 
afford the desired product 2 and a Pd0 species 7, and the 
latter was finally oxidized to generate a PdII species by PdIII 
species 4 and the superoxide anion radical in the photore-
dox process.
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Scheme 2  Investigation of the reaction mechanism  
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Scheme 3  Proposed mechanism for visible-light-promoted Pd-catalyzed C—H amination 

3  Conclusions 
In conclusion, we have developed a mild and efficient 

method for the synthesis of diverse carbazolequinones, 
which involves an intramolecular aromatic C—H amina-
tion of 2-amino-3-arylnaphthalene-1,4-dione derivatives. 
The desired catalytic process is modulated by blue LED 
light, and does not require additional photosensitizers, and 
two distinct catalytic principles can operate in the presence 
of a single palladium catalyst. Furthermore, the above de-
scribed synthetic strategy combines photocatalysis and 
transition-metal catalysis, avoiding the use of potentially 
toxic chemical additives and strong oxidants. Further in-
vestigations of other visible-light-induced metal-catalyzed 
reactions without photosensitizers are ongoing in our 
group. 

4  Experimental section 
4.1  General information 

Chemicals were all purchased from commercial supplies 
and used without further purification unless otherwise 
stated. Solvents were dried and purified according to the 
standard procedures before use. Reactions were monitored 
by analytical thin-layer chromatography (TLC). All reac-
tions were conducted in dried glassware. Purification of 
reaction products was done by flash chromatography with 
230～400 mesh silica gel. All the 2-amino-3-arylnaphtha-
lene-1,4-dione substrates were prepared according to liter-
ature methods.[15] 1h, 1n, and 1x are new compounds, oth-
er substrates are known compounds, and the spectroscopic 
and physical data are matched with those from the litera-
ture. “RLH-18 8-position Photo Reaction System” was 

used, which manufactured by Beijing Rogertech Co. Ltd. 
The wavelength of blue light is 453.6 nm, peak width at 
half-height is 20.4 nm. Irradiation vessel is borosilicate 
glass test tube, LED irradiate through a high-reflection 
channel to the test tube, and path length is 2 cm. Melting 
points were determined on a melting point apparatus in 
open capillaries and were uncorrected. 1H NMR spectra 
were recorded on a 500 MHz spectrometer, and 13C NMR 
spectra were recorded at 126 MHz. Unless otherwise stat-
ed, deuterated dimethyl sulfoxide (DMSO-d6) was used as 
a solvent. Chemical shifts (δ) were referenced to tetrame-
thylsilane (TMS). Chemical shifts for carbon resonances 
were referenced to the carbon resonance of the solvent 
DMSO-d6 (δ 39.52). High-resolution mass spectra were 
recorded on a BIO TOF Q mass spectrometer equipped 
with an electrospray ion source (ESI), operated in the posi-
tive (1h, 1x, 2h, 2i, 2k, 2m, 2o～2q, 2y, 2ba～2bc) or 
negative mode (1n, 2d, 2e, 2j, 2n, 2t, 2x, 2z). 
4.2  Preparation of 2-amino-3-arylnaphthalene-1,4- 
diones 1  

The reaction was carried out using 2-aminonaphtho- 
quinone (80 mg, 0.462 mmol), arylboronic acid (0.693 
mmol, 1.5 equiv.), Mn(OAc)3•2H2O (248 mg, 0.925 mmol, 
2.0 equiv.) in DMSO (4 mL) at 100 ℃ for 24 h. The sub-
strates 1h, 1n, and 1x were obtained as orange red solid 
after passing through a short silica gel column, eluting with 
15% ethyl acetate/petroleum ether.[15] 

2-([1,1'-Biphenyl]-4-yl)-3-aminonaphthalene-1,4-dione  
(1h): Yield 62% (93.1 mg, Eluent: EtOAc/petroleum ether, 
V∶V＝1∶7); red solid, m.p. 237～240 ℃; 1H NMR (500 
MHz, DMSO-d6) δ: 8.06～7.99 (m, 2H), 7.85 (td, J＝7.6, 
1.3 Hz, 1H), 7.79～7.72 (m, 5H), 7.51 (t, J＝7.7 Hz, 2H), 
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7.41～7.38 (m, 3H), 6.67 (br, 2H); 13C NMR (126 MHz, 
DMSO-d6) δ: 182.2, 180.7, 146.8, 140.5, 139.4, 135.3, 
133.4, 133.0, 132.8, 131.6, 130.7, 129.5, 127.9, 127.07, 
127.06, 126.2, 126.0, 114.6; IR (KBr) ν: 3481, 3352, 1676, 
1574, 1434, 1385, 1348, 1022, 726, 699 cm－1. HRMS 
(ESI) calcd for 22 15 2C H NNaO  [M＋Na] ＋  348.0995, 
found 348.0995. 

2-Amino-3-(4-ethoxyphenyl)naphthalene-1,4-dione  
(1n): Yield 42% (56.8 mg, Eluent: EtOAc/petroleum ether, 
V∶V＝1∶7); dark red solid, m.p. 212～225 ℃; 1H NMR 
(500 MHz, DMSO-d6) δ: 8.00～7.96 (m, 2H), 7.84～7.81 
(m, 1H), 7.76～7.72 (m, 1H), 7.24～7.15 (m, 2H), 7.03～
6.96 (m, 2H), 6.49 (br, 2H), 4.07 (q, J＝7.0 Hz, 2H), 1.36 
(t, J＝7.0 Hz, 3H); 13C NMR (126 MHz, DMSO-d6) δ: 
182.2, 180.8, 158.1, 146.7, 135.1, 133.3, 132.7, 132.1, 
130.7, 126.2, 125.9, 125.5, 115.0, 114.7, 63.4, 15.2; IR 
(KBr) ν: 3460, 3350, 1671, 1557, 1346, 1249, 1046, 1001, 
723 cm－1. HRMS (ESI) calcd for 18 14 3C H NO  [M－H]－ 
292.0979, found 292.0980. 

2-Amino-3-[3-(trifluoromethoxy)phenyl]naphthalene- 
1,4-dione (1x): Yield 64% (98.5 mg, Eluent: EtOAc/  
petroleum ether, V∶＝ 1∶7); red solid, m.p. 156～
160 ℃; 1H NMR (500 MHz, DMSO-d6) δ: 8.02 (d, J＝7.5 
Hz, 1H), 7.99 (d, J＝7.5 Hz, 1H), 7.85 (t, J＝7.4 Hz, 1H), 
7.76 (t, J＝7.4 Hz, 1H), 7.58 (t, J＝7.9 Hz, 1H), 7.33 (t,  
J＝9.0 Hz, 2H), 7.24 (s, 1H), 6.87 (br, 2H); 13C NMR (126 
MHz, DMSO-d6) δ: 182.1, 180.3, 148.9, 147.1, 136.2, 
135.3, 133.3, 132.8, 130.7, 130.2, 126.2, 126.1, 126.0, 
123.7, 121.7, 120.1, 113.2; IR (KBr) ν: 3492, 3355, 1678, 
1601, 1567, 1245, 1006, 726, 698 cm－1; HRMS (ESI) 
calcd for C17H10F3NO3Na [M－H] ＋  356.0505, found 
356.0505. 
4.3  General procedure for the synthesis of carba-
zolequinones 2  

A 10 mL Schlenk tube equipped with a magnetic stirring 
bar was charged with 2-amino-3-arylnaphthalene-1,4-dione 
(1, 0.2 mmol, 1.0 equiv.), and then Pd(OAc)2 (0.02 mmol, 
4.5 mg) was added. Finally, DMSO (1.0 mL) was added to 
the mixture via syringe at room temperature under 101 kPa 
of O2. The tube was sealed and irradiated with 4 W blue 
LED for 24 h at room temperature. The mixture was 
cooled to room temperature, quenched with water (5 mL), 
and diluted with dichloromethane (5 mL). The layers were 
separated, and the aqueous layer was extracted with 5 
mL×2 of dichloromethane. The combined organic extracts 
were dried over anhydrous sodium sulfate, filtered, and 
concentrated in vacuo. The residue was purified by flash 
chromatography to afford the product carbazolequinone 2, 
eluting with 15%～30% ethyl acetate/petroleum ethers. 

5H-Benzo[b]carbazole-6,11-dione (2a): The reaction 
was carried out on a 1.0 mmol scale. Yield 52% (120.8 mg, 
Eluent: EtOAc/petroleum ether, V∶V＝1∶3); red solid, 
m.p. 301～303 ℃ (lit.[7f] 301～303 ℃); 1H NMR (500 
MHz, DMSO-d6) δ: 13.07 (s, 1H), 8.21 (d, J＝8.0 Hz, 1H), 
8.11 (t, J＝8.4 Hz, 2H), 7.83～7.79 (m, 2H), 7.59 (d, J＝
8.3 Hz, 1H), 7.44 (t, J＝7.6 Hz, 1H), 7.86 (t, J＝7.5 Hz, 

1H); 13C NMR (126 MHz, DMSO-d6) δ: 180.8, 178.0, 
138.7, 137.6, 134.6, 134.5, 133.6 133.1, 127.4, 126.5, 
126.4, 124.4, 124.3, 122.8, 117.8, 114.3. 

3-Fluoro-5H-benzo[b]carbazole-6,11-dione (2b): Yield 
54% (28.6 mg, Eluent: EtOAc/petroleum ether, V∶V＝
1∶6); orange solid, m.p. 260～262 ℃  (lit.[7f] 262～
264 ℃); 1H NMR (500 MHz, DMSO-d6) δ: 13.07 (s, 1H), 
8.14～8.11 (m, 1H), 8.05～8.02 (m, 2H), 7.83～7.76 (m, 
2H), 7.25～7.17 (m, 2H); 13C NMR (126 MHz, DMSO-d6) 
δ: 180.7, 177.6, 161.9 (d, JC-F＝242.5 Hz), 139.0 (d, JC-F＝
13.0 Hz), 138.4 (d, JC-F＝2.7 Hz), 134.6, 134.2, 133.7, 
132.9, 126.5, 126.4, 124.5 (d, JC-F＝10.4 Hz), 121.1, 117.9, 
113.5 (d, JC-F＝25.0 Hz), 100.0 (d, JC-F＝25.9 Hz); 19F 
NMR (376 MHz, DMSO) δ: －118.07. 

3-Chloro-5H-benzo[b]carbazole-6,11-dione (2c):[18] 
Yield 77% (40.7 mg, Eluent: EtOAc/petroleum ether, 
V∶V＝1∶6); orange-red solid, m.p. 370～372 ℃; 1H 
NMR (500 MHz, DMSO-d6) δ: 13.17 (s, 1H), 8.16 (d, J＝
8.6 Hz, 1H), 8.09 (t, J＝6.6 Hz, 2H), 7.88～7.80 (m, 2H), 
7.56 (s, 1H), 7.38 (d, J＝8.5 Hz, 1H); 13C NMR (126 MHz, 
DMSO-d6) δ: 180.7, 177.9, 139.0, 138.4, 134.8, 134.3, 
133.8, 133.0, 131.8, 126.6, 126.5, 124.9, 124.3, 123.0, 
117.7, 113.7. 

3-Bromo-5H-benzo[b]carbazole-6,11-dione (2d): Yield 
46% (30.1 mg, Eluent: EtOAc/petroleum ether, V∶V＝
1∶6); orange-red solid, m.p. 234～236 ℃; 1H NMR (500 
MHz, DMSO-d6) δ: 13.18 (s, 1H), 8.13～8.09 (m, 3H), 
7.89～7.82 (m, 2H), 7.73 (s, 1H), 7.50 (d, J＝8.6 Hz, 1H); 
13C NMR (126 MHz, DMSO-d6) δ: 180.7, 177.9, 139.4, 
138.3, 134.8, 134.4, 133.8, 133.1, 127.5, 126.62, 126.57, 
124.6, 123.2, 120.1, 117.8, 116.8; IR (KBr) ν: 3417, 1594, 
1563, 1444, 1424, 1351, 1131, 726 cm－1. HRMS (ESI) 
calcd for 16 7 2C H BrNO  [M － H] －  323.9666, found 
323.9665.  

3-Iodo-5H-benzo[b]carbazole-6,11-dione (2e): Yield 
23% (17.1 mg, Eluent: EtOAc/petroleum ether, V∶V＝
1∶5); orange solid, m.p. 180～182 ℃; 1H NMR (500 
MHz, DMSO-d6) δ: 13.15 (s, 1H), 8.12 (t, J＝6.6 Hz, 2H), 
8.01 (d, J＝8.4 Hz, 1H), 7.95 (s, 1H), 7.89～7.82 (m, 2H), 
7.67 (d, J＝8.4 Hz, 1H); 13C NMR (126 MHz, DMSO-d6) 
δ: 180.8, 178.0, 139.8, 137.9, 134.9, 134.5, 133.9, 133.1, 
132.9, 126.7, 126.6, 124.6, 123.5, 122.8, 117.8, 92.7; IR 
(KBr) ν: 3237, 1724, 1643, 1288, 1146, 1073, 753, 710  
cm－ 1. HRMS (ESI) calcd for 16 7 2C H INO  [M－H] － 
371.9527, found 371.9527. 

3-(Trifluoromethyl)-5H-benzo[b]carbazole-6,11-dione  
(2f): Yield 81% (51.5 mg, Eluent: EtOAc/petroleum ether, 
V∶V＝1∶5); yellow solid, m.p. 268～270 ℃  (lit.[7f] 
268～270 ℃); 1H NMR (500 MHz, DMSO-d6) δ: 13.44 
(s, 1H), 8.45 (s, 1H), 8.10 (t, J＝6.3 Hz, 2H), 7.90～7.82 
(m, 2H), 7.75 (q, J＝10.0 Hz, 2H); 13C NMR (126 MHz, 
DMSO-d6) δ: 180.7, 178.1, 139.9, 137.4, 137.1, 135.0, 
134.4, 133.9, 133.0, 127.1, 126.72, 126.71, 124.9 (q, JC-F＝
272.2 Hz), 124.0, 120.3 (q, JC-F＝2.5 Hz), 117.4, 111.6 (q, 
JC-F＝3.8 Hz); 19F NMR (376 MHz, DMSO-d6) δ: －
59.72. 

3-Methyl-5H-benzo[b]carbazole-6,11-dione (2g): Yield 
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91% (47.7 mg, Eluent: EtOAc/petroleum ether, V∶V＝
1∶3); orange solid, m.p. 271～273 ℃  (lit.[7f] 271～
274 ℃); 1H NMR (500 MHz, DMSO-d6) δ: 12.92 (s, 1H), 
8.09～8.05 (m, 3H), 7.85～7.78 (m, 2H), 7.35 (s, 1H), 
7.18 (d,  J＝8.1 Hz, 1H), 2.44 (s, 3H); 13C NMR (126 
MHz, DMSO-d6) δ: 180.9, 177.9, 139.2, 137.4, 137.3, 
134.6, 134.5, 133.6, 133.2, 126.5, 126.4, 122.5, 122.3, 
118.0, 113.7, 22.1. 

3-Ethyl-5H-benzo[b]carbazole-6,11-dione (2h): Yield 
39% (21.3 mg, Eluent: EtOAc/petroleum ether, V∶V＝
1∶3); red solid, m.p. 243～245 ℃; 1H NMR (500 MHz, 
DMSO-d6) δ: 12.96 (s, 1H), 8.11～8.09 (m, 3H), 7.88～
7.79 (m, 2H), 7.38 (s, 1H), 7.25 (d, J＝8.2 Hz, 1H), 2.76 
(q, J＝7.5 Hz, 2H), 1.25 (t, J＝7.6 Hz, 3H); 13C NMR (126 
MHz, DMSO-d6) δ: 180.9, 177.9, 143.9, 139.3, 137.4, 
134.6, 134.5, 133.7, 133.2, 126.5, 126.4, 125.5, 122.7, 
122.5, 118.0, 112.5, 29.1, 16.2; IR (KBr) ν: 3425, 3298, 
1663, 1635, 1590, 1531, 1466, 1400, 1228, 715 cm－1. 
HRMS (ESI) calcd for 18 14 2C H NO  [M＋H]＋ 276.1019, 
found 276.1023. 

3-(tert-Butyl)-5H-benzo[b]carbazole-6,11-dione (2i): 
Yield 48% (27.9 mg, Eluent: EtOAc/petroleum ether, 
V∶V＝1∶5); orange solid, m.p. 292～294 ℃; 1H NMR 
(500 MHz, DMSO-d6) δ: 12.93 (s, 1H), 8.10 (dd, J＝13.9, 
7.6 Hz, 3H), 7.83 (dd, J＝14.0, 7.4 Hz, 2H), 7.58～7.22 
(m, 2H), 1.36 (s, 9H); 13C NMR (126 MHz, DMSO-d6) δ: 
180.8, 177.8, 150.7, 139.1, 137.5, 134.6, 134.5, 133.7, 
133.2, 126.5, 126.4, 123.2, 122.4, 122.2, 117.9, 109.7, 
35.4, 31.6; IR (KBr) ν: 3241, 1650, 1590, 1525, 1469, 
1398, 1333, 1228, 762 cm－ 1. HRMS (ESI) calcd for 

20 18 2C H NO  [M＋H]＋ 304.1332, found 304.1333. 
3-Vinyl-5H-benzo[b]carbazole-6,11-dione (2j): Yield 

31% (16.4 mg, Eluent: EtOAc/petroleum ether, V∶V＝
1∶3); orange solid, m.p. 273～277 ℃; 1H NMR (500 
MHz, DMSO-d6) δ: 13.12 (s, 1H), 8.17 (d, J＝8.4 Hz, 1H), 
8.12 (t, J＝7.1 Hz, 2H), 7.89～7.82 (m, 2H), 7.66～7.53 
(m, 2H), 6.91 (dd, J＝17.6, 10.9 Hz, 1H), 5.93 (d, J＝17.6 
Hz, 1H), 5.36 (d, J＝11.0 Hz, 1H); 13C NMR (126 MHz, 
DMSO-d6) δ: 180.9, 177.8, 139.1, 138.1, 137.3, 136.7, 
134.7, 134.5, 133.8, 133.2, 126.6, 126.5, 124.2, 122.9, 
122.5, 115.4, 115.3, 112.2; IR (KBr) ν: 2975, 2723, 1617, 
1459, 1376, 1161, 1042, 950, 722 cm－1. HRMS (ESI)   
calcd for 18 10 2C H NO  [M － H] －  272.0717, found 
272.0717. 

3-Phenyl-5H-benzo[b]carbazole-6,11-dione (2k): Yield 
28% (18.1 mg, Eluent: EtOAc/petroleum ether, V∶V＝
1∶5); red solid, m.p. 227～230 ℃; 1H NMR (500 MHz, 
DMSO-d6) δ: 13.16 (s, 1H), 8.27 (d, J＝8.4 Hz, 1H), 8.12 
(t, J＝7.7 Hz, 2H), 7.88～7.81 (m, 2H), 7.76 (s, 1H), 7.73 
(d, J＝7.5 Hz, 2H), 7.69 (d, J＝8.4 Hz, 1H), 7.52 (t, J＝7.6 
Hz, 2H), 7.43 (d, J＝7.3 Hz, 1H); 13C NMR (126 MHz, 
DMSO-d6) δ: 180.9, 177.9, 140.7, 139.7, 139.4, 138.2, 
134.7, 134.5, 133.7, 133.2, 129.6, 128.2, 127.5, 126.6, 
126.5, 124.1, 123.7, 123.3, 117.9, 111.8; IR (KBr) ν: 3431, 
3258, 1651, 1563, 1385, 1152, 1004, 762 cm－1. HRMS 
(ESI) calcd for 22 14 2C H NO  [M＋H]＋ 324.1019, found 
324.1018. 

3-Methoxy-5H-benzo[b]carbazole-6,11-dione (2l):[18] 
Yield 93% (51.5 mg, Eluent: EtOAc/petroleum ether, 
V∶V＝1∶3); red solid, m.p. 288～290 ℃; 1H NMR (500 
MHz, DMSO-d6) δ: 12.92 (s, 1H), 8.10～8.06 (m, 3H), 
7.88～7.77 (m, 2H), 7.02 (d, J＝8.9 Hz, 1H), 6.98 (s, 1H), 
3.85 (s, 3H); 13C NMR (126 MHz, DMSO-d6) δ: 181.0, 
177.3, 159.9, 140.3, 136.8, 134.5, 134.4, 133.7, 133.2, 
126.5, 126.4, 123.7, 118.5, 118.4, 116.0, 95.5, 55.9. 

3-(Trifluoromethoxy)-5H-benzo[b]carbazole-6,11-dione  
(2m): Yield 36% (23.8 mg, Eluent: EtOAc/petroleum 
ether, V∶V＝1∶5); orange solid, m.p. 281～283 ℃; 1H 
NMR (500 MHz, DMSO-d6) δ: 13.28 (s, 1H), 8.27 (d, J＝
8.7 Hz, 1H), 8.10 (t, J＝6.8 Hz, 2H), 7.88～7.81 (m, 2H), 
7.48 (s, 1H), 7.35 (d, J＝8.7 Hz, 1H); 13C NMR (126 MHz, 
DMSO-d6) δ: 180.7, 177.8, 147.5, 139.1, 138.5, 134.9, 
134.3, 133.9, 133.0, 126.62, 126.6, 124.5, 123.1, 120.6 (q, 
JC-F＝257 Hz), 118.2, 117.6, 106.5; IR (KBr) ν: 3280, 
1656, 1581, 1532, 1469, 1280, 1168, 1137, 715 cm－1. 
HRMS (ESI) calcd for 17 9 3 3C H F NO  [M＋H]＋ 332.0529, 
found 332.0529; 19F NMR (376 MHz, DMSO) δ: －56.98. 

3-Ethoxy-5H-benzo[b]carbazole-6,11-dione (2n): Yield 
38% (23.7 mg, Eluent: EtOAc/petroleum ether, V∶V＝
1∶3); red solid, m.p. 215～217 ℃; 1H NMR (500 MHz, 
DMSO-d6) δ: 12.84 (s, 1H), 8.08～8.02 (m, 3H), 7.87～
7.76 (m, 2H), 7.01～6.90 (m, 2H), 4.08 (q, J＝6.8 Hz, 
2H), 1.38 (t, J＝6.8 Hz, 3H); 13C NMR (126 MHz, 
DMSO-d6) δ: 181.0, 177.2, 159.1, 140.3, 136.8, 134.4, 
133.7, 133.2, 126.4, 126.3, 123.7, 118.5, 118.4, 116.2, 
96.1, 79.6, 63.9, 15.1; IR (KBr) ν: 3229, 1644, 1633, 1434, 
1261, 1170, 1045, 1012, 708 cm－1. HRMS (ESI) calcd for 

18 12 3C H NO  [M－H]－ 290.0823, found 290.0824. 
3-Isopropoxy-5H-benzo[b]carbazole-6,11-dione (2o): 

Yield 36% (22.2 mg, Eluent: EtOAc/petroleum ether, 
V∶V＝1∶3); red solid, m.p. 277～279 ℃; 1H NMR (500 
MHz, DMSO-d6) δ: 12.81 (s, 1H), 8.10～8.02 (m, 3H), 
7.85～7.78 (m, 2H), 6.99～6.97 (m, 2H), 4.71～4.65 (m, 
1H), 1.33 (d, J＝6.0 Hz, 6H); 13C NMR (126 MHz, 
DMSO-d6) δ: 181.0, 177.3, 157.9, 140.3, 136.9, 134.4, 
134.3, 133.7, 133.2, 126.4, 126.3, 123.8, 118.5, 118.4, 
116.9, 97.7, 70.3, 22.2; IR (KBr) ν: 3235, 1644, 1619, 
1526, 1436, 1260, 1010, 824, 733 cm－1. HRMS (ESI) 
calcd for 19 16 3C H NO  [M ＋ H] ＋  306.1125, found 
306.1128. 

3-Phenoxy-5H-benzo[b]carbazole-6,11-dione (2p): 
Yield 35% (23.7 mg, Eluent: EtOAc/petroleum ether, 
V∶V＝1∶5); red solid, m.p. 258～260 ℃; 1H NMR (500 
MHz, DMSO-d6) δ: 12.91 (s, 1H), 8.19 (d, J＝8.7 Hz, 1H), 
8.12～8.06 (m, 2H), 7.88～7.80 (m, 2H), 7.45 (t, J＝7.9 
Hz, 2H), 7.22 (t, J＝7.4 Hz, 1H), 7.15～7.11 (m, 3H), 7.02 
(d, J＝1.9 Hz, 1H); 13C NMR (126 MHz, DMSO-d6) δ: 
180.9, 177.5, 157.1, 156.8, 139.7, 137.8, 134.7, 134.4, 
133.8, 133.1, 130.7, 126.54, 126.47, 124.5, 124.4, 120.4, 
119.7, 118.1, 117.5, 102.1; IR (KBr) ν: 3415, 3241, 1643, 
1567, 1528, 1433, 1261, 1139, 1011, 727 cm－1. HRMS 
(ESI) calcd for 22 14 3C H NO  [M＋H]＋ 340.0968, found 
340.0964. 

3-(Methylthio)-5H-benzo[b]carbazole-6,11-dione (2q): 
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Yield 54% (31.4 mg, Eluent: EtOAc/petroleum ether, 
V∶V＝1∶3); red solid, m.p. 263～265 ℃; 1H NMR (500 
MHz, DMSO-d6) δ: 12.92 (s, 1H), 8.07～8.04 (m, 3H), 
7.84～7.78 (m, 2H), 7.35 (s, 1H), 7.24 (d, J＝8.5 Hz, 1H), 
2.54 (s, 3H); 13C NMR (126 MHz, DMSO-d6) δ: 180.8, 
177.6, 139.4, 138.2, 137.2, 134.6, 134.4, 133.7, 133.2, 
126.5, 126.4, 123.6, 123.0, 121.8, 118.1, 109.8, 15.4; IR 
(KBr) ν: 3216, 1648, 1562, 1528, 1427, 1332, 1232, 1006, 
711 cm－1. HRMS (ESI) calcd for C17H12NO2S [M＋H]＋ 

294.0583, found 294.0582. 
2-Fluoro-5H-benzo[b]carbazole-6,11-dione (2r): Yield 

31% (16.4 mg, Eluent: EtOAc/petroleum ether, V∶V＝
1∶5); yellow solid, m.p. 260～262 ℃  (lit.[7f] 260～
262 ℃); 1H NMR (500 MHz, DMSO-d6) δ: 13.22 (s, 1H), 
8.11 (t, J＝6.7 Hz, 2H), 7.89～7.81 (m, 3H), 7.61 (dd, J＝
9.0, 4.4 Hz, 1H), 7.35–7.32 (m, 1H); 13C NMR (126 MHz, 
DMSO-d6) δ: 180.6, 177.9, 159.9 (d, JC-F＝239 Hz), 138.9, 
135.4, 134.8, 134.5, 133.8, 133.1, 126.6, 124.7 (d, JC-F＝11 
Hz), 117.8 (d, JC-F＝5.4 Hz), 116.4 (d, JC-F＝27 Hz), 116.1 
(d, JC-F＝10 Hz), 107.2, 107.0; 19F NMR (376 MHz, 
DMSO) δ: －115.13. 

2-Chloro-5H-benzo[b]carbazole-6,11-dione (2s): Yield 
62% (34.8 mg, Eluent: EtOAc/petroleum ether, V∶V＝
1∶3); yellow solid, m.p. 318～320 ℃  (lit.[7f] 318～
320 ℃); 1H NMR (500 MHz, DMSO-d6) δ: 13.27 (s, 1H), 
8.14 (d,  J＝1.8 Hz, 1H), 8.13～8.08 (m, 2H), 7.89～7.81 
(m, 2H), 7.61 (d, J＝8.8 Hz, 1H), 7.47 (dd, J＝8.8, 2.1 Hz, 
1H); 13C NMR (126 MHz, DMSO-d6) δ: 180.6, 178.0, 
138.7, 137.1, 134.9, 134.4, 133.9, 133.1, 129.0, 127.6, 
126.6, 125.2, 121.6, 117.2, 116.2. 

2-Bromo-5H-benzo[b]carbazole-6,11-dione (2t): Yield 
40% (25.8 mg, Eluent: EtOAc/petroleum ether, V∶V＝
1∶3); yellow solid, m.p. 251～255 ℃; 1H NMR (500 
MHz, DMSO-d6) δ: 13.26 (s, 1H), 8.29 (s, 1H), 8.10 (t, J＝
6.7 Hz, 2H), 7.89～7.81 (m, 2H), 7.56 (q, J＝8.8 Hz, 2H). 
13C NMR (126 MHz, DMSO-d6) δ: 180.7, 177.9, 137.3, 
134.9, 134.4, 133.9, 133.1, 130.1, 130.0, 126.6, 125.9, 
124.7, 117.0, 116.5; IR (KBr) ν: 3427, 1635, 1568, 1385, 
1012, 877, 710 cm － 1. HRMS (ESI) calcd for 

16 7 2C H BrNO  [M－H]－ 323.9666, found 323.9667. 
2-Methyl-5H-benzo[b]carbazole-6,11-dione (2u): Yield 

55% (28.7 mg, Eluent: EtOAc/petroleum ether, V∶V＝
1∶3); yellow solid, m.p. 258～260 ℃ (lit.[6c,7f] 258～
260 ℃); 1H NMR (500 MHz, DMSO-d6) δ: 12.95 (s, 1H), 
8.07 (t, J＝8.2 Hz, 2H), 7.96 (s, 1H), 7.83 (t, J＝7.3 Hz, 
1H), 7.79 (t, J＝7.3 Hz, 1H), 7.45 (d, J＝8.4 Hz, 1H), 7.24 
(d, J＝8.4 Hz, 1H), 2.44 (s, 3H); 13C NMR (126 MHz, 
DMSO-d6) δ: 180.7, 177.9, 137.5, 137.1, 134.6, 134.58, 
133.8, 133.6, 133.1, 129.3, 126.5, 126.4, 124.7, 122.1, 
117.4, 114.0, 21.8. 

3-(Trifluoromethyl)-5H-benzo[b]carbazole-6,11-dione  
(2v): Yield 40% (25.2 mg, Eluent: EtOAc/petroleum ether, 
V∶V＝1∶5); orange solid, m.p. 268～270 ℃ (lit.[7f,18] 
268～270 ℃); 1H NMR (500 MHz, DMSO-d6) δ: 13.40 
(s, 1H), 8.31 (d, J＝8.4 Hz, 1H), 8.08～8.05 (m, 2H), 
7.86～7.70 (m, 3H), 7.60 (d, J＝8.4 Hz, 1H); 13C NMR 
(126 MHz, DMSO-d6) δ: 180.6, 178.1, 139.8, 137.4, 135.0, 

134.4, 133.9, 133.0, 127.3, 126.7, 126.6, 126.5 (128.1, 
127.0, 126.0, q, JC-F＝131 Hz), 124.0, 123.8, 120.3 (d,  
JC-F＝3.8 Hz), 117.4, 111.6 (d, JC-F＝5.1 Hz); 19F NMR 
(376 MHz, DMSO) δ: －60.13; IR (KBr) ν: 3240, 1656, 
1594, 1403, 1341, 1230, 1112, 709 cm－1. 

2-Methoxy-5H-benzo[b]carbazole-6,11-dione (2w): 
Yield 89% (48.9 mg, Eluent: EtOAc/petroleum ether, 
V∶V＝1∶3); orange solid, m.p. 296～298 ℃ (lit.[6c] 
297～298 ℃; 1H NMR (500 MHz, DMSO-d6) δ: 12.97 (s, 
1H), 8.06 (t, J＝7.1 Hz, 2H), 7.82 (t, J＝7.3 Hz, 1H), 7.78 
(t,  J＝7.3 Hz, 1H), 7.56 (s, 1H), 7.45 (d, J＝9.0 Hz, 1H), 
7.07～7.02 (m, 1H), 3.84 (s, 3H); 13C NMR (126 MHz, 
DMSO-d6) δ: 180.6, 177.6, 157.4, 137.4, 134.6, 134.5, 
133.9, 133.5, 133.2, 126.5, 126.4, 125.3, 118.8, 117.5, 
115.4, 102.5, 55.8. 

3-(Trifluoromethoxy)-5H-benzo[b]carbazole-6,11-dione 
(2x): Yield 62% (41.1 mg, Eluent: EtOAc/petroleum ether, 
V∶V＝1∶5); orange solid, m.p. 323～326 ℃; 1H NMR 
(500 MHz, DMSO-d6) δ: 13.31 (s, 1H), 8.10 (d, J＝2.8 Hz, 
2H), 8.04 (s, 1H), 7.88～7.81 (m, 2H), 7.69 (d, J＝8.9 Hz, 
1H), 7.43 (d, J＝8.6 Hz, 1H); 13C NMR (126 MHz, 
DMSO-d6) δ: 180.6, 178.0, 145.4, 139.4, 137.1, 134.9, 
134.4, 133.9, 133.0, 126.7, 126.6, 124.4, 121.2, 120.8 
(123.8, 121.8, 119.7, 117.7, q, JC-F＝257 Hz), 117.9, 116.2, 
114.3; 19F NMR (376 MHz, DMSO) δ: －56.78; IR (KBr) 
ν: 3296, 1657, 1587, 1531, 1482, 1390, 1255, 1209, 1015, 
715 cm－1. HRMS (ESI) calcd for 17 7 3 2C H F NO  [M－H]－

314.0434, found 314.0433. 
1-Methyl-5H-benzo[b]carbazole-6,11-dione (2y): Yield 

34% (17.8 mg, Eluent: EtOAc/petroleum ether, V∶V＝
1∶3); orange solid, m.p. 321～323 ℃; 1H NMR (500 
MHz, DMSO-d6) δ: 13.07 (s, 1H), 8.15 (t, J＝8.1 Hz, 1H), 
8.08 (t, J＝8.2 Hz, 1H), 7.89～7.78 (m, 2H), 7.41 (t, J＝
8.5 Hz, 1H), 7.34～7.29 (m, 1H), 7.10 (t, J＝8.0 Hz, 1H), 
2.93 (d, J＝9.1 Hz, 3H); 13C NMR (126 MHz, DMSO-d6) 
δ: 179.8, 178.2, 139.4, 138.3, 135.2, 134.9, 134.2, 133.5, 
132.4, 127.6, 127.3, 126.0, 125.6, 124.4, 119.0, 111.7, 
23.4; IR (KBr) ν: 3427, 2955, 1565, 1441, 1426, 1385, 
745, 712 cm－1. HRMS (ESI) calcd for 17 12 2C H NO  [M＋
H]＋ 262.0863, found 262.0864.  

7H-Dibenzo[a,h]carbazole-7,12(13H)-dione (2z): Yield 
22% (17.8 mg, Eluent: EtOAc/petroleum ether, V∶V＝
1∶5); red solid, m.p. 291～293 ℃; 1H NMR (500 MHz, 
DMSO-d6) δ: 13.60 (s, 1H), 9.95 (d, J＝8.4 Hz, 1H), 8.28 
(d, J＝7.6 Hz, 1H), 8.14 (d, J＝7.4 Hz, 1H), 8.04 (d, J＝
7.9 Hz, 1H), 7.96 (d, J＝8.9 Hz, 1H), 7.91 (t, J＝7.5 Hz, 
1H), 7.86 (t, J＝7.3 Hz, 1H), 7.75～7.71 (m, 2H), 7.61 (t,  
J＝7.4 Hz, 1H); 13C NMR (126 MHz, DMSO-d6) δ: 180.5, 
177.3, 137.2, 136.7, 135.1, 134.7, 133.7, 132.7, 131.3, 
129.8, 129.4, 128.9, 127.6, 127.5, 127.3, 126.1, 126.0, 
120.8, 120.5, 114.4; IR (KBr) ν: 3275, 1646, 1593, 1522, 
717, 678 cm－1. HRMS (ESI) calcd for 20 12 2C H NO  [M＋
H]＋ 298.0863, found 298.0860. 

7H-Dibenzo[b,g]carbazole-8,13-dione (2ba): Yield 15% 
(8.91 mg, Eluent: EtOAc/petroleum ether, V∶V＝1∶5); 
red solid, m.p. 336～ 338 ℃ ; 1H NMR (500 MHz, 
DMSO-d6) δ: 13.88 (s, 1H), 8.80 (d, J＝8.1 Hz, 1H), 8.23 
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(d, J＝8.7 Hz, 1H), 8.18～8.11 (m, 2H), 8.04 (d, J＝7.9 
Hz, 1H), 7.88～7.79 (m, 3H), 7.70～7.67 (m, 1H), 7.64～
7.60 (m, 1H); 13C NMR (126 MHz, DMSO-d6) δ: 181.5, 
177.1, 136.0, 135.2, 134.5, 134.4, 133.9, 133.5, 132.6, 
129.3, 127.4, 127.2, 126.6, 125.9, 122.9, 122.6, 121.4, 
120.7, 119.3; IR (KBr) ν: 3235, 1638, 1585, 1510, 1432, 
1263, 1186, 808, 713 cm － 1. HRMS (ESI) calcd for 

20 12 2C H NO  [M＋H]＋ 298.0863, found 298.0862. 
2,4-Dimethyl-5H-benzo[b]carbazole-6,11-dione (2bb): 

Yield 80% (36.2 mg, Eluent: EtOAc/petroleum ether, 
V∶V＝1∶5); red solid, m.p. 343～345 ℃; 1H NMR (500 
MHz, DMSO-d6) δ: 12.89 (s, 1H), 8.10 (d, J＝8.3 Hz, 2H), 
7.86～7.78 (m, 3H), 7.04 (s, 1H), 2.53 (s, 3H), 2.40 (s, 
3H); 13C NMR (126 MHz, DMSO-d6) δ: 180.8, 177.8, 
137.5, 136.9, 134.5, 133.9, 133.6, 133.2, 129.8, 126.5, 
126.4, 124.7, 123.9, 119.5, 117.8, 21.7, 17.4; IR (KBr) ν: 
3346, 2923, 1719, 1433, 1381, 1251, 1007, 716, 529 cm－1. 
HRMS (ESI) calcd for 18 14 2C H NO  [M＋H]＋ 276.1019, 
found 276.1022. 

2,4-Dimethoxy-5H-benzo[b]carbazole-6,11-dione (2bc): 
Yield 59% (36.2 mg, Eluent: EtOAc/petroleum ether, 
V∶V＝1∶5); dark red solid, m.p. 311～313 ℃; 1H NMR 
(500 MHz, DMSO-d6) δ: 13.21 (s, 1H), 8.09 (t, J＝7.5 Hz, 
2H), 7.86～7.79 (m, 2H), 7.21 (s, 1H), 6.61 (s, 1H), 3.94 
(s, 3H), 3.86 (s, 3H); 13C NMR (126 MHz, DMSO-d6) δ: 
180.9, 177.3, 158.7, 148.6, 137.0, 134.6, 134.5, 133.6, 
133.4, 126.5, 126.4, 126.1, 125.3, 118.0, 99.7, 94.2, 56.3, 
56.0; IR (KBr) ν: 3248, 1644, 1595, 1436, 1290, 1270, 
1145, 964, 712 cm－1. HRMS (ESI) calcd for 18 14 4C H NO  
[M＋H]＋ 308.0917, found 308.0916. 

 
Supporting Information  1H NMR and 13C NMR spectra 
of 1h, 1n, 1x, 2a～2bc and HRMS spectra of 1h, 1n, 1x, 
2d, 2e, 2h, 2j, 2k, 2m～2q, 2t, 2x～2bc are available free 
of charge via the Internet at http://sioc-journal.cn/. 
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