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S1. Methods and materials 

All aldehydes and amines were obtained commercially from various chemical companies. 1,3,5 

trimethoxybenzene and Nickel(II) oxide catalyst were purchased from Sigma Aldrich Co., Ltd.; Al2O3 

(basic, 200~300 meshes), Methanol (GC, >99.9%), 5 wt% Pd/C, 5 wt% Rh/C, Raney-nickel and 

Raney-cobalt catalysts were purchased from Aladdin (Shanghai) Chemical Technology Co., Ltd.; 5 wt% 

Ru/C, 5 wt% Pt/C, CDCl3 (99.8% D, stabilized with Ag) were applied by Macklin (Shanghai) 

Chemical Technology Co., Ltd. Before using, the purity of aldehydes and amines has been checked. 

GC of products was recorded by GC-2014C (Shimadzu, Japan) with HP5 column (30 m × 250 

mm × 0.25 μm) and FID detector. GC-MS of products was determined by TRACE 1300ISQ GC-MS 

(Thermo Fisher Scientific, America) with TG-5MS column (30 m × 250 mm × 0.25 μm). 1H NMR of 

products were recorded on a Bruker Avance III (400 MHz) spectrometer (Bruker BioSpin, Germany) 

with CDCl3 as solvent at 400 MHz, respectively. The TEM measurements were conducted on a JEM-

2100F microscope (JEOL, Japan) operated at 200 kV. The SEM images were obtained on Analytical 

SEM SU-70 (Hitachi, Japan) microscope operated at 10kV. XRD powder patterns were recorded on 

an X’Pert Pro MPD diffractometer (PANalytical, Netherlands) using the Cu Kα radiation at 40 kV and 

20 mA (λ = 1.5406 Å). Processing and assignments of the powder patterns were conducted on the 

software Jade 6.0 using the Powder Diffraction File (PDF) database of the International Centre of 

Diffraction Data (ICDD). Nitrogen adsorption isotherms were measured at -196 °C on a Quadrasorb 

SI nitrogen adsorption apparatus (Quantachrome, America) by using the BET method. 

 

S2. Procedure for the synthesis of N-methylamines 

S2.1. Reductive N-methylation of amines and aldehydes  

The reaction was conducted in a stainless steel autoclave (Anhui Kemi Machinery Technology 

Co., Ltd, China) with six wells (10 mL per well), one thermocouple and one circulating water cooling 

equipment. Each well has a glass lining, in which were loaded with one 10 mm magnetic stirring bar, 

0.5 mmol corresponding amine, 3 mmol corresponding aldehyde, 0.05 mmol 1,3,5-trimethoxybenzene, 

10 mg catalyst, and 5 mL methanol. Then, the autoclave was sealed and purged with H2 three times at 

2.5 MPa pressure and was pressurized with 2.5 MPa H2. The autoclave was placed into a heating 

mantle and the stirring rate was set at 300 rpm. The autoclave was preheated from room temperature 

to target temperature (inside temperature detected by thermocouple) at rate of 2 ºC·min-1. The target 

temperature was used as the reaction temperature. The reaction was proceeding at the reaction 

temperature for require time. After the reaction, the remaining gas was discharged after the autoclave 

was cooled down to room temperature. The reaction solutions were collected with a dropper and 

filtered. The catalyst was immobilized on the magnetic stirring bar and washed thoroughly with ethanol 

and water. The catalyst (together with magnetic stirring bar) was then dried at -48 ºC for 12 h in vacuum 

by using a freeze dryer. 

The reaction products were identified by GC-MS and 1H NMR and the yields of reaction products 

were determined by GC with 1, 3, 5-trimethoxybenzene as internal standard. For 1H NMR analysis, 

about 2 mL reaction solutions were concentrated by rotary evaporation, and then added with 0.5 mL 

of CDCl3 (preneutralized with basic Al2O3). 

 

S2.2. Procedure for the gram scare reaction 

In a 500 mL stainless steel autoclave (WATTCAS, China) with one thermocouple, 0.5 or 1 g 

corresponding amine, corresponding aldehyde (3 mmol per 0.5 mmol amine), 0.5 mmol 1,3,5-
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trimethoxybenzene, one 30 mm magnetic stirring bar, 5%Ru/C (5 mg per 0.5 mmol amine) and 

methanol (5 mL per 0.5 mmol amine) were loaded. Then, the autoclave was sealed and purged with 

H2 three times at 2.5 MPa pressure and was pressurized with 2.5 MPa H2. The autoclave was placed 

into a heating mantle and the stirring rate was set at 300 rpm. The autoclave was preheated from room 

temperature to target temperature (inside temperature detected by thermocouple) at rate of 2 ºC·min-1. 

The target temperature was used as the reaction temperature. The reaction was proceeding at the 

reaction temperature for require time. After the reaction, the remaining gas was discharged after the 

autoclave was cooled down to room temperature. The reaction solutions were collected and filtered. 

The catalyst was immobilized on the magnetic stirring bar and washed thoroughly with ethanol and 

water. The catalyst (together with magnetic stirring bar) was then dried at -48 ºC for 12 h in vacuum 

by using a freeze dryer. 

 

S2.3. Procedure for the 5%Ru/C recycling 

The stability test of 5%Ru/C was performed in a stainless steel autoclave (Anhui Kemi Machinery 

Technology Co., Ltd, China) with six wells (10 mL per well), one thermocouple and one circulating 

water cooling equipment. The procedure of reaction and product analysis were similar to the S2.1 

section. After one batch reaction, the collected catalyst (together with magnetic stirring bar) was 

thoroughly washed with ethanol and water. The catalyst (together with magnetic stirring bar) was dried 

at -48 ºC for 12 h in vacuum by using a freeze dryer and was used for the next cycle of reaction. 

 

S3. TEM spectra 

      

      

Figure S1. TEM images of 5%Ru/C. 
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S4. SEM spectra 

 

 

Figure S2. SEM images of 5%Ru/C. 

Figure S3. SEM images of 5%Rh/C. 

  

Figure S4. SEM images of 5%Pt/C. 
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Figure S5. SEM images of 5%Pd/C. 

S5. BET measurements 

Table S1. BET measurements of Ru/C 

Catalyst Pore size (nm) Surface area (m2/g) Total volume (cm3/g) 

5%Ru/C 1.8747 1061.804 0.4976 
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Figure S6. BET measurements of catalysts 5%Ru/C; N2 adsorption and desorption isotherm curves and pore size 

distribution profile of the 5%Ru/C.  

S6. XRD spectra 
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Figure S7. XRD images of 5%Ru/C. 
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S7. EDS element analysis 

 

Figure S8. EDS element analysis of Pd/C 

 

Table S2. EDS element analysis of Pd/C 

Element Line 

Type 

Apparent 

Concentration 

k Ratio Wt% Wt% 

Sigma 

Atomic % Standard 

Label 

Factory 

Standard 

Standard 

Calibration 

Date 

C K 

series 

131.99 1.31988 82.58 0.21 87.44 C Vit Yes  

O K 

series 

9.97 0.03355 15.49 0.20 12.31 SiO2 Yes  

S K 

series 

0.08 0.00069 0.04 0.01 0.02 FeS2 Yes  

Pd L 

series 

3.20 0.03203 1.89 0.05 0.23 Pd Yes  

Total:    100.00  100.00    
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Figure S9. EDS element analysis of Pt/C 

 

Table S3. EDS element analysis of Pt/C 

 

Element Line 

Type 

Apparent 

Concentration 

k Ratio Wt% Wt% 

Sigma 

Atomic % Standard 

Label 

Factory 

Standard 

Standard 

Calibration 

Date 

C K 

series 

117.53 1.17531 82.18 0.14 90.27 C Vit Yes  

O K 

series 

8.66 0.02913 10.90 0.13 8.99 SiO2 Yes  

S K 

series 

0.12 0.00106 0.05 0.01 0.02 FeS2 Yes  

Cl K 

series 

1.84 0.01608 0.82 0.02 0.31 NaCl Yes  

Pt M 

series 

12.87 0.12872 6.04 0.08 0.41 Pt Yes  

Total:    100.00  100.00    
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Figure S10. EDS element analysis of Rh/C 

 

Table S4. EDS element analysis of Rh/C 

 

 

Element 

Line 

Type 

Apparent 

Concentration 

k Ratio Wt% Wt% 

Sigma 

Atomic % Standard 

Label 

Factory 

Standard 

Standard 

Calibration 

Date 

C K 

series 

30.67 0.30673 81.73 0.30 88.51 C Vit Yes  

O K 

series 

2.38 0.00802 12.19 0.28 9.91 SiO2 Yes  

P K 

series 

2.47 0.01384 2.68 0.06 1.13 GaP Yes  

S K 

series 

0.04 0.00036 0.07 0.03 0.03 FeS2 Yes  

Rh L 

series 

1.78 0.01780 3.33 0.13 0.42 Rh Yes  

Total:    100.00  100.00    
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Figure S11. EDS element analysis of Ru/C 

 

Table S5. EDS element analysis of Ru/C 

Element Line 

Type 

Apparent 

Concentration 

k Ratio Wt% Wt% 

Sigma 

Atomic % Standard 

Label 

Factory 

Standard 

Standard 

Calibration 

Date 

C K 

series 

151.45 1.51453 80.93 0.16 88.29 C Vit Yes  

O K 

series 

9.57 0.03221 13.35 0.16 10.94 SiO2 Yes  

S K 

series 

0.30 0.00256 0.13 0.01 0.05 FeS2 Yes  

Ru L 

series 

11.06 0.11056 5.59 0.07 0.72 Ru (v) Yes  

Total:    100.00  100.00    
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S8. NMR and GCMS spectra 
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RT: 0.00 - 30.10
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RT: 0.00 - 30.09
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RT: 0.00 - 30.10
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RT: 0.00 - 30.09
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RT: 0.00 - 30.10
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N

Exact mass: 115.217 

CAS: 2315-43-7 
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RT: 0.00 - 30.09
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TIC  MS 
B-24-3

B-24-3 #3150 RT: 10.75 AV: 1 NL: 4.38E7
T: + c EI Full ms [15.00-400.00]
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Exact mass: 139.195 

CAS: 14496-35-6 
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RT: 0.00 - 30.09
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TIC  MS 
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B-24-4 #3210 RT: 10.95 AV: 1 NL: 2.92E8
T: + c EI Full ms [15.00-400.00]
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Exact mass: 157.296 

CAS: 2906-10-7 
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RT: 0.00 - 30.10
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TIC  MS 
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B-25-2 #3486 RT: 11.89 AV: 1 NL: 9.21E6
T: + c EI Full ms [15.00-400.00]
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Exact mass: 141.234 

CAS: 26019-17-0 
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RT: 0.00 - 30.11

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Time (min)

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
el

at
iv

e 
A

bu
nd

an
ce

8.63

20.01

16.093.67 10.46 11.34 12.938.47 20.4918.71 29.7421.85 27.2124.10 25.703.03 5.690.09

NL:
4.69E8

TIC  MS 
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B-25-4 #2531 RT: 8.64 AV: 1 NL: 1.10E8
T: + c EI Full ms [15.00-400.00]
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207.09184.11133.16 281.03166.83 253.04 298.09 318.40220.44 378.27356.65

Exact mass: 125.168 

CAS: 14496-34-5 
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RT: 0.00 - 30.10
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TIC  MS 
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B-21-1 #3425 RT: 11.71 AV: 1 NL: 2.21E8
T: + c EI Full ms [15.00-400.00]
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N

N

N

Exact mass: 135.206 

CAS: 103-83-3 
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RT: 0.00 - 25.11
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T: + c EI Full ms [15.00-400.00]
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207.12 355.35169.30 221.12 281.01264.99 398.99327.10308.91
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O
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O

Exact mass: 165.232 

CAS: 15175-54-9 
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RT: 0.00 - 25.12
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TIC  MS 
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T: + c EI Full ms [15.00-400.00]
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Cl

N

Cl

N
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Exact mass: 169.651 

CAS: 15184-97-1 
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RT: 0.00 - 25.10

0 2 4 6 8 10 12 14 16 18 20 22 24

Time (min)

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
el

at
iv

e 
A

bu
nd

an
ce

13.86

20.00

14.063.65 13.77 24.8411.8210.874.96 18.018.72 14.79 22.9320.487.956.07 19.243.060.76

NL:
9.63E8

TIC  MS 
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T: + c EI Full ms [15.00-400.00]
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N

N

Exact mass: 149.233 

CAS: 4052-88-4 
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RT: 0.00 - 25.12
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TIC  MS 
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B-38-4 #3741 RT: 12.75 AV: 1 NL: 1.57E8
T: + c EI Full ms [15.00-400.00]
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207.13135.18 281.18193.17 265.07161.16 239.49 299.95 316.10 377.56357.97 392.83

Exact mass: 121.18 

CAS: 121-69-7 
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RT: 0.00 - 25.11
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T: + c EI Full ms [15.00-400.00]
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Exact mass: 149.233 

CAS: 1126-71-2 
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RT: 0.00 - 25.10
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Exact mass: 135.206 

CAS: 103-83-3 
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RT: 0.00 - 25.13
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Exact mass: 165.232 

CAS: 15175-54-9 
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RT: 0.00 - 25.11
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Exact mass: 169.651 

CAS: 15184-97-1 
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RT: 0.00 - 25.10
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Exact mass: 149.233 

CAS: 4052-88-4 
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RT: 0.00 - 25.09
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Exact mass: 121.18 

CAS: 121-69-7 
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RT: 0.00 - 25.09
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Exact mass: 149.233 

CAS: 1126-71-2 
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RT: 0.00 - 25.09
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N

N

Exact mass: 135.206 

CAS: 103-83-3 
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RT: 0.00 - 25.08
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8.41E8

TIC  MS 
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B-37-3 #5077 RT: 17.30 AV: 1 NL: 2.87E8
T: + c EI Full ms [15.00-400.00]
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N
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Exact mass: 165.232 

CAS: 15175-54-9 
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RT: 0.00 - 25.11
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TIC  MS 
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B-37-6 #4616 RT: 15.73 AV: 1 NL: 2.63E8
T: + c EI Full ms [15.00-400.00]
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152.12 207.20178.10 281.19248.94 348.81317.46 374.36 398.88
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Cl

N

Cl

N

Cl

Exact mass: 169.651 

CAS: 15184-97-1 
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RT: 0.00 - 25.09
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NL:
9.74E8

TIC  MS 
B-38-3

B-38-3 #4067 RT: 13.86 AV: 1 NL: 1.78E8
T: + c EI Full ms [15.00-400.00]
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207.23163.09 281.24267.63181.10 355.30228.13 331.23 368.63309.55 391.24

N

N

N

Exact mass: 149.233 

CAS: 4052-88-4 
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RT: 0.00 - 25.09
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3.65 14.06 20.3712.5810.8810.014.98 18.0216.628.78 14.78 22.42 23.957.02 19.376.103.061.910.69

NL:
6.61E8

TIC  MS 
B-38-6

B-38-6 #3737 RT: 12.74 AV: 1 NL: 1.48E8
T: + c EI Full ms [15.00-400.00]
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38.09 207.14133.05 191.04 281.26148.40 251.04 333.35 354.24230.39 311.08 391.64

Exact mass: 121.18 

CAS: 121-69-7 
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RT: 0.00 - 25.12

0 2 4 6 8 10 12 14 16 18 20 22 24

Time (min)

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
el

at
iv

e 
A

bu
nd

an
ce

14.38

20.01

3.65 14.0610.88 11.84 15.058.72 18.024.98 19.18 20.30 23.6917.41 22.419.248.166.673.041.680.95
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7.85E8

TIC  MS 
B-39-3

B-39-3 #4216 RT: 14.37 AV: 1 NL: 4.17E8
T: + c EI Full ms [15.00-400.00]
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N
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Exact mass: 149.233 

CAS: 1126-71-2 
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RT: 0.00 - 25.11
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TIC  MS 
B-29-1

B-29-1 #3740 RT: 12.75 AV: 1 NL: 1.27E8
T: + c EI Full ms [15.00-400.00]
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135.16 207.18181.13163.12 330.68294.56 349.14280.80254.06227.11 369.95 391.19

Exact mass: 121.18 

CAS: 121-69-7 
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RT: 0.00 - 25.09
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9.14E8

TIC  MS 
B-29-2

B-29-2 #3429 RT: 11.69 AV: 1 NL: 1.20E8
T: + c EI Full ms [15.00-400.00]
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93.14 207.07 281.16149.22 176.10 226.09 253.21 390.42355.35329.04299.71

Exact mass: 135.206 

CAS: 103-83-3 
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RT: 0.00 - 25.09
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NL:
6.66E8

TIC  MS 
B-29-4

B-29-4 #5179 RT: 17.65 AV: 1 NL: 1.30E8
T: + c EI Full ms [15.00-400.00]
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207.23165.26 281.19 324.23231.30 266.10 296.65 374.55337.67 388.45

Exact mass: 155.625 

CAS: 698-69-1 
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RT: 0.00 - 25.09
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TIC  MS 
B-29-5

B-29-5 #1814 RT: 6.20 AV: 1 NL: 1.25E8
T: + c EI Full ms [15.00-400.00]
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Exact mass: 115.217 

CAS: 7685-30-5 
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RT: 0.00 - 25.11
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TIC  MS 
B-29-6

B-29-6 #3065 RT: 10.46 AV: 1 NL: 2.24E8
T: + c EI Full ms [15.00-400.00]
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98.1527.08
207.09135.19 281.25249.07191.17168.44 361.07344.05 398.69315.16

Exact mass: 127.227 

CAS: 98-94-2 
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RT: 0.00 - 25.11
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NL:
3.21E8

TIC  MS 
B-30-2

B-30-2 #1542 RT: 5.28 AV: 1 NL: 6.73E7
T: + c EI Full ms [15.00-400.00]
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88.17 207.19191.10120.29 149.25 370.89342.65324.13297.59253.27 271.76230.97 387.85

Exact mass: 115.217 

CAS: 3405-42-3 
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RT: 0.00 - 26.60
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NL:
1.45E9

TIC  MS 
B-26-1

B-26-1 #7311 RT: 24.90 AV: 1 NL: 6.68E8
T: + c EI Full ms [10.00-400.00]
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89.06 118.1239.06 165.16152.1228.08 284.24253.03 378.32231.21 327.18 355.25312.46

Exact mass: 287.398 

CAS: 620-40-6 
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RT: 0.00 - 26.60
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26.0322.8416.0312.35 19.1411.178.153.543.00 9.245.67 7.331.86

NL:
1.35E9

TIC  MS 
B-26-3

B-26-3 #7233 RT: 24.63 AV: 1 NL: 5.80E8
T: + c EI Full ms [10.00-400.00]
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Exact mass: 356.295 

CAS: 1338244-30-6 
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RT: 0.00 - 26.60
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TIC  MS 
B-26-5

B-26-5 #6609 RT: 22.51 AV: 1 NL: 1.46E8
T: + c EI Full ms [10.00-400.00]
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242.28226.28 334.26281.02 353.53315.33 387.33
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RT: 0.00 - 26.60
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24.32 25.5710.69 22.1221.2411.016.403.54 8.963.00 4.23 12.37 14.65 16.151.33

NL:
2.11E9

TIC  MS 
B-26-6

B-26-6 #6268 RT: 21.35 AV: 1 NL: 2.59E8
T: + c EI Full ms [10.00-400.00]
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Exact mass: 299.49 

CAS: 764651-46-9 
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RT: 0.00 - 26.61
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TIC  MS 
B-26-4

B-26-4 #5889 RT: 20.06 AV: 1 NL: 2.46E8
T: + c EI Full ms [10.00-400.00]
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219.3089.08 162.20118.15 202.26 253.06 327.23310.32282.54 346.31 371.32 398.97

Exact mass: 219.366 

CAS: 4383-27-1 
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RT: 0.00 - 29.63
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1.74E9

TIC  MS 
B-27-1

B-27-1 #6304 RT: 21.47 AV: 1 NL: 4.89E8
T: + c EI Full ms [10.00-400.00]
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Exact mass: 211.302 

CAS: 102-05-6 
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RT: 0.00 - 29.62
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TIC  MS 
B-27-2

B-27-2 #6794 RT: 23.14 AV: 1 NL: 6.25E8
T: + c EI Full ms [10.00-400.00]
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Exact mass: 241.328 

CAS: 415921-79-8 
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RT: 0.00 - 29.61
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TIC  MS 
B-27-3

B-27-3 #6705 RT: 22.84 AV: 1 NL: 3.05E8
T: + c EI Full ms [10.00-400.00]
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Exact mass: 245.747 

CAS: 20441-11-6 
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RT: 0.00 - 29.60
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TIC  MS 
B-27-4

B-27-4 #4706 RT: 16.04 AV: 1 NL: 4.99E8
T: + c EI Full ms [10.00-400.00]
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Exact mass: 177.286 

CAS: 31844-65-2 
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RT: 0.00 - 29.59
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NL:
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TIC  MS 
B-27-6

B-27-6 #6203 RT: 21.13 AV: 1 NL: 4.52E8
T: + c EI Full ms [10.00-400.00]
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Exact mass: 217.35 

CAS: 79952-95-7 
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RT: 0.00 - 29.59
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TIC  MS 
B-27-5

B-27-5 #6593 RT: 22.46 AV: 1 NL: 5.52E8
T: + c EI Full ms [10.00-400.00]
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Exact mass: 259.43 

CAS: 31043-28-4 
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RT: 0.00 - 25.11
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TIC  MS 
B-30-1

B-30-1 #3431 RT: 11.70 AV: 1 NL: 1.61E8
T: + c EI Full ms [15.00-400.00]
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Exact mass: 135.206 

CAS: 103-83-3 
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RT: 0.00 - 25.10
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TIC  MS 
B-31-1

B-31-1 #3430 RT: 11.70 AV: 1 NL: 9.22E7
T: + c EI Full ms [15.00-400.00]
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Exact mass: 135.206 

CAS: 103-83-3 
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RT: 0.00 - 25.10
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TIC  MS 
B-32-1

B-32-1 #3437 RT: 11.72 AV: 1 NL: 7.20E7
T: + c EI Full ms [15.00-400.00]
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Exact mass: 135.206 

CAS: 103-83-3 


