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Indoline, especially C5-nitro indoline is a kind of widely used nitrogen-containing compounds with high chemical 
reactivity, which can be used to prepare a variety of pharmaceutical or pesticide chemicals. Particularly, they demonstrated 
a wide range of biological and physiological activities in anti-tumor, anti-virus, anti-malaria, sterilization and other aspects. 
Therefore, various methods have been developed to prepare this valuable framework. However, excessive Lewis acids and bases 
are generally needed. Which make massive waste and poor functional group tolerance [1-6]. In recent years, the light-induced 
organic synthesis has received considerable attention [7-15]. Also, it has gained fast development and emerged as one of most 
promising concepts for nitrification reactions [16-23]. Here in, we describe the light-induced synthesis of C5-nitro indoline, 
which should provide inspiration for the development of the photochemical organic synthesis.We started to investigate the 
nitration of N-pyridyl indoline (1a) with Tert-Butyl Nitrite (TBN) under CeCl3 catalysis. To our delight, this Ce-catalysed C-H 
nitration occurred at the C5 position of N-pyridyl indoline (1a) to afford 5-nitro-N-pyridyl indoline product (2a). MeCN was the 
most efficient solvent among those solvents tested for this C5-nitration process (Table 1, entries 1-5). The photocatalyst affected 
the C-H nitration conspicuously. CeBr3 demonstrated the best catalytic activity and give the corresponding product in 89% 
yield. The use of AgNO3 and Fe(NO3)3 as the nitro surrogates could not give any product. However, the C5 nitration products 
were obtained in moderate yield when employing Cu(NO3)2 as the nitro source (Entry 11). The control reaction suggested the 
photocatalyst is essential for this process (Entry 12).

Table 1: Optimization of reaction conditions

Entry Cat (mol %) Nitro source Solvent Yield

1 CeCl3 (5) TBN (3.0) 1,4-dioxane 17

2 CeCl3 (5) TBN (3.0) DCE 22

3 CeCl3 (5) TBN (3.0) THF 11

4 CeCl3 (5) TBN (3.0) DMSO Trace

5 CeCl3 (5) TBN (3.0) MeCN 47

6 TBADT (5) TBN (3.0) MeCN 32

7 Eosin Y (5) TBN (3.0) MeCN 70

8 CeBr3 (5) TBN (3.0) MeCN 89

9 CeCl3 (5) AgNO3 (4.0) MeCN 0

10 CeCl3 (5) Fe(NO3)3 (4.0) MeCN Trace

11 CeCl3 (5) Cu(NO3)2 (4.0) MeCN 36

12 - TBN (3.0) MeCN 0

Reaction conditions: 1a (0.2 mmol), nitro source and photocatalyst, stirring in solvent (2.0 mL) at room temperature (25o 

C), Blue LED (4 W) for 24 h, Isolated yield.
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With the optimized condition in hand, the substrate scope of N-pyridyl indoline was 
examined. The functionalities, methyl, phenyl, ethyl and ester, at C2 or C3 position were 
well tolerated, furnishing the corresponding C5-nitrated products in good yields (2b-2f). 
Indoline with methyl substituent at C6 position was also found to be good substrate in 
this reaction, giving the desired product 2g in 75% yield. Substrates with C6 fluoride and 
chlorine atoms led to C5 nitration products 2h and 2i in 72% and 37%, respectively. To 
our surprise, C6 bromo indoline cannot give the desired product possibly due to the steric 
hindrance (2j). Interestingly, the efficiency of this nitration significantly decreased when 
replacing the pyridine with a non-coordinate benzene ring on the N atom (2l).

Reaction conditions: 1a (0.2 mmol), nitro source and photocatalyst, stirring in 
solvent (2.0 mL) at room temperature (25o C), Blue LED (4 W) for 24 h, Isolated yield.

In summary, we have developed a new light-induced nitrification reactions of in-
dolines under mild conditions. To best of our knowledge, this is the first example for pho-
tochemical organic synthesis of C5-nitro indoline. The method displays merits including 
green, safety, low-cost and simplistic operation. The frequently used substituted indoline 
substrates including N-pyridyl and N-phenyl can be well tolerated in our procedure. We 
believed this protocol should provide some inspiration for the development of environ-
ment-friendly organic transformation processes. The investigations on the mechanism 
and further application of our strategy are still ongoing in our laboratory.

References

1.	 Giri R, Shi BF, Engle KM, Maugelc N, Yu JQ (2009) Transition metal-catalyzed C–H 
activation reactions: diastereoselectivity and enantioselectivity. Chem Soc Rev 38: 
3242. 

2.	 N Kuhl, MN Hopkinson, J Wencel-Delord, F Glorius (2012) Beyond Directing 
Groups: Transition-Metal-Catalyzed C-H Activation of Simple Arenes. Angew 
Chem Int Ed 51(41): 10236-10254.

3.	 AH Sandtorva (2015) Transition Metal-Catalyzed C-H Activation of Indoles. Adv 
Synth Catal 357(11): 2403-2435.

4.	 L Huang, M Arndt, K Gooßen, H Heydt, LJ Gooßen (2015) Late transition metal-
catalyzed hydroamination and hydroamidation. Chem Rev 115(7): 2596-2697.

5.	 Y Xia, D Qiu, J Wang (2017) Transition-Metal-Catalyzed Cross-Couplings through 
Carbene Migratory Insertion. Chem Rev 117(23): 13810-13889.

6.	 JCK Chu, T Rovis (2018) Complementary Strategies for Directed C (sp3) − H Func-
tionalization: A Comparison of Transition-Metal-Catalyzed Activation, Hydrogen 
Atom Transfer, and Carbene/Nitrene Transfer. Angew Chem Int Ed 57(1): 62-101.

7.	 CK Prier, DA Rankic, DWC MacMillan (2013) Visible Light Photoredox Catalysis 
with Transition Metal Complexes: Applications in Organic Synthesis. Chem Rev 
113(7): 5322-5363.

8.	 MN Hopkinson, A Tlahuext-Aca, F Glorius (2016) Merging Visible Light Photore-
dox and Gold Catalysis. Acc Chem Res 49(10): 2261-2272.

9.	 KL Skubi, TR Blum, TP Yoon (2016) Dual Catalysis Strategies in Photochemical Syn-
thesis. Chem. Rev 116(17): 10035-10074.

10.	 MD Kärkäs, JA Porco, CRJ Stephenson (2016) Photochemical Approaches to Com-
plex Chemotypes: Applications in Natural Product Synthesis. Chem Rev 116(17): 
9683-9747. 

11.	 D Ravelli, S Protti, M Fagnoni (2016) Carbon–Carbon Bond Forming Reactions via 
Photogenerated Intermediates. Chem Rev 116(17): 9850-9913. 

12.	 J Twilton, C Le, P Zhang, MH Shaw, RW Evans, et al. (2017) The merger of transition 
metal and photocatalysis. Nat Rev Chem 1: 0052.

13.	 K Sideri, E Voutyritsa, CG Kokotos (2018) Photoorganocatalysis, small organic mol-
ecules and light in the service of organic synthesis: the awakening of a sleeping giant. 
Org Biomol Chem 16: 4596-4614.

14.	 L Marzo, SK Pagire, O Reiser, B König (2018) Visible-Light Photocatalysis: Does It 
Make a Difference in Organic Synthesis?. Angew Chem Int Ed 57(34): 10034-10072.

15.	 Q Xia, J Dong, H Song, Q Wang (2019) Visible-Light Photocatalysis of the Ketyl 
Radical Coupling Reaction. Chem Eur J 25(12): 2949-2961.

16.	 R Du, K Zhao, J Liu, F Han, C Xia, et al. (2019) RhCl3·3H2O-Catalyzed C7-Selective 
C–H Carbonylation of Indolines with CO and Alcohols. Org Lett 21(16): 6418-6422.

17.	 SH Lee, T Jeong, K Kim, NY Kwon, AK Pandey, et al. (2019) Ruthenium(II)-Cata-
lyzed Site-Selective Hydroxymethylation of Indolines with Paraformaldehyde. J Org 
Chem 84(4): 2307-2315.

18.	 M Kumar, Raziullah, AA Khan, A Ahmad, HS Dutta, et al. (2019) Cu(II)-Mediated 
Cross-Dehydrogenative Coupling of Indolines with Sulfonamides, Carboxamides, 
and Amines. J Org Chem 84(21): 13624-13635. 

19.	 H Luo, Q Xie, K Sun, J Deng, L Xu, et al. (2019) Rh(iii)-catalyzed C-7 arylation of 
indolines with arylsilanes via C–H activation. RSC Adv 9(32): 18191-18195. 

20.	 Raziullah, M Kumar, R Kant, D Koley (2019) Cu-Catalyzed Directed C7−H Imida-
tion of Indolines via Cross-Dehydrogenative Coupling. Adv Synth Catal 361(13): 
3108-3113. 

21.	 S Gao, X Xu, H Tang, JQ Wu, J Luo (2019) Cu-Mediated C7 Acetoxylation of In-
dolines. Chemistry Select 4(19): 5835-5838.

22.	 SS Gupta, R Kumar, U Sharma (2020) Regioselective Arylation of Quinoline N-Ox-
ides (C8), Indolines (C7) and N-tert-Butylbenzamide with Arylboronic Acids. ACS 
Omega 5(1): 904-913.

23.	 C Zhi, Q Wang, S Liu, Y Xue, L Shi, et al. (2020) Cu-Catalyzed Direct C7 Sulfonyl-
ation of Indolines with Arylsulfonyl Chlorides. J Org Chem 85(2): 1022-1032.

Figure 1: Scope of C5 nitration of N-pyridyl indolines
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