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碘促进苯乙酮与 2-(芳基乙烯基)苯胺反应合成 2-酰基喹啉 

杜兴鹏    张  玺    候  飞    刘小军    王喜存*    权正军* 

(西北师范大学化学化工学院  兰州 730070) 

摘要  报道了碘存在下 2-(芳基乙烯基)苯胺和苯乙酮通过环化反应得到 2-酰基喹啉的合成方法, 该法反应条件温和、

无需金属催化剂的存在, 底物适用范围广, 产率良好或适中, 为多样化 2-酰基喹啉衍生物的合成提供了一种有效途径.  
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Iodine-Mediated Synthesis of 2-Acylquinoline from  
Acetophenone and 2-(Arylvinyl)aniline 

Du, Xingpeng    Zhang, Xi    Hou, Fei    Liu, Xiaojun     

Wang, Xicun*    Quan, Zhengjun* 
(College of Chemistry and Chemical Engineering, Northwest Normal University, Lanzhou 730070) 

Abstract  The cyclization reaction between 2-(arylvinyl)aniline and acetophenone in presence of iodine was reported, which 
offered an efficient and cost effective strategy to generate 2-acylquinoline derivatives under mild and metal-free conditions. 
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1  Introduction 

The quinoline skeleton is a common structural unit 
mainly found in various natural compounds and has excel-
lent pharmacological activity and biological activity, espe-
cially in anticancer drugs.[1] Furthermore, in terms of or-
ganic synthesis, the quinoline ring is of great importance as 
a guiding group and some common ligands.[2] Because of 
its prominence in the field of chemistry, it is still a chal-
lenging research hotspot to develop convenient, efficient 
and green synthetic methods for the preparation of quino-
line and its derivatives.[3] 

Based on the efforts made in quinoline, many classical 
cases have been developed in the past decades, such as the 
synthesis of doebner-vonmiller,[4] combes[5] and povarov-
reaction[6]. Recently, Li et al.[7] reported that the highly 
substituted quinoline product was obtained by oxidative 
tandem cyclization of α-(N-arylamino)carbonyl com-
pounds with aryl olefins under the action of copper. Jiang 
group[8] reported a new approach that 2,3-disubstituted 
quinoline was obtained by Pd-catalyzed oxidative cycliza-
tion of o-vinylanilines and alkynes containing molecular 
oxygen. Ma et al.[9] have developed the ruthenium-cata- 

lyzed construction of quinoline from 2-alkenylaniline and 
sulfoxonium ylide. Although many synthetic methods of 
quinoline have been reported, it is deficient because raw 
material preparation is relatively complicated[10]. Recently, 
Wu group[11] reported the non-metal promoted synthesis of 
quinoline derivatives from alkenes and aryl amines in the 
presence of iodine. The development of non-metals pro-
motes the synthesis of quinoline rings with great potential. 
These cases need to be further enriched and expanded. Our 
group is interested in the preparation of some N-hetero- 
cycle derivatives using 2-(arylvinyl)aniline.[12] Owing to its 
potential ability to synthesize heterocyclic compounds,[13] 
we have developed an important substructure of 2-acyl- 
quinoline route which directly obtained from 2-(arylvinyl)- 
aniline and acetophenone mediated by iodine. 

2  Results and discussion 

Initially, the reaction conditions of 4-methylacetophe- 
none (1a) and 2-(1-phenylvinyl) aniline (2a) were screened 
in dimethyl sulfoxide (DMSO) at 80 ℃ (Table 1). When 
2,3-dichloro-5,6-dicyanobenzoquinone (DDQ), K2S2O8, 
and H2O2 were used as oxidants, the target product was not 
obtained (Entries 1～3). Subsequently, when 0.5 equiv. of 
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I2 was used as the oxidant, the target product 3a was 
achieved in 47% yield (Entry 5). Then the amount of I2 
was explored, and it was found that when I2 increased to 
1.5 or 2 equiv., the target product 3a can be obtained in 
yields of 76% and 80% (Entries 7, 8). Taking into account 
the economic benefits and green policy, 1.5 equiv. of I2 
was chosen as the best quantity (Entry 7). The screening of 
temperature suggested that 80 ℃ was the best choice for 
the transformation. Next, some reaction solvents were 
screen- ed. It was found that DMSO was the most excellent 
solvent. The reaction did not occur smoothly in other sol-
vents, such as CH3CN, 1,4-dioxane, N,N-dimethylfor- 
mamide (DMF) (Entries 11～13). When bases were added 
into the reaction system, the target product was not ob-
tained (Entries 14～17). Finally, when DMSO (2 equiv.) 
was used as the additive and CH3CN as solvent, the target 
product was not obtained under standard conditions. At the 
same time, other iodine sources were optimized. It was 
found that the target product could not be obtained (Entries 
20～22). Thus, the optimal conditions were got. When 
DMSO was used as solvent, I2 was used an oxidant, the 
compound 3a was isolated in yield of 76% by reacting for 
12 h at 80 ℃ (Table 1, Entry 7). 

Table 1  Optimized reaction conditionsa 

 

Entry Oxidant (equiv.) T/℃ Solvent Base Yieldb

1 DDQ (1.0) 80 DMSO — Trace
2 K2S2O8 (1.0) 80 DMSO — Trace
3 H2O2 (1.0) 80 DMSO — Trace
4 I2 (0.2) 80 DMSO — Trace
5 I2 (0.5) 80 DMSO — 47%
6 I2 (1.0) 80 DMSO — 63%
7 I2 (1.5) 80 DMSO — 76%
8 I2 (2.0) 80 DMSO — 80%
9 I2 (1.5) 60 DMSO — 67%
10 I2 (1.5) 40 DMSO — 52%
11 I2 (1.5) 80 Dioxane — Trace
12 I2 (1.5) 80 DMF — Trace
13 I2 (1.5) 80 CH3CN — Trace
14 I2 (1.5) 80 DMSO Cs2CO3 Trace
15 I2 (1.5) 80 DMSO KOH Trace
16 I2 (1.5) 80 DMSO K2CO3 Trace
17 I2 (1.5) 80 DMSO t-BuONa Trace
18c I2 (1.5) 80 CH3CN — N.R.
19 I2 (1.5) 100 DMSO — 78%
20 KI (1.5) 80 DMSO — NR
21 NH4I (1.5) 80 DMSO — NR
22 NaI (1.5) 80 DMSO — NR

a Reaction conditions: 1a (0.12 mmol), 2a (0.1 mmol), I2 (1.5 equiv.), DMSO 
(2 mL), 80 ℃, 12 h. b Isolated yields. c DMSO (2 equiv.), CH3CN (2 mL). 

With the optimized conditions in hand, the scope of the 

reaction was explored (Table 2). The result shows that a 
wide range of acetophenones and 2-(arylvinyl)anilines are 
effective substrates in this system. When the para-substi- 
tuted acetophenone is electron-donating group or elec-
tron-withdrawing group, the corresponding target product 
can be obtained in a superior yield. Fortunately, the sub-
strate that contains electron-rich group [N(CH3)2] or elec-
tron-withdrawing group (NO2) can obtain the target prod-
uct (3l and 3k) in 70% and 61% yields. Similarly, ortho- 
and meta-substituted acetophenones have also successfully 
provided quinoline products with excellent yields. It is 
noteworthy that 1-naphthylethyl ketone and 2-acetylfuran 
also obtain the target products in moderate yields (3m, 3n). 
Under the standard reaction conditions, the substrate con-
taining OH is compatible, and the target product (3x) is 
obtained in 53% yield. For 2-(1-arylvinyl)aniline, the elec-
tron-donating group (CH3, OMe, Et) (3c, 3p, 3q) or elec-
tron-withdrawing group (Cl) (3y～3ab) can obtain the tar-
get production in moderate to good yield. All in all, the 
position of substituents does not affect the yield. When 
2-(1-arylvinyl)aniline is disubstituted, the target products 
can also be obtained in moderate yields (3ad～3ag). Due 
to some target products contain halogens and other active 
sites, we can continue to further studies[14], such as Heck 
and Suzuki coupling reactions and so on. 

To verify the possible mechanisms, a series of controlled 
experiments have been done (Scheme 1). Firstly, aryl me-
thyl ketone (1a, 1.0 mmol) and I2 (1.5 mmol) were heated 
in DMSO at 80 ℃ to provide phenylglyoxal 1b and cor-
responding hydrate 1c (Scheme 1a). When acetophenone 
was replaced by iodoacetophenone 1d under the standard 
conditions, the target product 3c was obtained by reacting 
with 2a, and the yield was 78% (Scheme 1b). These results 
confirm that benzoyl iodide and phenylglyoxal are inter-
mediates of the reaction. Next, intermediate 1c also ob-
tained the target product in 80% yield under standard con-
ditions (Scheme 1c), and the target product was not ob-
tained without I2. What’s more, the free radical inhibitor 
2,2,6,6-tetramethylpiperidinooxy (TEMPO) was added to 
obtain the target product (3c) in 67% yield under standard 
conditions, which proved that the reaction was not a free 
radical process (Scheme 1d). In addition, 3c was obtained 
in good yield under argon atmosphere (Scheme 1e). This 
result shows that the oxidation process is carried out under 
the promotion of iodine. In summary, I2 plays a vital role 
in this reaction. 

Based on our experimental studies and related literature[15] 
reported, we proposed a reasonable reaction mechanism in 
Scheme 2. Acetophenone is converted to phenylglyoxal by 
iodization/Kornblum oxidation sequence, meanwhile HI 
and DMS are released. The obtained aldehyde 1b reacts 
with amine 2a to obtain the corresponding imine B. Inter-
mediate B reacts with HI to form intermediate C, then in-
termediate C is cyclized intramolecularly to form interme-
diate D. Finally, the intermediate D is deprotonated to ob-
tain E. By aromatization of E under the action of iodine 
obtain the final product 3d. 
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Table 2  Scope of 2-acylquinolines of vinyl anilines with acetophenone 
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3  Conclusions 

In summary, we have developed an iodine-mediated 
strategy for the synthesis of aryl (4-arylquinolin-2-yl) ke-
tone. In this reaction system, without metal participation 
and additional additives, the quinoline derivatives are syn-
thesized easily, efficiently, and have good substrates toler-
ance. This method not only enriches the non-metal libraries 
involved in the synthesis of quinoline derivatives but also 
explores the cyclization potential of vinyl aniline. 

4  Experimental 

4.1  General information 

Unless otherwise noted, all commercially available 
compounds were used as provided without further purifi-
cation. 1H NMR and 13C NMR analyses were performed on 
a Varian Mercury plus-400 and Agilent 600 MHz DD2 
instruments with CDCl3 and DMSO-d6 as solvent and tet-
ramethylsilane (TMS) as the internal standard. Flash 
chromatography was performed using 200～300 mesh 
silica gel with the indicated solvent system according to 
standard techniques. Analytical thin-layer chromatography 
(TLC) was performed on pre-coated, glass-backed silica 
gel plates. Melting points were measured with an XT-4 
apparatus. High-resolution mass spectra (HRMS) (ESI) 
were obtained with a 6502B Q-TOF mass spectrometer. 
Column chromatography was performed generally on sili-
ca gel (200～300 mesh) and TLC analyses were conducted 
on silica gel GF254 plates. All reagents were used directly 
without any further purification unless otherwise specified. 

4.2  General procedure 

A sealed tube was charged with acetophenone (1a) (0.12 
mmol) and iodine (0.15 mmol) at room temperature, and 
DMSO (2 mL) was added. The resulting mixture was 
stirred at 80 ℃ after disappearance of the reactant (moni-
tored by TLC), then 4-methyl-2-(1-phenylvinyl)aniline 
(2a) (0.1 mmol) was added at 80 ℃ for another 12 h. Af-
ter the reaction completed, 40 mL of water was added to 
the mixture, and then the mixture was extracted with 
EtOAc (40 mL×3). The extract was washed with 10% 
Na2S2O3 solution, dried over wanhydrous Na2SO4 and 
evaporated. The residue was purified by column chroma-
tography on silica gel [V(petroleum ether)∶V(EtOAc)＝
20∶1] to yield the desired product 3c as yellow solid (26.5 
mg, 82% yield). 

(4-Phenylquinolin-2-yl)(p-tolyl)methanone (3a): 24.6 
mg, 76% yield. Yellow solid, m.p. 92～94 ℃; 1H NMR 
(600 MHz, CDCl3) δ: 8.27 (d, J＝8.4 Hz, 1H), 8.18 (d, J＝
8.4 Hz, 2H), 8.02 (s, 1H), 8.01 (d, J＝8.4 Hz, 1H), 7.80～
7.76 (m, 1H), 7.62～7.58 (m, 1H), 7.58～7.49 (m, 5H), 
7.33 (d, J＝7.8 Hz, 2H), 2.46 (s, 3H); 13C NMR (150 MHz, 
CDCl3) δ: 193.55, 154.62, 149.55, 147.33, 143.98, 137.70, 
133.56, 131.61, 130.91, 129.80, 129.58, 128.91, 128.64, 
128.62, 128.29, 127.36, 125.78, 120.96, 21.78; HRMS 
(ESI) calcd for C23H18NO [M＋H]＋  324.1383, found 
324.1384. 

(4-Phenylquinolin-2-yl)(m-tolyl)methanone (3b): 23.9 
mg, 74% yield. Yellow solid, m.p. 72～74 ℃; 1H NMR 
(600 MHz, CDCl3) δ: 8.27 (d, J＝8.4 Hz, 1H), 8.05～7.99 
(m, 4H), 7.80～7.77 (m, 1H), 7.63～7.59 (m, 1H), 7.58～
7.51 (m, 5H), 7.44 (d, J＝7.2 Hz, 1H), 7.40 (t, J＝7.8 Hz, 
1H), 2.45 (s, 3H); 13C NMR (150 MHz, CDCl3) δ: 194.23, 
154.47, 149.59, 147.34, 137.95, 137.68, 136.15, 133.89, 
131.68, 130.94, 129.82, 129.58, 128.84, 128.64, 128.34, 
128.00, 127.40, 125.79, 120.92, 21.41; HRMS (ESI) calcd 
for C23H18NO [M＋H]＋ 324.1383, found 324.1386. 

(6-Methyl-4-phenylquinolin-2-yl)(phenyl)methanone  
(3c): 26.5 mg, 82% yield. Yellow solid, m.p. 133～135 ℃ 
(lit.[11d] 125～128 ℃); 1H NMR (600 MHz, CDCl3) δ: 
8.26 (d, J＝7.8 Hz, 2H), 8.15 (d, J＝8.4 Hz, 1H), 8.02 (s, 
1H), 7.74 (s, 1H), 7.64～7.60 (m, 2H), 7.56 (d, J＝4.2 Hz, 
4H), 7.52 (t, J＝7.8 Hz, 3H), 2.51 (s, 3H); 13C NMR (150 
MHz, CDCl3) δ: 193.89, 153.41, 148.78, 145.92, 138.79, 
137.90, 136.34, 132.90, 132.13, 131.44, 130.66, 129.54, 
128.61, 128.50, 128.08, 127.44, 124.50, 121.06, 22.00; 
HRMS (ESI) calcd for C23H18NO [M＋H]＋ 324.1383, 
found 324.1385. 

(6-Methyl-4-phenylquinolin-2-yl)(p-tolyl)methanone  
(3d): 25.3 mg, 75% yield. Yellow solid, m.p. 124～126 ℃ 
(lit.[11d] 113～115 ℃); 1H NMR (600 MHz, CDCl3) δ: 
8.18 (d, J＝7.8 Hz, 2H), 8.16 (d, J＝9.0 Hz, 1H), 7.99 (s, 
1H), 7.74 (s, 1H), 7.61 (dd, J＝8.4, 1.8 Hz, 1H), 7.56～
7.49 (m, 5H), 7.32 (d, J＝7.8 Hz, 2H), 2.51 (s, 3H), 2.46 
(s, 3H); 13C NMR (150 MHz, CDCl3) δ: 193.57 , 153.76, 
148.71, 145.91, 143.80, 138.64, 137.94, 133.73, 132.08, 
131.59, 130.63, 129.54, 128.85, 128.60 ,128.48, 127.38, 
124.49, 121.09, 21.99, 21.74; HRMS (ESI) calcd for 
C24H20NO [M＋H]＋ 338.1539, found 338.1534. 

(6-Methyl-4-phenylquinolin-2-yl)(m-tolyl)methanone  
(3e): 24.6 mg, 73% yield. Yellow solid, m.p. 114～
116 ℃; 1H NMR (600 MHz, CDCl3) δ: 8.16 (d, J＝8.4 
Hz, 1H), 8.06～8.03 (m, 2H), 8.00 (s, 1H), 7.75 (s, 1H), 
7.62 (dd, J＝8.4, 1.8 Hz, 1H), 7.56 (s, 2H), 7.56 (d, J＝1.2 
Hz, 2H), 7.53～7.50 (m, 1H), 7.45～7.42 (m, 1H), 7.40 (t, 
J＝7.8 Hz, 1H), 2.51 (s, 3H), 2.45 (s, 3H); 13C NMR (150 
MHz, CDCl3) δ: 194.22, 153.63, 148.73, 145.95, 138.71, 
137.93, 137.86, 136.37, 133.73, 132.10, 131.67, 130.68, 
129.54, 128.82, 128.61, 128.49, 127.94, 127.42, 124.50, 
121.05, 21.99, 21.39; HRMS (ESI) calcd for C24H20NO  
[M＋H]＋ 338.1539, found 338.1534. 

(4-Methoxyphenyl)(6-methyl-4-phenylquinolin-2-yl)- 
methanone (3f): 27.9 mg, 79% yield. Yellow solid, m.p. 
131～133 ℃ (lit.[11d] 127～129 ℃); 1H NMR (400 MHz, 
CDCl3) δ: 8.33 (d, J＝8.4 Hz, 2H), 8.17 (d, J＝8.4 Hz, 
1H), 7.99 (s, 1H), 7.76 (s, 1H), 7.62 (dd, J＝8.4, 2.0 Hz, 
1H), 7.57～7.50 (m, 5H), 7.01 (d, J＝8.4 Hz, 2H), 3.90 (s, 
3H), 2.51 (s, 3H); 13C NMR (150MHz, CDCl3) δ: 192.31, 
163.65, 154.08, 148.71, 145.84, 138.57, 137.94, 133.92, 
132.11, 130.55, 129.56, 129.12, 128.62, 128.50, 127.30, 
124.51, 121.18, 113.50, 55.48, 22.00; HRMS (ESI) calcd 
for C24H20NO2 [M＋H]＋ 354.1489, found 354.1490. 

(4-Bromophenyl)(6-methyl-4-phenylquinolin-2-yl)- 
methanone (3g): 28.5 mg, 71% yield. Yellow solid, m.p. 
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179～180 ℃ (lit.[11d] 169～72 ℃); 1H NMR (600 MHz, 
CDCl3) δ: 8.18 (d, J＝8.4 Hz, 2H), 8.13 (d, J＝8.4 Hz, 
1H), 8.03 (s, 1H), 7.74 (s, 1H), 7.66 (d, J＝8.4 Hz, 2H), 
7.62 (dd, J＝8.4, 1.8 Hz, 1H), 7.58～7.50 (m, 5H), 2.51 (s, 
3H); 13C NMR (100 MHz, CDCl3) δ: 192.70, 152.82, 
148.96, 145.84, 139.10, 137.76, 135.09, 133.02, 132.29, 
131.38, 130.60, 129.51, 128.65, 128.58, 128.21, 127.53, 
124.54, 120.98, 22.05; HRMS (ESI) calcd for C23H17BrNO 
[M＋H]＋ 402.0488, found 402.0485. 

(3-Bromophenyl)(6-methyl-4-phenylquinolin-2-yl)- 
methanone (3h): 28.1 mg, 70% yield. Yellow solid, m.p. 
153～154 ℃; 1H NMR (600 MHz, CDCl3) δ: 8.45 (t, J＝
1.8 Hz, 1H), 8.23 (dt, J＝7.8, 1.2 Hz, 1H), 8.15 (d, J＝8.4 
Hz, 1H), 8.05 (s, 1H), 7.75～7.73 (m, 2H), 7.63 (dd, J＝
9.0, 2.4 Hz, 1H), 7.56～7.52(m, 5H), 7.39 (t, J＝7.8Hz, 
1H), 2.51 (s, 3H); 13C NMR (150 MHz, CDCl3) δ: 192.17, 
152.64, 148.99, 145.91, 139.16, 138.23, 137.78, 135.58, 
134.30, 132.29, 130.72, 130.02, 129.58, 129.51, 128.65, 
128.58, 127.59, 124.54, 122.25, 120.92, 22.03; HRMS 
(ESI) calcd for C23H17BrNO [M＋H]＋ 402.0488, found 
402.0485. 

(2-Bromophenyl)(6-methyl-4-phenylquinolin-2-yl)- 
methanone (3i): 26.9 mg, 67% yield. Yellow solid, m.p. 
145～147 ℃; 1H NMR (600 MHz, CDCl3) δ: 8.13 (s, 1H), 
8.03 (d, J＝9.0 Hz, 1H), 7.73 (s, 1H), 7.66 (dd, J＝8.4, 1.2 
Hz, 1H), 7.59 (dd, J＝7.2, 1.2 Hz, 1H), 7.57 (d, J＝1.8 Hz, 
1H), 7.56 (d, J＝4.2 Hz, 4H), 7.54～7.50 (m, 1H), 7.47～
7.43 (m, 1H), 7.40～7.36 (m, 1H), 2.49 (s, 3H); 13C NMR 
(150 MHz, CDCl3) δ: 196.09, 151.73, 148.76, 146.48, 
140.43, 139.33, 137.88, 133.00, 132.07, 131.30, 131.04, 
130.44, 129.56, 128.62, 128.53, 127.85, 126.81, 124.49, 
120.59, 120.11, 22.03; HRMS (ESI) calcd for C23H17BrNO 
[M＋H]＋, 402.0488, found 402.0484. 

(4-Iodophenyl)(6-methyl-4-phenylquinolin-2-yl)- 
methanone (3j): 26.5 mg, 66% yield. Yellow solid, m.p. 
174～176 ℃; 1H NMR (600 MHz, CDCl3) δ: 8.13 (d, J＝
8.4 Hz, 1H), 8.03 (s, 1H), 8.01 (d, J＝8.4 Hz, 2H), 7.89 (d, 
J＝8.4 Hz, 2H), 7.74 (s, 1H), 7.62 (dd, J＝8.4, 1.8 Hz, 
1H), 7.58～7.50 (m, 5H), 2.51 (s, 3H); 13C NMR (150 
MHz, CDCl3) δ: 192.93, 152.84, 148.94, 145.88, 139.05, 
137.81, 137.36, 135.72, 132.86, 132.25, 130.63, 129.50, 
128.63, 128.55, 127.55, 124.54, 120.94, 101.01, 22.01; 
HRMS (ESI) calcd for C23H17INO [M＋H]＋ 450.0349, 
found 450.0353. 

(6-Methyl-4-phenylquinolin-2-yl)(4-nitrophenyl)- 
methanone (3k): 22.6 mg, 61% yield. Yellow solid, m.p. 
174～176 ℃ (lit.[11d] 157～160 ℃); 1H NMR (600 MHz, 
CDCl3) δ: 8.44 (d, J＝9.0 Hz, 2H), 8.36 (d, J＝9.0 Hz, 
2H), 8.13 (s, 1H), 8.11 (d, J＝8.4 Hz, 1H), 7.76 (s, 1H), 
7.64 (dd, J＝9.0, 1.8 Hz, 1H), 7.59～7.51 (m, 5H), 2.52 (s, 
4H); 13C NMR (150 MHz, CDCl3) δ: 192.02, 151.90, 
149.96, 149.22, 145.95, 141.71, 139.64, 137.64, 132.48, 
132.30, 130.67, 129.48, 128.70, 128.69, 127.78, 124.62, 
123.02, 120.73, 22.06; HRMS (ESI) calcd for C23H17N2O3 
[M＋H]＋ 369.1234, found 369.1239. 

(4-(Dimethylamino)phenyl)(6-methyl-4-phenylquinolin- 
2-yl)methanone (3l): 25.6 mg, 70% yield. Yellow solid, 

m.p. 145～147 ℃; 1H NMR (400 MHz, CDCl3) δ: 8.25 
(d, J＝8.8 Hz, 2H), 8.18 (d, J＝8.8 Hz, 1H), 7.92 (s, 1H), 
7.74 (s, 1H), 7.61 (dd, J＝8.8, 2.0 Hz, 1H), 7.57～7.52 (m, 
5H), 6.72 (d, J＝9.2 Hz, 2H), 3.09 (s, 6H), 2.51 (s, 3H); 
13C NMR (150 MHz, CDCl3) δ: 191.79, 155.26, 153.63, 
148.43, 145.84, 138.10, 138.01, 133.81, 131.87, 130.46, 
129.57, 128.55, 128.36, 127.07, 124.45, 123.85, 121.30, 
110.60, 40.03, 21.96; HRMS (ESI) calcd for C25H22N2O 
[M＋H]＋ 367.1805, found 367.1803. 

(6-Methyl-4-phenylquinolin-2-yl)(naphthalen-1-yl)- 
methanone (3m): 20.9 mg, 56% yield. Yellow solid, m.p. 
154～156 ℃; 1H NMR (400 MHz, CDCl3) δ: 8.50～8.46 
(m, 1H), 8.18 (s, 1H), 8.07 (d, J＝8.8 Hz, 2H), 7.96～7.93 
(m, 2H), 7.78 (s, 1H), 7.60～7.52 (m, 9H), 2.51 (s, 3H). 
13C NMR (150 MHz, CDCl3) δ: 196.74, 153.95, 148.73, 
146.31, 139.03, 137.93, 134.47, 133.93, 132.32, 132.15, 
131.62, 131.14, 130.91, 129.59, 128.66, 128.56, 128.43, 
127.61, 127.49, 126.24, 125.97, 124.48, 124.13, 121.00, 
22.05; HRMS (ESI) calcd for C27H20NO [M ＋ H] ＋ 
374.1539, found 374.1542. 

(Furan-2-yl)(6-methyl-4-phenylquinolin-2-yl)methanone 
(3n): 21.0 mg, 67% yield. Yellow solid, m.p. 137～139 ℃ 
(lit.[11d] 135～138 ℃); 1H NMR (400 MHz, CDCl3) δ: 
8.32 (dd, J＝3.6, 1.2 Hz, 1H), 8.19 (d, J＝8.8Hz, 1H), 8.16 
(s, 1H), 7.79 (dd, J＝1.6, 0.8 Hz, 1H), 7.74 (s, 1H), 7.64 
(dd, J＝8.8, 2.0 Hz, 1H), 7.57～7.48 (m, 5H), 6.68 (dd,   
J＝3.6, 1.6 Hz, 1H), 2.51 (s, 3H); 13C NMR (150 MHz, 
CDCl3) δ: 179.49, 152.22, 151.26, 148.77, 147.70, 146.15, 
139.02, 137.80, 132.22, 130.55, 129.54, 128.61, 128.53, 
127.80, 124.62, 120.23, 112.47, 22.04; HRMS (ESI) calcd 
for C21H16NO2 [M＋H]＋ 314.1176, found 314.1180. 

(8-Methyl-4-phenylquinolin-2-yl)(p-tolyl)methanone  
(3o): 24.6 mg, 73% yield. Yellow solid, m.p. 114～
116 ℃; 1H NMR (400 MHz, CDCl3) δ: 8.36 (d, J＝8.0 
Hz, 2H), 8.14 (s, 1H), 7.86 (d, J＝8.4 Hz, 1H), 7.65 (d, J＝
7.2 Hz, 1H), 7.58～7.48 (m, 6H), 7.36 (d, J＝8.0 Hz, 2H), 
2.87 (s, 3H), 2.50 (s, 3H); 13C NMR (150 MHz, CDCl3) δ: 
193.10, 152.85, 149.66, 146.38, 143.55, 139.04, 138.21, 
133.94, 131.90, 129.87, 129.63, 128.65, 128.54, 128.44, 
128.08, 127.44, 123.67, 120.68, 21.76, 18.47; HRMS (ESI) 
calcd for C24H20NO [M＋H]＋ 338.1539, found 338.1543. 

(6-Ethyl-4-phenylquinolin-2-yl)(p-tolyl)methanone (3p): 
26.7 mg, 76% yield. Yellow solid, m.p. 125～127 ℃; 1H 
NMR (400 MHz, CDCl3) δ: 8.19 (dd, J＝8.8, 5.6 Hz, 3H), 
8.01 (s, 1H), 7.78 (s, 1H), 7.66 (dd, J＝8.8, 2.0 Hz, 1H), 
7.60～7.51 (m, 5H), 7.33 (d, J＝7.9 Hz, 2H), 2.81 (q, J＝
7.8 Hz, 2H), 2.46 (s, 3H), 1.29 (t, J＝7.8 Hz, 3H); 13C 
NMR (100 MHz, CDCl3) δ: 193.90, 154.03, 149.11, 
146.36, 145.11, 144.11, 138.19, 133.93, 131.87, 131.23, 
131.05, 129.82, 129.13, 128.88, 128.76, 127.65, 123.57, 
121.37, 29.54, 22.03, 15.74; HRMS (ESI) calcd for 
C25H22NO [M＋H]＋ 352.1696, found 352.1698. 

(6-Methoxy-4-phenylquinolin-2-yl)(phenyl)methanone  
(3q): 26.5 mg, 78% yield. Yellow solid, m.p. 146～148 ℃ 
(lit.[11d] 144～146 ℃); 1H NMR (400 MHz, CDCl3) δ: 
8.28～8.25 (m, 2H), 8.16 (d, J＝9.2 Hz, 1H), 8.05 (s, 1H), 
7.63～7.50 (m, 8H), 7.44 (dd, J＝9.2, 2.8 Hz, 1H), 7.27 (d, 
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J＝2.8 Hz, 1H), 3.83 (s, 3H); 13C NMR (150 MHz, CDCl3) 
δ: 193.74, 159.51, 151.97, 147.92, 143.38, 138.03, 136.51, 
132.77, 132.51, 131.42, 129.31, 128.80, 128.73, 128.54, 
128.03, 122.48, 121.47, 103.56, 55.53; HRMS (ESI) calcd 
for C23H18NO2 [M＋H]＋ 340.1332, found 340.1336. 

(6-Methoxy-4-phenylquinolin-2-yl)(p-tolyl)methanone  
(3r): 28.3 mg, 80% yield. Yellow solid, m.p. 143～
145 ℃; 1H NMR (600 MHz, CDCl3) δ: 8.18 (d, J＝7.8 
Hz, 2H), 8.15 (d, J＝9.0 Hz, 1H), 8.02 (s, 1H), 7.59～7.48 
(m, 5H), 7.42 (dd, J＝9.0, 3.0 Hz, 1H), 7.32 (d, J＝7.8 Hz, 
2H), 7.26 (d, J＝3.0 Hz, 1H), 3.82 (s, 3H), 2.45 (s, 3H); 
13C NMR (150 MHz, CDCl3) δ: 193.40, 159.42, 152.31, 
147.84, 143.65, 143.37, 138.07, 133.87, 132.48, 131.58, 
129.32, 128.81, 128.72, 128.52, 122.41, 121.50, 103.56, 
55.51, 21.73; HRMS (ESI) calcd for C24H20NO2 [M＋H]＋ 
354.1489, found 354.1485. 

(6-Methoxy-4-phenylquinolin-2-yl)(m-tolyl)methanone  
(3s): 26.9 mg, 76% yield. Yellow solid, m.p. 116～
118 ℃; 1H NMR (600 MHz, CDCl3) δ: 8.16 (d, J＝9.6 
Hz, 1H), 8.05～8.03 (m, 2H), 8.02 (s, 1H), 7.59～7.53 (m, 
4H), 7.52～7.48 (m, 1H), 7.43 (dd, J＝9.0, 3.0 Hz, 2H), 
7.39 (t, J＝7.8 Hz, 1H), 7.26 (d, J＝3.0 Hz, 1H), 3.82 (s, 
3H), 2.44 (s, 3H); 13C NMR (150 MHz, CDCl3) δ: 194.13, 
159.47, 152.13, 147.87, 143.39, 138.03, 137.85, 136.48, 
133.65, 132.52, 131.65, 129.33, 128.81, 128.76, 128.74, 
128.55, 127.91, 122.48, 121.49, 103.52, 55.53, 21.42. 
HRMS (ESI) calcd for C24H20NO2 [M＋H]＋ 354.1489, 
found 354.1491. 

(4-Bromophenyl)(6-methoxy-4-phenylquinolin-2-yl)- 
methanone (3t): 33.0 mg, 79% yield. Yellow solid, m.p. 
184～186 ℃; 1H NMR (600 MHz, CDCl3) δ: 8.18 (d, J＝
8.4 Hz, 2H), 8.13 (d, J＝9.0 Hz, 1H), 8.06 (s, 1H), 7.66 (d, 
J＝8.4 Hz, 2H), 7.58～7.50 (m, 5H), 7.43 (dd, J＝9.0, 3.0 
Hz, 1H), 7.26 (d, J＝3.0 Hz, 1H), 3.82 (s, 3H); 13C NMR 
(150 MHz, CDCl3) δ: 192.51, 159.67, 151.41, 148.06, 
143.31, 137.91, 135.27, 133.00, 132.47, 131.32, 129.29, 
128.93 , 128.76, 128.61, 128.05, 122.65, 121.39, 103.54, 
55.55; HRMS (ESI) calcd for C23H17BrNO2 [M＋H]＋ 
418.0437, found 418.0436. 

(3-Bromophenyl)(6-methoxy-4-phenylquinolin-2-yl)- 
methanone (3u): 30.9 mg, 74% yield. Yellow solid, m.p. 
125～127 ℃; 1H NMR (600 MHz, CDCl3) δ: 8.44 (t, J＝
1.8 Hz, 1H), 8.21 (dt, J＝7.8, 1.8 Hz, 1H), 8.14 (d, J＝9.6 
Hz, 1H), 8.06 (s, 1H), 7.74～7.71 (m, 1H), 7.58～7.49 (m, 
5H), 7.43 (dd, J＝9.0, 3.0 Hz, 1H), 7.39 (t, J＝7.8 Hz, 
1H), 7.26 (d, J＝3.0 Hz, 1H), 3.82 (s, 3H); 13C NMR (150 
MHz, CDCl3) δ: 192.05, 159.75, 151.16, 148.08, 143.35, 
138.35, 137.89, 135.48, 134.28, 132.56, 130.02, 129.57, 
129.30, 128.99, 128.78, 128.64, 122.69, 122.21, 121.35, 
103.53, 55.56; HRMS (ESI) calcd for C23H17BrNO2 [M＋
H]＋ 418.0437, found 418.0436. 

(2-Bromophenyl)(6-methoxy-4-phenylquinolin-2-yl)- 
methanone (3v): 27.5 mg, 66% yield. Yellow solid, m.p. 
124～126 ℃; 1H NMR (600 MHz, CDCl3) δ: 8.13 (s, 1H), 
8.03 (d, J＝9.0 Hz, 1H), 7.65 (dd, J＝7.8, 1.2 Hz, 1H), 
7.59～7.49 (m, 6H), 7.46～7.42 (m, 1H), 7.39～7.35 (m, 
2H), 7.24 (d, J＝2.4 Hz, 1H), 3.80 (s, 3H); 13C NMR (150 

MHz, CDCl3) δ: 195.96, 159.89, 150.30, 147.85, 143.95, 
140.51, 137.97, 132.98, 132.91, 131.23, 130.35, 129.34, 
129.28, 128.76, 128.60, 126.81, 122.51, 120.55, 120.53, 
103.49, 55.53; HRMS (ESI) calcd for C23H17BrNO2 [M＋
H]＋ 418.0437, found 418.0439. 

(4-Iodophenyl)(6-methoxy-4-phenylquinolin-2-yl)- 
methanone (3w): 29.3 mg, 63% yield. Yellow solid, m.p. 
182～184 ℃; 1H NMR (600 MHz, CDCl3) δ: 8.12 (d, J＝
9.0 Hz, 1H), 8.05 (s, 1H), 8.01 (d, J＝8.4 Hz, 2H), 7.88 (d, 
J＝8.4 Hz, 2H), 7.56 (s, 2H), 7.55 (d, J＝4.2 Hz, 2H), 
7.54～7.49 (m, 2H), 7.43 (dd, J＝9.0, 3.0 Hz, 1H), 3.82 (s, 
3H); 13C NMR (150 MHz, CDCl3) δ: 192.83, 159.67, 
151.37, 148.05, 143.32, 137.91, 137.33, 135.83, 132.87, 
132.48, 129.29, 128.94, 128.77, 128.62, 122.66, 121.38, 
103.54, 100.92, 55.56; HRMS (ESI) calcd for C23H17INO2 
[M＋H]＋ 466.0298, found 466.0296. 

(4-Hydroxyphenyl)(6-methoxy-4-phenylquinolin-2-yl)- 
methanone (3x): 18.8 mg, 53% yield. Yellow solid, m.p. 
99～101 ℃; 1H NMR (600 MHz, CDCl3) δ: 8.17 (d, J＝
9.0 Hz, 1H), 8.09 (d, J＝9.0 Hz, 2H), 7.94 (s, 1H), 7.58～
7.47 (m, 5H), 7.43 (dd, J＝9.0, 3.0 Hz, 1H), 7.26 (d, J＝
3.0 Hz, 1H), 6.86 (d, J＝8.4 Hz, 2H), 3.81 (s, 3H), 2.05 (s, 
1H); 13C NMR (100 MHz, CDCl3) δ: 193.14, 161.38, 
159.58, 153.01, 148.62, 143.25, 138.07, 134.16, 131.93, 
129.55, 129.02, 128.99, 128.90, 128.85, 123.08, 121.90, 
115.81, 103.88, 55.80; HRMS (ESI) calcd for C23H18NO3 
[M＋H]＋ 356.1281, found 356.1286. 

(6-Chloro-4-phenylquinolin-2-yl)(p-tolyl)methanone  
(3y): 24.7 mg, 69% yield. Yellow solid, m.p. 120～
122 ℃; 1H NMR (600 MHz, CDCl3) δ: 8.19 (d, J＝9.0 
Hz, 1H), 8.16 (d, J＝8.4 Hz, 2H), 8.04 (s, 1H), 7.96 (d, J＝
2.4 Hz, 1H), 7.71 (dd, J＝9.0, 1.8 Hz, 1H), 7.59～7.51 (m, 
5H), 7.32 (d, J＝7.8 Hz, 2H), 2.46 (s, 3H); 13C NMR (150 
MHz, CDCl3) δ: 193.13, 154.74, 148.84, 145.69, 144.13, 
137.03, 134.49, 133.38, 132.44, 131.54, 130.85, 129.44, 
128.95, 128.93, 128.86, 128.07, 124.64, 121.75, 21.78. 
HRMS (ESI) calcd for C23H17ClNO [M＋H]＋ 358.0993, 
found 358.0990. 

(6-Chloro-4-phenylquinolin-2-yl)(m-tolyl)methanone  
(3z): 22.9 mg, 64% yield. Yellow solid, m.p. 108～
110 ℃; 1H NMR (400 MHz, CDCl3) δ: 8.20 (d, J＝8.8 
Hz, 1H), 8.05 (s, 1H), 8.03～8.00 (m, 2H), 7.97 (d, J＝2.4 
Hz, 1H), 7.72 (dd, J＝9.2, 2.4 Hz, 1H), 7.60～7.51 (m, 
5H), 7.47～7.44 (m, 1H), 7.41 (t, J＝7.8 Hz, 1H), 2.45 (s, 
3H); 13C NMR (150 MHz, CDCl3) δ: 193.82, 154.59, 
148.87, 145.72, 138.02, 137.01, 135.99, 134.56, 134.00, 
132.48, 131.59, 130.89, 129.44, 128.95, 128.87, 128.78, 
128.12, 128.03, 124.64, 121.71, 21.41; HRMS (ESI) calcd 
for C23H17ClNO [M＋H]＋ 358.0993, found 358.0995. 

(3-Bromophenyl)(6-chloro-4-phenylquinolin-2-yl)- 
methanone (3aa): 25.2 mg, 60% yield. Yellow solid, m.p. 
116～117 ℃; 1H NMR (400 MHz,CDCl3) δ: 8.43 (t, J＝
2.0 Hz, 1H), 8.20 (d, J＝8.8 Hz, 2H), 8.10 (s, 1H), 7.98 (d, 
J＝2.0 Hz, 1H), 7.78～7.72 (m, 2H), 7.61～7.52 (m, 5H), 
7.41 (t, J＝8.0 Hz, 1H); 13C NMR (150 MHz, CDCl3) δ: 
191.82, 153.57, 149.15, 145.67, 137.84, 136.87, 135.84, 
134.97, 134.23, 132.51, 131.09, 129.96, 129.69, 129.41, 
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129.03, 128.91, 128.28, 124.69, 122.33, 121.59; HRMS 
(ESI) calcd for C22H14BrClNO [M＋H]＋ 421.9942, found 
421.9945. 

(8-Chloro-4-phenylquinolin-2-yl)(p-tolyl)methanone 
(3ab): 22.5 mg, 63% yield. Yellow solid, m.p. 134～
136 ℃; 1H NMR (400 MHz, CDCl3) δ: 8.50 (d, J＝8.4 
Hz, 2H), 8.20 (s, 1H), 7.92 (dd, J＝8.0, 2.4 Hz, 2H), 
7.57～7.49 (m, 6H), 7.37 (d, J＝8.0 Hz, 2H), 2.48 (s, 3H); 
13C NMR (150 MHz, CDCl3) δ: 191.80, 154.32, 150.20, 
143.99, 143.67, 137.42, 135.45, 133.42, 132.20, 129.91, 
129.57, 128.86, 128.84, 128.82, 128.69, 128.06, 124.86, 
121.77, 21.78; HRMS (ESI) calcd for C23H17ClNO [M＋
H]＋ 358.0993, found 358.0996. 

(4-Phenylbenzo[g]quinolin-2-yl)(p-tolyl)methanone 
(3ac): 19.4 mg, 52% yield. Yellow solid, m.p. 165～
167 ℃  (lit.[11d] 165～168 ℃ ); 1H NMR (400 MHz, 
CDCl3) δ: 8.21 (d, J＝8.0 Hz, 2H), 8.10 (d, J＝9.2 Hz, 
1H), 8.05 (s, 1H), 8.03 (d, J＝8.8 Hz, 1H), 7.90 (d, J＝7.2 
Hz, 1H), 7.78 (d, J＝8.4 Hz, 1H), 7.56～7.51 (m, 4H), 
7.49～7.45 (m, 2H), 7.34 (d, J＝7.6 Hz, 2H), 7.24～7.18 
(m, 1H), 2.47 (s, 3H); 13C NMR (150 MHz, CDCl3) δ: 
193.24, 153.12, 149.44, 148.48, 143.92, 142.28, 133.70, 
133.64, 131.93, 131.59, 129.38, 129.30, 129.00 , 128.90, 
128.66, 128.60, 128.35, 128.30, 127.45, 125.77, 125.23, 
124.34, 21.78; HRMS (ESI) calcd for C27H20NO [M＋H]＋

374.1539, found 374.1536. 
(6-Methyl-4-(p-tolyl)quinolin-2-yl)(p-tolyl)methanone  

(3ad): 23.2 mg, 66% yield. Yellow solid, m.p. 119～
121 ℃; 1H NMR (400 MHz, CDCl3) δ: 8.17 (dd, J＝12.0, 
8.0 Hz, 3H), 8.00 (s, 1H), 7.79 (s, 1H), 7.61 (d, J＝8.4 Hz, 
1H), 7.47 (d, J＝8.0 Hz, 2H), 7.35 (dd, J＝16.8, 7.6 Hz, 
4H), 2.51 (s, 3H), 2.49 (s, 3H), 2.46 (s, 3H); 13C NMR 
(100 MHz, CDCl3) δ: 193.94, 153.98, 149.02, 146.17, 
144.07, 138.79, 138.69, 135.23, 133.95, 132.30, 131.87, 
130.86, 129.73, 129.60, 129.12, 127.72, 124.83, 121.33, 
22.27, 22.04, 21.59; HRMS (ESI) calcd for C25H22NO  
[M＋H]＋ 352.1696, found 352.1699. 

(4-(4-Fluorophenyl)-6-methylquinolin-2-yl)(p-tolyl)- 
methanone (3ae): 21.0 mg, 59% yield. Yellow solid, m.p. 
176～178 ℃; 1H NMR (400 MHz, CDCl3) δ: 8.17 (t, J＝
8,0 Hz, 3H), 7.97 (s, 1H), 7.70 (s, 1H), 7.62 (dd, J＝8.8, 
2.0 Hz, 1H), 7.57～7.51 (m, 2H), 7.33 (d, J＝8.0 Hz, 2H), 
7.29～7.22 (m, 3H), 2.52 (s, 3H), 2.46 (s, 3H); 13C NMR 
(150 MHz, CDCl3) δ: 193.48, 163.77, 162.13, 153.70, 
147.62, 143.89, 138.86, 133.86 (d, J＝3.4 Hz), 133.63, 
132.19, 131.60, 131.26 (d, J＝8.1 Hz), 130.71, 128.87, 
127.35, 124.23, 121.14, 115.72 (d, J＝21.5 Hz), 22.03, 
21.76; HRMS (ESI) calcd for C24H19FNO [M＋H] ＋

356.1445, found 356.1437. 
(4-(2-Fluorophenyl)-6-methylquinolin-2-yl)(p-tolyl)- 

methanone (3af): 18.8 mg, 53% yield. Yellow solid, m.p. 
161～163 ℃; 1H NMR (400 MHz, CDCl3) δ: 8.23～8.17 
(m, 3H), 8.06 (s, 1H), 7.64 (d, J＝8.4 Hz, 1H), 7.56～7.43 
(m, 3H), 7.37～7.26 (m, 4H), 2.52 (s, 3H), 2.48 (s, 3H). 
13C NMR (150 MHz, CDCl3) δ: 193.35, 160.43, 158.79, 
153.62, 145.63, 143.86, 142.93, 138.94, 133.66, 132.31, 
131.68 (d, J＝3.3 Hz), 131.63, 130.66 (d, J＝8.3 Hz), 

130.62 , 128.88, 127.54, 125.38 (d, J＝15.9 Hz), 124.46 
(d, J＝3.6 Hz), 124.41 (d, J＝1.1 Hz), 122.01, 116.02 (d,  
J ＝ 21.8 Hz), 22.01, 21.77; HRMS (ESI) calcd for 
C24H19FNO [M＋H]＋ 356.1445, found 356.1438. 

(4-(4-Chlorophenyl)-6-methylquinolin-2-yl)(p-tolyl)- 
methanone (3ag): 23.8 mg, 64% yield. Yellow solid, m.p. 
171～173 ℃; 1H NMR (400 MHz, CDCl3) δ: 8.17 (t, J＝
8.0 Hz, 3H), 7.97 (s, 1H), 7.68 (s, 1H), 7.62 (dd, J＝8.4, 
2.0 Hz, 1H), 7.51 (q, J＝8.4 Hz, 4H), 7.32 (d, J＝8.0 Hz, 
2H), 2.52 (s, 3H), 2.46 (s, 3H); 13C NMR (100 MHz, 
CDCl3) δ: 193.67, 153.93, 147.64, 146.10, 144.18, 139.21, 
136.54, 134.98, 133.81, 132.50, 131.85, 131.10, 130.99, 
129.16, 129.14, 127.38, 124.39, 121.28, 22.30, 22.04; 
HRMS (ESI) calcd for C24H19ClNO [M＋H]＋ 372.1150, 
found 372.1152. 
 
Supporting Information  The spectroscopic data of 1H 
NMR, 13C NMR for 3a～3z and 3aa～3ag. The Supporting 
Information is available free of charge via the Internet at 
http://sioc-journal.cn. 

References 

[1] (a) Solomon, V. R.; Haq, W.; Srivastava, K.; Puri, S. K.; Katti, S. B. 
J. Med. Chem. 2007, 50, 394. 
(b) Michael, J. P. Nat. Prod. Rep. 2007, 24, 223. 
(c) Bharate, J. B.; Vishwakarma, R. A.; Bharate, S. B. RSC Adv. 
2015, 5, 42020.  
(d) Solomon, V. R.; Lee, H. Curr. Med. Chem. 2011, 18, 1488.  
(e) Singh, S.; Kaur, G.; Mangla, V.; Gupta, M. K. J. Enzyme Inhib. 
Med. Chem. 2015, 30, 492. 
(f) Afzal, O.; Kumar, S.; Haider, M. R.; Ali, M. R.; Kumar, R.; Jag-
gi, M.; Bawa, S. Eur. J. Med. Chem. 2015, 97, 871. 
(g) Andries, K.; Verhasselt, P.; Guillemont, J.; Cambau, E.; Truf-
fot-Pernot, C.; Lounis, N.; Jarlier, V. Science 2005, 307, 223.  
(h) Behenna, D. C.; Stockdill, J. L.; Stoltz, B. M. Angew. Chem., 
Int. Ed. 2008, 47, 2365.  

[2] (a) Rouffet, M.; F.de Oliveira, C. A.; Udi, Y.; Agrawal, A.; Sagi, I.; 
McCammon, J. A.; Cohen, S. M. J. Am. Chem. Soc. 2010, 132, 
8232.  
(b) Kim, J. I.; Shin, I. S.; Kim, H.; Lee, J. K. J. Am. Chem. Soc. 
2005, 127, 1614.  
(c) Bhalla, V.; Vij, V.; Kumar, M.; Sharma, P. R.; Kaur, T. Org. Lett. 
2012, 14, 1012.  
(d) Tao, S.; Li, L.; Yu, J.; Jiang, Y.; Zhou, Y.; Lee, C. S.; Lee, S. T.; 
Zhang, X.; Kwon, O. Chem. Mater. 2009, 21, 1284.  
(e) Wang, M.; Shi, Y. H.; Luo, J. F.; Du, W.; Shi, X. X.; Fossey, J. 
S.; Deng, W.-P. Catal. Sci. Technol. 2011, 1, 100.  
(f) Wang, M.; Wang, Z.; Shi, Y. H.; Shi, X. X.; Fossey, J. S.; Deng, 
W. P. Angew. Chem., Int. Ed. 2011, 50, 4897.  
(g) Wang, Z.; Yu, X.; Tian, B. X.; Payne, D. T.; Yang, W. L.; Liu, Y. 
Z.; Fossey, J. S.; Deng, W. P. Chem.-Eur. J. 2015, 21, 10457.  
(h) Ma, C.; Fang, P.; Mei, T. S. ACS Catal. 2018, 8, 7179.  
(i) Nimmagadda, S. K.; Liu, M. Y.; Karunananda, M. K.; Gao, D. 
W.; Apolinar, O.; Chen, J. S.; Liu, P.; Engle, K. M. Angew. Chem., 
Int. Ed. 2019, 58, 3923. 
(j) Takamatsu, K.; Hirano, K.; Miura, M.; Angew. Chem., Int. Ed. 
2017, 56, 5353.  
(k) Barday, M.; Janot, C.; Halcovitch, N. R.; Muir, J.; Aissa, C. An-
gew. Chem., Int. Ed. 2017, 56, 13117.  

[3] (a) Yao, R.; Rong, G.; Yan, B.; Qiu, L.; Xu X. ACS Catal. 2016, 6, 
1024.  
(b) Wang, Q.; Huang, J.; Zhou, L. Adv. Synth. Catal. 2015, 357, 
2479.  



   
有机化学 研究论文 

 
1344      http://sioc-journal.cn/ © 2020 Chinese Chemical Society & SIOC, CAS Chin. J. Org. Chem. 2020, 40, 1337～1344 

(c) Zhang, L.; Chen, Su.; Gao, Y.; Zhang, P.; Wu, Y.; Tang, G.; 
Zhao, Y. Org. Lett. 2016, 18, 1286.  
(d) Jiang, H.; An, X.; Tong, K.; Zheng, T.; Zhang, Y.; Yu, S. Angew. 
Chem., Int. Ed. 2015, 54, 4055.  
(e) Zhou, W.; Lei, J. Chem. Commun. 2014, 50, 5583. 
(f) Li, H.; Wang, C.; Huang, H.; Xu, X.; Li, Y. Tetrahedron Lett. 
2011, 52, 1108. 
(g) Matsubara, Y.; Hirakawa, S.; Yamaguchi, Y.; Yoshida, Z. I. An-
gew. Chem., Int. Ed. 2011, 50, 7670.  
(h) Xu, P.; Zhu, T.; Wei, T.; Wang, S.; Ji, S. RSC Adv. 2016, 6, 
32467. 
(i) Zheng, W. P.; Yang, W. G.; Luo, D. P.; Min, L.; Wang, X. Y.; Hu, 
Y. F. Adv. Synth. Catal. 2019, 361 1995.  
(j) Ye, J. L.; Zhu, Y. N.; Geng, H.; Huang, P. Q. Sci. China Chem. 
2018, 61, 687. 

[4] (a) Corey, E. J.; Tramontano, A. J. Am. Chem. Soc. 1981, 103, 
5599. 
(b) Laras, Y.; Hugues, V.; Chandrasekaran, Y.; Blanchard-Desce, 
M.; Acher, F. C.; Pietrancosta, N. J. Org. Chem. 2012, 77, 8294.  
(c) Wu, Y. C.; Liu, L.; Li, H. J.; Wang, D.; Chen, Y. J. J. Org. Chem. 
2006, 71, 6592. 

[5] (a) Bergstroem, F. W. Chem. Rev. 1944, 35, 77. 
(b) Coscia, A. T.; Dickerman, S. C. J. Am. Chem. Soc. 1959, 81, 
3098. 

[6] (a) Bello, D.; Ramon, R.; Lavilla, R. Curr. Org. Chem. 2010, 14, 
332. 
(b) Kouznetsov, V. V. Tetrahedron 2009, 65, 2721. 

[7] Wei, W. T.; Teng, F.; Li, Y.; Song, R. J.; Li, J. H. Org. Lett. 2019, 
21, 6285. 

[8] Zheng, J.; Li, Z.; Huang, L. B.; Wu, W. Q.; Li, J. X.; Jiang, H. F. 
Org. Lett. 2016, 18, 3514. 

[9] Chen, P.; Nan, J.; Hu, Y.; Ma, Q.; Ma, Y. M. Org. Lett. 2019, 21, 
4812. 

[10] (a) Hirupathi, N.; Puri, S.; Reddy, T. J.; Sridhar, B.; Reddy, M. S. 
Adv. Synth. Catal. 2016, 358, 303. 
(b) Gadakh, S. K.; Dey, S.; Sudalai, A. Org. Biomol. Chem. 2016, 
14, 2969.  
(c) Zheng, L.; Guo, B.; Hua, R. J. Org. Chem. 2014, 79, 11541.  
(d) Gu, Z. Y.; Liu, C. G.; Wang, S. Y.; Ji, S. J. Org. Lett. 2016, 18, 
2379.  
(e) Wei, W. T.; Cheng,Y. J.; Hu, Y.; Chen, Y. Y; Zhang, X. J.; Zou, 
Y.; Yan, M. Adv. Synth. Catal. 2015, 357, 3474.  
(f) Bao, L.; Liu, J. L.; Xu, L.; Hu, Z. Y.; Xu, X. X. Adv. Synth. 
Catal. 2018, 360, 1870. 

[11] (a) Wu, X.; Geng, X.; Zhao, P.; Zhang, J. J.; Gong, X. X.; Wu, Y. 
D.; Wu, A. X. Org. Lett. 2017, 19, 1550.  
(b) Geng, X.; Wu, X.; Zhao, P.; Zhang, J. J.; Wu, Y. D.; Wu, A. X. 
Org. Lett. 2017, 19, 4179.  
(c) Geng, X.; Wang, C.; Zhao, P.; Zhou, Y.; Wu, Y. D.; Wu, A. X. 
Org. Lett. 2019, 21, 4939.  
(d) Gao, Q. H.; Liu, S.; Wu, X.; Wu, A. X. Org. Lett. 2014, 16, 
4582. 

[12] (a) Zhang, X.; Wang, T. L.; Huo, C. D.; Wang, X. C.; Quan, Z. J. 

Chem. Commun. 2018, 54, 3114.  
(b) Wang, T. L.; Liu, X. J.; Huo, C. D.; Wang, X. C.; Quan, Z. J. 
Chem. Commun. 2018, 54, 499. 
(c) Zhang, X.; Wang, T. L.; Liu, X. J.; Wang, X. C.; Quan, Z. J. 
Org. Biomol. Chem. 2019, 17, 2379. 
(d) Wang, T. L.; Liu, X. J.; Zhang, X.; Cao, B. Q.; Quan, Z. J.; 
Wang, X. C. Tetrahedron Lett. 2018, 59, 4426.  
(e) Cao, B. Q.; Qiu, Y. F.; Zhang, X.; Zhu, Z. H.; Quan, Z. J.; Wang, 
X. C. Eur. J. Org. Chem. 2019, 2019, 1208. 

[13] (a) Li, D. J.; Zeng, F. L. Org. Lett., 2017, 19, 6498.  
(b) Zhu, J. W.; Hu, W. M.; Sun, S.; Yu, J. T.; Cheng, J. Adv. Synth. 
Catal. 2017, 359, 3725.  
(c) Huang, Y. N.; Li, Y. L.; Li, J.; Deng, J. J. Org. Chem. 2016, 81, 
4645. 
(d) Ferguson, J.; Zeng, F. L.; Alwis, N.; Alper, H. Org. Lett. 2013, 
15, 1998.  
(e) Pang, X. B.; Wu, M. Z.; Ni, J. X.; Zhang, F. M.; Lan, J. F.; 
Chen, B. H.; Yan, R. L. J. Org. Chem. 2017, 82, 10110.  
(f) Zhang, Z.; Liao, L. L.; Yan, S. S.; Wang, L.; He, Y. Q.; Ye, J. H.; 
Li, J.; Zhi, Y. G.; Yu, D. G. Angew. Chem., Int. Ed. 2016, 55, 7068. 
(h) Zhang, X.; Xu, X. F.; Yu, L. T.; Zhao, Q. Tetrahedron Lett. 
2014, 55, 2280.  
(g) Sun, S.; Zhou, C.; Yu, J. T.; Cheng, J. Org. Lett. 2019, 21, 6579. 
(h) Ni, J. X.; Jiang, Y.; An, Z. Y.; Yan, R. L. Org. Lett. 2018, 20, 
1534. 

[14] (a) Čubiňák, M.; Eigner, V.; Tobrman, T. Adv. Synth. Catal. 2018, 
360, 4604.  
(b) Isley, N. A.; Wang, Y.; Gallou, F.; Handa, S.; Aue, D. H.; Lip-
shutz, B. H. ACS Catal. 2017, 7, 8331.  
(c) Walker, B. R.; Sevov, C. S. ACS Catal. 2019, 9, 7197.  
(d) Gruß, H.; Belu, C.; Bernhard, L. M.; Merschel, A.; Sewald, N. 
Chem.-Eur. J. 2019, 25, 5880.  
(e) Yan, B.; Zhou, Y. B.; Zhang, H.; Chen, J. J.; Liu, Y. H. J. Org. 
Chem. 2007, 72, 7783.  
(f) Smith, C. R.; Bunnelle, E. M.; Rhodes, A. J.; Sarpong, R. Org. 
Lett. 2007, 9, 1169. 

[15] (a) Deshidi, R.; Devari, S.; Shah, B. A. Org. Chem. Front. 2015, 2, 
515.  
(b) Zhu, Y. P.; Liu, M. C.; Jia, F. C.; Yuan, J. J.; Gao, Q. H.; Lian, 
M.; Wu, A. X. Org. Lett. 2012, 14, 3392.  
(c) Kornblum, N.; Jones, W. J.; Anderson, G. J. J. Am. Chem. Soc. 
1959, 81, 4113.  
(d) Kornblum, N.; Powers, J. W.; Anderson, G. J.; Jones, W.J.; Lar-
son, H. O.; Levand, O.; Weaver, W. M. J. Am. Chem. Soc. 1957, 79, 
6562.  
(e) Monga, A.; Bagchi, S.; Sharma, A. New J. Chem. 2018, 42, 
1551.  
(f) Mohammed, S.; Vishwakarma, R. A.; Bharate, S. B. J. Org. 
Chem., 2015, 80, 6915. 
(g) Yan, R. L.; Yan, H.; Ma, C.; Ren, Z. Y.; Gao, X. A.; Huang, G. 
S.; Liang, Y. M. J. Org. Chem. 2012, 77, 2024. 
(h) An, Z. Y.; Jiang, Y.; Guan, X.; Yan, R. L. Chem. Commun. 2018, 
54, 10738. 

(Cheng, F.) 


