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All reactions were carried out under a nitrogen atmosphere with dry solvents under 

anhydrous conditions, unless otherwise noted. All the chemicals were purchased 

commercially, and used without further purification. Anhydrous THF and toluene were 

distilled from sodium-benzophenone. Dichloromethane and acetonitrile were distilled 

from calcium hydride. Thin-layer chromatography (TLC) was conducted with 0.25 mm 

Tsingdao silica gel plates (60F-254) and visualized by exposure to UV light (254 nm) or 

stained with potassium permanganate. Flash column chromatography was performed 

using Tsingdao silica gel (60, particle size 0.040–0.063 mm). Reagents were purchased 

at the highest commercial quality and used without further purification, unless otherwise 

stated. 1H NMR spectra were recorded on Bruker spectrometers (at 400 or 500 MHz) 

and are reported relative to deuterated solvent signals. Data for 1H NMR spectra are 

reported as follows: chemical shift (δ ppm), multiplicity, coupling constant (Hz) and 

integration. 13C NMR spectrawere recorded on Bruker Spectrometers (at 100 or 125 

MHz). Data for 13C NMR spectra are reported in terms of chemical shift. Mass

spectrometric data were obtained using Bruker Apex IV RTMS. The following 

abbreviations were used to explain the multiplicities: s = singlet, d = doublet, t = triplet, 

q = quartet, m = multiplet, br = broad.
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were prepared from isobutyraldehyde or pentan-3-one and the 

corresponding amine according to ref: Stork, G.; Brizzolara, A.; Landesman, H.;

Szmuszkovicz, J.; Terrell, R. J. Am. Chem. Soc. , 85, 207-222.

 

 

A flame-dried round bottom flask (250 mL) equipped with magnetic stirring bar 

and a water separator was charged with morpholine (0.10 mol, 8.71 g),

isobutyraldehyde (0.11 mol, 7.93 g), TsOH (0.0011 mol, 0.21 g) and toluene (50 mL). 

The reaction mixture was heated to reflux until no further water was separated. After the

solvent was removed in vacuo, the residue was distilled under reduced pressure to

afford desired pure product enamines - in 72-88% yield.

were prepared from morpholine and the corresponding acetophenone

according to ref: Peng, W. -M; Shreeve, J. M. J. Org. Chem. , 70, 5760-5763.

 

A flame-dried round bottom flask (250 mL) equipped with magnetic stirring bar 
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was charged with acetophenone (0.043 mol, 5.14g), morpholine (0.26 mol, 22.65g) and 

n-hexane (100 mL). Under a nitrogen atmosphere, TiCl4 (0.022 mol, 0.0042 g) was 

added by dropwise at 0 oC. Then the reaction mixture was stirred at room temperature 

for 24 hours. After that the insoluble solid was filtrated, and the filtrate was evaporated 

in vacuo. Then the residue was distilled under reduced pressure to afford desired pure 

product enamines - in 65-83% yield.

A flame-dried round bottom flask (10 mL) was equipped with magnetic stirring bar 

and charged with sily enol ether compound (0.4 mmol, 1.0 equiv), tris(2,2´-bipyridyl)

ruthenium(II) chloride hexahydrate (0.01 mmol, 0.025 equiv) and MeCN (2.0 mL). The 

mixture was then added DMAP (0.04 mmol, 0.10 equiv), and irradiated by a household

bulb (45 W) under a balloon oxygen atmosphere at room temperature until the starting 

material disappeared from the TLC. The reaction mixture was filtrated through celite 

and washed with ether. Then the solvent was removed under reduced pressure, the 

residue was purified by silica gel column chromatography to afford desired pure 

products (32% yield) and (43% yield).

A flame-dried round bottom flask (10 mL) was equipped with magnetic stirring bar 

and charged with sily enol ether compound (0.4 mmol, 1.0 equiv), tris(2,2´-bipyridyl)

ruthenium(II) chloride hexahydrate (0.01 mmol, 0.025 equiv) and MeCN (2.0 mL). The 

mixture was irradiated by a household bulb (45 W) under a balloon oxygen atmosphere

at room temperature until the starting material disappeared from the TLC. Then P(OEt)3

was added into the reaction system and continued to stir for 2 hours. The mixture was 

filtrated through celite and washed with ether. After the solvent was removed under 
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reduced pressure, the residue was purified by silica gel column chromatography to 

afford desired pure product (41% yield) and (30% yield).

 
 

A flame-dried round bottom flask (10 mL) was equipped with magnetic stirring bar 

and charged with enamine compound (0.4 mmol, 1.0 equiv), tris(2,2´-bipyridyl)

ruthenium(II) chloride hexahydrate (0.01 mmol, 0.025 equiv) and MeCN (2.0 mL). The 

mixture was then added Cs2CO3 (0.4 mmol, 1.0 equiv), and irradiated by a household

bulb (45 W) under a balloon oxygen atmosphere at room temperature until the starting 

material disappeared from the TLC. The reaction mixture was filtrated through celite

and washed with ether. The solvent was removed under reduced pressure, the residue 

was purified by silica gel column chromatography to afford desired pure product - in 

40-99% yield.
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1H NMR

(500 MHz, CDCl3): δ 6.05 (t, J = 4.5 Hz, 1H), 3.97 (s, 4H), 2.75 (s, 2H), 2.66 (d, J = 4.6 

Hz, 2H), 0.93 (s, 9H), 0.14 (s, 6H); 13C NMR (125 MHz, CDCl3): δ 192.3, 148.1, 129.5, 

122.8, 108.5, 64.7, 48.5, 35.8, 25.6, 18.4, -4.67; HRMS calculated for C14H24NaO4Si (M

+ Na+): 307.1336, found: 307.1333.

 

 

 

1H NMR (400 MHz, CDCl3): δ 6.61 (d, J =

10.2 Hz, 1H), 6.00 (d, J = 10.2 Hz, 1H), 4.08-4.00 (m, 4H), 2.63 (t, J = 6.4 Hz, 2H), 

2.20 (t, J = 6.4 Hz, 2H); 13C NMR (125 MHz, CDCl3): δ 198.7, 146.3, 130.5, 103.9, 

65.0, 35.22, 32.83; HRMS calculated for C8H10O3Na (M + Na+): 177.0522, found: 

177.0521.

 

 

 

1H NMR (500

MHz, CDCl3): δ 4.80 (t, J = 4.5 Hz, 1H), 4.09-4.03 (m, 1H), 4.03-3.93 (m, 4H), 2.97 (d, 

J = 6.3 Hz, 1H), 2.31 (d, J = 3.7 Hz, 2H), 2.11 (dd, J = 13.4, 5.3 Hz, 1H), 2.00 (dd, J =
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13.4, 4.5 Hz, 1H), 0.94 (s, 9H), 0.17 (s, 6H); 13C NMR (125 MHz, CDCl3): δ 151.0, 

107.9, 101.9, 68.4, 64.4, 38.9, 34.5, 25.7, 18.1, -4.5; HRMS calculated for C14H27O4Si

(M + H+): 287.1673, found: 287.1676.

 

 

1H NMR (400 MHz, CDCl3): δ 7.95 (s, 1H), 3.42 (t, J

= 5.7 Hz, 2H), 3.25 (t, J = 5.6 Hz, 2H), 1.66-1.60 (m, 2H), 1.55-1.45 (m, 4H); 13C NMR

(100 MHz, CDCl3): δ 160.7, 46.7, 40.5, 26.5, 25.0, 24.6; HRMS calculated for 

C6H12NO (M + H+): 114.0913, found: 114.0913.

 

1H NMR (500 MHz, CDCl3): δ 8.07 (s, 1H), 

7.95 (s, 1H), 4.67 (t, J = 6.0 Hz, 1H), 3.93 (dt, J = 13.4, 4.0 Hz, 1H), 3.77-3.72 (m, 1H),

3.34 (dd, J =13.6, 4.8 Hz, 1H), 3.21-3.16 (m, 1H), 3.05-2.99 (m, 1H), 1.72-1.62 (m, 8H), 

1.57-1.53 (m, 2H), 1.43-1.37 (m, 2H), 1.27 (d, J = 7.0 Hz, 3H), 1.16 (d, J = 7.0 Hz, 3H); 
13C NMR (125 MHz, CDCl3): δ 161.0, 160.5, 50.5, 42.9, 42.1, 36.7, 31.8, 29.5, 26.5, 

25.2, 20.2, 19.3, 17.8, 15.6; HRMS calculated for C7H14NO (M + H+): 128.1070, found: 

128.1069.

 
 

1H NMR (400 MHz, CDCl3): δ 7.97 (d, J =

5.6 Hz, 1H), 4.20-4.14 (m, 2H), 3.50-3.41 (m, 2H), 3.00-2.95 (m, 1H), 2.68-2.60 (m, 

2H), 2.30-2.24 (m, 1H), 1.83-1.81 (m, 2H), 1.73-1.63 (m, 2H), 1.58-1.48 (m, 2H), 
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1.44-1.37 (m, 2H), 1.21-1.116 (m, 2H), 0.88 (d, J = 6.6 Hz, 6H); 13C NMR (100 MHz, 

CDCl3): δ 160.7, 160.6, 53.2, 46.9, 46.3, 40.1, 33.1, 33.0, 31.8, 30.5, 25.9, 24.2, 18.7, 

18.5; HRMS calculated for C7H14NO (M + H+): 128.1070, found: 128.1069.

 

 

1H NMR (400 MHz, CDCl3): δ 7.96 (s, 1H), 

4.30 (dt, J = 13.2, 2.0 Hz, 1H), 3.54 (dt, J = 13.2, 2.0 Hz, 1H), 3.00 (td, J = 12.7, 2.8 Hz, 

1H), 2.57 (td, J = 12.7, 2.8 Hz, 1H), 1.70-1.60 (m, 3H), 1.10-1.00 (m, 2H), 0.92 (d, J =

6.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 160.7, 46.1, 39.8, 34.6, 33.2, 31.2, 21.6; 

HRMS calculated for C7H14NO (M + H+): 128.1070, found: 128.1068.

 

 

1H NMR (400 MHz, CDCl3): δ 7.98 (s, 

1H), 4.33 (dt, J = 12.8, 2.2 Hz, 1H), 3.45 (dt, J = 12.8, 2.2 Hz, 1H), 2.53 (t, J = 11.9 Hz, 

1H), 2.04 (t, J = 12.0 Hz, 1.5H), 1.83-1.80 (m, 1.5H), 1.60-1.44 (m, 4H), 1.22 (s, 1H), 

0.89-0.73 (m, 10H); 13C NMR (100 MHz, CDCl3): δ 160.6, 53.0, 46.7, 42.6, 32.4, 30.8,

18.9, 18.7; HRMS calculated for C8H16NO (M + H+): 142.1226, found: 142.1225.

 

 

1H NMR (400 MHz, CDCl3): δ 8.01 (s, 1H), 3.65 (t, 

J = 4.8 Hz, 2H), 3.62 (t, J = 4.6 Hz, 2H), 3.53 (t, J = 5.2 Hz, 2H), 3.36 (t, J = 5.0 Hz, 
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2H); 13C NMR (100 MHz, CDCl3): δ 160.8, 67.1, 66.3, 45.7, 40.5; HRMS calculated for 

C5H10NO2 (M + H+): 116.0706, found: 116.0706.

 

 

1H NMR (400 MHz, CDCl3): δ 8.24 (s, 1H), 3.48 (t,

J = 6.4 Hz, 2H), 3.40 (t, J = 6.0 Hz, 2H), 1.92-1.86 (m, 4H); 13C NMR (100 MHz, 

CDCl3): δ 160.8, 45.9, 43.0, 24.8, 24.1; HRMS calculated for C5H10NO2 (M + H+):

100.0757, found: 100.0757.

 

N N 1H NMR (400 MHz, CDCl3): δ 8.06 (s, 1H), 3.11(d, J

= 7.6 Hz, 2H), 2.97 (d, J = 7.4 Hz, 2H), 2.00-1.85 (m, 2H), 0.89-0.86 (m, 12H); 13C

NMR (100 MHz, CDCl3): δ 163.2, 55.3, 49.3, 26.3, 26.0, 20.0, 19.7; HRMS calculated 

for C9H20NO (M + H+): 158.1539, found: 158.1542.

 

 

N,N- 1H NMR (500 MHz, CDCl3): δ 8.02 (s, 1H), 3.26 (t, J =

7.6 Hz, 2H), 3.17 (t, J = 7.1 Hz, 2H), 1.51-1.50 (m, 4H), 1.34-1.27 (m, 8H), 0.90-0.86 

(m, 6H); 13C NMR (125 MHz, CDCl3): δ 162.6, 47.4, 42.1, 29.1, 28.6, 28.4, 27.0, 22.4, 

22.2, 13.9, 13.8; HRMS calculated for C11H24NO (M + H+): 186.1852, found: 186.1854.
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N,N- 1H NMR (500 MHz, CDCl3): δ 8.01 (s, 1H), 3.26 (t, J =

7.6 Hz, 2H), 3.16 (t, J = 7.1 Hz, 2H), 1.53-1.42(m, 4H), 1.27 (m, 12H), 0.88-0.85 (m,

6H); 13C NMR (125 MHz, CDCl3): δ 162.6, 47.4, 42.2, 31.5, 31.4, 28.7, 27.3, 26.6, 26.1,

22.5, 22.4, 13.9, 13.8; HRMS calculated for C13H28NO (M + H+): 214.2165, found: 

214.2166.

 
1H NMR (400 MHz, CDCl3): δ 3.65 (t, J = 4.6 Hz, 

4H), 3.59 (t, J = 4.9 Hz, 2H), 3.43 (t, J = 5.0 Hz, 2H), 2.31 (q, J = 7.5 Hz, 2H), 1.13 (t, J

= 7.4 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 172.4, 66.8, 66.5, 45.7, 41.8, 26.2, 9.3;

HRMS calculated for C7H14NO2 (M + H+): 144.1019, found: 144.1020.

 

 

 

1H NMR (500 MHz, CDCl3): δ 7.39-7.36 (m, 

5H), 3.84-3.37 (m, 8H); 13C NMR (125 MHz, CDCl3): δ 170.4, 135.4, 129.8, 128.5, 

127.1, 66.9, 48.3, 42.7; HRMS calculated for C11H14NO2 (M + H+): 192.1019, found: 

192.1018. 
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p 1H NMR (500 MHz, CDCl3): δ 7.29 (d, J = 8.0 

Hz, 2H), 7.19 (d, J = 8.0 Hz, 2H), 3.67 (br, 8H), 2.36 (s, 3H); 13C NMR (125 MHz, 

CDCl3): δ 170.6, 140.0, 132.4, 129.1, 127.1, 66.9, 48.2, 43.3; HRMS calculated for 

C12H16NO2 (M + H+): 206.1176, found: 206.1176.

 

 

1H NMR (400 MHz, CDCl3): δ

7.39-7.32 (m, 4H), 3.71-3.43 (br, 8H); 13C NMR (100 MHz, CDCl3): δ 169.3, 135.9, 

135.5, 128.8, 128.6, 66.7, 48.2, 42.6; HRMS calculated for C11H13ClNO2 (M + H+):

226.0629, found: 206.0630.
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