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铑催化 2-芳基-2H-吲唑与硫叶立德的酰甲基化/串联环化反应 
高效构建 6-芳基吲唑并[2,3-a]喹啉类衍生物 

汤  振    皮  超*    吴养洁    崔秀灵* 
(郑州大学化学学院  绿色催化研究中心  河南省高校应用化学重点实验室   

河南省化学生物学与有机化学重点实验室  郑州 450052)  

摘要  报道了铑(III)催化2-芳基-2H-吲唑与硫叶立德的C—H键活化/环化反应, 有效地合成了6-芳基吲唑并[2,3-a]喹啉

及其衍生物. 该反应效率高, 官能团兼容性好, 避免了外置氧化剂, 并且副产物仅为二甲基亚砜(DMSO)和水. 此外放

大反应证明了该方式在工业上应用的可行性. 
关键词  2-芳基-2H-吲唑; 硫叶立德; 铑催化; 环化 

Rhodium-Catalyzed Tandem Acylmethylation/Annulation Reactions  
of 2-Aryl-2H-indazoles with Sulfoxonium Ylides: Easy  

Access to 6-Arylindazolo[2,3-a]quinolines 

Tang, Zhen    Pi, Chao*    Wu, Yangjie    Cui, Xiuling* 
(Henan Key Laboratory of Chemical Biology and Organic Chemistry, Key Laboratory of Applied Chemistry of Henan 

Universities, Green Catalysis Center and College of Chemistry, Zhengzhou University, Zhengzhou 450052) 

Abstract  An efficient synthesis of 6-arylindazolo[2,3-a]quinolines starting from 2-aryl-2H-indazoles with sulfoxonium 
ylides via rhodium(III)-catalyzed C—H activation and cyclization reaction has been described. This transformation features 
high efficiency, tolerates various functional groups, avoids external oxidant and produces dimethyl sulfoxide (DMSO) and H2O 
as the sole by-products. In addition, the scale-up reaction demonstrated the practicability of this protocol in industry. 
Keywords  2-aryl-2H-indazoles; sulfoxonium ylides; rhodium-catalyzed; cyclization 

 

1  Introduction 
Heterocyclic frameworks fused π-conjugated systems 

exhibit important electrochemical and photochemical 
properties with potential applications as luminescence ma-
terials.[1] Particularly, indazolo[2,3-a]quinoline is funda-
mental structural motif in biologically active molecules[2] 
and organic light-emitting diodes.[3] Considering their im-
mense importance, extensive efforts have been devoted to 
construct such core.[4] Although the significant progress has 
been made, the highly functionalized starting materials, 
excess external oxidants and hash reaction conditions are 
required. Therefore, it is urgent to explore novel green and 
efficient catalytic systems to synthesize indazolo[2,3-a]-

quinolines. In the past decades, the transition metal cata-
lyzed C—H bond functionalization has proved to be a 
powerful tool for the construction of complex structures due 
to high atom- and step-economy.[5] Among them, the tran-
sition metal-catalyzed C—H bond activation reaction in-
volving directing groups (DGs) could greatly enhance the 
regioselectivity of the reaction.[6] 

However, most of the DGs should be further transformed 
or removed, which greatly reduced their atom economy.[7] 
Recently, DGs-involved C—H bond activation tandem 
cyclization has been well developed.[8] However, the re-
search on transition metal catalyzed C—H bond cycliza- 
tion of indazoles to synthesize indazolo[2,3-a]quinoline and 
its derivatives is still infancy. In 2012, Punniyamurthy[4f]  



   
有机化学 研究论文  

 
1188     http://sioc-journal.cn/ © 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences Chin. J. Org. Chem. 2023, 43, 1187～1196 

N
N Ph Ph

[Cp*RhCl2]2, Cu(OAc)2 H2O
K2CO3, DCE, N2

N
N

Ph Ph

N
N Ph OEt

O

N2

O
R

[Cp*RhCl2]2, additive
solvent

N
N

Ph COOEt

N
N

COOEt

R = H, CHO

or

(a) Punniyamurthy group in 2012

(b) Fan group in 2019

N
N

(d) This work
O

S
O

N
N

R

(c) Our previous work

Rh

N
N O O

O

N
N

C[Cp*RhCl2]2, AgOTf, H3PO4

THF, 110 oC, air

R

.

 
Scheme 1  Transition metal catalyzed C—H cyclization to build indazolo[2,3-a]quinolines

reported a Rh(III)-catalyzed oxidative annulation of 2-aryl- 
2H-indazoles with internal alkynes, leading to the formation 
of indazolo[2,3-a]quinolines (Scheme 1a). The excessive 
Cu(OAc)2•H2O as an external oxidant was required to re-
generate active metal catalyst. Subsequently, Fan et. al.[4g] 
disclosed Rh(III)-catalyzed oxidant-free [4＋2] or [5＋1] 
annulation reaction of 2-aryl-2H-indazoles starting from 
α-diazo carbonyl compounds and selectively offered 5,6- 
disubstituted or 5-substitued indazolo[2,3-a]quinolines 
(Scheme 1b). Recently, our group developed rhodium- 
catalyzed cyclization of azobenzenes with vinylene car-
bonate via C—H bond activation to construct non-substi- 
tuted indazolo[2,3-a]quinolines (Scheme 1c).[9] The vi-
nylene carbonate (VC) acts as C(1) and C(2) synthons as 
well as “vinylene transfer” and acylation reagent in this 
transformation. On the other hand, sulfoxonium ylides, as 
versatile synthetic precursor, have emerged in C—H func-
tionalization[10] because of its safe and higher coordination 
affinity with the metal center, leading to easily convert 
carbonyl compounds and provide the possibility to con-
struct complex molecules through tandem annulation in 
“one-pot” manner.[11] Inspired by these elegant works, we 
deduced that the nucleophilicity of indazoles might con-
tribute to tandem annulation with carbonyl compounds to 
synthesize indazolo[2,3-a]quinolines. Based on our re-
search on the construction of heterocyclic compounds,[12] 
herein, we explored the synthesis of 6-arylindazolo[2,3-a]- 
quinolines via Rh(III)-catalyzed [4＋2] annulation of 2- 
aryl-2H-indazoles with sulfoxonium ylides in one pot 
(Scheme 1d). This reaction features excellent regioselec-
tivity and tolerance of broad scope. DMSO and water are 
released as the sole byproducts. Meanwhile, the scale-up 
reaction demonstrated the practicability of this protocol. 

2  Results and discussion 
Initially, 2-phenyl-2H-indazole (1a) and benzoyl sul-

foxonium ylide 2a were chosen as the model substrates to 

optimize various reaction conditions. The desired 6-pheny- 
lindazolo[2,3-a]quinoline (3aa) was obtained in 83% yield 
in the presence of [Cp*RhCl2]2 (5 mol%), AgOTf (20 
mol%) and PhCOOH (20 mol%) in trifluoroethanol (TFE, 2 
mL) at 120 ℃ for 12 h followed by addition of trifluoro-
acetate (TFA, 2 equiv.) and continued reaction for 3 h at 
120 ℃ (Table 1, Entry 1). In the absence of [Cp*RhCl2]2 or 
AgOTf, the reaction could not work well (Table 1, Entries 2, 
3), which indicated that the catalyst and silver salt were 
essential for the reaction. Subsequently, other transition- 
metals as the catalyst were investigated (including [Cp*Co- 
(CO)I2], [Cp*IrCl2]2, [RuCl2(p-cymene)Cl2]2 and Pd(O- 
Ac)2), and no product was obtained (Table 1, Entries 4～7). 
Meanwhile, the effect of silver salts was investigated, such 
as AgSbF6, AgNTf2, PhCOOAg, Ag2CO3, CF3COOAg and 
AgBF4. While none of them was more effective (Table 1, 
Entry 8). Investigation of the solvents showed that TFE was 
superior to DCE, DCM, CH3CN, THF, DMF, MeOH, HFIP 
and toluene (Table 1, Entry 9). Then, different acids, in-
cluding PivOH, HOAc, 1-AdCOOH and TsOH were used 
instead of PhCOOH, all resulted in the inferior efficiency 
(Table 1, Entry 10). When the loading of TFA was de-
creased to 1 equiv., the yield of 3aa was decreased to 64% 
(Table 1, Entry 11). 

With the optimal reaction conditions in hand, the scope of 
indazoles was first examined with 2a as a model substrate. 
As summarized in Table 2, when indazoles with electron- 
withdrawing (F, Cl and Br) or electron-donating (MeO) at 
C(5) or C(6) were examined, the corresponding indazo-
lo[2,3-a]quinolines 3aa～3ia were afforded in 60%～84% 
yields through [4＋2] cyclization. In addition, the 2-phenyl- 
5-trifluoromethyl-2H-indazole was employed in reaction, 
however, affording the desired product 3ja in only 30% 
yield, probably due to its strong electron-withdrawing abil-
ity. Meanwhile, this transformation also tolerated COOMe 
group at C(6), providing the corresponding product 3ka in 
moderate yield. Indazole with two methoxy groups at C(5) 
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Table 1  Optimization of the reaction conditionsa 

 
Entry Variation from standard conditions Yieldb/% 

1 None 83 

2 Without [Cp*RhCl2]2 NR 

3 Without AgOTf NR 

4 Cp*Co(CO)I2 instead of [Cp*RhCl2]2 NR 

5 [Cp*IrCl2]2 instead of [Cp*RhCl2]2 NR 

6 [RuCl2(p-cymene)]2 instead of [Cp*RhCl2]2 NR 

7 Pd(OAc)2 instead of [Cp*RhCl2]2 NR 

8 AgSbF6, AgNTf2, PhCOOAg, Ag2CO3, CF3COOAg, AgBF4 instead of AgOTf 64/68/56/46/64/70 

9 DCE, DCM, CH3CN, THF, DMF, MeOH, HFIP, toluene instead of TFE 52/48/43/NR/NR/63/45/60 

10 PivOH, HOAc, 1-AdCOOH, TsOH instead of PhCOOH 52/63/58/54 

11 TFA (1 equiv.) 64 

12 80 ℃ instead of 120 ℃ 42 
a Reaction conditions: 1a (0.1 mmol), 2a (0.15 mmol), catalyst (5 mol%), Ag salt (20 mol%), acid (20 mol%), solvent (2 mL), 12 h, 120 ℃ then TFA (2 
equiv.), 3 h, 120 ℃. DCE: 1,2-dichloroethane, DCM: dichloromethane, THF: tetrahydrofuran, DMF: N,N-dimethylformamide, HFIP: hexafluoroisopro-
panol, TFE: trifluoroethanol, TFA: trifluoroacetic acid, NR: no reaction. b Isolated yields. 

Table 2  Scope of 2-aryl-2H-indazolesa,b 

 

 

 
a Reaction conditions: 1 (0.1 mmol), 2a (0.15 mmol), [Cp*RhCl2]2 (5 mol%), AgOTf (20 mol%), PhCOOH (20 mol%), TFE (2 mL), 12 h, 120 ℃, then 
TFA (2 equiv.), 3 h, 120 ℃. b Isolated yields. c1a (0.97 g) was used. 

and C(6) gave the corresponding product 3la in 48% yield. 
Subsequently, the effect of R2 in 2-aryl-2H-indazoles was 
tested. To our delight, when various groups (such as Me, 
MeO, halogen, iso-propyl, tert-butyl, COOMe and CF3) 
were introduced at the para, meta and ortho position of 
2-phenyl unit of 1, this transformation showed satisfactory 
tolerance and afforded products 3ma～3ya in moderate to 
good yields. These results indicated that the electron density 
and steric hindrance of the 2-phenyl unit had no significant 

effect on the reaction. To demonstrate the synthetic poten-
tial application of the present method, a gram-scale reaction 
of 1a with 2a was performed under the standard reaction 
conditions, and product 3aa was obtained in 68% yield. 

To further evaluate the scope of this protocol, the scope 
of sulfoxonium ylides was examined. The results are shown 
in Table 3. A variety of electron-donating (Me, MeO) or 
electron-withdrawing (F, Cl, Br and I) groups at the para 
position of the phenyl ring were all well tolerated in this 
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transformation, affording the corresponding products 3ab～
3ag in 74%～88% yields. Whereas, the desired products 
3ah～3ai were afforded in 65% and 35% yields for pa-
ra-CF3 and -NO2 substituted sulfoxonium ylides, respec-
tively, perhaps due to their strong electron-withdrawing 
ability. In addition, substitutions at the meta-position of the 
benzene ring were also suitable for this reaction, delivering 
the corresponding products 3aj～3ak in 75%～78% yields. 
However, sulfoxonium ylides bearing ortho Me and Cl 
provided the corresponding products 3am～3an in 24%～
43% yields probably due to the steric hindrance. 

The 3,5-dichlorophenylsulfoxonium ylide was coupled 
with 1a to provide the corresponding product 3ao in 80% 
yield. To our delight, other aromatic rings, such as furan, 
thiophene and naphthalene, also showed good reactivity, 
delivering the corresponding products in 43%～64% yields. 

To gain insight into the mechanism of this transfor-
mation, a series of control experiments were conducted as 
shown in Scheme 2. The desired product could be obtained 
in 92% isolated yield by treatment of 2-(2-(2H-indazol-2- 
yl)phenyl)-1-phenylethan-1-one with 2 equiv. of TFA, 

which further implied that TFA was crucial for the trans-
formation of the intermediate to the final product 3aa 
(Scheme 2a). Under the standard reaction conditions, the 
reaction of 1a with D2O afforded 1a-d2 with 30% of deu-
terium in corporation based on 1H NMR analysis (see 
supporting information), which suggested that the step of 
the C—H bond cleavage might be reversible (Scheme 2b). 
In addition, the reaction involving 1a-d5 with 2a gave a 
kinetic isotope effect (KIE) value of 5.25, indicating that 
aryl C—H bond cleavage might be involved in the turno-
ver-limiting step (Scheme 2c). 

On the basis of the above experimental results and the 
previous literatures,[4f-4g,8] a plausible mechanistic pathway 
was proposed in Scheme 3. Firstly, the cationic active spe-
cies Cp*Rh(III) is generated through treatment of [Cp*Rh- 
Cl2]2 with AgOTf, and can coordinate with 1a to afford the 
intermediate I. Then, coordination of sulfoxonium ylide 
with Rh(III) intermediate I generates intermediate II, which 
forms a reactive rhodium α-oxo carbene species III by 
α-elimination of DMSO. Subsequently, the intermediate III 
undergoes migratory insertion of the Rh—C bond to give a  

Table 3  Scope of sulfoxonium ylidesa,b 

 

 
a Reaction conditions: 1a (0.1 mmol), 2 (0.15 mmol), [Cp*RhCl2]2 (5 mol%), AgOTf (20 mol%), PhCOOH (20 mol%), TFE (2 mL), 12 h, 120 ℃, then TFA (2 
equiv.), 3 h, 120 ℃. b Isolated yields. 
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Scheme 2  Control experiment and KIE study 
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Scheme 3  Proposed reaction mechanism for tandem acylmethylation/annulation reactions of 2-aryl-2H-indazoles with sulfoxoium yil-
des 

six-membered rhodacyclic intermediate IV. Protonolysis of 
the Rh—N and Rh—C bonds releases the acylmethylated 
intermediate and regenerates the active Rh(III) catalyst for 
next cycle. Finally, the desired product 3aa is afforded 
through TFA-mediated intramolecular cyclization and de-
hydration. 

3  Conclusions 
In summary, we have developed Rh(III)-catalyzed C—H 

acylmethylation and TFA-mediated cyclization of 2-aryl- 
2H-indazoles with sulfoxonium ylides to afford indazolo- 
[2,3-a]quinoline structural frameworks. The protocol 
showed good functional group tolerance and high atom 
economy. In this approach, external oxidants were avoided, 
and DMSO and water were released as the sole byproduct. 
The reaction could perform on a gram scale and maintain a 
relatively good efficiency. Further application of the ob-
tained indazolo[2,3-a]quinolones is currently ongoing in 
our laboratory. 

4  Experimental section 
4.1  General experimental information 

All experiments were carried out under air atmosphere. 
indazoles 1[13] and sulfoxonium ylides 2[14] were prepared 
according to literatures. All other chemicals and solvents 
used in the experiments were obtained from commercial 
sources and used directly without further treatment. 1H 
NMR, 13C NMR and 19F NMR spectra were recorded on a 
Bruker DPX-400 spectrometer and the frequencies for 1H 
NMR and 13C NMR test are 400 and 100 MHz, respec-
tively. The chemical shifts were reported with TMS as 
internal standard. Melting points were tested in an X-4A 

instrument without correcting temperature. High resolution 
mass spectra (HRMS) were obtained on an Agilent Q-TOF 
spectrometer with micromass MS software using electro- 
spray ionization (ESI). Liquid Chromatograph Mass Spec-
trometer (LC-MS) was performed on a 6120-Quadrupole 
from Agilent Technologies 1260 Infinity. 
4.2  General catalytic procedure 

To a 15 mL flame-dried tube were added [Cp*RhCl2]2 
(3.1 mg, 5 mol%), AgOTf (5.1 mg, 20 mol%), PhCOOH 
(2.4 mg, 20 mol%), 1 (0.1 mmol), 2 (0.15 mmol) and TFE 
(2 mL). The tube was sealed and stirred at 120 ℃ for 12 
h. After cooled down to room temperature, TFA (0.2 
mmol) was added. Then, the reaction mixture was stirred at 
120 ℃ for 3 h. Next, TFE was removed under reduced 
pressure, H2O was added and the mixture was extracted 
with dichloromethane. The extract was washed with brine 
and then dried over anhydrous Na2SO4. The solvent was 
removed under reduced pressure and the crude product was 
purified by silica gel chromatography to provide the prod-
uct 3 with the elution of mixed petroleum ether/ethyl ace-
tate (V∶V＝99∶1). 

1-(2-(2H-Indazol-2-yl)phenyl)-2-phenylethan-1-one:  
White solid, isolated yield 76% (23.7 mg). m.p. 112.2～
114 ℃; 1H NMR (400 MHz, CDCl3) δ: 8.10 (s, 1H), 7.79 
(d, J＝7.2 Hz, 2H), 7.64 (d, J＝9.1 Hz, 1H), 7.56 (d, J＝
8.9 Hz, 1H), 7.50～7.44 (m, 4H), 7.41 (d, J＝7.3 Hz, 1H), 
7.35 (t, J＝7.9 Hz, 2H), 7.25 (t, J＝9.8 Hz, 1H), 7.06 (t,  
J＝7.3 Hz, 1H), 4.38 (s, 2H); 13C NMR (100 MHz, CDCl3) 
δ: 197.1, 149.5, 140.3, 136.6, 133.1, 132.3, 131.2, 129.3, 
128.5, 128.3, 128.0, 126.5, 126.4, 124.7, 122.2, 122.0, 
120.5, 117.7, 41.6. HRMS (ESI) calcd for C21H17N2O   
[M＋H]＋ 313.1335, found 313.1333. 

6-Phenylindazolo[2,3-a]quinoline (3aa): Yellow-green 
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solid, isolated yield 83% (24.4 mg). m.p. 187～189 ℃; 1H 
NMR (400 MHz, CDCl3) δ: 8.95 (d, J＝8.8 Hz, 1H), 7.95 
(d, J＝8.8 Hz, 1H), 7.83 (d, J＝7.84 Hz, 1H), 7.73 (t, J＝
7.3 Hz, 1H), 7.61～7.72 (m, 2H), 7.53～7.55 (m, 4H), 7.45 
(t, J＝7.0 Hz, 2H), 7.30 (d, J＝8.3 Hz, 1H), 6.98 (t, J＝7.7 
Hz, 1H); 13C NMR (100 MHz, CDCl3) δ: 149.5, 137.6, 
133.8, 132.7, 131.3, 129.2, 129.1, 128.8, 128.7, 128.3, 
127.7, 126.3, 125.0, 123.3, 121.8, 120.5, 117.3, 116.8, 
116.7. HRMS (ESI) calcd for C21H15N2 [M ＋ H] ＋ 
295.1230, found 295.1232.   

9-Fluoro-6-phenylindazolo[2,3-a]quinoline (3ba): Yel-
low-green solid, isolated yield 73% (22.7 mg). m.p. 168～
171 ℃; 1H NMR (400 MHz, CDCl3) δ: 8.94 (d, J＝8.4 
Hz, 1H), 7.93 (d, J＝7.8 Hz, 1H), 7.81 (t, J＝5.2 Hz, 1H), 
7.66～7.22 (m, 3H), 7.61～7.58 (m, 3H), 7.55 (s, 1H), 
7.52 (dd, J＝10.0, 2.2 Hz, 1H), 7.26 (t, J＝6.8 Hz, 1H), 
6.78 (td, J＝8.8, 2.2 Hz, 1H); 13C NMR (100 MHz, CDCl3) 
δ: 162.7 (d, J＝244 Hz), 149.9 (d, J＝13.3 Hz), 137.3, 
133.3, 132.2, 131.6, 129.5, 129.1, 128.9 (d, J＝2.1 Hz), 
128.4, 126.4, 124.8, 124.0, 123.7, 123.5, 117.2, 113.9, 
111.5 (d, J＝27.5 Hz), 100.0 (d, J＝22.1 Hz); 19F NMR 
(376 MHz, CDCl3): －111.95 (s). HRMS (ESI) calcd for 
C21H14FN2 [M＋H]＋ 313.1136, found 313.1140. 

8-Fluoro-6-phenylindazolo[2,3-a]quinoline (3ca): Yel-
low-green solid, isolated yield 84% (26.2 mg). m.p. 136～
139 ℃; 1H NMR (400 MHz, CDCl3) δ: 8.93 (d, J＝8.4 
Hz, 1H), 7.93～7.90 (m, 2H), 7.79 (t, J＝7.6 Hz, 1H), 
7.65～7.58 (m, 6H), 7.48 (s, 1H), 7.26 (td, J＝9.2, 2.4 Hz, 
1H), 6.89 (dd, J＝9.2, 2.2 Hz, 1H); 13C NMR (100 MHz, 
CDCl3) δ: 157.3 (d, J＝242 Hz), 146.7, 137.1, 133.5, 
132.6, 131.5 (d, J＝8.0 Hz), 129.3, 129.0, 128.9 (d, J＝1.4 
Hz), 128.4, 126.5, 125.0, 123.0, 118.8, 118.5 (d, J＝9.3 
Hz), 117.1, 116.1, 115.9, 105.0 (d, J＝25.4 Hz); 19F NMR 
(376 MHz, CDCl3) δ: －120.24 (s). HRMS (ESI) calcd for 
C21H14FN2 [M＋H]＋ 313.1136, found 313.1140. 

9-Chloro-6-phenylindazolo[2,3-a]quinoline (3da): Yel-
low-green solid, isolated yield 60% (19.6 mg). m.p. 188～
191 ℃; 1H NMR (400 MHz, CDCl3) δ: 8.95 (d, J＝8.8 
Hz, 1H), 7.93 (d, J＝8.8 Hz, 2H), 7.82 (t, J＝7.8 Hz, 1H), 
7.66～7.58 (m, 6H), 7.56 (s, 1H), 7.23 (d, J＝8.8 Hz, 1H), 
6.94 (dd, J＝6.8, 1.2 Hz, 1H); 13C NMR (100 MHz, CDCl3

＋DMSO) δ: 149.6, 137.0, 133.4, 133.2, 132.2, 131.4, 
129.5, 128.9 (2), 128.8, 128.4, 126.6, 124.9, 124.0, 122.9, 
121.5, 117.1, 115.4, 115.1. HRMS (ESI) calcd for 
C21H14ClN2 [M＋H]＋ 329.0840, found 329.0843. 

8-Chloro-6-phenylindazolo[2,3-a]quinoline (3ea): Yel-
low-green solid, isolated yield 70% (22.9 mg). m.p. 235～
237 ℃; 1H NMR (400 MHz, CDCl3) δ: 8.94 (d, J＝8.4 
Hz, 1H), 7.90 (q, J＝7.6 Hz, 2H), 7.80 (t, J＝7.6 Hz, 1H), 
7.66～7.59 (m, 6H), 7.52 (s, 1H), 7.40 (dd, J＝8.8, 1.2 Hz, 
1H), 7.27 (s, 1H); 13C NMR (100 MHz, CDCl3) δ: 147.8, 
137.1, 133.3, 132.6, 130.9, 129.5, 129.1, 129.0 (2), 128.8, 
128.4, 126.7, 125.8, 125.1, 123.7, 120.6, 118.1, 117.3, 
117.2. HRMS (ESI) calcd for C21H14ClN2 [M＋H] ＋ 
329.0840, found 329.0842. 

9-Bromo-6-phenylindazolo[2,3-a]quinoline (3fa): Yel-
low-green solid, isolated yield 64% (23.8 mg). m.p. 176～

179 ℃; 1H NMR (400 MHz, CDCl3) δ: 8.94 (d, J＝8.4 
Hz, 1H), 8.10 (s, 1H), 7.92 (d, J＝8.0 Hz, 1H), 7.80 (t, J＝
7.8 Hz, 1H), 7.65～7.57 (m, 6H), 7.54 (s, 1H), 7.16 (d, J＝
9.2 Hz, 1H), 7.05 (dd, J＝8.8, 1.2 Hz, 1H); 13C NMR (100 
MHz, CDCl3) δ: 150.2, 137.2, 133.3, 132.4, 131.6, 129.5, 
129.0, 128 (2), 128.4, 126.6, 125.0, 124.1, 124.0, 123.1, 
121.8, 119.0, 117.3, 115.4. HRMS (ESI) calcd for 
C21H14BrN2 [M＋H]＋ 373.0335, found 373.0336. 

8-Bromo-6-phenylindazolo[2,3-a]quinoline (3ga): Yel-
low-green solid, isolated yield 75% (27.9mg). m.p. 232～
235 ℃; 1H NMR (400 MHz, CDCl3) δ: 8.94 (d, J＝8.4 
Hz, 1H), 7.93 (d, J＝8.0 Hz, 1H), 7.84～7.79 (m, 2H), 
7.66～7.64 (m, 2H), 7.62～7.59 (m, 3H), 7.52 (dd, J＝
10.0, 2.0 Hz, 2H), 7.46 (d, J＝1.2 Hz, 1H); 13C NMR (100 
MHz, CDCl3) δ: 147.9, 137.0, 133.3, 132.6, 131.2, 130.7, 
129.5, 129.1, 129.0 (2), 128.4, 126.7, 125.1, 124.0, 123.8, 
118.3, 117.9, 117.3, 113.5. HRMS (ESI) calcd for 
C21H14BrN2 [M＋H]＋ 373.0335, found 373.0334. 

9-Methoxy-6-phenylindazolo[2,3-a]quinoline (3ha): 
Yellow-green solid, isolated yield 74% (24.0 mg). m.p. 
124～127 ℃; 1H NMR (400 MHz, CDCl3) δ: 8.90 (d, J＝
8.4 Hz, 1H), 7.88 (d, J＝7.2 Hz, 1H), 7.68 (td, J＝7.6 Hz, 
J＝1.2 Hz, 1H), 7.66～7.63 (m, 2H), 7.60～7.54 (m, 4H), 
7.48 (s, 1H), 7.22 (d, J＝2.0 Hz, 1H), 7.17 (d, J＝9.2 Hz, 
1H), 6.68 (dd, J＝9.2, 2.4 Hz, 1H), 3.92 (s, 3H); 13C NMR 
(100 MHz, CDCl3) δ: 160.0, 151.0, 133.5, 132.2, 131.5, 
129.3, 129.1, 128.8, 128.7, 128.3, 125.8, 124.5, 123.6, 
122.6, 116.9, 114.9, 111.9, 94.1, 55.3. HRMS (ESI) calcd 
for C22H17N2O [M＋H]＋ 325.1335, found 325.1339.  

8-Methoxy-6-phenylindazolo[2,3-a]quinoline (3ia): 
Yellow-green solid, isolated yield 84% (27.3 mg). m.p. 
189～192 ℃; 1H NMR (400 MHz, CDCl3) δ: 8.90 (d, J＝
8.4 Hz, 1H), 7.87 (t, J＝9.2 Hz, 2H), 7.56 (td, J＝8.4, 1.2 
Hz, 1H), 7.68～7.37 (m, 2H), 7.60～7.55 (m, 4H), 7.42 (s, 
1H), 7.17 (dd, J＝9.1, 2.4 Hz, 1H), 6.48 (d, J＝2.4 Hz, 
1H), 3.57 (s, 3H); 13C NMR (100 MHz, CDCl3) δ: 154.0, 
146.0, 137.6, 133.7, 132.7, 130.6, 129.3, 129.0, 128.7, 
128.6, 128.3, 126.1, 124.9, 122.0, 121.8, 118.0, 116.9, 
116.5, 99.1, 55.1. HRMS (ESI) calcd for C22H17N2O [M＋
H]＋ 325.1335, found 325.1338.  

6-Phenyl-8-(trifluoromethyl)indazolo[2,3-a]quinoline  
(3ja): Yellow-green solid, isolated yield 30% (10.8 mg). 
m.p. 172～175 ℃; 1H NMR (400 MHz, CDCl3) δ: 9.00 
(d, J＝8.4 Hz, 1H), 7.99 (q, J＝8.0 Hz, 2H), 7.85 (td, J＝
7.2, 1.2 Hz, 1H), 7.69～7.61 (m, 9H); 13C NMR (100 
MHz, CDCl3) δ: 150.0, 136.8, 133.3, 132.6, 132.4, 129.8, 
129.2, 129.0 (d, J＝5.8 Hz), 128.5, 126.9, 126.1, 123.7 (q, 
J＝4.2 Hz), 123.2 (q, J＝279.0 Hz), 124.6, 123.0 (d, J＝
2.8 Hz), 122.2 (d, J＝31.5 Hz), 120.4 (q, J＝4.4 Hz), 117.5 
(d, J＝4.1 Hz), 115.4. 19F NMR (376 MHz, CDCl3):  
－61.39 (s). HRMS (ESI) calcd for C21H14F3N2 [M＋H]＋ 
363.1104, found 363.1107. 

Methyl 6-phenylindazolo[2,3-a]quinoline-9-carbo- 
xylate (3ka): Yellow-green solid, isolated yield 62% (21.8 
mg). m.p. 225～229 ℃; 1H NMR (400 MHz, CDCl3) δ: 
9.00 (d, J＝8.4 Hz, 1H), 8.73 (s, 1H), 7.94 (d, J＝8.0 Hz, 
1H), 7.83 (td, J＝7.2, 1.2 Hz, 1H), 7.68～7.59 (m, 7H), 
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7.56 (s, 1H), 7.35 (d, J＝8.8 Hz, 1H), 3.97 (s, 3H); 13C 
NMR (100 MHz, CDCl3) δ: 167.5, 148.7, 137.2, 133.3, 
132.8, 131.3, 129.5, 129.2, 129.1, 129.0, 128.9, 128.4, 
126.9, 125.3, 123.7, 121.8, 120.2, 120.1, 118.9, 117.5, 
52.3. HRMS (ESI) calcd for C23H17N2O2 [M ＋ H] ＋ 
353.1285, found 353.1288. 

8,9-Dimethoxy-6-phenylindazolo[2,3-a]quinoline (3la): 
Yellow-green solid, isolated yield 48% (16.9 mg). m.p. 
150～153 ℃; 1H NMR (400 MHz, CDCl3) δ: 8.84 (d, J＝
8.4 Hz, 1H), 7.87 (d, J＝8.0 Hz, 1H), 7.75 (td, J＝8.0 Hz, 
J＝1.2 Hz, 1H), 7.68～7.66 (m, 2H), 7.61～7.53 (m, 4H), 
7.42 (s, 1H), 6.48 (s, 1H), 4.01 (s, 1H), 3.63 (s, 3H); 13C 
NMR (100 MHz, CDCl3) δ: 152.2, 146.4, 146.3, 137.6, 
133.7, 132.2, 130.7, 129.3, 129.1, 128.7, 128.6, 128.3, 
125.5, 124.4, 122.4, 116.5, 110.5, 99.6, 95.3, 56.0, 55.6. 
HRMS (ESI) calcd for C23H19N2O2 [M＋H]＋ 355.1441, 
found 353.1444. 

3-Methyl-6-phenylindazolo[2,3-a]quinoline (3ma): 
Yellow-green solid, isolated yield 84% (25.8 mg). m.p. 
185～188 ℃; 1H NMR (400 MHz, CDCl3) δ: 8.85 (d, J＝
8.4 Hz, 1H), 7.95 (d, J＝8.8 Hz, 1H), 7.61～7.64 (m, 3H), 
7.62～7.55 (m, 4H), 7.48～7.43 (m, 2H), 7.31 (d, J＝8.4 
Hz, 1H), 6.99 (t, J＝7.6 Hz, 1H), 2.56 (s, 3H); 13C NMR 
(100 MHz, CDCl3) δ: 149.4, 137.7, 136.3, 132.6, 131.6, 
131.0, 130.9, 129.1, 128.8, 128.7, 127.8, 127.5, 125.1, 
123.1, 121.7, 120.3, 117.1, 116.8, 116.5, 21.4. HRMS 
(ESI) calcd for C22H17N2 [M＋H] ＋  309.1386, found 
309.1389. 

3-Methoxy-6-phenylindazolo[2,3-a]quinoline (3na): 
Yellow-green solid, isolated yield 78% (25.2 mg). m.p. 
178～180 ℃; 1H NMR (400 MHz, CDCl3) δ: 8.87 (d, J＝
9.2 Hz, 1H), 7.93 (d, J＝8.8 Hz, 1H), 7.66～7.64 (m, 2H), 
7.58～7.55 (m, 3H), 7.45 (t, J＝8.0 Hz, 1H), 7.41 (s, 1H), 
7.38 (dd, J＝9.2, 2.7 Hz, 1H), 7.31 (d, J＝8.4 Hz, 1H), 
7.24 (d, J＝2.7 Hz, 1H), 6.99 (td, J＝7.0, 0.6 Hz, 1H), 3.93 
(s, 3H); 13C NMR (100 MHz, CDCl3) δ: 157.9, 149.3, 
137.6, 133.2, 130.4, 129.1, 128.8, 128.7, 128.3, 127.4, 
126.2, 122.9, 121.6, 120.3, 119.2, 118.8, 116.8, 116.4, 
108.5, 55.7. HRMS (ESI) calcd for C22H17N2O [M＋H]＋ 
325.1335, found 325.1338. 

3-Fluoro-6-phenylindazolo[2,3-a]quinoline (3oa): Yel-
low-green solid, isolated yield 80% (24.9 mg). m.p. 180～
183 ℃; 1H NMR (400 MHz, CDCl3) δ: 8.98 (q, J＝4.2 
Hz, 1H), 7.95 (d, J＝8.8 Hz, 1H), 7.67～7.64 (m, 2H), 
7.62～7.57 (m, 3H), 7.55 (t, J＝2.8 Hz, 1H), 7.52～7.46 
(m, 2H), 7.43 (s, 1H), 7.31 (d, J＝8.4 Hz, 1H), 7.02 (t, J＝
8.0 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ: 160.6 (d, J＝
247.2 Hz), 149.5, 137.2, 134.0, 130.9, 130.1, 129.0 (d, J＝
7.2 Hz), 128.9, 127.8, 126.3, 126.2, 122.3 (d, J＝3.5 Hz), 
121.6, 120.8, 119.5 (d, J＝8.9 Hz), 117.8 (d, J＝24.8 Hz), 
116.9, 116.6, 112.7 (d, J＝22.7 Hz); 19F NMR (376 MHz, 
CDCl3): －114.66 (s). HRMS (ESI) calcd for C21H14FN2 
[M＋H]＋ 313.1136, found 313.1138. 

3-Chloro-6-phenylindazolo[2,3-a]quinoline (3pa): Yel-
low-green solid, isolated yield 69% (22.6 mg). m.p. 187～
190 ℃; 1H NMR (400 MHz, CDCl3) δ: 8.91 (d, J＝9.2 
Hz, 1H), 7.93 (d, J＝8.8 Hz, 1H), 7.87 (d, J＝2.4 Hz, 1H), 

7.71 (dd, J＝9.2, 2.4 Hz, 1H), 7.66～7.64 (m, 2H), 7.60～
7.58 (m, 3H), 7.48 (t, J＝7.8 Hz, 1H), 7.39 (s, 1H), 7.29 (d, 
J＝8.4 Hz, 1H), 7.01 (t, J＝7.4 Hz, 1H); 13C NMR (100 
MHz, CDCl3) δ: 149.6, 137.1, 134.0, 132.0, 131.8, 131.2, 
129.5, 129.0, 128.9, 128.8, 127.9, 127.3, 126.0, 121.9, 
121.7, 120.9, 118.9, 116.9, 116.7. HRMS (ESI) calcd for 
C21H14ClN2 [M＋H]＋ 329.0840, found 329.0844. 

3-Bromo-6-phenylindazolo[2,3-a]quinoline (3qa): Yel-
low-green solid, isolated yield 55% (20.4 mg). m.p. 209～
211 ℃; 1H NMR (400 MHz, CDCl3) δ: 8.86 (d, J＝8.8 
Hz, 1H), 8.05 (d, J＝2.0 Hz, 1 H), 7.94 (d, J＝8.8 Hz, 1H), 
7.86 (dd, J＝9.2, 2.0 Hz, 1H), 7.66～7.64 (m, 2H), 7.61～
7.58 (m, 3H), 7.48 (td, J＝7.8, 1.2 Hz, 1H), 7.39 (s, 1H), 
7.30 (d, J＝8.4 Hz, 1H), 7.02 (t, J＝7.6 Hz, 1H); 13C NMR 
(100 MHz, CDCl3) δ: 149.6, 137.1, 134.0, 132.2, 131.2, 
130.4, 129.1, 129.0, 128.9, 128.8, 128.6, 128.0, 126.4, 
121.8, 121.7, 121.0, 119.9, 119.1, 116.9, 116.7. HRMS 
(ESI) calcd for C21H14BrN2 [M＋H]＋ 373.0335, found 
373.0337. 

3-Isopropyl-6-phenylindazolo[2,3-a]quinoline (3ra): 
Yellow-green solid, isolated yield 54% (18.2 mg). m.p. 
106～109 ℃; 1H NMR (400 MHz, CDCl3) δ: 8.90 (d, J＝
8.8 Hz, 1H), 7.95 (d, J＝8.8 Hz, 1H), 7.74 (s, 1H), 7.77～
7.65 (m, 3H), 7.61～7.56 (m, 3H), 7.50～7.48 (m, 2H), 
7.31 (d, J＝8.4 Hz, 1H), 6.95 (t, J＝7.4 Hz, 1H), 3.32～
3.09 (m, 1H), 1.39 (d, J＝6.8 Hz, 6H); 13C NMR (100 
MHz, CDCl3) δ: 149.4, 147.2, 137.7, 132.6, 131.9, 131.0, 
129.1, 128.8, 128.7, 128.6, 127.5, 125.2, 125.1, 123.4, 
121.7, 120.3, 117.3, 116.7, 116.5, 34.1, 24.1. HRMS (ESI) 
calcd for C24H21N2 [M＋H]＋ 337.1699, found 337.1702. 

3-(tert-Butyl)-6-phenylindazolo[2,3-a]quinoline (3sa): 
Yellow-green solid, isolated yield 45% (15.7 mg). m.p. 
180～182 ℃; 1H NMR (400 MHz, CDCl3) δ: 8.90 (d, J＝
8.2 Hz, 1H), 7.96 (d, J＝8.8 Hz, 1H), 7.87～7.85 (m, 2H), 
7.67～7.64 (m, 2H), 7.59～7.54 (m, 3H), 7.51 (s, 1H), 
7.46 (td, J＝7.6, 0.6 Hz, 1H), 7.32 (d, J＝8.4 Hz, 1H), 6.99 
(td, J＝7.4, 0.6 Hz, 1H), 1.46 (s, 9H); 13C NMR (100 
MHz, CDCl3) δ: 149.5 (2), 137.7, 132.5, 131.5, 131.1, 
129.1, 128.8, 128.6, 127.6, 127.5, 124.8, 124.1, 123.7, 
121.7, 120.3, 117.0, 116.7, 116.5, 34.9, 31.4. HRMS (ESI) 
calcd for C25H23N2 [M＋H]＋ 351.1856, found 351.1858. 

Ethyl 6-phenylindazolo[2,3-a]quinoline-3-carboxylate 
(3ta): Yellow-green solid, isolated yield 50% (18.3 mg). 
m.p. 211～214 ℃; 1H NMR (400 MHz, CDCl3) δ: 9.02 
(d, J＝8.8 Hz, 1H), 8.66 (d, J＝1.2 Hz, 1H), 8.42 (dd, J＝
8.8 Hz, J＝1.3 Hz, 1H), 7.96 (d, J＝8.8 Hz, 1H), 7.69～
7.65 (m, 2H), 7.63～7.57 (m, 4H), 7.50 (t, J＝7.9 Hz, 1H), 
7.32 (d, J＝8.8 Hz, 1H), 7.03 (t, J＝7.9 Hz, 1H), 4.48 (q,  
J＝7.2 Hz, 2H), 1.48 (t, J＝7.4 Hz, 3H); 13C NMR (100 
MHz, CDCl3) δ: 166.0, 150.0, 137.1, 135.6, 133.6, 132.0, 
130.7, 129.5, 129.0, 128.9, 128.8, 128.2, 124.4, 123.2, 
121.8, 121.0, 117.4, 116.9, 116.8, 61.5, 14.4. HRMS (ESI) 
calcd for C24H19N2O2 [M ＋ H] ＋  367.1441, found 
367.1439. 

6-Phenyl-3-(trifluoromethyl)indazolo[2,3-a]quinoline  
(3ua): Yellow-green solid, isolated yield 45% (15.7 mg). 
m.p. 180～182 ℃; 1H NMR (400 MHz, CDCl3) δ: 9.10 
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(d, J＝8.8 Hz, 1H), 8.21 (s, 1H), 8.01～7.95 (m, 2H), 
7.68～7.65 (m, 2H), 7.62～7.60 (m, 3H), 7.54～7.49 (m, 
2H), 7.32 (d, J＝8.4 Hz, 1H), 7.04 (t, J＝7.9 Hz, 1H); 13C 
NMR (100 MHz, CDCl3) δ: 149.9, 137.0, 134.8, 134.3, 
130.5 (q, J＝279.4 Hz), 129.0 (d, J＝5.1 Hz), 128.3 (q,  
J＝32.8 Hz), 128.2, 125.9 (q, J＝4.2 Hz), 125.6 (q, J＝3.6 
Hz), 124.5, 122.6, 121.8, 121.3, 118.3, 116.9; 19F NMR 
(376 MHz, CDCl3): －61.93 (s). HRMS (ESI) calcd for 
C22H14F3N2 [M＋H]＋ 363.1104, found 363.1107. 

2-Methyl-6-phenylindazolo[2,3-a]quinoline (3va): Yel-
low-green solid, isolated yield 45% (13.8 mg). m.p. 179～
183 ℃; 1H NMR (400 MHz, CDCl3) δ: 8.80 (s, 1H), 7.95 
(d, J＝8.4 Hz, 1H), 7.80 (d, J＝8.0 Hz, 1H), 7.67～7.64 
(m, 2H), 7.60～7.54 (m, 3H), 7.49～7.42 (m, 3H), 7.32 (d, 
J＝8.4 Hz, 1H), 6.99 (t, J＝7.4 Hz, 1H), 2.67 (s, 3H); 13C 
NMR (100 MHz, CDCl3) δ: 149.5, 140.2, 137.7, 133.3, 
131.7, 131.5, 129.2, 128.8, 128.6, 128.2, 128.1, 127.7, 
123.3, 122.8, 121.8, 120.3, 116.9, 116.7, 116.5, 22.1. 
HRMS (ESI) calcd for C22H17N2 [M＋H]＋  309.1386, 
found 309.1389. 

2-Chloro-6-phenylindazolo[2,3-a]quinoline (3wa): Yel-
low-green solid, isolated yield 42% (13.7 mg). m.p. 158～
161 ℃; 1H NMR (400 MHz, CDCl3) δ: 8.99 (d, J＝2.0 
Hz, 1H), 7.93 (d, J＝8.8 Hz, 1H), 7.80 (d, J＝8.4 Hz, 1H), 
7.65～7.62 (m, 2H),7.59～7.55 (m, 3H), 7.52 (dd, J＝8.4 
Hz, J＝2.0 Hz, 1H), 7.47 (t, J＝7.2 Hz, 1H), 7.48 (s, 1H), 
7.29 (d, J＝8.2 Hz, 1H), 7.00 (td, J＝8.0 Hz, J＝0.8 Hz, 
1H); 13C NMR (100 MHz, CDCl3) δ: 149.7, 137.2, 135.2, 
133.7, 132.9, 131.5, 129.5, 129.0, 128.9, 128.8, 128.0, 
127.0, 123.3, 122.5, 121.7, 120.9, 117.2, 116.8, 116.7. 
HRMS (ESI) calcd for C21H14ClN2 [M＋H]＋ 329.0840, 
found 329.0843. 

1-Methoxy-6-phenylindazolo[2,3-a]quinoline (3xa): 
Yellow-green solid, isolated yield 62% (20.0 mg). m.p. 
138～140 ℃; 1H NMR (400 MHz, CDCl3) δ: 8.03 (d, J＝
8.4 Hz, 1H), 7.66～7.64 (m, 2H), 7.59～7.57 (m, 3H), 
7.54～7.52 (m, 2H), 7.48 (s, 1H), 7.45 (t, J＝7.6 Hz, 1H), 
7.33～7.31 (m, 1H), 7.21 (d, J＝8.8 Hz, 1H), 6.98 (t, J＝
7.2 Hz, 1H), 4.24 (s, 3H); 13C NMR (100 MHz, CDCl3) δ: 
151.5, 149.7, 137.4, 133.0, 132.8, 129.1, 128.8, 128.7, 
128.0, 127.1, 126.4, 124.8, 123.8, 121.2, 120.9, 120.7, 
117.4, 115.3, 111.7, 57.4. HRMS (ESI) calcd for 
C22H17N2O [M＋H]＋ 325.1335, found 325.1338. 

1-Fluoro-6-phenylindazolo[2,3-a]quinoline (3ya): Yel-
low-green solid, isolated yield 45% (14.0 mg). m.p. 183～
185 ℃; 1H NMR (400 MHz, CDCl3) δ: 8.04 (d, J＝8.8 
Hz, 1H), 7.70 (t, J＝4.2 Hz, 1H), 7.66～7.63 (m, 2H), 
7.60～7.58 (m, 3H), 7.55～7.50 (m, 2H), 7.48 (t, J＝7.4 
Hz, 2H), 7.23 (s, 1H), 7.02 (t, J＝7.6 Hz, 1H); 13C NMR 
(100 MHz, CDCl3) δ: 153.2 (d, J＝257.0 Hz), 150.1 (d,  
J＝4.9 Hz), 137.1, 133.6, 132.5, 129.0 (d, J＝6.9 Hz), 
128.9, 128.0, 127.7, 126.1 (d, J＝8.2 Hz), 124.1, 124.0, 
122.9 (d, J＝2.4 Hz), 121.3 (d, J＝20.8 Hz), 117.3, 116.2 
(d, J＝20.6 Hz), 115.5; 19F NMR (376 MHz, CDCl3):    
－117.13 (s). HRMS (ESI) calcd for C22H14FN2 [M＋H]＋ 
313.1136, found 313.1140. 

6-(p-Tolyl)indazolo[2,3-a]quinoline (3ab): Yel-

low-green solid, isolated yield 77% (23.7 mg). m.p. 156～
158 ℃; 1H NMR (400 MHz, CDCl3) δ: 8.97 (d, J＝8.4 
Hz, 1H), 7.95 (d, J＝8.6 Hz, 1H), 7.89 (d, J＝8.0 Hz, 1H), 
7.77 (td, J＝7.8, 1.3 Hz, 1H), 7.60～7.54 (m, 3H), 7.48 (t, 
J＝8.1 Hz, 2H), 7.39～7.37 (m, 3H), 2.51 (s, 3H); 13C 
NMR (100 MHz, CDCl3) δ: 149.5, 138.6, 134.6, 133.3, 
132.8, 131.5, 129.5, 129.1, 129.0, 128.3, 127.7, 126.3, 
125.1, 123.2, 121.9, 120.4, 117.3, 116.8, 116.6, 21.5. 
HRMS (ESI) calcd for C22H17N2 [M＋H]＋ 309.1386, ound 
309.1390. 

6-(4-Methoxyphenyl)indazolo[2,3-a]quinoline (3ac): 
Yellow-green solid, isolated yield 85% (27.5 mg). m.p. 
202～204 ℃; 1H NMR (400 MHz, CDCl3) δ: 8.98 (d, J＝
8.5 Hz, 1H), 7.96 (d, J＝8.7 Hz, 1H), 7.91 (d, J＝8.0 Hz, 
1H), 7.78 (td, J＝7.8, 1.2 Hz, 1H), 7.61 (t, J＝8.4 Hz, 3H), 
7.49 (td, J＝7.8, 0.8 Hz, 2H), 7.41 (d, J＝8.4 Hz, 1H), 7.11 
(d, J＝8.4 Hz, 2H), 7.02 (t, J＝7.3 Hz, 1H), 3.95 (s, 3H); 
13C NMR (100 MHz, CDCl3) δ: 160.0, 149.5, 133.3, 132.5, 
131.6, 130.3, 129.9, 129.1, 128.3, 127.7, 126.3, 125.1, 
123.2, 121.9, 120.5, 117.3, 116.8, 116.6, 114.1, 55.5. 
HRMS (ESI) calcd for C22H17N2O [M＋H]＋ 325.1335, 
found 325.1338. 

6-(4-Fluorophenyl)indazolo[2,3-a]quinoline (3ad): Yel-
low-green solid, isolated yield 84% (26.2 mg). m.p. 150～
153 ℃; 1H NMR (400 MHz, CDCl3) δ: 8.97 (d, J＝9.2 
Hz, 1H), 7.96 (d, J＝8.6 Hz, 1H), 7.89 (d, J＝7.5 Hz, 1H), 
7.78 (td, J＝7.8, 0.8 Hz, 1H), 7.64～7.58 (m, 3H), 7.50～
7.46 (m, 2H), 7.30～7.27 (m, 3H), 7.02 (t, J＝7.6 Hz, 1H); 
13C NMR (100 MHz, CDCl3) δ: 163.0 (d, J＝248 Hz), 
149.5, 133.5 (d, J＝3.8 Hz), 133.4, 131.6, 131.2, 130.9, 
130.8, 129.4, 128.3, 127.7, 126.4, 124.8, 123.4, 121.5, 
120.7, 117.3, 116.7 (d, J＝9.2 Hz), 115.8 (d, J＝21.9 Hz); 
19F NMR (376 MHz, CDCl3): －112.75 (s). HRMS (ESI) 
calcd for C21H14FN2 [M＋H]＋ 313.1136, found 313.1140. 

6-(4-Chlorophenyl)indazolo[2,3-a]quinoline (3ae): Yel-
low-green solid, isolated yield 88% (28.8 mg). m.p. 187～
189 ℃; 1H NMR (400 MHz, CDCl3) δ: 8.98 (d, J＝8.4 
Hz, 1H), 7.97 (d, J＝8.7 Hz, 1H), 7.91 (d, J＝7.5 Hz, 1H), 
7.80 (t, J＝8.4 Hz, 1H), 7.63～7.59 (m, 3H), 7.57～7.55 
(m, 2H), 7.51～7.48 (m, 2H), 7.33 (d, J＝8.5 Hz, 1H), 
7.04 (t, J＝7.6 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ: 
149.5, 136.0, 134.8, 133.5, 131.4, 130.9, 130.5, 129.5, 
129.1, 128.4, 127.8, 126.5, 124.8, 123.4, 121.5, 120.8, 
117.3, 116.8, 116.6. HRMS (ESI) calcd for C21H14ClN2  
[M＋H]＋ 329.0840, found 329.0842. 

6-(4-Bromophenyl)indazolo[2,3-a]quinoline (3af): Yel-
low-green solid, isolated yield 76% (28.2 mg). m.p. 187～
191 ℃; 1H NMR (400 MHz, CDCl3) δ: 8.98 (d, J＝8.2 
Hz, 1H), 7.97 (d, J＝8.4 Hz, 1H), 7.91 (d, J＝7.9 Hz, 1H), 
7.80 (td, J＝7.2, 1.2 Hz, 1H), 7.72 (dd, J＝6.7 Hz, J＝2 
Hz, 2H), 7.51～7.48 (m, 2H), 7.34 (d, J＝8.4 Hz, 1H), 
7.05 (t, J＝7.5 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ: 
149.5, 136.5, 133.4, 132.0, 131.4, 130.8, 130.7, 129.5, 
128.4, 127.8, 126.4, 124.5, 123.3, 123.0, 121.5, 120.8, 
117.3, 116.8, 116.6. HRMS (ESI) calcd for C21H14BrN2  
[M＋H]＋ 373.0335, found 373.0338. 

6-(4-Iodophenyl)indazolo[2,3-a]quinoline (3ag): Yel-
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low-green solid, isolated yield 74% (31 mg). m.p. 165～
168 ℃; 1H NMR (400 MHz, CDCl3) δ: 8.97 (d, J＝8.4 
Hz, 1H), 7.96 (d, J＝8.8 Hz, 1H), 7.93～7.89 (m, 3H), 
7.80 (td, J＝7.9, 1.3 Hz, 1H), 7.61 (t, J＝7.6 Hz, 1H), 
7.51～7.46 (m, 2H), 7.35 (d, J＝8.4 Hz, 1H), 7.05 (t, J＝
7.7 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ: 149.5, 138.0, 
137.1, 133.5, 131.5, 130.9, 130.7, 129.5, 128.4, 127.8, 
126.5, 124.8, 123.3, 121.5, 120.8, 117.3, 116.8, 116.6, 
94.6. HRMS (ESI) calcd for C21H14IN2 [M ＋ H] ＋ 
421.0196, found 421.0197. 

6-(4-(Trifluoromethyl)phenyl)indazolo[2,3-a]quinoline  
(3ah): Yellow-green solid, isolated yield 65% (23.6 mg). 
m.p. 220～222 ℃; 1H NMR (400 MHz, CDCl3) δ: 8.99 
(d, J＝8.6 Hz, 1H), 7.98 (d, J＝8.8 Hz, 1H), 7.93 (d, J＝
7.9 Hz, 1H), 7.87～7.80 (m, 5H), 7.64 (t, J＝7.6 Hz, 1H), 
7.52～7.48 (m, 2H), 7.27 (d, J＝8.4 Hz, 1H), 7.05 (t, J＝
7.6 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ: 149.5, 141.2, 
133.6, 131.1 (d, J＝7.1 Hz), 130.8, 130.5, 129.8, 129.6, 
128.5, 127.9, 126.5, 125.8 (q, J＝4.6 Hz), 124.7, 123.6, 
121.3, 121.0, 117.4, 116.9, 116.5; 19F NMR (376 MHz, 
CDCl3): －62.42 (s). HRMS (ESI) calcd for C21H14F3N2  
[M＋H]＋ 363.1104, found 363.1107. 

6-(4-Nitrophenyl)indazolo[2,3-a]quinoline (3ai): Yel-
low-green solid, isolated yield 35% (11.8 mg). m.p. 203～
207 ℃; 1H NMR (400 MHz, CDCl3) δ: 9.01 (d, J＝8.3 
Hz, 1H), 8.47 (dt, J＝8.8, 1.8 Hz, 2H), 7.97 (q, J＝8.2 Hz, 
2H), 7.90～7.83 (m, 3H), 7.66 (t, J＝7.6 Hz, 1H), 7.54～
7.49 (m, 2H), 7.27 (s, 1H), 7.06 (t, J＝7.6 Hz, 1H); 13C 
NMR (100 MHz, CDCl3) δ: 149.6, 148.1, 144.1, 133.7, 
130.3, 130.2, 130.1, 130.0, 128.6, 128.0, 126.7, 124.5, 
124.2, 123.8, 121.2, 121.0, 117.4, 117.1, 116.3. HRMS 
(ESI) calcd for C21H14N3O2 [M＋H]＋ 340.1081, found 
340.1083. 

6-(m-Tolyl)indazolo[2,3-a]quinoline (3aj): Yellow- 
green solid, isolated yield 78% (24 mg). m.p. 137～
141 ℃; 1H NMR (400 MHz, CDCl3) δ: 8.98 (d, J＝8.8 
Hz, 1H), 7.96 (d, J＝8.7 Hz, 1H), 7.90 (d, J＝8.2 Hz, 1H), 
7.78 (td, J＝7.8, 1.2 Hz, 1H), 7.60 (t, J＝7.6 Hz, 1H), 
7.50～7.46 (m, 5H), 7.38～7.34 (m, 2H), 7.01 (t, J＝7.6 
Hz, 1H), 2.47 (s, 3H); 13C NMR (100 MHz, CDCl3) δ: 
149.5, 138.5, 137.5, 133.4, 132.9, 131.4, 129.7, 129.4, 
129.2, 128.6, 128.3, 127.7, 126.3, 126.2, 125.0, 123.2, 
121.8, 120.5, 117.3, 116.8, 116.6, 21.6. HRMS (ESI) calcd 
for C22H17N2 [M＋H]＋ 309.1386. Found 309.1389. 

6-(3-Chlorophenyl)indazolo[2,3-a]quinoline (3ak): Yel- 
low-green solid, isolated yield 75% (24.6 mg). m.p. 171～
174 ℃; 1H NMR (400 MHz, CDCl3) δ: 8.98 (d, J＝8.4 
Hz, 1H), 7.97 (d, J＝8.4 Hz, 1H), 7.92 (dd, J＝8.0 Hz, J＝
1.2 Hz, 1H), 7.81 (td, J＝7.4, 1.2 Hz, 1H), 7.68 (s, 1H ), 
7.62 (t, J＝7.2 Hz, 1H), 7.57～7.47 (m, 5H), 7.33 (d, J＝
8.8 Hz, 1H), 7.05 (td, J＝7.8, 0.8 Hz, 1H); 13C NMR (100 
MHz, CDCl3) δ: 149.5, 139.3, 134.8, 133.5, 131.2, 130.8, 
130.1, 129.6, 129.2, 128.9, 128.4, 127.8, 127.4, 126.5, 
124.8, 123.4, 121.4, 120.9, 117.3, 116.8, 116.6. HRMS 
(ESI) calcd for C21H14ClN2 [M＋H]＋ 329.0840, found 
329.0841. 

6-(3-Bromophenyl)indazolo[2,3-a]quinoline (3al): Yel-

low-green solid, isolated yield 77% ( 28.6 mg). m.p. 176～
179 ℃; 1H NMR (400 MHz, CDCl3) δ: 8.98 (d, J＝8.4 
Hz, 1H), 7.97 (d, J＝8.8 Hz, 1H), 7.91 (d, J＝6.0 Hz, 1H), 
7.84～7.78 (m, 2H), 7.70 (d, J＝8.0 Hz, 1H), 7.61 (t, J＝
7.0 Hz, 2H), 7.51～7.43 (m, 3H), 7.33 (d, J＝8.0 Hz, 1H), 
7.05 (t, J＝7.8 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ: 
149.5, 139.5, 133.5, 132.1, 131.8, 131.1, 130.7, 130.3, 
129.6, 128.4, 127.8 (2), 126.5, 124.7, 123.5, 122.8, 121.4, 
120.9, 117.3, 116.8, 116.5. HRMS (ESI) calcd for 
C21H14BrN2 [M＋H]＋ 373.0335, found 373.0337. 

6-(o-Tolyl)indazolo[2,3-a]quinoline (3am): Yellow- 
green solid, isolated yield 24% (7.4 mg). m.p. 158～
161 ℃; 1H NMR (400 MHz, CDCl3) δ: 9.01 (d, J＝8.4 
Hz, 1H), 7.94 (t, J＝8.1 Hz, 2H), 7.82 (t, J＝7.8 Hz, 1H), 
7.63 (t, J＝8.0 Hz, 1H), 7.50～7.39 (m, 6H), 6.96 (td, J＝
7.8 Hz, J＝0.6 Hz, 1H), 6.83 (d, J＝8.5 Hz, 1H), 2.13 (s, 
3H); 13C NMR (100 MHz, CDCl3) δ: 149.4, 136.9, 136.9, 
133.4, 132.0, 131.5, 130.3, 129.7, 129.3, 128.9, 128.4, 
127.8, 126.3 (2) , 125.1, 122.9, 121.0, 120.9, 117.3, 117.0, 
116.5, 19.7. HRMS (ESI) calcd for C22H17N2 [M＋H]＋ 
309.1386, found 309.1388. 

6-(2-Chlorophenyl)indazolo[2,3-a]quinoline (3an): Yel- 
low-green solid, isolated yield 43% (14.1 mg). m.p. 150～
154 ℃; 1H NMR (400 MHz, CDCl3) δ: 9.02 (d, J＝8.5 
Hz, 1H), 7.96 (d, J＝8.8 Hz, 2H), 7.84 (td, J＝8.4 Hz, J＝
1.2 Hz, 1H), 7.65 (t, J＝7.2 Hz, 2H), 7.55 (t, J＝7.2 Hz, 
3H), 7.48 (t, J＝7.2 Hz, 2H), 7.00 (t, J＝8.3 Hz, 1H), 6.93 
(d, J＝8.0 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ: 149.4, 
136.2, 134.1, 133.6, 131.5, 131.1, 130.3, 130.0, 129.6, 
129.5, 128.6, 127.8, 127.3, 126.4, 124.8, 123.7, 120.9, 
117.3, 116.8, 116.6. HRMS (ESI) calcd for C21H14ClN2  
[M＋H]＋ 329.0840, found 329.0843. 

6-(3,5-Dichlorophenyl)indazolo[2,3-a]quinoline (3ao): 
Yellow-green solid, isolated yield 80% (28.9 mg). m.p. 
247～248 ℃; 1H NMR (400 MHz, CDCl3) δ: 9.00 (d, J＝
8.8 Hz, 1H), 7.98 (d, J＝8.8 Hz, 1H), 7.93 (d, J＝8.8 Hz, 
1H), 7.83 (td, J＝8.4, 1.2 Hz, 1H ), 7.58～7.51 (m, 5H), 
7.35 (d, J＝8.5 Hz, 1H), 7.11 (t, J＝7.5 Hz, 1H); 13C NMR 
(100 MHz, CDCl3) δ: 149.5, 140.4, 135.5, 133.6, 130.2, 
129.9 (2) 128.9, 128.5, 127.9, 127.6, 126.6, 124.5, 123.6, 
121.2, 121.1 117.4, 116.9, 116.4. HRMS (ESI) calcd for 
C21H13Cl2N2 [M＋H]＋ 363.0450, found 363.0452. 

6-(Furan-2-yl)indazolo[2,3-a]quinoline (3ap): Yel-
low-green solid, isolated yield 64% (18.1 mg). m.p. 100～
102 ℃; 1H NMR (400 MHz, CDCl3) δ: 8.95 (d, J＝8.4 
Hz, 1H), 7.97 (t, J＝8.8 Hz, 2H), 7.90 (d, J＝7.3 Hz, 1H), 
7.80～7.73 (m, 3H), 7.59 (t, J＝7.4 Hz, 1H), 7.53 (t, J＝
7.2 Hz, 1H), 7.18 (t, J＝6.8 Hz, 1H), 6.90 (d, J＝3.2 Hz, 
1H), 6.68～6.69 (m, 1H); 13C NMR (100 MHz, CDCl3) δ: 
150.6, 149.6, 143.0, 133.7, 130.3, 129.7, 128.5, 127.9, 
126.4, 124.5, 122.8, 121.9, 121.8, 120.9, 117.4, 116.7, 
116.5, 111.9, 110.0. HRMS (ESI) calcd for C19H12N2O  
[M＋H]＋ 285.1022, found 285.1024. 

6-(Thiophen-2-yl)indazolo[2,3-a]quinoline (3aq): Green 
solid, isolated yield 43% (12.9 mg). m.p. 145～148 ℃; 1H 
NMR (400 MHz, CDCl3) δ: 8.97 (d, J＝8.4 Hz, 1H), 7.97 
(d, J＝8.6 Hz, 1H), 7.91 (d, J＝7.7 Hz, 1H), 7.80 (td, J＝
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8.4, 1.2 Hz, 1H), 7.64～7.49 (m, 5H), 7.45 (dd, J＝3.3, 1.1 
Hz, 1H), 7.28 (t, J＝4.6 Hz, 1H), 7.08 (t, J＝7.5 Hz, 1H); 
13C NMR (100 MHz, CDCl3) δ: 149.5, 138.1, 133.6, 131.2, 
129.7, 128.4, 127.9, 127.8, 127.6, 126.5, 126.4, 125.4, 
124.8, 124.6, 121.7, 120.7, 117.3, 116.8, 116.7. HRMS 
(ESI) calcd for C19H13N2S [M＋H]＋  301.0794, found 
301.0794. 

6-(Naphthalen-2-yl)indazolo[2,3-a]quinoline (3ar): Yel- 
low-green solid, isolated yield 45% (15.4 mg). m.p. 178～
180 ℃; 1H NMR (400 MHz, CDCl3) δ: 9.02 (d, J＝8.4 
Hz, 1H), 8.16 (s, 1H), 8.05 (d, J＝8.4 Hz, 1H), 8.01～7.94 
(m, 4H), 7.84～7.77 (m, 2H), 7.65～7.57 (m, 4H), 7.47 (t, 
J＝8.4 Hz, 1H), 7.32 (d, J＝8.4 Hz, 1H), 6.95 (t, J＝7.8 
Hz, 1H); 13C NMR (100 MHz, CDCl3) δ: 149.6, 135.1, 
133.5, 133.4, 133.3, 132.7, 131.4, 129.3, 128.4, 128.3, 
128.1, 128.0, 127.7, 127.0, 126.7, 126.4, 125.0, 123.6, 
121.8, 120.6, 117.3, 116.8, 116.7. HRMS (ESI) calcd for 
C25H17N2 [M＋H]＋ 345.1386, found 345.1387. 

 
Supporting Information  Experiments with mechanism 
studies, 1H NMR ,13C NMR and some 19F NMR spectra of 
all compounds, and crystallographic data for 3na. The 
Supporting Information is available free of charge via the 
Internet at http://sioc-journal.cn/. 

References 
[1] (a) Facchetti, A. Chem. Mater. 2011, 23, 733. 

(b) Wang, C.; Dong, H.; Hu, W.; Liu, Y.; Zhu, D. Chem. Rev. 2012, 
112, 2208. 
(c) Gsänger, M.; Bialas, D.; Huang, L.; Stolte, M.; Würthner, F. 
Adv. Mater. 2016, 28, 3615. 
(d) Konidena, R. K.; Thomas, K. R. J.; Dubey, D. K.; Sahoo, S.; 
Jou, J. H. Chem. Commun. 2017, 53, 11802.  
(e) Ansari, A. J.; Joshi, G.; Sharma, P.; Maurya, A. K.; Metre, R. K.; 
Agnihotri, V. K.; Chandaluri, C. G.; Kumar R.; Singh, S.; Sawant, 
D. M. J. Org. Chem. 2019, 84, 3817. 

[2] (a) Cheng, Y.; Li, G.; Liu, Y.; Shi, Y.; Gao, G.; Wu, D.; Lan, J.; You, 
J. J. Am. Chem. Soc. 2016, 138, 4730.  
(b) Phillips, S. D.; Castle, R. N. J. Heterocycl. Chem. 1980, 17, 
1489.  
(c) Sharples, D.; Hajós, G.; Riedl, Z.; Csányi, D.; Molnár, J.; Szabó, 
D. Arch. Pharm. Pharm. Med. Chem. 2001, 334, 269. 

[3] (a) Allard, S.; Forster, M.; Souharce, B.; Scherf, U. Angew. Chem., 
Int. Ed. 2008, 47, 4070.  
(b) Wong, M. Y.; Zysman-Colman, E. Adv. Mater. 2017, 29, 
1605444.  
(c) Stoessel, P.; Joosten, D.; Gerhard, A. WO 2012007086, 2012.  
(d) Stoessel, P.; Heil, H.; Joosten, D. WO 2010086089, 2010. 

[4] (a) Shindoh, N.; Tokuyama, H.; Takemoto, Y.; Takasu, K. J. Org. 
Chem. 2008, 73, 7451.  
(b) Zhao, J.; Wu, C.; Li, P.; Ai, W.; Chen, H.; Wang, C.; Larock, R. 
C.; Shi, F. J. Org. Chem. 2001, 76, 6837.  
(c) Zhao, J.; Li, P.; Wu, C.; Chen, H.; Ai, W., Sun, R.; Ren, H.; 
Larock, R. C.; Shi, F. Org. Biomol. Chem. 2012, 10, 1922. 

(d) Li, L.; Wang, H.; Yang, X.; Kong, L.; Wang, F.; Li, X. J. Org. 
Chem. 2016, 81, 12038.  
(e) Zhu, C.; Feng, C.; Yamane, M. Chem. Commun. 2017, 53, 2606.  
(f) Kumar, S.V.; Ellairaja, S.; Satheesh, S.; Vasantha, V. S.; Punni-
yamurthy, T. Org. Chem. Front. 2018, 5, 2630.  
(g) Guo, S.; Sun, L.; Li, X.; Zhang, X.; Fan, X. Adv. Synth. Catal. 
2020, 362, 913. 

[5] (a) Rakshit, S.; Patureau, F. W.; Glorius, F. J. Am. Chem. Soc. 2010, 
132, 9585.  
(b) Ackermann, L. Acc. Chem. Res. 2014, 47, 281.  
(c) Song, G.; Wang, F.; Li, X. Chem. Soc. Rev. 2012, 41, 3651.  
(d) He, J.; Wasa, M.; Chan, K. S. L.; Shao, Q.; Yu, J. Q. Chem. Rev. 
2017, 117, 8754.  
(e) Liu, W. P.; Ackermann, L. ACS Catal. 2016, 6, 3743.  

[6] (a) Sambiagio, C.; Schönbauer, D.; Blieck, R.; Dao-Huy, T.; Potot- 
schnig, G.; Schaaf, P.; Wiesinger, T.; Zia, M. F.; Wencel-Delord, J.; 
Besset, T.; Maes, B. U. W.; Schnürch, M. Chem. Soc. Rev. 2018, 47, 
6603.  
(b) Wu, Y.; Pi, C.; Wu, Y.; Cui, X. Chem. Soc. Rev. 2021, 50, 3677.  

[7] (a) Kakiuchi, F.; Usui, M.; Ueno, S.; Chatani, N.; Murai, S. J. Am. 
Chem. Soc. 2004, 126, 2706.  
(b) Zhang, C.; Rao, Y. Org. Lett. 2015, 17, 4456.  
(c) Zhang, B.; Wang, H.W.; Kang, Y. S.; Zhang, P.; Xu, H.J.; Lu, Y.; 
Sun, W.Y. Org. Lett. 2017, 19, 5940.  
(d) Xu, F.; Li, Y. J.; Huang, C.; Xu, H. C. ACS Catal. 2018, 8, 3820.  
(e) Zhu, S.; Shi, K.; Zhu, H.; Jia, Z. K.; Xia, X. F.; Wang, D.; Zou, 
L. H. Org. Lett. 2020, 22, 1504. 

[8] Wu, Y.; Pi, C.; Wu, Y.; Cui, X. Org. Lett. 2020, 22, 361. 
[9] Hu, W.; Pi, C.; Wu, Y.; Cui, X. Org. Lett. 2020, 22, 2613. 

[10] (a) Li, A. H.; Dai, L. X.; Aggarwal, V. K. Chem. Rev. 1997, 97, 
2341.  
(b) Lu, L. Q.; Li, T. R.; Wang, Q.; Xiao, W. J. Chem. Soc. Rev. 
2017, 46, 4135.  
(c) Kaiser, D.; Klose, I.; Oost, R.; Neuhaus, J.; Maulideet, N. Chem. 
Rev. 2019, 119, 8701.  
(d) Barday, M.; Janot, C.; Halcovitch, N.R.; Muir, J.; Aïssa, C. An-
gew. Chem., Int. Ed. 2017, 56, 13117. 

[11] (a) Talero, A. G.; Martins, B. S.; Burtoloso, A. C. B. Org. Lett. 
2018, 20, 7206.  
(b) Ji, S.; Yan, K.; Li, B.; Wang, B. Org. Lett. 2018, 20, 5981.  
(c) You, C.; Pi, C.; Wu, Y.; Cui, X. Adv. Synth. Catal. 2018, 360, 
4068. 
(d) Chen, G.; Zhang, X.; Jia, R.; Li, B.; Fan, X. Adv. Synth. Catal. 
2018, 360, 3781.  
(e) Wu, X.; Xiao, Y.; Sun, S.; Yu, J. T.; Cheng, J. Org. Lett. 2019, 
21, 6653.  
(f) Chen, X.; Wang, M.; Zhang, X.; Fan, X. Org. Lett. 2019, 21, 
2541. 

[12] (a) Shen, Z.; Pi, C.; Wu, Y.; Cui, X. Chin. Chem. Lett. 2019, 30, 
1374.  
(b) He, Y.; Pi, C.; Wu, Y.; Cui, X. Chin. Chem. Lett. 2020, 31, 396.  
(c) Li, T.; Yang, Z.; Song, Z.; Chauvin, R.; Cui, X. Org. Lett. 2020, 
22, 4078.  
(d) Ren, J.; Pi, C.; Wu, Y.; Cui, X. Org. Lett. 2021, 23, 6628.  
(e) Ren, J.; Pi, C.; Wu, Y.; Cui, X. Green Chem. 2022, 24, 3017. 

[13] (a) Genung, N. E.; Wei, L.; Aspnes, G. E. Org. Lett. 2014, 16, 3114.  
(b) Kumar, M. R.; Park, A.; Park, N.; Lee, S. Org. Lett. 2011, 13, 
3542. 

[14] Barday, M.; Janot, C.; Halcovitch, N. R.; Muir, J.; Aïssa, C. Angew. 
Chem., Int. Ed. 2017, 56, 13117. 

 

(Lu, Y.)  



<<
  /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


