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General 

In all experiments RT stands for 23-25 °C. 1H and 13C NMR spectra were recorded on a Bruker 

AVANCE II 300 and Bruker Fourier 300HD (300.13 and 75.47 MHz, respectively) spectrometers in 

CDCl3 and DMSO-D6. Residual signals of CDCl3 (7.26 in 1H NMR, 77.16 in 13C NMR) were used 

as reference signals for precise chemical shift determination. FT-IR spectra were recorded on Bruker 

Alpha instrument. IR spectra were registered in KBr pellets for solid compounds, and liquid 

compounds were placed between two KBr windows to make a thin layer. High resolution mass 

spectra (HR-MS) were measured on a Bruker maXis instrument using electrospray ionization (ESI). 

The measurements were performed in a positive ion mode (interface capillary voltage – 4500 V); 

mass range from m/z 50 to m/z 3000 Da; external calibration with Electrospray Calibrant Solution 

(Fluka). A syringe injection was used for all acetonitrile solutions (flow rate 3 µL/min). Nitrogen was 

applied as a dry gas; interface temperature was set at 180 °C. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



The comparison of the developed method with the literature procedure 

The coupling products of the of THF with pyrazines (3ga, 3ha) have not been previously described. 

We decided to test other known effective procedure [1] to compare the results with the results 

achieved by our method. The chosen literature method [1] works reliably for the coupling of 4-

methylquinoline 1a with dioxane 2d (I, conditions A), while our system gives lower yields of product 

3ad (I, conditions B). When switching to pyrazine 1g as a substrate we do not observe the desired 

product 3ga using the literature procedure (II, conditions A). However, it was possible to obtain 3ga 

using our photochemical approach (II, conditions B). 

 

 

Experimental details for conditions A [1]. To a solution of heterocycle (1 mmol) in a mixture of 

acetone/H2O (7 mL/3 mL) was added the corresponding ether (20 mmol, 20 equiv.), K2S2O8 (811 

mg, 3 mmol, 3 equiv.) and TFA (80μL, 1 mmol). The mixture was then stirred for 1.5h under reflux. 

The reaction was quenched with saturated aqueous NaHCO3 (16 mL) and extracted with ethyl acetate 

(2 × 25 mL). The combined organic phases were dried over MgSO4 and concentrated under reduced 

pressure. The crude product was further purified by chromatography on silica gel (Petroleum 

ether/EtOAc = 2/1) to give the desired product.  

For experimental details of conditions B, see the Experimental details for the Schemes 2 and 3. 



The determination of the side products of the studied process 

To identify the oxidation products of 3aa, the 1H, 13C NMR and HRMS spectra were recorded for the 

reaction mixture in conditions for Scheme 4, A (See 3. Materials and Methods, Experimental details 

for Scheme 4, A). The peroxide 2-(2-hydroperoxytetrahydrofuran-2-yl)-4-methylquinoline 3aa’ was 

recognized as the major product. The characteristic 13C signal corresponding to the C-OOH of 

hydroperoxide is 113.3, which is in a good agreement with the literature data for α-

alkoxyhydroperoxides [2]. HR-MS spectrum confirmed the formation of 3aa’.  

2-(2-hydroperoxytetrahydrofuran-2-yl)-4-methylquinoline 3aa’. 13C{1H}NMR (75.48 MHz, 

CDCl3) δ 159.4, 146.0, 145.7, 128.8, 128.7, 127.2, 126.1, 123.4, 119.7, 113.3, 69.5, 36.8, 24.8, 19.0. 

HR-MS (ESI): m/z = 246.1125, calcd. for C14H15NO3+H+: 246.1123.  
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1H NMR (300.13 MHz, CDCl3) 

2-(2-hydroperoxytetrahydrofuran-2-yl)-

4-methylquinoline 3aa’ in mixture 

 

 



 

13C NMR (75.48 MHz, CDCl3) 

2-(2-hydroperoxytetrahydrofuran-2-

yl)-4-methylquinoline 3aa’ in mixture 

 

 

 



 



 



1H NMR (300.13 MHz, CDCl3) 

4-methyl-2-(tetrahydrofuran-

2-yl)quinoline 3aa

Spectral data of the Minisci reaction products 



 

13C NMR (75.48 MHz, CDCl3) 

4-methyl-2-(tetrahydrofuran-

2-yl)quinoline 3aa

 

 



 

1H NMR (300.13 MHz, CDCl3) 

4-methyl-2-(5-methyltetrahydrofuran-

2-yl)quinoline 3ab 

 



 

13C NMR (75.48 MHz, CDCl3) 

4-methyl-2-(5-methyltetrahydrofuran-

2-yl)quinoline 3ab 

 

 



 

1H-13C HMBC 

4-methyl-2-(5-methyltetrahydrofuran-

2-yl)quinoline 3ab 



 

1H-13C HSQC 

4-methyl-2-(5-methyltetrahydrofuran-

2-yl)quinoline 3ab 



 

1H NMR (300.13 MHz, CDCl3) 

4-methyl-2-(5-methyltetrahydrofuran-

2-yl)quinoline 3ab 

 

 



 

13C NMR (75.48 MHz, CDCl3) 

4-methyl-2-(5-methyltetrahydrofuran-

2-yl)quinoline 3ab 

 

 



 

1H-13C HMBC 

4-methyl-2-(5-methyltetrahydrofuran-

2-yl)quinoline 3ab 



 

1H-13C HSQC 

4-methyl-2-(5-methyltetrahydrofuran-

2-yl)quinoline 3ab 



 

1H NMR (300.13 MHz, CDCl3) 

4-methyl-2-(2-methyltetrahydrofuran-

2-yl)quinoline 3ab’ 

 



 

13C NMR (75.48 MHz, CDCl3) 

4-methyl-2-(2-methyltetrahydrofuran-

2-yl)quinoline 3ab’ 

 



 

1H-13C HMBC 

4-methyl-2-(2-methyltetrahydrofuran-

2-yl)quinoline 3ab’ 



 

1H NMR (300.13 MHz, CDCl3) 

2-(1,3-dioxolan-2-yl)-4-

methylquinoline 3ac 

 



 

13C NMR (75.48 MHz, CDCl3) 

2-(1,3-dioxolan-2-yl)-4-

methylquinoline 3ac 

 

 



 

1H NMR (300.13 MHz, CDCl3) 

2-(1,3-dioxolan-4-yl)-4-

methylquinoline 3ac’ 

 



 

13C NMR (75.48 MHz, CDCl3) 

2-(1,3-dioxolan-4-yl)-4-

methylquinoline 3ac’ 

 

 



 

1H NMR (300.13 MHz, CDCl3) 

2-(1,4-dioxan-2-yl)-4-

methylquinoline 3ad 

 

 

 



 

13C NMR (75.48 MHz, CDCl3) 

2-(1,4-dioxan-2-yl)-4-methylquinoline 3ad 

 

 



 

1H NMR (300.13 MHz, CDCl3) 

4-methyl-2-(tetrahydro-2H-

pyran-2-yl)quinoline 3ae 

 

 



 

13C NMR (75.48 MHz, CDCl3) 

4-methyl-2-(tetrahydro-2H-

pyran-2-yl)quinoline 3ae 

 

 



 

1H NMR (300.13 MHz, CDCl3) 

2-(1-ethoxyethyl)-4-

methylquinoline 3af 

 

 



 

13C NMR (75.48 MHz, CDCl3) 

2-(1-ethoxyethyl)-4-

methylquinoline 3af 

 



 

1H NMR (300.13 MHz, CDCl3) 

2-methoxy-4-(tetrahydrofuran-

2-yl)quinoline 3ba 

 

 



 

13C NMR (75.48 MHz, CDCl3) 

2-methoxy-4-(tetrahydrofuran-

2-yl)quinoline 3ba 

 

 

 



 

1H NMR (300.13 MHz, CDCl3) 

2-chloro-4-(tetrahydrofuran-2-

yl)quinoline 3ca 

 

 



 

13C NMR (75.48 MHz, CDCl3) 

2-chloro-4-(tetrahydrofuran-2-

yl)quinoline 3ca 

 

 

 



 

1H NMR (300.13 MHz, CDCl3) 

2-methyl-4-(tetrahydrofuran-2-

yl)quinoline 3ea 

 



 

13C NMR (75.48 MHz, CDCl3) 

2-methyl-4-(tetrahydrofuran-2-yl)quinoline 3ea 

 



 

1H NMR (300.13 MHz, CDCl3) 

2-(tetrahydrofuran-2-

yl)quinoxaline 3fa 

 

 



 

13C NMR (75.48 MHz, CDCl3) 

2-(tetrahydrofuran-2-

yl)quinoxaline 3fa 

 



 

1H NMR (300.13 MHz, CDCl3) 

2-(tetrahydrofuran-2-yl)pyrazine 3ga 

 



 

13C NMR (75.48 MHz, CDCl3) 

2-(tetrahydrofuran-2-yl)pyrazine 3ga 

 



 

1H NMR (300.13 MHz, CDCl3) 

2-methyl-3-(tetrahydrofuran-2-

yl)pyrazine 3ha 

 

 



 

13C NMR (75.48 MHz, CDCl3) 

2-methyl-3-(tetrahydrofuran-

2-yl)pyrazine 3ha 

 



 

1H NMR (300.13 MHz, CDCl3) 

methyl 6-(tetrahydrofuran-2-

yl)nicotinate 3ia 

 



 

13C NMR (75.48 MHz, CDCl3) 

methyl 6-(tetrahydrofuran-2-

yl)nicotinate 3ia 

 



 

1H NMR (300.13 MHz, CDCl3) 

4-methyl-2-(tetrahydrofuran-2-

yl)quinoline 1-oxide 3ja 

 

 



 

13C NMR (75.48 MHz, CDCl3) 

4-methyl-2-(tetrahydrofuran-

2-yl)quinoline 1-oxide 3ja 

 

 



 

1H NMR (300.13 MHz, CDCl3) 

1-(tetrahydrofuran-2-

yl)isoquinoline 3ka 

 



 

13C NMR (75.48 MHz, CDCl3) 

1-(tetrahydrofuran-2-

yl)isoquinoline 3ka 

 



 

1H NMR (300.13 MHz, CDCl3) 

2-(4-bromophenyl)imidazo[1,2-

a]pyridine-3-carboxylic acid 3la’  

 

 



 

13C NMR (75.48 MHz, CDCl3) 

2-(4-bromophenyl)imidazo[1,2-

a]pyridine-3-carboxylic acid 3la’  

 




