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铑催化 3-重氮吲哚-2-亚胺与吡唑啉酮的 C—H 官能团化 
反应制备 3-吡唑基吲哚 

许晓萍    张翼飞    莫小渝    江  俊* 
(广西大学化学化工学院  南宁 530004) 

摘要  报道了一种在Rh2(OAc)4存在下 α-亚胺卡宾和吡唑啉酮的高效C—H官能团化反应. 该方法通过C—C键的形成

为构建结构多样的 3-吡唑基吲哚化合物提供了一种快速、直接的途径, 反应具有中等至优异的产率和良好的官能团耐

受性. 
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Rh-Catalyzed C—H Functionalization Reaction between 
3-Diazoindolin-2-imines and Pyrazolones for the  

Construction of 3-Pyrazolyl Indoles 

Xu, Xiaoping    Zhang, Yifei    Mo, Xiaoyu    Jiang, Jun* 
(School of Chemistry and Chemical Engineering, Guangxi University, Nanning 530004) 

Abstract  A highly efficient C—H functionalization reaction of α-imino carbenes and pyrazolones in the presence of 
Rh2(OAc)4 has been reported. This methodology provides a rapid and straightforward approach toward a variety of structurally 
diverse 3-pyrazolyl indoles by C—C bond formation in moderate to excellent yields with good functional group tolerance. 
Keywords  diazo compounds; metal carbenes; C—H functionalization; pyrazolones; 3-pyrazolyl indoles 

 

1  Introduction 
3-Heterocyclic indoles have been of particular interest 

due to their biological and pharmaceutical properties.[1] In 
particular, 3-pyrazolyl indoles have been demonstrated to 
exhibit a broad spectrum of biological activities, such as 
antibacterial,[2] antiinflammatory,[3] anticancer[4] and anti-
tumor[5] activities (Figure 1). Hence, developing efficient 
strategies to access medicinally important indole-pyrazole 
hybrids is extremely desirable.[6] 

Metal carbene is an increasingly valuable intermediate 
for the efficient construction of carbon-carbon and car-
bon-heteroatom bonds.[7] Transition-metal catalysts, such 
as Rh, Cu, Ag, Pd, Fe and Au, have been shown to be ef-
fective for metal carbene formation.[8] Recently, transi-
tion-metal-catalyzed C—H functionalization of α-imino 
carbenes generated from 3-diazoindolin-2-imines with  

  

Figure 1  Pharmacologically active 3-pyrazolyl indoles 

nucleophilic reagents has become a straightforward and 
efficient route towards C3-heterocyclic 2-iminoindole 
scaffolds (Scheme 1).[9] Significant progress has been 
made by Wang and co-workers.[10] In 2014, Wangʼs 
group[11] reported a highly regioselective method to con-
struct 3,3'-biindoles and 2,3'-biindoles through Ar—H in-
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sertion of α-imino rhodium carbenes with indoles (Scheme 
1a). Subsequently, the Brønsted acid-catalyzed coupling of 
electron-rich arenes and 3-diazoindolin-2-imines was de-
veloped for the construction of 3-aryl-2-aminoindoles 
(Scheme 1b).[12] Additionally, 3-heterocyclic-2-iminoin-   
doles could be synthesized by electrophilic cyclization of 
o-hydroxyarylenaminones with 3-diazoindolin-2-imines 
(Scheme 1c).[13]  

Despite these elegant achievements, the heterocyclic 
substituents of 3-heterocyclic indoles in these synthetic 
methods were restricted to indoles, thiophenes, pyrroles 
and chromones. To the best of our knowledge, the C—H 
functionalization reaction between 3-diazoindolin-2-imines 
and pyrazolones for the construction of 3-pyrazolyl indoles 
via C—C bond formation has not been reported previously. 
Pyrazolones can be readily isomerized to the aromatic enol 
form and undergo C—H functionalization with electro-
philic reagents.[14] In continuation of our research interest 
on various carbene reactions[15] and attracted by the bio-
logical significance of 3-pyrazolyl indoles, we herein de-
scribed an efficient rhodium-catalyzed C—H functionali-
zation reaction of 3-diazoindolin-2-imines and pyrazolones 
for the construction of 3-pyrazolyl indoles (Scheme 1d). 

2   Results and discussion 
Initially, 3-diazoindolin-2-imine (1a) and pyrazolone 

(2a) were selected as model substrates in the presence of 
various transition-metal catalysts for the optimization of 
reaction conditions. Unfortunately, no desired product was 
observed when Pd2(OAc)4 or AgNO3 was employed as the 
metal catalyst (Table 1, Entries 1, 2). To our delight, the 
reaction in the presence of 2 mol% Cu2O generated the 
desired product 3a in 70% yield in dichloroethane (DCE) 
at 70 ℃ under air (Entry 3). Rh2(OAc)4 was a better cat-
alyst than Rh2(Oct)4 to give 3a in 92% yield (Entries 4, 5). 
The solvent screening revealed that DCE was the best 
choice for this transformation (Entries 5～8). A trace of 3a 
was detected when the reaction was performed at room 
temperature (Entry 9). A control reaction in the absence of 
metal catalyst afforded no desired product 3a, suggesting 
the essential role of rhodium catalyst in the decomposition 
of 3-diazoindolin-2-imine (Entry 10). Finally, the optimal 
yield (98%) was obtained when the reaction was per-
formed in DCE at 70 ℃ under N2 (Entry 11). The config-
uration of product 3a was unambiguously confirmed by 
X-ray crystal diffraction analysis (Figure 2).  

 
Scheme 1  Strategies for the synthesis of 3-heterocyclic indoles via 3-diazoindolin-2-imines 

 

Figure 2  X-ray structure of 3a  



   
Chinese Journal of Organic Chemistry ARTICLE 

 
Chin. J. Org. Chem. 2023, 43, 2519～2527 © 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences http://sioc-journal.cn/    2521 

Table 1  Optimization of the reaction conditionsa 

 

Entry Catalyst Solvent Temp./℃ Yieldb/%
1 Pd2(OAc)4 DCE 70 0 
2 AgNO3 DCE 70 0 
3 Cu2O DCE 70 70 
4 Rh2(Oct)4 DCE 70 86 
5 Rh2(OAc)4 DCE 70 92 
6 Rh2(OAc)4 CHCl3 70 56 
7 Rh2(OAc)4 EA 70 55 
8 Rh2(OAc)4 Toluene 70 49 
9 Rh2(OAc)4 DCE rt Trace 

10 — DCE 70 0 
11c Rh2(OAc)4 DCE 70 98 

a Reaction conductions: 1a (0.10 mmol), 2a (0.10 mmol), catalyst (2.0 mol%), 
solvent (2 mL), under air. b Isolated yield. c Under N2. 

With the optimal reaction conditions, the scope of 
3-diazoindolin-2-imines 1 was investigated (Table 2). The 
alkyl group on the 1-position of indole could be varied 
from methyl, ethyl and benzyl to generate corresponding 
3a, 3b and 3c in 98%, 77% and 37% yields, respectively. 
Notably, N-unprotected 3-diazoindolin-2-imine could also 
react with 2a to afford 3d in 35% yield. The reaction toler-
ated 3-diazoindolin-2-imines bearing either electron-donat- 
ing or electron-withdrawing substituents at the C(5)-posi- 
tion, furnishing the desired products 3e～3i in 61%～94% 
yields. 4-Fluoro, 6-fluoro and 7-fluoro substituted groups 
were all tolerated, providing the corresponding products 
3j～3l in 42%, 97% and 45% yields, respectively. Fur-
thermore, the sulfonyl group could either be alkanesulfonyl 
or arenesulfonyl, producing 3m～3r in yields varying from 
63% to 88%. 

The applicability of this reaction with various pyra-
zolones 2 was next evaluated (Table 3). With regard to the 
substituent on the phenyl ring of R4 group, 2 with elec-
tron-donating (OMe) and halide (F, Cl, Br) groups gave the 
desired products 3s～3v in 51%～82% yields. Further-
more, the 2-naphthyl-substituted pyrazolone also worked  

Table 2  Scope of 3-diazoindolin-2-iminesa,b 

N
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Bu-t

O
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N

O
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DCE, N2, 70 °C

1 2a 3

R2
R2+

 

a Reaction conditions: 1 (0.10 mmol), 2a (0.10 mmol) and Rh2(OAc)4 (2.0 mol%) in DCE (2 mL) at 70 ℃ under N2, 3 h. b Isolated yield. 
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Table 3  Scope of pyrazolonesa,b 
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a Reaction conditions: 1a (0.10 mmol), 2 (0.10 mmol) and Rh2(OAc)4 (2.0 mol%) in DCE (2 mL) at 70 ℃ under N2, 3 h. b Isolated yield. 

well with 1a, furnishing product 3w in 94% yield. Furyl- 
and thienyl-substituted pyrazolones were feasible sub-
strates to produce 3x in 89% and 3y in 72% yield. Unfor-
tunately, alkyl substituted pyrazolones were invalid to de-
liver the desired products 3z and 3A. 

To demonstrate the synthetic efficiency and versatility 
of the current transformation, the gram-scale reactions of 
1a and 2a were conducted under the standard reaction 
conditions, in which product 3a was obtained in 90% iso-
lated yield (Scheme 2). 

Based on the above experimental results and previous 
reports,[14,16] a possible mechanism was proposed (Scheme 
3). Initially, α-imino rhodium carbene A is generated from 
3-diazoindolin-2-imine 1a in the presence of Rh2(OAc)4.  

 

 

Scheme 2  Gram-scale reaction of 1a and 2a 

Keto-enol tautomer 2a' of pyrazolone 2a nucleophilically 
attacks rhodium carbene intermediate A to form intermedi-
ate B, followed by the tautomerization and release of the 
rhodium species leading to the product 3a.  
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Scheme 3  A plausible mechanism of C—H functionalization of α-imino rhodium carbene  
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3  Conclusions 
In summary, we have developed an efficient rhodium- 

catalyzed C—H functionalization reaction of α-imino car-
benes generated from 3-diazoindolin-2-imines with non- 
aromatic pyrazolones. The catalytic protocol provides a 
rapid and straightforward approach to a variety of structur-
ally diverse 3-pyrazolyl indoles in moderate to excellent 
yields with good functional group tolerance. Further inves-
tigations on the potential bioactivity of 3-pyrazolyl indoles 
are in progress. 

4   Experimental section 
4.1  Instruments and reagents 

NMR spectra were obtained on a BrukerAvance III 
HD600 (500) spectrometer operating at 600 MHz or 500 
MHz for 1H NMR, 151 MHz or 126 MHz for 13C NMR 
and 471 MHz or 565 MHz for 19F NMR. Chemical shifts 
were referenced to tetramethylsilane (δ: 0) in CDCl3 and 
DMSO-d6 as an internal standard. HRMS (ESI) were rec-
orded on an Agilent 6545 Q-TOF LC/MS. The absolute 
configuration of 3a was assigned by the X-ray analysis. 
4.2  General procedure for the synthesis of 3 

A mixture of 1 (0.1 mmol), 2 (0.1 mmol) and Rh2(OAc)4 
(2.0 mol%) in dry DCE (2 mL) was stirred at 70 ℃ under 
nitrogen atmosphere. The reaction tube was stirred until 1 
consumed as indicated by TLC. The reaction mixture was 
cooled to room temperature and purified by column chro-
matography on silica gel [V(petroleum ether)∶V(ethyl 
acetate)＝2∶1] to obtain pure products 3. 
4.3  Characterization data for products 3 

N-(3-(2-(tert-Butyl)-3-oxo-5-phenyl-2,3-dihydro-1H-py-
razol-4-yl)-1-methyl-1H-indol-2-yl)-4-methylbenzene- 
sulfonamide (3a): White solid, 50.5 mg, 98% yield, m.p. 
155.4～157.2 ℃; 1H NMR (500 MHz, Chloroform-d) δ: 
10.22 (s, 1H), 7.60 (d, J＝7.9 Hz, 2H), 7.36～7.32 (m, 
1H), 7.29～7.27 (m, 1H), 7.24 (t, J＝7.7 Hz, 2H), 7.18～
7.13 (m, 2H), 7.10 (t, J＝7.6 Hz, 1H), 6.87 (d, J＝7.9 Hz, 
2H), 6.68 (t, J＝7.5 Hz, 1H), 6.37 (d, J＝7.9 Hz, 1H), 3.90 
(s, 3H), 1.92 (s, 3H), 1.67 (s, 9H); 13C NMR (126 MHz, 
Chloroform-d) δ: 165.72, 144.80, 142.55, 136.90, 135.94, 
131.24, 129.99, 129.19, 128.87, 128.49, 127.63, 127.08, 
122.96, 121.75, 120.81, 119.25, 109.73, 106.06, 99.43, 
58.73, 29.98, 27.38, 21.06. HRMS (ESI) calcd for 
C29H31N4O3S [M＋H]＋ 515.2111, found 515.2110.   

N-(3-(2-(tert-Butyl)-3-oxo-5-phenyl-2,3-dihydro-1H-py- 
razol-4-yl)-1-ethyl-1H-indol-2-yl)-4-methylbenzene- 
sulfonamide (3b): White solid, 40.8 mg, 77% yield, m.p. 
214.7～216.1 ℃; 1H NMR (500 MHz, Chloroform-d) δ: 
10.22 (s, 1H), 7.65～7.58 (m, 2H), 7.38～7.31 (m, 2H), 
7.27～7.24 (m, 2H), 7.17～7.13 (m, 2H), 7.10～7.06 (m, 
1H), 6.85 (d, J＝8.0 Hz, 2H), 6.70～6.65 (m, 1H), 6.63 (s, 
1H), 6.37 (d, J＝8.0 Hz, 1H), 4.60 (s, 1H), 4.44 (s, 1H), 
1.90 (s, 3H), 1.68 (s, 9H), 1.47 (t, J＝7.2 Hz, 3H); 13C 
NMR (126 MHz, Chloroform-d) δ: 165.63, 144.79, 142.64, 
136.74, 134.90, 130.61, 129.95, 129.09, 128.88, 128.45, 

127.64, 127.07, 123.31, 121.68, 120.98, 119.14, 110.05, 
105.95, 99.90, 58.73, 38.15, 27.41, 21.03, 14.61. HRMS 
(ESI) calcd for C30H33N4O3S [M＋H]＋ 529.2268, found 
529.2269.  

N-(1-Benzyl-3-(2-(tert-butyl)-3-oxo-5-phenyl-2,3-dihy- 
dro-1H-pyrazol-4-yl)-1H-indol-2-yl)-4-methylbenzene- 
sulfonamide (3c): White solid, 21.9 mg, 37% yield, m.p. 
237.2～239.1 ℃; 1H NMR (500 MHz, Chloroform-d) δ: 
10.27 (s, 1H), 7.65 (d, J＝8.0 Hz, 2H), 7.38～7.34 (m, 
1H), 7.28～7.26 (m, 2H), 7.25～7.22 (m, 2H), 7.21～7.13 
(m, 6H), 6.97 (t, J＝7.6 Hz, 1H), 6.87 (d, J＝7.9 Hz, 2H), 
6.64 (t, J＝7.5 Hz, 1H), 6.59 (s, 1H), 6.37 (d, J＝8.0 Hz, 
1H), 5.99 (s, 1H), 5.43 (s, 1H), 1.92 (s, 3H), 1.68 (s, 9H); 
13C NMR (151 MHz, Chloroform-d) δ: 165.60, 145.02, 
142.56, 137.61, 136.89, 135.32, 131.24, 130.07, 129.15, 
128.90, 128.53, 128.49, 127.73, 127.08, 126.97, 123.24, 
121.95, 120.92, 119.41, 110.89, 106.14, 100.33, 58.72, 
47.02, 27.44, 21.07. HRMS (ESI) calcd for C35H35N4O3S 
[M＋H]＋ 591.2424, found 591.2421.  

N-(3-(2-(tert-Butyl)-3-oxo-5-phenyl-2,3-dihydro-1H-py- 
razol-4-yl)-1H-indol-2-yl)-4-methylbenzenesulfonamide 
(3d): White solid, 17.5 mg, 35% yield, m.p. 115.3～
116.9 ℃; 1H NMR (500 MHz, DMSO-d6) δ: 11.44 (s, 
1H), 11.42 (s, 1H), 10.87 (s, 1H), 7.47 (d, J＝7.8 Hz, 2H), 
7.35～7.30 (m, 1H), 7.28～7.20 (m, 3H), 7.05 (d, J＝7.6 
Hz, 2H), 6.91～6.86 (m, 3H), 6.45 (t, J＝7.3 Hz, 1H), 6.08 
(d, J＝7.8 Hz, 1H), 1.94 (s, 3H), 1.67 (s, 9H); 13C NMR 
(126 MHz, Chloroform-d＋DMSO-d6) δ: 163.69, 144.33, 
143.56, 136.62, 134.77, 129.99, 129.87, 129.47, 129.32, 
128.23, 128.14 126.98, 123.63, 121.00, 119.84, 118.52, 
111.59, 101.31, 98.73, 58.49, 27.65, 21.07. HRMS (ESI) 
calcd for C28H29N4O3S [M ＋ H] ＋  501.1955, found 
501.1955. 

N-(3-(2-(tert-Butyl)-3-oxo-5-phenyl-2,3-dihydro-1H-py- 
razol-4-yl)-1,5-dimethyl-1H-indol-2-yl)-4-methyl-ben- 
zenesulfonamide (3e): White solid, 45.2 mg, 85% yield, 
m.p. 207.1～209.0 ℃; 1H NMR (500 MHz, Chloroform- 
d) δ: 10.25 (s, 1H), 7.60 (d, J＝7.8 Hz, 2H), 7.38～7.32 
(m, 1H), 7.25 (t, J＝7.9 Hz, 2H), 7.18～7.13 (m, 3H), 
6.93～6.89 (m, 1H), 6.88 (d, J＝7.9 Hz, 2H), 6.07 (s, 1H), 
3.87 (s, 3H), 1.98 (s, 3H), 1.94 (s, 3H), 1.66 (s, 9H); 13C 
NMR (126 MHz, Chloroform-d) δ: 165.49, 144.71, 142.76, 
136.76, 134.23, 131.02, 129.74, 129.33, 128.87, 128.30, 
128.27, 127.57, 127.36, 123.20, 123.11, 120.81, 109.25, 
105.81, 98.92, 58.72, 29.97, 27.41, 21.18, 21.09. HRMS 
(ESI) calcd for C30H33N4O3S [M＋H]＋ 529.2268, found 
529.2267. 

N-(3-(2-(tert-Butyl)-3-oxo-5-phenyl-2,3-dihydro-1H-py- 
razol-4-yl)-5-fluoro-1-methyl-1H-indol-2-yl)-4-methylben- 
zenesulfonamide (3f): White solid, 32.6 mg, 61% yield, 
m.p. 155.4～156.2 ℃; 1H NMR (500 MHz, Chloroform- 
d) δ: 10.27 (s, 1H), 7.61 (d, J＝7.9 Hz, 2H), 7.39～7.34 
(m, 1H), 7.28～7.23 (m, 2H), 7.21～7.17 (m, 1H), 7.15～
7.11 (m, 2H), 6.89 (d, J＝7.9 Hz, 2H), 6.86～6.82  (m, 
1H), 6.00～5.95 (m, 1H), 3.88 (s, 3H), 1.94 (s, 3H), 1.67 
(s, 9H); 13C NMR (126 MHz, Chloroform-d) δ: 165.23, 
157.32 (d, J＝234.7 Hz), 144.71, 142.88, 136.77, 132.48, 



   
有机化学 研究论文 

 
2524     http://sioc-journal.cn/ © 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences Chin. J. Org. Chem. 2023, 43, 2519～2527 

132.44, 130.21, 128.95, 128.86, 128.59, 127.53, 127.11, 
123.32 (d, J＝10.3 Hz), 110.45 (d, J＝9.6 Hz), 110.14 (d, 
J＝26.2 Hz), 105.79 (d, J＝24.6 Hz), 105.20, 99.70 (d, J＝
4.6 Hz), 58.86, 30.21, 27.40, 21.09; 19F NMR (471 MHz, 
Chloroform-d) δ: － 123.87. HRMS (ESI) calcd for 
C29H30FN4O3S [M＋H]＋ 533.2017, found 533.2017. 

N-(3-(2-(tert-Butyl)-3-oxo-5-phenyl-2,3-dihydro-1H-py- 
razol-4-yl)-5-chloro-1-methyl-1H-indol-2-yl)-4-methyl- 
benzenesulfonamide (3g): White solid, 34.2 mg, 62% 
yield, m.p. 158.1～159.5 ℃; 1H NMR (500 MHz, Chlo-
roform-d) δ: 10.36 (s, 1H), 7.60 (d, J＝7.7 Hz, 2H), 7.41～
7.36 (m, 1H), 7.27 (t, J＝7.4 Hz, 2H), 7.20～7.17 (m, 1H), 
7.14～7.11 (m, 2H), 7.05～7.01 (m, 1H), 6.90 (d, J＝7.8 
Hz, 2H), 6.25～6.22 (m, 1H), 3.87 (s, 3H), 1.95 (s, 3H), 
1.67 (s, 9H); 13C NMR (126 MHz, Chloroform-d) δ: 
165.25, 144.96, 142.84, 136.81, 134.25, 132.27, 130.28, 
128.97, 128.86, 128.63, 127.57, 127.23, 124.90, 123.87, 
122.05, 120.29, 110.78, 105.17, 99.25, 58.90, 30.19, 27.42, 
21.17. HRMS (ESI) calcd for C29H30ClN4O3S [M＋H]＋ 
549.1722, found 549.1709. 

N-(1-Benzyl-3-(2-(tert-butyl)-3-oxo-5-phenyl-2,3-dihy- 
dro-1H-pyrazol-4-yl)-5-chloro-1H-indol-2-yl)-4-methyl- 
benzenesulfonamide (3h): White solid, 42.6 mg, 68% 
yield, m.p. 250.8～251.6 ℃; 1H NMR (500 MHz, Chlo-
roform-d) δ: 10.36 (s, 1H), 7.69～7.63 (m, 2H), 7.44～
7.39 (m, 1H), 7.31 (t, J＝7.7 Hz, 2H), 7.28～7.26 (m, 1H), 
7.25～7.23 (m, 1H), 7.22～7.18 (m, 1H), 7.18～7.12 (m, 
4H), 7.05～7.01 (m, 1H), 6.95～6.89 (m, 3H), 6.61 (s, 
1H), 6.25 (s, 1H), 5.98～5.38 (m, 2H), 1.98 (s, 3H), 1.68 
(s, 9H); 13C NMR (151 MHz, Chloroform-d) δ: 165.33, 
145.18, 142.85, 137.18, 136.80, 133.61, 132.35, 130.37, 
128.97, 128.84, 128.68, 128.59, 127.71, 127.29, 127.22, 
126.93, 125.08, 124.22, 122.24, 120.47, 111.95, 105.37, 
100.07, 58.85, 47.27, 27.44, 21.14. HRMS (ESI) calcd for 
C35H34ClN4O3S [M＋H]＋ 625.2035, found 625.2033.  

N-(5-Bromo-3-(2-(tert-butyl)-3-oxo-5-phenyl-2,3-dihy- 
dro-1H-pyrazol-4-yl)-1-methyl-1H-indol-2-yl)-4-methyl- 
benzenesulfonamide (3i): White solid, 55.8 mg, 94% 
yield, m.p. 225.6～226.8 ℃; 1H NMR (500 MHz, Chlo-
roform-d) δ: 10.35 (s, 1H), 7.64～7.61 (m, 2H), 7.44～
7.40 (m, 1H), 7.30 (t, J＝7.7 Hz, 2H), 7.17～7.11 (m, 4H), 
6.91 (d, J＝8.1 Hz, 2H), 6.70 (s, 1H), 6.40～6.37 (m, 1H), 
3.88 (s, 3H), 1.97 (s, 3H), 1.67 (s, 9H); 13C NMR (151 
MHz, Chloroform-d) δ: 165.52, 145.05, 142.72, 136.90, 
134.53, 132.24, 130.37, 128.95, 128.90, 128.69, 127.64, 
127.21, 124.57, 124.41, 123.46, 112.42, 111.21, 105.56, 
99.04, 58.84, 30.19, 27.36, 21.15. HRMS (ESI) calcd for 
C29H30BrN4O3S [M＋H]＋ 593.1217, found 593.1216. 

N-(3-(1-(tert-Butyl)-5-hydroxy-3-phenyl-1H-pyrazol-4- 
yl)-4-fluoro-1-methyl-1H-indol-2-yl)-4-methylbenzene- 
sulfonamide (3j): White solid, 22.5 mg, 42% yield, m.p. 
185.6～186.4 ℃; 1H NMR (600 MHz, Chloroform-d) δ: 
9.90 (s, 1H), 7.62～7.57 (m, 2H), 7.34～7.30 (m, 1H), 
7.22 (t, J＝7.7 Hz, 2H), 7.15～7.12 (m, 2H), 7.09～7.07 
(m, 1H), 7.07～7.02 (m, 1H), 6.80 (d, J＝8.0 Hz, 2H), 
6.61 (s, 1H), 6.43～6.37 (m, 1H), 3.91 (s, 3H), 1.86 (s, 
3H), 1.68 (s, 9H); 13C NMR (151 MHz, Chloroform-d) δ: 

165.53, 155.80 (d, J＝248.9 Hz), 146.25, 142.69, 138.32 
(d, J＝10.5 Hz), 137.08, 131.30, 129.71, 128.97, 128.28, 
127.39, 126.07, 122.61 (d, J＝8.1 Hz), 112.66 (d, J＝18.8 
Hz), 105.92 (d, J＝3.6 Hz), 105.48, 105.35, 105.07, 97.77, 
58.75, 30.51, 27.41, 20.98; 19F NMR (565 MHz, Chloro-
form-d) δ: －119.12. HRMS (ESI) calcd for C29H29F- 
N4NaO3S [M＋Na]＋ 555.1837, found 555.1834. 

N-(3-(1-(tert-Butyl)-5-hydroxy-3-phenyl-1H-pyrazol-4- 
yl)-6-fluoro-1-methyl-1H-indol-2-yl)-4-methylbenzene- 
sulfonamide (3k): White solid, 51.5 mg, 97% yield, m.p. 
151.8～152.5 ℃; 1H NMR (600 MHz, Chloroform-d) δ: 
10.22 (s, 1H), 7.61 (d, J＝8.1 Hz, 2H), 7.38～7.33 (m, 
1H), 7.28～7.24 (m, 2H), 7.17～7.09 (m, 2H), 6.98～6.91 
(m, 1H), 6.88 (d, J＝8.0 Hz, 2H), 6.70 (s, 1H), 6.46～6.37 
(m, 1H), 6.29～6.21 (m, 1H), 3.85 (s, 3H), 1.93 (s, 3H), 
1.67 (s, 9H); 13C NMR (151 MHz, Chloroform-d) δ: 
165.52, 159.65 (d, J＝238.4 Hz), 144.84, 142.69, 136.81, 
136.04 (d, J＝12.1 Hz), 131.45, 130.16, 128.98, 128.92, 
128.59, 127.63, 127.11, 121.77 (d, J＝9.9 Hz), 119.34, 
107.90 (d, J＝24.3 Hz), 105.66, 99.73, 96.18 (d, J＝26.2 
Hz), 58.80, 30.15, 27.37, 21.08; 19F NMR (565 MHz, 
Chloroform-d) δ: － 120.14. HRMS (ESI) calcd for 
C29H29FN4NaO3S [M＋Na]＋ 555.1837, found 555.1835. 

N-(3-(1-(tert-Butyl)-5-hydroxy-3-phenyl-1H-pyrazol-4-
yl)-7-fluoro-1-methyl-1H-indol-2-yl)-4-methylbenzenesul-
fonamide (3l): White solid, 23.8 mg, 45% yield, m.p. 
202.6～203.7 ℃; 1H NMR (600 MHz, Chloroform-d) δ: 
10.24 (s, 1H), 7.62 (d, J＝8.2 Hz, 2H), 7.37～7.32 (m, 
1H), 7.25～7.21 (m, 2H), 7.14～7.09 (m, 2H), 6.88 (d, J＝
8.0 Hz, 2H), 6.76 (s, 1H), 6.75～6.71 (m, 1H), 6.54～6.50 
(m, 1H), 6.12～6.07 (m, 1H), 4.10 (d, J＝1.9 Hz, 3H), 
1.92 (s, 3H), 1.67 (s, 9H); 13C NMR (151 MHz, Chloro-
form-d) δ: 165.49, 149.85 (d, J＝244.3 Hz), 144.98, 
142.78, 136.87, 132.12, 130.13, 128.95, 128.93, 128.53, 
127.58, 127.07, 126.37 (d, J＝5.1 Hz), 124.06 (d, J＝9.5 
Hz), 119.07 (d, J＝6.7 Hz), 116.61 (d, J＝3.3 Hz), 107.46 
(d, J＝17.8 Hz), 105.39, 100.39 (d, J＝1.8 Hz), 58.82, 
32.70 (d, J＝6.0 Hz), 27.39, 21.07; 19F NMR (565 MHz, 
Chloroform-d) δ: － 135.63. HRMS (ESI) calcd for 
C29H29FN4NaO3S [M＋Na]＋ 555.1837, found 555.1837. 

N-(3-(2-(tert-Butyl)-3-oxo-5-phenyl-2,3-dihydro-1H-py- 
razol-4-yl)-1-methyl-1H-indol-2-yl)methanesulfonamide  
(3m): White solid, 27.7 mg, 63% yield, m.p. 234.3～
235.6 ℃; 1H NMR (500 MHz, Chloroform-d) δ: 9.86 (s, 
1H), 7.50 (d, J＝7.2 Hz, 2H), 7.40～7.37 (m, 1H), 7.34～
7.31 (m, 2H), 7.30～7.26 (m, 2H), 7.14～7.10 (m, 1H), 
6.74 (t, J＝7.5 Hz, 1H), 6.56 (d, J＝7.9 Hz, 1H), 3.83 (s, 
3H), 2.84 (s, 3H), 1.68 (s, 9H); 13C NMR (126 MHz, 
Chloroform-d) δ: 165.99, 146.26, 135.95, 131.22, 130.35, 
129.84, 129.18, 127.07, 123.03, 122.02, 120.70, 119.51, 
109.81, 105.58, 99.29, 59.19, 39.29, 29.88, 27.33. HRMS 
(ESI) calcd for C23H27N4O3S [M＋H]＋ 439.1798, found 
439.1799. 

N-(3-(2-(tert-Butyl)-3-oxo-5-phenyl-2,3-dihydro-1H-py- 
razol-4-yl)-1-methyl-1H-indol-2-yl)naphthalene-2-sulfo- 
namide (3n): White solid, 48.5 mg, 88% yield, m.p. 
147.2～148.5 ℃; 1H NMR (500 MHz, Chloroform-d) δ: 
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10.22 (s, 1H), 8.34～8.31 (m, 1H), 7.78～7.75 (m, 1H), 
7.69 (d, J＝7.9 Hz, 1H), 7.51～7.48 (m, 1H), 7.45～7.41 
(m, 1H), 7.38～7.33 (m, 1H), 7.33～7.29 (m, 2H), 7.29～
7.26 (m, 1H), 7.16～7.09 (m, 3H), 7.00～6.95 (m, 2H), 
6.70～6.64 (m, 1H), 6.31 (d, J＝8.0 Hz, 1H), 5.75 (s, 1H), 
3.95 (s, 3H), 1.52 (s, 9H); 13C NMR (151 MHz, Chloro-
form-d) δ: 166.41, 145.34, 137.30, 135.92, 134.44, 131.72, 
131.11, 129.82, 129.38, 128.80, 128.51, 128.46, 128.40, 
128.33, 127.09, 126.85, 126.63, 123.29, 122.85, 121.87, 
120.97, 119.27, 109.78, 106.07, 99.58, 58.79, 29.93, 27.17. 
HRMS (ESI) calcd for C32H31N4O3S [M＋H]＋ 551.2111, 
found 551.2111. 

N-(3-(2-(tert-Butyl)-3-oxo-5-phenyl-2,3-dihydro-1H-py- 
razol-4-yl)-1-methyl-1H-indol-2-yl)benzenesulfonamide 
(3o): White solid, 42.7 mg, 85% yield, m.p. 224.9～
226.8 ℃; 1H NMR (500 MHz, Chloroform-d) δ: 10.43 (s, 
1H), 7.80～7.72 (m, 2H), 7.35～7.31 (m, 1H), 7.30～7.26 
(m, 1H), 7.24 (t, J＝7.4 Hz, 2H), 7.20～7.15 (m, 2H), 
7.14～7.06 (m, 4H), 6.81 (s, 1H), 6.66 (t, J＝7.5 Hz, 1H), 
6.31 (d, J＝8.0 Hz, 1H), 3.90 (s, 3H), 1.64 (s, 9H); 13C 
NMR (151 MHz, Chloroform-d) δ: 165.71, 145.11, 140.26, 
135.97, 131.88, 131.07, 130.00, 129.45, 128.60, 128.24, 
127.58, 127.33, 122.88, 121.80, 120.84, 119.25, 109.73, 
106.04, 99.40, 58.73, 29.97, 27.36. HRMS (ESI) calcd for 
C28H29N4O3S [M＋H]＋ 501.1955, found 501.1953. 

N-(3-(2-(tert-Butyl)-3-oxo-5-phenyl-2,3-dihydro-1H-py- 
razol-4-yl)-1-methyl-1H-indol-2-yl)-4-fluorobenzene-sul- 
fonamide (3p): White solid, 45.8 mg, 88% yield, m.p. 
151.2～152.7 ℃; 1H NMR (500 MHz, Chloroform-d) δ: 
10.52 (s, 1H), 7.78～7.71 (m, 2H), 7.36～7.31 (m, 1H), 
7.29～7.26 (m, 1H), 7.24 (t, J＝7.6 Hz, 2H), 7.21～7.18 
(m, 2H), 7.12～7.07 (m, 1H), 6.81～6.73 (m, 2H), 6.67 (t, 
J＝7.5 Hz, 1H), 6.34 (d, J＝8.1 Hz, 1H), 3.88 (s, 3H), 1.63 
(s, 9H); 13C NMR (126 MHz, Chloroform-d) δ: 165.42, 
164.53 (d, J＝254.1 Hz), 144.90, 136.10 (d, J＝2.8 Hz), 
135.96, 130.76, 130.21 (d, J＝9.3 Hz), 130.07, 129.18, 
128.65, 127.17, 122.90, 121.91, 120.88, 119.34, 115.36 (d, 
J＝22.5 Hz), 109.72, 105.11, 99.52, 58.92, 29.92, 27.39; 
19F NMR (471 MHz, Chloroform-d) δ: －106.28. HRMS 
(ESI) calcd for C28H28FN4O3S [M＋H]＋ 519.1861, found 
519.1858. 

N-(3-(2-(tert-Butyl)-3-oxo-5-phenyl-2,3-dihydro-1H- 
pyrazol-4-yl)-1-methyl-1H-indol-2-yl)-4-chlorobenzene- 
sulfonamide (3q): White solid, 40.2 mg, 75% yield, m.p. 
161.1～162.5 ℃; 1H NMR (500 MHz, Chloroform-d) δ: 
10.20 (s, 1H), 7.71～7.67 (m, 2H), 7.43～7.35 (m, 1H), 
7.32～7.28 (m, 3H), 7.27～7.21 (m, 2H), 7.14～7.10 (m, 
1H), 7.07～7.00 (m, 2H), 6.70 (t, J＝7.6 Hz, 1H), 6.39 (d, 
J＝8.0 Hz, 1H), 3.91 (s, 3H), 1.65 (s, 9H); 13C NMR (126 
MHz, Chloroform-d) δ: 165.75, 144.94, 138.33, 138.15, 
135.96, 130.76, 130.22, 129.00, 128.88, 128.70, 127.06, 
122.84, 122.04, 121.03, 119.42, 109.81, 105.51, 99.61, 
58.97, 29.91, 27.39. HRMS (ESI) calcd for C28H27Cl- 
N4NaO3S [M＋Na]＋ 557.1385, found 557.1386. 

N-(3-(2-(tert-Butyl)-3-oxo-5-phenyl-2,3-dihydro-1H- 
pyrazol-4-yl)-1-methyl-1H-indol-2-yl)-4-(trifluoromethyl)- 
benzenesulfonamide (3r): White solid, 45.6 mg, 85% 

yield, m.p. 166.1～168.9 ℃; 1H NMR (500 MHz, Chlo-
roform-d) δ: 10.39 (s, 1H), 7.92 (d, J＝8.1 Hz, 2H), 7.41～
7.37 (m, 1H), 7.35～7.29 (m, 5H), 7.23～7.19 (m, 2H), 
7.16～7.11 (m, 1H), 6.74～6.68 (m, 1H), 6.45 (s, 1H), 
6.38 (d, J＝8.0 Hz, 1H), 3.92 (s, 3H), 1.63 (s, 9H); 13C 
NMR (126 MHz, Chloroform-d) δ: 165.87, 144.74, 143.59, 
135.97, 132.95 (d, J＝32.5 Hz), 130.45, 130.32, 128.76, 
128.73, 128.07, 126.81, 125.36 (q, J＝3.6 Hz), 123.11 (d,  
J＝272.9 Hz), 122.70, 122.15, 121.08, 119.48, 109.87, 
105.35, 99.63, 58.95, 29.90, 27.25; 19F NMR (471 MHz, 
Chloroform-d) δ: － 63.32. HRMS (ESI) calcd for 
C29H28F3N4O3S [M＋H]＋ 569.1829, found 569.1828. 

N-(3-(2-(tert-Butyl)-5-(4-methoxyphenyl)-3-oxo-2,3- 
dihydro-1H-pyrazol-4-yl)-1-methyl-1H-indol-2-yl)-4- 
methylbenzenesulfonamide (3s): White solid, 44.6 mg, 
82% yield, m.p. 173.6～175.7 ℃; 1H NMR (500 MHz, 
DMSO-d6) δ: 11.40 (s, 1H), 10.74 (s, 1H), 7.46 (d, J＝7.6 
Hz, 2H), 7.36 (d, J＝8.2 Hz, 1H), 7.06～6.98 (m, 3H), 
6.95～6.87 (m, 2H), 6.85～6.76 (m, 2H), 6.59 (t, J＝7.2 
Hz, 1H), 6.21 (d, J＝7.7 Hz, 1H), 3.81 (s, 3H), 3.74 (s, 
3H), 1.92 (s, 3H), 1.65 (s, 9H); 13C NMR (126 MHz, 
DMSO-d6) δ: 163.80, 160.43, 144.42, 144.00, 136.35, 
135.89, 130.73, 129.85, 129.49, 127.30, 123.12, 122.15, 
121.71, 120.46, 119.28, 113.79, 110.42, 100.66, 100.32, 
58.59, 55.70, 30.13, 27.85, 21.24. HRMS (ESI) calcd for 
C30H33N4O4S [M＋H]＋ 545.2217, found 545.2205. 

N-(3-(2-(tert-Butyl)-5-(4-fluorophenyl)-3-oxo-2,3-dihy- 
dro-1H-pyrazol-4-yl)-1-methyl-1H-indol-2-yl)-4-methyl- 
benzenesulfonamide (3t): White solid, 27.3 mg, 51% 
yield, m.p. 191.8～193.0 ℃; 1H NMR (500 MHz, Chlo-
roform-d) δ: 10.17 (s, 1H), 7.61 (d, J＝8.1 Hz, 2H), 7.32～
7.28 (m, 1H), 7.17～7.10 (m, 3H), 7.97～7.92 (m, 2H), 
6.88 (d, J＝8.0 Hz, 2H), 6.72 (t, J＝7.5 Hz, 1H), 6.51 (s, 
1H), 6.36 (d, J＝7.5 Hz, 1H), 3.91 (s, 3H), 1.96 (s, 3H), 
1.67 (s, 9H); 13C NMR (126 MHz, Chloroform-d) δ: 
165.45, 163.35 (d, J＝251.1 Hz), 143.78, 142.94, 136.69, 
135.95, 131.12, 129.27 (d, J＝8.5 Hz), 128.86, 127.56, 
125.36 (d, J＝4.0 Hz), 122.86, 121.88, 120.62, 119.42, 
115.58(d, J＝21.8 Hz), 109.82, 105.48, 99.36, 58.86, 
29.97, 27.43, 21.10. HRMS (ESI) calcd for C29H30FN4O3S 
[M＋H]＋ 533.2017, found 533.2021. 

N-(3-(2-(tert-Butyl)-5-(4-chlorophenyl)-3-oxo-2,3-dihy- 
dro-1H-pyrazol-4-yl)-1-methyl-1H-indol-2-yl)-4-methyl- 
benzenesulfonamide (3u): White solid, 35.3 mg, 64% 
yield, m.p. 147.5～148.5 ℃; 1H NMR (500 MHz, Chlo-
roform-d) δ: 10.12 (s, 1H), 7.59 (d, J＝7.9 Hz, 2H), 7.32～
7.28 (m, 1H), 7.24～7.16 (m, 2H), 7.16～7.05 (m, 3H), 
6.88 (d, J＝7.9 Hz, 2H), 6.75 (t, J＝7.4 Hz, 1H), 6.37 (d,  
J＝7.8 Hz, 1H), 3.90 (s, 3H), 1.96 (s, 3H), 1.67 (s, 9H); 13C 
NMR (126 MHz, Chloroform-d) δ: 165.47, 143.47, 142.76, 
136.76, 135.94, 135.88, 131.28, 128.88, 128.72, 128.36, 
127.59, 122.85, 122.78, 121.93, 120.60, 119.52, 109.90, 
106.31, 99.21, 58.89, 29.98, 27.40, 21.13. HRMS (ESI) 
calcd for C29H30ClN4O3S [M＋H] ＋  549.1722, found 
549.1722. 

N-(3-(5-(4-Bromophenyl)-2-(tert-butyl)-3-oxo-2,3-dihy- 
dro-1H-pyrazol-4-yl)-1-methyl-1H-indol-2-yl)-4-methyl- 
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benzenesulfonamide (3v): White solid, 46.1 mg, 78% 
yield, m.p. 176.7～178.3 ℃; 1H NMR (500 MHz, Chlo-
roform-d) δ: 10.15 (s, 1H), 7.60 (d, J＝7.7 Hz, 2H), 7.40～
7.34 (m, 2H), 7.33～7.28 (m, 1H), 7.15～7.10 (m, 1H), 
7.06～6.98 (m, 2H), 6.91～6.83 (m, 2H), 6.75 (t, J＝7.3 
Hz, 1H), 6.56 (s, 1H), 6.41～6.28 (m, 1H), 3.91 (s, 3H), 
1.96 (s, 3H), 1.67 (s, 9H); 13C NMR (151 MHz, Chloro-
form-d) δ: 165.54, 143.49, 142.70, 136.81, 135.95, 131.71, 
131.34, 128.89, 128.51, 128.08, 127.62, 124.25, 122.74, 
121.94, 120.59, 119.56, 109.93, 106.53, 99.14, 58.89, 
30.00, 27.38, 21.13. HRMS (ESI) calcd for C29H29Br- 
N4NaO3S [M＋Na]＋ 615.1036, found 615.1011. 

N-(3-(2-(tert-Butyl)-5-(naphthalen-2-yl)-3-oxo-2,3-dihy- 
dro-1H-pyrazol-4-yl)-1-methyl-1H-indol-2-yl)-4-methyl- 
benzenesulfonamide (3w): White solid, 53.2 mg, 94% 
yield, m.p. 233.3～235.0 ℃; 1H NMR (500 MHz, DMSO- 
d6) δ: 11.46 (s, 1H), 11.03 (s, 1H), 7.92～7.80 (m, 2H), 
7.72～7.67 (m, 2H), 7.59～7.49 (m, 4H), 7.36 (d, J＝7.9 
Hz, 1H), 7.10～7.00 (m, 2H), 6.98～6.91 (m,1H), 6.90～
6.84 (m, 1H), 6.48～6.27 (m, 1H), 6.22～6.03 (m, 1H), 
3.84 (s, 3H), 1.75 (s, 3H), 1.71 (s, 9H); 13C NMR (126 
MHz, DMSO-d6) δ: 163.22, 143.73, 143.54, 135.93, 
135.37, 132.90, 132.10, 130.38, 129.03, 128.20, 127.61, 
127.18, 126.97, 126.56, 125.42, 122.78, 121.25, 119.69, 
118.82, 110.00, 101.06, 100.04, 99.50, 95.81, 58.35, 29.73, 
27.39, 20.65. HRMS (ESI) calcd for C33H33N4O3S [M＋ 
H]＋ 565.2268, found 565.2268. 

N-(3-(2-(tert-Butyl)-5-(furan-2-yl)-3-oxo-2,3-dihydro- 
1H-pyrazol-4-yl)-1-methyl-1H-indol-2-yl)-4-methylben- 
zenesulfonamide (3x): White solid, 44.8 mg, 89% yield, 
m.p. 162.0～164.1 ℃; 1H NMR (500 MHz, Chloroform- 
d) δ: 9.62 (s, 1H), 7.46～7.34 (m, 4H), 7.22 (t, J＝7.6 Hz, 
1H), 7.12 (s, 1H), 6.97 (t, J＝7.5 Hz, 1H), 6.88～6.81 (m, 
1H), 6.72 (d, J＝8.0 Hz, 2H), 6.39 (s, 1H), 6.11～5.96 (m, 
1H), 3.92 (s, 3H), 2.02 (s, 3H), 1.63 (s, 9H); 13C NMR (126 
MHz, Chloroform-d) δ: 164.57, 143.47, 142.82, 142.60, 
136.18, 135.88, 135.45, 131.40, 128.70, 127.16, 123.05, 
121.96, 121.18, 119.34, 113.38, 112.15, 110.11, 103.36, 
99.17, 58.66, 29.89, 27.32, 21.13. HRMS (ESI) calcd for 
C27H28N4NaO4S [M＋Na]＋ 527.1723, found 527.1731. 

N-(3-(2-(tert-Butyl)-3-oxo-5-(thiophen-2-yl)-2,3-dihy- 
dro-1H-pyrazol-4-yl)-1-methyl-1H-indol-2-yl)-4-methyl- 
benzenesulfonamide (3y): White solid, 37.6 mg, 72% 
yield, m.p. 158.9～160.9 ℃; 1H NMR (600 MHz, Chlo-
roform-d) δ: 9.86 (s, 1H), 7.58～7.53 (m, 2H), 7.36～7.31 
(m, 2H), 7.19～7.15 (m, 1H), 6.97～6.94 (m, 1H), 6.87～
6.78 (m, 4H), 6.59 (d, J＝8.0 Hz, 1H), 6.36 (s, 1H), 3.92 
(s, 3H), 2.01 (s, 3H), 1.63 (s, 9H); 13C NMR (151 MHz, 
Chloroform-d) δ: 164.71, 141.36, 139.29, 135.73, 134.91, 
130.60, 129.01, 128.07, 127.88, 126.77, 126.50, 126.25, 
121.63, 120.91, 119.98, 118.38, 108.93, 105.37, 98.06, 
57.71, 28.93, 26.30, 20.14. HRMS (ESI) calcd for 
C27H29N4O3S2 [M＋H]＋ 521.1676, found 521.1674. 

 
Supporting Information  The 1H NMR, 13C NMR and 
some 19F NMR spectra of all compounds, crystallographic 
data for 3a. The Supporting Information is available free of 

charge via the Internet at http://sioc-journal.cn/.  

References 
[1] (a) Kumar, D.; Kumar, N. M.; Chang, K.-H.; Shah, K. Eur. J. Med. 

Chem. 2010, 45, 4664.  
(b) Kumar, D.; Kumar, N. M.; Noel, B.; Shah, K. Eur. J. Med. 
Chem. 2012, 55, 432.  
(c) Shi, Z.-C.; Zhao, Z.-G.; Huang, M.-W.; Fu, X.-L. C. R. Chim. 
2015, 18, 1320.  
(d) El-Sayed, W. A.; Abbas, H. S.; Mageid, R. E. A.; Magdziarz, T. 
Med. Chem. Res. 2016, 25, 339. 

[2] Pulla, R. S.; Ummadi, N.; Gudi, Y.; Venkatapuram, P.; Adivireddy, 
P. J. Heterocycl. Chem. 2018, 55, 115. 

[3] Reddy, M. V. R.; Billa, V. K.; Pallela, V. R.; Mallireddigari, M. R.;  
Boominathan, R.; Gabriel, J. L.; Reddy, E. P.; Bioorg. Med. Chem. 
2008, 16, 3907. 

[4] Esvan, Y. J.; Giraud, F.; Pereira, E.; Suchaud, V.; Nauton, L.; Théry, 
V.; Dezhenkova, L. G.; Kaluzhny, D. N.; Mazov, V. N.; Shtil, A. A.; 
Anizon, F.; Moreau, P. Bioorg. Med. Chem. 2016, 24, 3116. 

[5] (a) Jakše, R.; Svete, J.; Stanovnik, B.; Golobič, A. Tetrahedron 
2004, 60, 4601.  
(b) Braña, M. F.; Gradillas, A.; Ovalles, A. G.; López, B.; Acero, N.; 
Llinares, F.; Mingarro, D. M. Bioorg. Med. Chem. 2006, 14, 9.  
(c) Conchon, E.; Aboab, B.; Golsteyn, R. M.; Cruzalegui, F.; Ed-
monds, T.; Léonce, S.; Pfeiffer, B.; Prudhomme, M. Eur. J. Med. 
Chem. 2006, 41, 1470.  
(d) Gupton, J. T.; Telang, N.; Gazzo, D. F.; Barelli, P. J.; Lescalleet, 
K. E.; Fagan, J. W.; Mills, B. J.; Finzel, K. L.; Kanters, R. P. F.; 
Crocker, K. R.; Dudek, S. T.; Lariviere, C. M.; Smith, S. Q.; 
Keertikar, K. M. Tetrahedron 2013, 69, 5829.  
(e) Suchaud, V.; Gavara, L.; Saugues, E.; Nauton, L.; Théry, V.; 
Anizon, F.; Moreau, P. Bioorg. Med. Chem. 2013, 21, 4102. 

[6] Fabitha, K.; Chandrakanth, M.; Pramod, R. N.; Arya, C. G.; Li, 
Y.-P.; Banoth, J. ChemistrySelect 2022, 7, 2.  

[7] (a) Davies, H. M. L.; Manning, J. R. Nature 2008, 451, 417.  
(b) Ran, R.-Q.; He, J.; Xiu, S.-D.; Wang, K.-B.; Li, C.-Y. Org. Lett. 
2014, 16, 3704.  
(c) Li, X.-X.; Li, H.;  Song, W.-Z.; Tseng, P. S.; Liu, L.-Y.; Guzei, 
I. A.; Tang, W.-P. Angew. Chem., Int. Ed. 2015, 54, 12905. 
(d) Jia, M.-Q.; Ma, S.-M. Angew. Chem., Int. Ed. 2016, 55, 9134.  
(e) Ko, G. H.; Son, J.-Y.; Kim, H.; Maeng, C.; Baek, Y.; Seo, B.; 
Um, K.; Lee, P. H. Adv. Synth. Catal. 2017, 359, 3362.  
(f) Lang, B.; Suleman, M.; Lu, P.; Wang, Y.-G. Chin. J. Org. Chem. 
2020, 40, 3300 (in Chinese).  
(郎勃, Muhanmmad Suleman, 吕萍, 王彦广, 有机化学, 2020, 
40, 3300.) 
(g) He, Y.; Huang, Z.-L.; Wu, K.-K.; Ma, J.; Zhou, Y.-G.; Yu, Z.-K. 
Chem. Soc. Rev. 2022, 51, 2759. 

[8] (a) Luo, H.-Q.; Wu, G.-J.; Zhang. Y.; Wang, J.-B. Angew. Chem., 
Int. Ed. 2015, 54, 14503.  
(b) Wei, F.; Song, C.-L.; Ma, Y.-D.; Zhou, L.; Tung, C.-H.; Xu, 
Z.-H. Sci. Bull. 2015, 60, 1479.  
(c) Ding, H.-L.; Bai, S.-L.; Lu, P.; Wang, Y.-G. Org. Lett. 2017, 19, 
4604.  
(d) Solé, D.; Janer, F. P.; Bennasar, M. L.; Fernández, I. Eur. J. Org. 
Chem. 2018, 2018, 4446.  
(e) Zhou, Y.-X.; Li, Z.-M.; Ma, F.-H.; Zhao, C.; Lu, P.; Wang, Y.-G. 
J. Org. Chem. 2019, 84, 6655. 
(f) Laha, D.; Bhat, R. G. Asian J. Org. Chem. 2020, 9, 918.  
(g) Batista, V. F.; Pinto, D. C. G. A.; Silva, A. M. S. ACS Catal. 
2020, 10, 10096. 
(h) He, F.-F.; Empel, C.; Koenigs, R. M. Org. Lett. 2021, 23, 6719.  
(i) Liu, B.; Xu, M.-H. Chin. J. Chem. 2021, 39, 1911. 
(j) Wang, Y.-M.; Wang, H.-W.; Liu, Z.-H. Acta Chim. Sinica 2021, 
79, 1085 (in Chinese).  
(王也铭, 王宏伟, 刘兆洪, 化学学报, 2021, 79, 1085.)   
(k) Zou, Y.; Wang, P.-Y.; Kong, L.-H.; Li, X.-W. Org. Lett. 2022, 



   
Chinese Journal of Organic Chemistry ARTICLE 

 
Chin. J. Org. Chem. 2023, 43, 2519～2527 © 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences http://sioc-journal.cn/    2527 

24, 3189.   
[9] (a) Pal, K.; Volla, C. M. R. Chem. Rec. 2021, 21, 4032.  

(b) Suleman, M.; Lu, P.; Wang, Y.-G. Org. Chem. Front. 2021, 8, 
2059.  
(c) Akter, M.; Rupa, K.; Anbarasan, P. Chem. Rev. 2022, 122, 
13108. 

[10] (a) Du, Z.; Xing, Y.-P.;  Lu, P.; Wang, Y.-G. Org. Lett. 2015, 17, 
1192.  
(b) Li, Z.-M.; Zhou, X.-R.; Lu, P.; Wang, Y.-G. J. Org. Chem. 2016, 
81, 9433.  
(c) Li, Z.-M.; Xie, J.-W.; Wu, L.; Suleman, M.; Lu, P.; Wang, Y.-G. 
Tetrahedron 2020, 76, 131371. 

[11] Xing, Y.-P.; Sheng, G.-R.; Wang, J.; Lu, P.; Wang, Y.-G. Org. Lett. 
2014, 16, 1244. 

[12] Qi, J.; Wang, Z. B.; Lang, B.; Lu, P.; Wang, Y.-G. J. Org. Chem. 
2017, 82, 12640. 

[13] Qian, J.; Lin, Z.-W.; Wang, Z.-B.; Peng, Z.-X.; Wu, L.; Lu, P.; 
Wang, Y.-G. J. Org. Chem. 2019, 84, 6395. 

[14]  Liu, S.-Y.; Bao, X.-Z.; Wang, B.-M. Chem. Commun. 2018, 54, 
11515. 

[15] (a) Wang, L.-S.; Wu, Y.; Liu, Y.; Yang, H.; Liu, X.; Wang, J.-Y.; Li, 
X.-X.; Jiang, J. Org. Lett. 2017, 19, 782.  
(b) Liu, S.-Y.; Jiang, J.; Chen, J.-H.; Wei, Q.-H.; Yao, W.-F.; Xia, F.; 
Hu, W.-H. Chem. Sci. 2017, 8, 4312.  
(c) Liu, Y.; Xie, P.; Li, J.-G.; Bai, W.-J.; Jiang, J. Org. Lett. 2019, 
21, 4944.  
(d) Zhou, X.-C.; Xiong, T.; Jiang, J. Chem. Commun. 2022, 58, 
8568. 

[16] (a) Ding, H.-L.; Wang, Z.-B.; Bai, S.-L.; Lu, P.; Wang, Y.-G. Org. 
Lett. 2017, 19, 6514.  
(b) Sheng, G.-R.; Ma, S.-C.; Bai, S.-L.; Qian, J.; Huang, K.; Lang, 
B.; Lu, P.; Wang, Y.-G. Tetrahedron 2018, 74, 2151.  
(c) Gao, K.; Kou, L.-Y.; Fu, R.; Bao, X.-G. Adv. Synth. Catal. 2020, 
362, 1292.  
(d) Fu, R.; Kou, L.-Y.; Zhou, S.-F.; Bao, X.-G. Chin. J. Chem. 2021, 
39, 1565.  
(e) Zhang, W.-D.; Wei, S.-Q.; Qu, J.-P.; Wang, B.-M. Org. Biomol. 
Chem. 2021, 19, 4992.  
(f) Zhang, W.-D.; Nawaz, S.; Huang, Y.; Gong, W.-J.; Wei, X.-F.; 
Qu, J.-P.; Wang, B.-M. Org. Biomol. Chem. 2021, 19, 10215. 

(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


