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空气条件下温和高效催化 N-吡啶吲哚啉的氧化脱氢 

唐  灏    张贝贝    陈卫东    骆钧飞* 
(宁波大学材料科学与化学工程学院  浙江宁波 315211) 

摘要  报道了空气条件下温和高效的 N-羟基邻苯二甲酰亚胺和铜共同催化 N-吡啶吲哚啉的氧化脱氢反应. 已知的 N-

吡啶吲哚啉的氧化过程只能在过量强氧化剂 2,3-二氯-5,6-二氰对苯醌存在下实现, 该反应以空气作为单一的氧化剂, 

具有绿色、安全、低成本以及操作简便等优点, 为 N-吡啶吲哚啉类化合物氧化生成相应吲哚衍生物提供了一条新的绿

色途径.  
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A Mild and Efficient Catalytic Aerobic Oxidative  
Dehydrogenation of N-Pyridylindolines 

Tang, Hao    Zhang, Beibei    Chen, Weidong    Luo, Junfei* 
(School of Materials Science and Chemical Engineering, Ningbo University, Ningbo, Zhejiang 315211) 

Abstract  An efficient and mild N-hydroxyphthalimide and copper co-catalyzed aerobic oxidative dehydrogenation of 
N-pyridylindolines is developed. The use of air as sole oxidant allows a green, safe, low-cost and simple operation. This meth-
od provides an alternative to the known method for the oxidation of N-pyridylindoline derivatives by the use of excess stoi-
chiometric strong oxidant 2,3-dichloro-5,6-dicyanobenzoquinone. 
Keywords  N-hydroxyphthalimide; dehydrogenation; N-pyridylindolines; air condition; oxidation reaction 

 

1  Introduction 

Indole skeletons are frequently found in natural products, 
pharmaceuticals and biologically active compounds,[1] thus, 
a variety of methodologies for the synthesis of indoles have 
been reported.[2] Among those, the oxidation of indolines is 
an important methodology to produce the uncommonly 
substituted indole derivatives.[3] To date, many methods for 
the oxidation of indolines to indoles by various oxidants 
have been discovered, while the use of stoichiometric oxi-
dants resulted in the generation of considerable amounts of 
toxic by-products.[4] 

The transition-metal-catalyzed dehydrogenation provides 
an alternative to the traditional oxidation reactions using 
stoichiometric oxidants.[5] In this context, the methods for 
Ru,[6] Pd,[7] Au,[8] Co[9] and others metals[10] catalyzed oxi-
dative dehydrogenation of indolines to the corresponding 
indoles. In addition, the borane-catalyzed dehydrogenation 
of indoline has also been reported.[11] More recently, we[12] 
have presented a N-hydroxyphthalimide-catalyzed aerobic 

dehydrogenation of N-heterocycles. These methods only 
produce hydrogen or water as the by-product. However, 
high reaction temperatures are always required to proceed 
efficiently. Moreover, a significant disadvantage is that only 
N-free indolines or N-alkylated indolines were probed to 
undergo the dehydrogenation process.  

C(7)-Substituted indoles are particularly important as 
they are ubiquitous in numerous biologically active mole-
cules.[13] The prevalent method for the synthesis of C(7) 
decorated indoles is through the transition-metal-catalyzed 
C—H functionalization of indolines, along with subsequent 
oxidation.[14] In this regard, N-pyridylindolines or N-pyri- 
midylindolines are frequently used as the starting materials 
to achieve the C(7) decorated indoles via C—H activation 
and oxidation steps. However, to our surprise, the oxidation 
of N-pyridylindolines or N-pyrimidylindolines still requires 
the use of a considerable amount of strong oxidant 
2,3-dichloro-5,6-dicyanobenzoquinone (DDQ),[15] Thus, 
the development of a “mild and green” method for the ox-
idation of N-pyridylindoline with high functional group 
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tolerance would still represent a useful contribution to this 
area. 
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Scheme 1  Transformations of indolines to indoles 

Herein, we report a new N-hydroxyphthalimide (NHPI) 
and copper co-catalyzed oxidative dehydrogenation of 
N-pyridylindolines under mild conditions. The method 
displays good scope, tolerating both electron-donating and 
electron-withdrawing substituents on the indoline. The use 
of air as sole oxidant is green, safe and low-cost. 

2  Results and discussion 

N-Pyridylindoline (1a) was chosen as a model substrate 
to optimize the reaction conditions. During the experimen-
tation, it was found that the oxidation of 1a proceeded effi-
ciently under room temperature with 20 mol% NHPI and 5 
mol% Cu(OAc)2•H2O in MeCN, with 94% of desired 
N-pyridyl indole (2a) being obtained under 101 kPa O2 
atmosphere (Table, Entry 1). Other solvents such as toluene, 
1,4-dioxane and tetrahydrofuran (THF) were less efficient, 
and N,N'-dimethylformamide (DMF) was completely un-
reactive (Entries 2～5). The amount of NHPI catalyst af-
fected the oxidation process. The indole product 2a could be 
obtained in 85% yield by the use of 40 mol% NHPI (Entry 
6). However, the reaction completely stopped in the absence 
of NHPI catalyst and showed much less efficiency without 
adding Cu(OAc)2•H2O (Entries 7 and 8). Attempt to oxidize 
1a under air conditions displayed high efficiency as well 
with 91% yield of 2a being obtained (Entry 9), on the other 
hand, only trace of N-pyridylindole was observed when 
conducting the reaction under nitrogen atmosphere (Entry 
10). The use of other metal salt such as FeCl3 dramatically 
restrained the oxidation (Entry 11). Carrying the reaction 
out under air conditions was chosen as the optimal reaction 

conditions to explore the substrate scope although the oxi-
dation proceeded slightly worse than when under O2 at-
mosphere. Notably, this oxidation process can be conducted 
in an open flask without heating in the summer days. 

Table 1  Optimization of reaction conditionsa 

N

N

N

N
Cu(OAc)2 H2O

1a 2a

N

O

O

OH

NHPI

Solvent, r.t.  

Entry
Cu(OAc)2•H2O/ 

mol% 
NHPI/ 
mol% 

Solvent Yield/%

1 5 20 MeCN 94 
2 5 20 Toluene 60 
3 5  20 1,4-Dioxane 61 
4 5 20  THF 40 
5 5  20 DMF 0 
6 5 40 MeCN 85 
7 5 — MeCN 0 
8 — 20  MeCN 30 
9b 5 20  MeCN 93 
10c 5 20  MeCN Trace 
11d — 20  MeCN 6 

a Unless otherwise noted, the reactions were performed using 0.2 mmol of 1a 
in 3.0 mL of solvent at room temperature under 101 kPa O2 atmosphere for 12 
h. Yields are of pure isolated products; b The reaction was performed under air. 
c The reaction was performed under nitrogen. d The reaction was performed 
with 5 mol% of FeCl3. 

With the optimized conditions in hand, the versatility of 
this oxidation process was then explored by probing di-
versely substituted indolines 1 (Table 2). Generally, the 
oxidation process confided high functional group tolerance. 
Explicitly, the electron donor groups substituted either on 
C(4) or C(5) position were well compatible with the reac-
tion, undergoing the oxidation process efficiently to give the 
corresponding indole derivatives in good to excellent yields 
(Table 2, 2b～2d, 2j, 2k). The substrates with weak elec-
tron acceptors halogen atoms, fluoro, chloro and bromo, 
that can further proceed various useful transformations, 
were all found to be well tolerated, giving the halogenated 
indoles in yields above 80% by slightly increasing the re-
action temperature to 35 ℃ (Table 2, 2e～2g, 2k～2m). 
The indolines with electron-withdrawing ester group, on the 
other hand, required further heating to 45 ℃ to achieve the 
satisfied yields (Table 2, 2h and 2o). Importantly, the strong 
electron-withdrawing nitro group substituted indoline could 
also be efficiently transformed into the corresponding in-
dole 2i in 83% yield although the reaction was required to 
be heated at 100 ℃. The typical methyl substituent had been 
chosen to test the positional effect, and without big differ-
ence being observed (Table 2, 2p and 2q). Of note is that the 
congested C(2)- or C(3)-methyl substituted indolines could 
still go through the oxidation efficiently, affording the cor-
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responding indole products 2r and 2s in 70% and 83% 
yields, respectively. The pyrimidyl group had similar co-
ordination ability but more electron negative in comparison 
with pyridyl group. Satisfyingly, N-pyrimidylindoline was 
tested and delivered N-pyrimidylindole in 81% yield by 
heating the reaction at 45 ℃ (Table 2, 2t). 

Table 2  Scope of N-pyridylindolines oxidationa 

 

N

N

N

N

N

N

N

N

N

N

N

N

N

N

F

Cl Br

OBn

Br

Me

BnO

2l, 87%b

2m, 85%b

2j, 80%

2g, 83%b

2c, 81%

2p, 79%

N

N

Me

2k, 92%

N

N

2f, 82%b

Cl

N

N

2d, 76%

Me

N

N

2q, 73%

Me

N

N

2o, 88%c2n, 82%b

N

N

2a, 93%

CO2Me

N

N

MeO

2b, 83%

N

N

MeO2C

2h, 72%c

N

N

O2N

2i, 83%d

N

N

2r, 70%

Me

N

N

Me

N

N
N

N

N

2e, 82%b

F

2s, 83% 2t, 81%c

a Unless otherwise noted, the reactions were performed using 0.2 mmol of 1 at 
room temperature for 12 h. Yields are of pure isolated products; b The reaction 
was performed at 35 ℃; c The reaction was performed at 45 ℃; d The reaction 
was performed at 100 ℃. 

To investigate the utility of this reaction on the prepara-
tive scale, a gram-scale reaction of indoline 1a (1.08 g, 5.5 
mmol) was carried out under the standard condition in an 

open flask at room temperature (Scheme 2). Satisfyingly, 
the desired product 2a could be readily obtained in 91% 
yield. 

N

N

N

N

Cu(OAc)2 H2O (5 mol%)
NHPI (20 mol%)

1a, 1.08 g 2a, 0.98 g, 91%
In an opened flask

MeCN, r.t.

 

Scheme 2  Scale-up reaction. 

Taking advantage of the myriad methods available for 
C(7) C—H functionalization of N-pyridyl or pyrimidylin-
dolines, the C(7) decorated indole derivatives could be 
accessed from the corresponding indolines through this 
aerobic catalytic method by avoiding the use of strong ox-
idant DDQ. The C(7) amination,[16] acetoxylation[17] and 
benzenesulfonylation[18] products have been tested and all 
underwent the oxidation process to furnish the desired in-
dole derivatives in good yields (Scheme 3). 
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Scheme 3  Oxidation of C(7)-decorated indolines  

Control reactions showed that the oxidative dehydro-
genation still worked well at elevated temperature in the 
absence of Cu(OAc)2•H2O (Scheme 4, a). It is suggested 
that the copper might promote the transformation of 
phthalimide-N-oxyl (PINO) from NHPI under mild condi-
tions. Additionally, a radical pathway might be involved as 
the reaction worked poorly in the presence of 
2,2,6,6-tetramethyl-1-piperidinyloxy (TEMPO) (Scheme 4, 
b). On the basis of these results and the previous re-
ports,[12,19] the reaction may begin with the transformation 
of NHPI to PINO promoted by copper. A radical cation I 
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and NHPI anion could be generated by the reaction of PINO 
and N-pyridylindoline through single electron transfer 
(SET), then deprotonation of I by NHPI anion gives radical 
II and reproduces NHPI. Molecular oxygen reacts with 
radical II to afford radical III, which can be protonated by 
NHPI to generate intermediate IV. The final 
N-pyridylindole substrate can be obtained upon expulsion 
of H2O2 (Scheme 5). 

N

N

N

N

NHPI (20 mol%)

1a 2a, 90%

(a)

(b)

N

N

N

N

Cu(OAc)2 H2O (5 mol%)
NHPI (20 mol%)
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1a 2a, 12%

MeCN, 80 C

MeCN, 80 C

 

Scheme 4  Control reactions 
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Scheme 5  Proposed reaction mechanism 

3  Conclusions 

In summary, a NHPI and copper co-catalyzed aerobic 
dehydrogenation of N-pyridyl-indolines under mild condi-
tions has been developed. The method displays merits in-
cluding being green, safe, low-cost and simple to operate. 
To the best of our knowledge, the existing methods for 
oxidation of N-pyridylindoline derivatives require the use of 
strong oxidants at elevated temperature. This is the first 
example of the oxidation of N-pyridylindolines using oxy-

gen as a sole oxidant under mild conditions. Owing to the 
wide utilization of N-pyridyl or pyrimidylindoline sub-
strates in transition-metal-catalyzed C—H functionaliza-
tion, the method would be applicable in the synthesis of 
indoles, especially for the C(7) decorated indole derivatives. 
The desirable result of the scale-up reaction demonstrates 
that the method has potential use in industry. 

4  Experimental section 

4.1  General information 
1H NMR and 13C NMR spectra were recorded in 400 

MHz apparatus (Bruker AV-400), and the frequencies for 
1H NMR and 13C NMR test are 400 MHz and 100 MHz, 
respectively. Melting points were obtained using a Bibby 
Stuart Scientific apparatus. HRMS were obtained by using 
Q Exactive HF (analyzer type: Orbitrap MS). All reagents 
and solvents were purchased from commercial suppliers 
and used without further purification. All the reactions were 
carried out without any precautions to exclude air and 
moisture. Reactions were monitored by thin-layer chroma-
tography (TLC) on silica gel GF-254 pre-coated glass 
plates. Chromatograms were visualized by fluorescence 
quenching with UV light at 254 nm. 

4.2. General procedure for the synthesis of N-pyri- 
dylindolines 

1-(Pyridin-2-yl)indolines (1) (0.2 mmol), N-hydroxy- 
phthalimide (NHPI) (0.04 mmol) and Cu(OAc)2•H2O (0.01 
mmol) were dissolved in MeCN (3.0 mL). The reaction 
mixture was stirred at room temperature for 12 h. After that, 
the reaction mixture was filtered and evaporated under 
vacuum. The crude residue was purified by flash column 
chromatography (petroleum ether/EtOAc, V∶V＝15∶1) 
to afford the corresponding indole derivatives 2. 

1-(Pyridin-2-yl)-1H-indole (2a):[20] Light yellow liquid 
(36.1 mg, 93% yield). 1H NMR (400 MHz, CDCl3) δ: 8.58 
(ddd, J＝4.9, 1.9, 0.8 Hz, 1H), 8.25～8.20 (m, 1H), 7.85～
7.79 (m, 1H), 7.74 (d, J＝3.5 Hz, 1H), 7.70～7.67 (m, 1H), 
7.50 (d, J＝8.2 Hz, 1H), 7.34～7.30 (m, 1H), 7.25～7.21 
(m, 1H), 7.17 (ddd, J＝7.3, 4.9, 0.8 Hz, 1H), 6.76～6.70 (m, 
1H); 13C NMR (101 MHz, CDCl3) δ: 152.5, 148.9, 138.4, 
135.0, 130.4, 125.9, 123.1, 121.2, 121.0, 120.0, 114.6, 
112.9, 105.5. 

5-Methoxy-1-(pyridin-2-yl)-1H-indole (2b):[21] Colorless 
liquid (37.2 mg, 83% yield). 1H NMR (400 MHz,CDCl3) δ: 
8.55 (d, J＝4.8 Hz, 1H), 8.17 (d, J＝9.0 Hz, 1H), 7.82～
7.78 (m, 1H), 7.70 (d, J＝3.4 Hz, 1H), 7.46 (d, J＝8.2 Hz, 
1H), 7.16～7.11 (m, 2H), 6.95～6.93 (m, 1H), 6.64 (d, J＝
3.4 Hz, 1H), 3.88 (s, 3H); 13C NMR (101 MHz, CDCl3) δ: 
154.9, 152.5, 148.8, 138.3, 131.1, 130.2, 126.2, 119.7, 
114.1, 113.9, 112.7, 105.3, 102.9, 55.7. 

5-(Benzyloxy)-1-(pyridin-2-yl)-1H-indole (2c): White 
solid (48.7 mg, 81% yield). m.p. 128～130 ℃; 1H NMR 
(400 MHz, CDCl3) δ: 8.55～8.54 (m, 1H), 8.17 (d, J＝9.0 
Hz, 1H), 7.82～7.79 (m, 1H), 7.69 (d, J＝3.5 Hz, 1H), 
7.50～7.45 (m, 3H), 7.40 (t, J＝7.5 Hz, 2H), 7.34 (d, J＝7.1 
Hz, 1H), 7.19 (d, J＝2.6 Hz, 1H), 7.16～7.14 (m, 1H), 
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7.04～7.01 (m, 1H), 6.63 (d, J＝3.4 Hz, 1H), 5.14 (s, 2H); 
13C NMR (101 MHz, CDCl3) δ: 154.1, 152.5, 148.7, 138.4, 
137.5, 131.0, 130.3, 128.5, 127.8, 127.5, 126.3, 119.8, 
114.1, 114.0, 113.4, 105.3, 104.3, 70.6; HRMS (ESI) calcd 
for C20H17N2O [M＋H]＋ 301.1341, found 301.1337. 

5-Methyl-1-(pyridin-2-yl)-1H-indole (2d): Yellow solid 
(31.7 mg, 76% yield). m.p. 58～59 ℃; 1H NMR (400 MHz, 
CDCl3) δ: 8.56～8.55 (m, 1H), 8.10 (d, J＝8.5 Hz, 1H), 
7.82～7.79 (m, 1H), 7.71 (d, J＝3.4 Hz, 1H), 7.49 (d, J＝
8.2 Hz, 1H), 7.45 (s, 1H), 7.16～7.12 (m, 2H), 6.64 (d, J＝
3.4 Hz, 1H), 2.47 (s, 3H); 13C NMR (101 MHz,CDCl3) δ: 
152.6, 148.9, 138.3, 133.3, 130.7, 130.6, 125.9, 124.6, 
120.8, 119.8, 114.2, 112.7, 105.1, 21.3; HRMS (ESI) calcd 
for C14H13N2 [M＋H]＋ 209.1079, found 209.1075.  

5-Fluoro-1-(pyridin-2-yl)-1H-indole (2e): White solid 
(34.8 mg, 82% yield). m.p. 62～64 ℃ (lit.[22] 62～64 ℃); 
1H NMR (400 MHz, CDCl3) δ: 8.57 (d, J＝3.8 Hz, 1H), 
8.23 (dd, J＝9.1, 4.6 Hz, 1H), 7.85～7.81 (m, 1H), 7.73 (d, 
J＝3.5 Hz, 1H), 7.45 (d,   J＝8.2 Hz, 1H), 7.30 (dd, J＝
9.2, 2.6 Hz, 1H), 7.18 (dd, J＝7.3, 4.9 Hz, 1H), 7.06～7.01 
(m, 1H), 6.67 (d, J＝3.5 Hz, 1H); 13C NMR (101 MHz, 
CDCl3) δ: 158.5 (d, JC-F＝236.8 Hz), 152.3, 148.9, 138.5, 
131.7, 130.9 (d, JC-F＝10.1 Hz), 127.2, 120.1, 114.2 (d,  
JC-F＝9.2 Hz), 114.1, 111.2 (d, JC-F＝25.5 Hz), 105.9 (d,  
JC-F＝23.4 Hz), 105.4 (d, JC-F＝4.3 Hz). 

5-Chloro-1-(pyridin-2-yl)-1H-indole (2f): Yellow solid 
(37.5 mg, 82% yield). m.p. 78～80 ℃; 1H NMR (400 MHz, 
CDCl3) δ: 8.57～8.56 (m, 1H), 8.20 (d, J＝8.9 Hz, 1H), 
7.83～7.81 (m, 1H), 7.71 (d, J＝3.5 Hz, 1H), 7.62 (d, J＝
2.1 Hz, 1H), 7.44～7.43 (m, 1H), 7.25～7.23 (m, 1H), 
7.20～7.17 (m, 1H), 6.65 (dd, J＝3.5, 0.7 Hz, 1H); 13C 
NMR (101 MHz, CDCl3) δ: 152.2, 148.9, 138.5, 133.5, 
131.4, 127.0, 126.8, 123.3, 120.4, 120.3, 114.4, 114.3, 
105.0; HRMS (ESI) calcd for C13H10ClN2 [M ＋ H] ＋ 
229.0533, found 229.0530. 

5-Bromo-1-(pyridin-2-yl)-1H-indole (2g): White solid 
(45.3 mg, 83% yield). m.p. 98～100 ℃ (lit.[21] 98～
100 ℃); 1H NMR (400 MHz, CDCl3) δ: 8.58～8.56 (m, 
1H), 8.15 (d, J＝8.9 Hz, 1H), 7.86～7.82 (m, 1H), 7.78 (d,  
J＝1.9 Hz, 1H), 7.70 (d, J＝3.5 Hz, 1H), 7.45 (d, J＝8.2 
Hz, 1H), 7.37 (dd, J＝8.9, 2.0 Hz, 1H), 7.21～7.18 (m, 1H), 
6.65 (d, J＝3.5 Hz, 1H); 13C NMR (101 MHz, CDCl3) δ: 
152.2, 149.0, 138.5, 133.8, 132.0, 126.9, 125.9, 123.5, 
120.4, 114.8, 114.4, 114.4, 104.9. 

Methyl 1-(pyridin-2-yl)-1H-indole-5-carboxylate (2h): 
White solid (36.3 mg, 72% yield). m.p. 101～103 ℃; 1H 
NMR (400 MHz, CDCl3) δ 8.60 (d, J＝3.9 Hz, 1H), 8.41 (d, 
J＝1.3 Hz, 1H), 8.22 (d, J＝8.8 Hz, 1H), 7.99 (dd, J＝8.8, 
1.6 Hz, 1H), 7.86 (t, J＝7.8 Hz, 1H), 7.76 (d, J＝3.5 Hz, 
1H), 7.50 (d, J＝8.2 Hz, 1H), 7.24～7.21 (m, 1H), 6.80 (d,  
J＝3.5 Hz, 1H), 3.95 (s, 3H); 13C NMR (101 MHz, CDCl3) 
δ: 167.8, 152.0, 149.0, 138.5, 137.5, 129.9, 127.3, 124.4, 
123.7, 123.1, 120.7, 114.8, 112.7, 106.4, 51.9; HRMS (ESI) 
calcd for C15H13N2O2 [M＋H]＋ 253.0977, found 253.0974. 

5-Nitro-1-(pyridin-2-yl)-1H-indole (2i): Light yellow 
solid (39.7 mg, 83% yield). m.p. 88～90 ℃ (lit.[22] 88～
90 ℃); 1H NMR (400 MHz, CDCl3) δ: 8.62～8.59 (m, 2H), 

8.32 (d,   J＝9.2 Hz, 1H), 8.19～8.16 (m, 1H), 7.90 (td,   
J＝8.1, 1.8 Hz, 1H), 7.81 (d, J＝3.5 Hz, 1H), 7.49 (d, J＝
8.2 Hz, 1H), 7.29 (dd, J＝7.1, 5.2 Hz, 1H), 6.88 (d, J＝3.4 
Hz, 1H); 13C NMR (101 MHz, CDCl3) δ: 151.7, 149.2, 
142.6, 138.9, 138.0, 129.7, 128.9, 121.4, 118.5, 117.8, 
114.9, 113.4, 107.0. 

4-(Benzyloxy)-1-(pyridin-2-yl)-1H-indole (2j): White 
solid (48.1 mg, 80% yield). m.p. 90～92 ℃; 1H NMR (400 
MHz, CDCl3) δ: 8.58 (s, 1H), 7.82 (t, J＝9.8 Hz, 2H), 7.66 
(s, 1H), 7.54 (d, J＝6.8 Hz, 2H), 7.51 (d, J＝7.9 Hz, 1H), 
7.42 (t, J＝6.8 Hz, 2H), 7.36 (d, J＝6.7 Hz, 1H), 7.22 (t,    
J＝7.7 Hz, 1H), 7.17 (s, 1H), 6.93 (s, 1H), 6.72 (d, J＝7.5 
Hz, 1H), 5.27 (s, 2H); 13C NMR (101MHz, CDCl3) δ: 152.5, 
148.9, 138.3, 137.4, 136.4, 128.8, 128.5, 127.7, 127.3, 
124.6, 123.8, 121.2, 120.1, 115.1, 114.7, 106.4, 102.8, 70.0; 
HRMS (ESI) calcd for C20H17N2O [M＋H]＋ 301.1341, 
foun, 301.1337.l 

4-Methyl-1-(pyridin-2-yl)-1H-indole (2k): Light yellow 
liquid (38.3 mg, 92% yield). 1H NMR (400 MHz, CDCl3) δ: 
8.64 (d, J＝4.8 Hz, 1H), 8.10 (d, J＝8.2 Hz, 1H), 7.87～
7.80 (m, 2H), 7.55 (d, J＝8.2 Hz, 1H), 7.32～7.27 (m, 1H), 
7.23～7.20 (m, 1H), 7.10 (d, J＝7.1 Hz, 1H), 6.82 (d, J＝
2.9 Hz, 1H), 2.67 (s, 3H); 13C NMR (101 MHz, CDCl3) δ: 
152.4, 148.9, 138.2, 134.7, 130.3, 130.1, 125.4, 123.1, 
121.5, 119.9, 114.6, 110.4, 103.8, 18.6; HRMS (ESI) calcd 
for C14H13N2 [M＋H]＋ 209.1079, found 209.1075. 

4-Fluoro-1-(pyridin-2-yl)-1H-indole (2l): Yellow solid 
(36.9 mg, 87% yield). m.p. 53～55 ℃; 1H NMR (400 MHz, 
CDCl3) δ: 8.55～8.54 (m, 1H), 7.97 (d, J＝8.4 Hz, 1H), 
7.80～7.76 (m, 1H), 7.64 (d, J＝3.5 Hz, 1H), 7.43 (d, J＝
8.2 Hz, 1H), 7.23～7.14 (m, 2H), 6.87 (dd, J＝9.9, 7.9 Hz, 
1H), 6.79 (d, J＝3.5 Hz, 1H); 13C NMR (101 MHz, CDCl3) 
δ: 156.1 (d, JC-F＝246.6 Hz), 152.2, 148.9, 138.5, 137.4 (d, 
JC-F＝10.4 Hz), 125.9, 123.6 (d, JC-F＝7.6 Hz), 120.5, 119.2 
(d, JC-F＝22.5 Hz), 114.6, 109.1, 106.1 (d, JC-F＝18.4 Hz), 
101.1; HRMS (ESI) calcd for C13H10FN2 [M ＋ H] ＋ 
213.0828, found 213.0825. 

4-Chloro-1-(pyridin-2-yl)-1H-indole (2m): Light yellow 
liquid (38.9 mg, 85% yield). 1H NMR (400 MHz, CDCl3) δ: 
8.58～8.57 (m, 1H), 8.15～8.12 (m, 1H), 7.85～7.82 (m, 
1H), 7.73 (d, J＝3.5 Hz, 1H), 7.46 (d, J＝8.2 Hz, 1H), 
7.22～7.19 (m, 3H), 6.84 (m, 1H); 13C NMR (101 MHz, 
CDCl3) δ: 152.2, 149.0, 138.5, 135.8, 129.0, 126.5, 126.1, 
123.7, 121.0, 120.6, 114.7, 111.7, 103.8; HRMS (ESI) calcd 
for C13H10ClN2 [M＋H]＋ 229.0533, found 229.0530. 

4-Bromo-1-(pyridin-2-yl)-1H-indole (2n):[21] Light yel-
low liquid (44.8 mg, 82% yield). 1H NMR (400 MHz, 
CDCl3) δ: 8.58 (dd, J＝4.8, 1.7 Hz, 1H), 8.18 (d, J＝8.4 Hz, 
1H), 7.86～7.74 (m, 1H), 7.75 (d, J＝3.5 Hz, 1H), 7.47 (d,  
J＝8.2 Hz, 1H), 7.38 (d, J＝7.6 Hz, 1H), 7.21 (dd, J＝7.4, 
4.9 Hz, 1H), 7.15 (t, J＝8.0 Hz, 1H), 6.79 (d, J＝3.5 Hz, 
1H); 13C NMR (101 MHz, CDCl3) δ: 152.2, 149.0, 138.6, 
135.4, 130.9, 126.5, 124.1, 124.0, 120.6, 114.80, 114.78, 
112.3, 105.6. 

Methyl 1-(pyridin-2-yl)-1H-indole-4-carboxylate (2o): 
Light yellow liquid (44.4 mg, 88% yield). 1H NMR (400 
MHz, CDCl3) δ: 8.58～8.57 (m, 1H), 8.48 (d, J＝8.3 Hz, 
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1H), 7.99～7.98 (m, 1H), 7.84～7.81 (m, 1H), 7.79 (d, J＝
3.5 Hz, 1H), 7.45 (d, J＝8.2 Hz, 1H), 7.41～7.39 (m, 1H), 
7.33 (t, J＝9 Hz, 1H), 7.21～7.19 (m, 1H), 4.00 (s, 3H); 13C 
NMR (101 MHz, CDCl3) δ: 167.7, 152.2, 148.9, 138.6, 
135.8, 130.0, 127.8, 124.5, 122.3, 121.8, 120.5, 118.0, 
114.9, 106.3, 51.8; HRMS (ESI) calcd for C15H13N2O2   
[M＋H]＋ 253.0972, found 253.0974.  

6-Methyl-1-(pyridin-2-yl)-1H-indole (2p):[23] Yellow 
liquid (32.9 mg, 79% yield). 1H NMR (400 MHz, CDCl3) δ: 
8.59 (dd, J＝4.9, 1.8 Hz, 1H), 8.04 (s, 1H), 7.84～7.79 (m, 
1H), 7.65 (d, J＝3.5 Hz, 1H), 7.56 (d, J＝8.0 Hz, 1H), 7.48 
(d, J＝7.8 Hz, 1H), 7.16 (dd, J＝7.3, 4.9 Hz, 1H), 7.06 (d,  
J＝8.0 Hz, 1H), 6.68 (d, J＝3.5 Hz, 1H), 2.53 (s, 3H); 13C 
NMR (101 MHz, CDCl3) δ: 152.5, 148.8, 138.3, 135.4, 
132.9, 128.1, 125.4, 122.9, 120.6, 119.8, 114.6, 112.9, 
105.3, 22.0. 

7-Methyl-1-(pyridin-2-yl)-1H-indole (2q):[24] Yellow 
liquid (30.4 mg, 73% yield). 1H NMR (400 MHz, CDCl3) δ: 
8.60 (d, J＝4.4 Hz, 1H), 7.83 (td, J＝7.7, 1.9 Hz, 1H), 7.54 
(d, J＝7.8 Hz, 1H), 7.35～7.30 (m, 3H), 7.11 (t, J＝7.5 Hz, 
1H), 7.02 (d, J＝7.2 Hz, 1H), 6.68 (d, J＝3.3 Hz, 1H), 2.14 
(s, 3H); 13C NMR (101 MHz, CDCl3) δ: 153.4, 148.8, 137.8, 
135.1, 130.4, 129.6, 125.4, 122.1 (2C), 121.0, 120.6, 118.9, 
104.6, 20.6. 

2-Methyl-1-(pyridin-2-yl)-1H-indole (2r):[25] Yellow 
liquid (29.2 mg, 70% yield). 1H NMR (400 MHz, CDCl3) δ: 
8.63 (dd, J＝4.9, 1.8 Hz, 1H), 7.84～7.80 (m, 1H), 7.56～
7.53 (m, 1H), 7.39～7.34 (m, 2H), 7.27～7.24 (m, 1H), 
7.14～7.09 (m, 2H), 6.41 (s, 1H), 2.44 (s, 3H); 13C NMR 
(101 MHz, CDCl3) δ: 151.3, 149.4, 138.1, 137.0, 136.7, 
128.6, 121.8, 121.4, 120.7, 120.6, 119.6, 110.2, 103.2, 13.9. 

3-Methyl-1-(pyridin-2-yl)-1H-indole (2s):[26] Light 
yellow liquid (34.6 mg, 83% yield). 1H NMR (400 MHz, 
CDCl3) δ: 8.53 (dd, J＝4.8, 1.5 Hz, 1H), 8.22 (d, J＝8.3 Hz, 
1H), 7.79～7.74 (m, 1H), 7.59 (d, J＝7.8 Hz, 1H), 7.51 (s, 
1H), 7.43 (d, J＝8.3 Hz, 1H), 7.30 (t, J＝7.2 Hz, 1H), 
7.24～7.20 (m, 1H), 7.09 (dd, J＝7.3, 4.9 Hz, 1H), 2.37 (s, 
3H); 13C NMR (101 MHz, CDCl3) δ: 152.5, 148.8, 138.2, 
135.3, 131.0, 123.2, 123.1, 120.8, 119.4, 119.0, 114.7, 
114.0, 113.0, 9.7. 

1-(Pyrimidin-2-yl)-1H-indole (2t): White solid (31.6 mg, 
81% yield). m.p. 86～88 ℃(lit.[21] 86～88 ℃); 1H NMR 
(400 MHz, CDCl3) δ: 8.80 (d, J＝8.3 Hz, 1H), 8.64～8.63 
(m, 2H), 8.26 (s, 1H), 7.61 (d, J＝7.6 Hz, 1H), 7.33 (t, J＝
7.6 Hz, 1H), 7.23 (t, J＝7.2 Hz, 1H), 6.95 (s, 1H), 6.69 (s, 
1H); 13C NMR (101 MHz, CDCl3) δ: 158.1, 157.8, 135.4, 
131.3, 125.8, 123.6, 122.1, 120.8, 116.3, 116.1, 106.9. 

N,N-diphenyl-1-(pyridin-2-yl)-1H-indol-7-amine (2u): 
White solid (54.2 mg, 75% yield). m.p. 140～142 ℃; 1H 
NMR (400 MHz, CDCl3) δ: 8.21～8.14 (m, 1H), 7.56 (d,   
J＝7.8 Hz, 1H), 7.45 (td, J＝7.8, 1.8 Hz, 1H), 7.33 (d, J＝
3.3 Hz, 1H), 7.17 (t, J＝7.7 Hz, 1H), 7.04 (q, J＝8.6, 8.0 
Hz, 7H), 6.86 (t, J＝7.3 Hz, 2H), 6.74 (d, J＝7.8 Hz, 4H), 
6.70 (d, J＝3.3 Hz, 1H); 13C NMR (101 MHz, CDCl3) δ: 
151.7, 147.6, 146.2, 136.8, 132.8, 132.5, 129.8, 128.5, 
122.8, 121.7, 121.5, 121.0, 119.6, 118.1, 104.5; HRMS 
(ESI) calcd for C25H20N3 [M ＋ H] ＋  362.1652, found 

362.1647. 
1-(Pyrimidin-2-yl)-1H-indol-7-yl acetate (2v): White 

solid (36.5 mg, 72% yield). m.p. 74～76 ℃(lit.[27] 74～
76 ℃); 1H NMR (400 MHz, CDCl3) δ: 8.70 (d, J＝4.8 Hz, 
2H), 7.99 (d, J＝3.5 Hz, 1H), 7.51 (d, J＝7.8 Hz, 1H), 7.23 
(t, J＝7.8 Hz, 1H), 7.12 (t, J＝4.8 Hz, 1H), 7.03 (d, J＝7.8 
Hz, 1H), 6.73 (d, J＝3.5 Hz, 1H), 2.19 (s, 3H); 13C NMR 
(101 MHz, CDCl3) δ: 169.1, 158.2, 157.5, 137.5, 134.7, 
129.6, 126.7, 122.5, 119.0, 118.3, 117.0, 107.1, 21.4. 

7-(Phenylsulfonyl)-1-(pyrimidin-2-yl)-1H-indole (2w): 
Yellow solid (47.0 mg, 70% yield). m.p. 97～99 ℃; 1H 
NMR (400 MHz, CDCl3) δ: 8.41 (d, J＝4.8 Hz, 2H), 7.89～
7.84 (m, 2H), 7.82～7.77 (m, 2H), 7.67 (d, J＝7.7 Hz, 1H), 
7.56 (t, J＝7.4 Hz, 1H), 7.49 (t, J＝7.5 Hz, 2H), 7.29 (d,    
J＝7.8 Hz, 1H), 7.10 (t, J＝4.8 Hz, 1H), 6.82 (d, J＝3.5 Hz, 
1H); 13C NMR (101 MHz, CDCl3) δ: 159.0, 158.27 , 143.7, 
133.6, 132.30 , 131.7, 131.1, 128.7, 127.7, 126.8, 126.3, 
125.8, 121.3, 118.5, 106.6; HRMS (ESI) calcd for 
C18H14N3O2S [M＋H]＋ 336.0801, found 336.0797. 

 
Supporting Information  1H NMR and 13C NMR spectra 
of compounds 2a～2w. The Supporting Information is 
available free of charge via the Internet at http://sioc- 
journal.cn. 
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