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General Information: 

Mass spectra and high-resolution mass spectra were measured on a Finnigan MAT-95 

mass spectrometer. 
1
H and 

13
C NMR spectra were determined on Bruker AM-300, 

Bruker AM-400, Bruker AM-500 instruments using tetramethylsilane as internal 

reference. Data are presented as follows: chemical shift, multiplicity (s = singlet, br s 

= broad singlet, d = doublet, br d = broad doublet, t = triplet, m = multiplet), J = 

coupling constant in hertz (Hz). Silica gel 60H (200 – 300 mesh) manufactured by 

Qingdao Haiyang Chemical Group Co. (China) was used for general chromatography. 

All reagents were purchased from commercial sources and used without further 

purification, unless otherwise indicated.  

Mechanistic study
 

(a) Procedure for H/D exchange experiment:  

 

A mixture of 1a (0.2 mmol), [RuCl2(p-cymene)]2 (5 mol %), AgSbF6 (20 mol %), 

NaH2PO4 (20 mol %) were dissolved in DCE: D2O (10: 1) (2 mL) in sealed tube and 

the mixture was stirred at 60 ℃ for 30 min. The solvent was removed under reduced 

pressure and the residue was purified the residue by silica gel chromatograph to 

recovery 1a.  
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A mixture of 1a (0.2 mmol), 2a (0.6 mmol, 3 equiv), [RuCl2(p-cymene)]2 (5 mol %), 

AgSbF6 (20 mol %), NaH2PO4 (20 mol %) were dissolved in DCE: D2O (10: 1) (2 mL) 

in sealed tube and the mixture was stirred at 60 ℃ for 2 h. The solvent was removed 

under reduced pressure to give the residue which was purified the residue by silica gel 

chromatograph to give 1a-dn and 3a. 
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(b) Competitive experiment: 

 

A mixture of 1b (0.1 mmol), 1e (0.1 mmol), 2a (0.1 mmol), [RuCl2(p-cymene)]2 (5 

mol %), AgSbF6 (20 mol %), NaH2PO4 (20 mol %) were dissolved in DCE (1 ml) in 

sealed tube and the mixture was stirred at 60 ℃ for 36 h. The solvent was removed 

under reduced pressure and the residue was purified the residue by silica gel 

chromatograph to give 3b and 3e (3.7:1). 
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1
H and 

13
C NMR Spectrum of Compounds 

Compound 3a  
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Compound 3b 
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Compound 3c 
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Compound 3d 
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Compound 3e 
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Compound 3f 
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Compound 3g 
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Compound 3h 
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Compound 3i  
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Compound 3j 
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Compound 3k 
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Compound 3l 
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Compound 3m 
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Compound 3n 
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Compound 3q 
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Compound 4a 
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Compound 4b 

 

 

 


