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1. General Experimental 

  All experiments were carried out under an atmosphere of purified nitrogen in a Vacuum 

Atmospheres glove box. All solvents were reagent grade or better. Deuterated solvents were used as 

received. All solvents were degassed with argon and kept in the glove box over 4¡ molecular sieves. 

All the chemicals used in the catalytic reactions (urea derivatives and carbamates) are commercially 

available.  

  1H, 13C and 31P NMR spectra were recorded using Bruker-500 instrument. 1H NMR chemical 

shifts are reported in ppm downfield from tetramethylsilane and referenced to the residual signals 

of an appropriate deuterated solvent. Mass spectra were recorded on Agilent 6545 Q-TOF, using 

Electro Spray Ionization (ESI) mode. GC-MS was carried out on a Shimadzu GC/MS-QP2010 

system (Shimadzu, Germany), carried out using a DB-5 column (30 m Ĭ 0.25 mm Ĭ 0.25 ɛm film 

thickness), and helium as carrier gas. GC analysis were obtained on GC-2010 (Shimadzu, Japan) 

and carried out using a SH-5 column (30 m Ĭ 0.25 mm Ĭ 0.25 ɛm film thickness) using biphenyl as 

an internal standard. The quantitative analysis of the products (formamides, methanol, 

methylamines and amines) was performed by comparison with the corresponding authentic samples 

(commercially purchased). Inlets: 280 oC; Detector: FID 300 oC; Carrier Gas: N2; Flow: 1 mL/min; 

Oven: 40 oC, hold 7 min; 5 oC/min to 80 oC, hold 3 min; 2 oC/min to 100 oC, hold 3 min; 20 oC/min 

to 300 oC, hold 3 min. 
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2. Experimental procedures 

2-1 Procedure for the catalytic hydrogenation of urea derivatives 

In a N2 glove box, 0.02 mmol of the (PPh3)3Ir(CO)H and 0.03 mmol of Py(CH2PPh2)2 were added 

in 4 mL of THF to a 50 mL autoclave (Anhui CHEMN Instrument Co., Ltd). This mixture was stirred 

for 5 min, then 2 mmol of urea derivative was added to it. Remove the sealed autoclave from the 

glove box, rinse it four times with hydrogen gas (Pressure to 50 bar, release to 2 bar, cycle four 

times) and pressurize it to the specified pressure, and heat it with stirring at the specified temperature. 

After the reaction, the steel autoclave was cooled in an ice-bath for 30 min and slowly depressurized. 

The biphenyl (internal standard) was added to the cold solution and then filtered through Celite, and 

the solution was analyzed by GC/GC-MS and 1H NMR spectroscopy. 
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 2-2 Procedure for the catalytic hydrogenation of carbamates 

In a N2 glove box, 0.06 mmol of the (PPh3)3Ir(CO)H and 0.08 mmol of Py(CH2PPh2)2 were added 

in 4 mL of THF to a 50 mL autoclave. This mixture was stirred for 5 min, then 1 mmol of carbamate 

was added to it. Remove the sealed autoclave from the glove box, rinse it four times with hydrogen 

gas (Pressure to 50 bar, release to 2 bar, cycle four times) and pressurize it to the specified pressure, 

and heat it with stirring at the specified temperature. After the reaction, the steel autoclave was 

cooled in an ice-bath for 30 min and slowly depressurized. The biphenyl (internal standard) was 

added to the cold solution and then filtered through Celite, and the solution was analyzed by GC/GC-

MS and 1H NMR spectroscopy. 

 

 

Figure S1. Catalyst system for the hydrogenation of urea derivatives and carbamates. 
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Table S1. Optimization of the reaction conditions for hydrogenation of methyl N-phenylcarbamate.a 

 

aReaction conditions: substrate (2 mmol), (PPh3)3Ir(CO)H (3 mol%), Py(CH2PPh2)2 (4.5 mol%), H2 

(30 bar), THF (4 mL), 140 ÁC (bath temperature). Determined by GC using biphenyl as an internal 

standard. Identification of the products was also confirmed by GC-MS. bMethylaniline (1%). 
cMethylaniline (18%). dTHF (6 mL). eSubstrate (1 mmol). fTHF (3 mL). 

 

  

Entry 
Ir/ligand 

(mol%/mol%) 

T 

(ÁC) 

P 

(bar) 

t 

(h) 

conv. 

(%) 

yield (%) 

of amine 

yield (%) of 

formamide 

selec. 

(%) 

1 1/1.5 140 30 24 44 1 42 95 

2 2/3 140 30 24 60 3 56 93 

3 3/4.5 140 30 24 70 6 63 90 

4 4/6 140 30 24 73 8 65 89 

5 3/4.5 140 30 48 78 15 63 81 

6 2/3 150 30 24 80 12 68 85 

7b 2/3 160 30 24 94 36 55 58 

8c 2/3 180 30 24 99 71 10 10 

9 3/4.5 150 30 24 88 23 65 81 

10d 3/4.5 150 30 24 77 6 71 92 

11d 6/8 150 30 24 90 11 78 87 

12d 6/8 140 30 24 78 8 70 90 

13e 6/8 140 30 24 90 6 84 93 

14e,f 6/8 140 30 22 96 44 51 53 

15e 6/8 140 10 24 88 8 80 91 
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3. Synthesis and Characterization of Iridium Complexes 

3-1 (PPh3)3Ir(CO)H/bis((diphenylphosphanyl)methyl)pyridine under a N2 

atmosphere in a 1:1.5 molar ratio in THF 

In a N2 glove box, 0.02 mmol of the (PPh3)3Ir(CO)H and 0.03 mmol of Py(CH2PPh2)2 were added 

in 4 mL of THF to a 50 mL autoclave. Remove the sealed autoclave from the glove box, and heat it 

with stirring at 130 ÁC for 6 h. After the reaction, the steel autoclave was cooled in an ice-bath for 

30 min and slowly depressurized. Afterwards, THF was slowly evaporated and the product 

precipitated form the concentrated reaction mixture which was analysed by NMR and ESI-MS. 

                        

ESI-MS (CH3OH) ([C49H43IrNP3]+H)+ (M+H) Calc.: 932.2310 Found: 932.2305 m/z. 

 

                         

ESI-MS (CH3OH) ([C32H28IrNOP2]-H)+ (M-H) Calc.: 696.1192 Found: 696.1193 m/z. 

                         

ESI-MS (CH3OH) ([C32H28IrNOP2]+H)+ (M+H) Calc.: 698.1348 Found: 698.1357 m/z. 
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3-2 (PPh3)3Ir(CO)H/bis((diphenylphosphanyl)methyl)pyridine under a H2 

atmosphere in a 1:1.5 molar ratio in THF 

In a N2 glove box, 0.02 mmol of the (PPh3)3Ir(CO)H and 0.03 mmol of Py(CH2PPh2)2 were added 

in 4 mL of THF to a 50 mL autoclave. Remove the sealed autoclave from the glove box, rinse it four 

times with hydrogen gas (Pressure to 50 bar, release to 2 bar, cycle four times) and pressurize it to 

10 bar, and heat it with stirring at 130 ÁC for 6 h. After the reaction, the steel autoclave was cooled 

in an ice-bath for 30 min and slowly depressurized. Afterwards, THF was slowly evaporated and 

the product precipitated form the concentrated reaction mixture which was analysed by NMR and 

ESI-MS. 
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ESI-MS (CH3OH) ([C31H28IrNP2]+H)+ (M+H) Calc.: 670.1399 Found: 670.1396 m/z. 

 

 

       

ESI-MS (CH3OH) ([C32H28IrNOP2]-H)+ (M-H) Calc.: 696.1192 Found: 696.1221 m/z. 

 

 

                        

ESI-MS (CH3OH) ([C49H43IrNP3]+H)+ (M+H) Calc.: 932.2310 Found: 932.2313 m/z. 
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3-3 (PPh3)3Ir(CO)H/bis((diphenylphosphanyl)methyl)pyridine/1,3-bis(4-

chlorophenyl)urea under H2 atmosphere in a 1:1.5:100 molar ratio in THF 

In a N2 glove box, 0.02 mmol of the (PPh3)3Ir(CO)H and 0.03 mmol of Py(CH2PPh2)2 were added 

in 4 mL of THF to a 50 mL autoclave. This mixture was stirred for 5 min, then 2 mmol of 1,3-bis(4-

chlorophenyl)urea was added to it. Remove the sealed autoclave from the glove box, rinse it four 

times with hydrogen gas (Pressure to 50 bar, release to 2 bar, cycle four times) and pressurize it to 

10 bar, and heat it with stirring at 130 ÁC for 45 min. After the reaction, the steel autoclave was 

cooled in an ice-bath for 30 min and slowly depressurized. Afterwards, THF was slowly evaporated 

and the product precipitated form the concentrated reaction mixture which was analysed by NMR 

and ESI-MS. 

 

  



12 

 

 

ESI-MS (CH3OH) ([C31H28IrNP2]+H)+ (M+H) Calc.: 670.1399 Found: 670.1387 m/z. 

 

 

 

ESI-MS (CH3OH) ([C32H28IrNOP2]+H)+ (M+H) Calc.: 698.1348 Found: 698.1373 m/z. 

 

 

 

ESI-MS (CH3OH) ([C49H43IrNP3]+H)+ (M+H) Calc.: 932.2310 Found: 932.2320 m/z. 

 

 

 
ESI-MS (CH3OH) ([C38H34ClIrN2OP2]+H)+ (M+H) Calc.: 825.1537 Found: 825.1542 m/z. 
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3-4 (PPh3)3Ir(CO)H/bis((diphenylphosphanyl)methyl)pyridine/1,3-bis(4-

chlorophenyl)urea under D2 atmosphere in a 1:1.5:100 molar ratio in THF for 1 h 

In a N2 glove box, 0.02 mmol of the (PPh3)3Ir(CO)H and 0.03 mmol of Py(CH2PPh2)2 were added 

in 4 mL of THF to a 50 mL autoclave. This mixture was stirred for 5 min, then 2 mmol of urea 

derivative was added to it. Remove the sealed autoclave from the glove box, rinse it four times with 

D2 gas (Pressure to 20 bar, release to 2 bar, cycle four times) and pressurize it to the 10 bar, and heat 

it with stirring at 130 ÁC for 1 h. After the reaction, the steel autoclave was cooled in an ice-bath for 

30 min and slowly depressurized. Afterwards, THF was slowly evaporated and the product 

precipitated form the concentrated reaction mixture which was analysed by NMR and ESI-MS. 
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ESI-MS (CH3OH) ([C32H26D2IrNOP2]+H)+ (M+H) Calc.: 700.1474 Found: 700.1481 m/z. 

 

 

 

ESI-MS (CH3OH) ([C49H38D5IrNP3]+H)+ (M+H) Calc.: 937.2631 Found: 937.2624 m/z. 
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Figure S2. (a) 1H NMR (500 MHz, DMSO-d6) spectra of 

(PPh3)3Ir(CO)H/bis((diphenylphosphanyl)methyl)pyridine/1,3-bis(4-chlorophenyl)urea under H2 

atmosphere in THF for 6 h, (b) (PPh3)3Ir(CO)H/bis((diphenylphosphanyl)methyl)pyridine/1,3-

bis(4-chlorophenyl)urea under D2 atmosphere in THF for 1 h, and (c) 

(PPh3)3Ir(CO)H/bis((diphenylphosphanyl)methyl)pyridine/1,3-bis(4-chlorophenyl)urea under D2 

atmosphere in THF for 6 h. 
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3-5 (PPh3)3Ir(CO)H/bis((diphenylphosphanyl)methyl)pyridine under a H2 

atmosphere in a 1:1.5 molar ratio in toluene 

In a N2 glove box, 0.02 mmol of the (PPh3)3Ir(CO)H and 0.03 mmol of Py(CH2PPh2)2 were added 

in 4 mL of toluene to a 50 mL autoclave. Remove the sealed autoclave from the glove box, rinse it 

four times with hydrogen gas (Pressure to 50 bar, release to 2 bar, cycle four times) and pressurize 

it to 10 bar, and heat it with stirring at 130 ÁC for 6 h. After the reaction, the steel autoclave was 

cooled in an ice-bath for 30 min and slowly depressurized. Afterwards, toluene was slowly 

evaporated and the product precipitated form the concentrated reaction mixture which was analysed 

by NMR and ESI-MS. 

 

       

ESI-MS (CH3OH) ([C32H28IrNOP2]-H)+ (M-H) Calc.: 696.1192 Found: 696.1206 m/z. 
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ESI-MS (CH3OH) ([C49H43IrNP3]+H)+ (M+H) Calc.: 932.2310 Found: 932.2312 m/z. 
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3-6 (PPh3)3Ir(CO)H/bis((diphenylphosphanyl)methyl)pyridine/1,3-bis(4-

chlorophenyl)urea under D2 atmosphere in a 1:1.5:100 molar ratio in toluene for 5 

h 

In a N2 glove box, 0.02 mmol of the (PPh3)3Ir(CO)H and 0.03 mmol of Py(CH2PPh2)2 were added 

in 4 mL of toluene to a 50 mL autoclave. This mixture was stirred for 5 min, then 2 mmol of urea 

derivative was added to it. Remove the sealed autoclave from the glove box, rinse it four times with 

D2 gas (Pressure to 10 bar, release to 2 bar, cycle four times) and pressurize it to the 10 bar, and heat 

it with stirring at 150 ÁC for 5 h. After the reaction, the steel autoclave was cooled in an ice-bath for 

30 min and slowly depressurized. Afterwards, toluene was slowly evaporated and the product 

precipitated form the concentrated reaction mixture which was analysed by NMR and ESI-MS. 

 

 

 

ESI-MS (CH3OH) ([C32H26D2IrNOP2]+H)+ (M+H) Calc.: 700.1474 Found: 700.1469 m/z. 

 

 

 

ESI-MS (CH3OH) ([C49H38D5IrNP3]+H)+ (M+H) Calc.: 934.2436 Found: 934.244 m/z. 
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Figure S3. (a) 1H NMR (500 MHz, DMSO-d6) spectra of 

(PPh3)3Ir(CO)H/bis((diphenylphosphanyl)methyl)pyridine under D2 atmosphere in toluene, (b) 

(PPh3)3Ir(CO)H/bis((diphenylphosphanyl)methyl)pyridine/1,3-bis(4-chlorophenyl)urea under D2 

atmosphere in toluene. 
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4. Reaction process for the catalytic hydrogenation of 1,3-diphenylurea 

In a N2 glove box, 0.04 mmol of the (PPh3)3Ir(CO)H and 0.06 mmol of Py(CH2PPh2)2 were added 

in 4 mL of THF to a 50 mL autoclave. This mixture was stirred for 5 min, then 2 mmol 1,3-

diphenylurea was added to it. Remove the sealed autoclave from the glove box, rinse it four times 

with hydrogen gas (Pressure to 50 bar, release to 2 bar, cycle four times) and pressurize it to the 30 

bar, and heat it with stirring at the specified temperature. After the reaction, the steel autoclave was 

cooled in an ice-bath for 30 min and slowly depressurized. The biphenyl (internal standard) was 

added to the cold solution and then filtered through Celite, and the solution was analyzed by GC/GC-

MS. 

 

 

Figure S4. Hydrogenation of 1,3-diphenylurea at different reaction temperature. Reaction 

conditions: 1,3-diphenylurea (2 mmol), (PPh3)3Ir(CO)H (2 mol%), Py(CH2PPh2)2 (3 mol%), 30 bar 

H2, THF (4 mL), reaction time (18 h). 

 

 

 

Figure S5. Reaction profile for the hydrogenation of 1,3-diphenylurea. Reaction conditions: 1,3-

diphenylurea (2 mmol), (PPh3)3Ir(CO)H (2 mol%), Py(CH2PPh2)2 (3 mol%), 30 bar H2 (separate 

trials at varying reaction time), THF (4 mL), reaction temperature (180 ÁC). 
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Figure S6. Catalytic hydrogenation of 1,3-diphenylurea in the absence/presence of CH3OH. 
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5. Catalytic hydrogenation of 1,3-diphenylurea in the presence of alcohol as co-

solvent 

5-1 Effect of methanol ratio in solvent for the catalytic hydrogenation of 1,3-

diphenylurea to N-methylaniline and N,N-dimethylaniline 

In a N2 glove box, 0.04 mmol of the (PPh3)3Ir(CO)H and 0.06 mmol of Py(CH2PPh2)2 were added 

in 4 mL of solvent (methanol and THF as co-solvent) to a 50 mL autoclave. This mixture was stirred 

for 5 min, then 2 mmol 1,3-diphenylurea was added to it. Remove the sealed autoclave from the 

glove box, rinse it four times with hydrogen gas (Pressure to 50 bar, release to 2 bar, cycle four 

times) and pressurize it to the 30 bar, and heat it with stirring at the specified temperature. After the 

reaction, the steel autoclave was cooled in an ice-bath for 30 min and slowly depressurized. The 

biphenyl (internal standard) was added to the cold solution and then filtered through Celite, and the 

solution was analyzed by GC/GC-MS. 

a) 

 

 

 

b) 
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c) 

 

Figure S7. Hydrogenation of 1,3-diphenylurea in the presence of CH3OH as co-solvent. (a) and 

(b) Reaction conditions: 1,3-diphenylurea (2 mmol), (PPh3)3Ir(CO)H (2 mol%), Py(CH2PPh2)2 (3 

mol%), 30 bar H2 (separate trials at varying reaction time), solvent (THF and CH3OH; 4 mL), 

reaction time (24 h). (c) Reaction conditions: 1,3-diphenylurea (2 mmol), (PPh3)3Ir(CO)H (2 mol%), 

Py(CH2PPh2)2 (3 mol%), H2 (30 bar), solvent (3.0 mL methanol and 1.0 mL THF), reaction 

temperature (180 ÁC), reaction times (6-48 h). 
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5-2 Effect of H2 Pressure for the catalytic hydrogenation of 1,3-diphenylurea to N-

methylaniline and N,N-dimethylaniline in the presence of methanol 

In a N2 glove box, 0.04 mmol of the (PPh3)3Ir(CO)H and 0.06 mmol of Py(CH2PPh2)2 were added 

in 4 mL of solvent (0.3 mL methanol and 3.7 mL THF) to a 50 mL autoclave. This mixture was 

stirred for 5 min, then 2 mmol 1,3-diphenylurea was added to it. Remove the sealed autoclave from 

the glove box, rinse it four times with hydrogen gas (Pressure to 50 bar, release to 2 bar, cycle four 

times) and pressurize it to the desired pressure, and heat it with stirring at 180 ÁC. After the reaction, 

the steel autoclave was cooled in an ice-bath for 30 min and slowly depressurized. The biphenyl 

(internal standard) was added to the cold solution and then filtered through Celite, and the solution 

was analyzed by GC/GC-MS. 

 

i) 

 

ii) 

 

Figure S8. Hydrogenation of 1,3-diphenylurea in the presence of CH3OH as co-solvent. 

Reaction conditions: 1,3-diphenylurea (2 mmol), (PPh3)3Ir(CO)H (2 mol%), Py(CH2PPh2)2 (3 

mol%), reaction temperature (180 ÁC), solvent (3.7 mL THF and 0.3 mL CH3OH). i, Reaction time 

(18 h). ii, Reaction time (24 h). 
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5-3 Catalytic coupling of aniline and methanol in the H2 atmosphere 

In a N2 glove box, 0.04 mmol of the (PPh3)3Ir(CO)H and 0.06 mmol of Py(CH2PPh2)2 were added 

in 4 mL of solvent (0.3 mL methanol and 3.7 mL THF) to a 50 mL autoclave. This mixture was 

stirred for 5 min, then 4 mmol of aniline was added to it. Remove the sealed autoclave from the 

glove box, rinse it four times with hydrogen gas (Pressure to 50 bar, release to 2 bar, cycle four 

times) and pressurize it to 30 bar, and heat it with stirring at the desired temperature. After the 

reaction, the steel autoclave was cooled in an ice-bath for 30 min and slowly depressurized. The 

biphenyl (internal standard) was added to the cold solution and then filtered through Celite, and the 

solution was analyzed by GC/GC-MS. 

 

 

Figure S9. Catalytic coupling of aniline and methanol in the H2 atmosphere. Reaction 

conditions: aniline (4 mmol), (PPh3)3Ir(CO)H (2 mol%), Py(CH2PPh2)2 (3 mol%), 30 bar H2 

(separate trials at varying reaction time), solvent (0.3 mL methanol and 3.7 mL THF), reaction time 

(24 h), reaction temperature (140-180 ÁC). 
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5-4 Hydrogenation of 1,3-diphenylurea with CH3OH in the absence of catalyst 

2 mmol of 1,3-diphenylurea was added in 4 mL of solvent (0.1 mL methanol and 3.9 

mL THF) to a 50 mL autoclave. This mixture was stirred for 5 min, then 2 mmol 1,3-

diphenylurea was added to it. The autoclave was then sealed, rinsed it with nitrogen and 

hydrogen four times each (pressure to 50 bar, release to 2 bar), and pressurized to the 

desired pressure, and heat it with stirring at 140 ÁC. After the reaction, the steel 

autoclave was cooled in an ice-bath for 30 min and slowly depressurized. The biphenyl 

(internal standard) was added to the cold solution and then filtered through Celite, and 

the solution was analyzed by GC. 

 

 

Figure S10. Hydrogenation of 1,3-diphenylurea without catalyst in the presence of CH3OH. 
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5-5 Catalytic hydrogenation of 1,3-diphenylurea in the presence of ethanol as co-

solvent 

In a N2 glove box, 0.04 mmol of the (PPh3)3Ir(CO)H and 0.06 mmol of Py(CH2PPh2)2 were added 

in 4 mL of solvent (0.3 mL ethanol and 3.7 mL THF) to a 50 mL autoclave. This mixture was stirred 

for 5 min, then 2 mmol of 1,3-diphenylurea was added to it. Remove the sealed autoclave from the 

glove box, rinse it four times with hydrogen gas (Pressure to 50 bar, release to 2 bar, cycle four 

times) and pressurize it to the 30 bar, and heat it with stirring at the desired reaction temperature. 

After the reaction, the steel autoclave was cooled in an ice-bath for 30 min and slowly depressurized. 

The biphenyl (internal standard) was added to the cold solution and then filtered through Celite, and 

the solution was analyzed by GC/GC-MS. 

 

(a) 

 

(b) 

 

Figure S11. Hydrogenation of 1,3-diphenylurea in the presence of CH3CH2OH as co-solvent. 

a, Reaction temperature (160 ÁC); b, Reaction temperature (180 ÁC). 
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6. Catalytic hydrogenation of formamides, carbamates, or urea derivatives to 

methanol 

In a N2 glove box, (PPh3)3Ir(CO)H and Py(CH2PPh2)2 were added in 4 mL of THF to a 50 mL 

autoclave. This mixture was stirred for 5 min, then 1-2 mmol of substrate was added to it. Remove 

the sealed autoclave from the glove box, rinse it four times with hydrogen gas (Pressure to 50 bar, 

release to 2 bar, cycle four times) and pressurize it to the 30 bar, and heat it with stirring at the 

desired reaction temperature. After the reaction, the steel autoclave was cooled in an ice-bath for 30 

min and slowly depressurized. The biphenyl (internal standard) was added to the cold solution and 

then filtered through Celite, and the solution was analyzed by GC/GC-MS. 

 

 

Table S2. Iridium-catalyzed hydrogenation of formamides, carbamates and urea 

derivatives to methanola 

 

entry substrate 
time 

 (h) 

yield (%) of 

methanolb 

yield (%) of N-
methylaminesb 

conversion  

(%) 

1 

 
50c 84 8 > 99 

2 
 

48 51 11 75 

3 
 

24d 40 3 54 

4 
 

24d,e 73 6 99 

aReaction conditions: substrate (2 mmol), (PPh3)3Ir(CO)H (2 mol%), Py(CH2PPh2)2 (3 mol%), H2 

(30 bar), THF (4 mL), 150 ÁC (bath temperature). bYield determined by GC using biphenyl as an 

internal standard. Identification of the products were also confirmed by GC-MS and 1H NMR. 
c(PPh3)3Ir(CO)H (4 mol%), Py(CH2PPh2)2 (5 mol%) were used. 

d160 ÁC (bath temperature). 
esubstrate (1 mmol), (PPh3)3Ir(CO)H (6 mol%), Py(CH2PPh2)2 (8 mol%), THF (3 mL). 
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7. Catalytic hydrogenation of formamides, carbamates, or urea derivatives to 

methylamines 

In a N2 glove box, (PPh3)3Ir(CO)H and Py(CH2PPh2)2 were added in 4 mL of solvent (ethanol 

and THF) to a 50 mL autoclave. This mixture was stirred for 5 min, then 2 mmol of substrate was 

added to it. Remove the sealed autoclave from the glove box, rinse it four times with hydrogen gas 

(Pressure to 50 bar, release to 2 bar, cycle four times) and pressurize it to the 30 bar, and heat it with 

stirring at 180 ÁC. After the reaction, the steel autoclave was cooled in an ice-bath for 30 min and 

slowly depressurized. The biphenyl (internal standard) was added to the cold solution and then 

filtered through Celite, and the solution was analyzed by GC/GC-MS. 
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Table S3. Iridium-catalyzed hydrogenation of urea derivatives to methylaminesa 

 

entry substrate 
time 

(h) 

yield (%) of N-
methylamines 

yield (%) of N,N-
dimethylamines 

1 

 

22 27 2 

48b 52 7 

2 
 

48c 66 7 

3 
 

36d,g 97 30 

4 
 

45e,f 54 38 

5 
 

36 g 46 6 

6 
 

48e,g 49 39 

7 
 

48g 51 10 

8 

 
48 87 61 

aReaction conditions: substrate (2 mmol), (PPh3)3Ir(CO)H (2 mol%), Py(CH2PPh2)2 (3 mol%), H2 

(30 bar), solvent (2.0 mL MeOH and 2.0 mL THF), 180 ÁC (bath temperature). Yield determined 

by GC using biphenyl as an internal standard. Identification of the products were also confirmed by 

GC-MS and 1H NMR. b(PPh3)3Ir(CO)H (4 mol%), Py(CH2PPh2)2 (5 mol%). cSolvent (0.3 mL 

MeOH and 3.7 mL THF). d(PPh3)3Ir(CO)H (4 mol%), Py(CH2PPh2)2 (5 mol%). 
e(PPh3)3Ir(CO)H (3 

mol%), Py(CH2PPh2)2 (4 mol%). fSolvent (1.0 mL MeOH and 3.0 mL THF). gSolvent (0.5 mL 

MeOH and 3.5 mL THF). 
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8. Iridium-catalyzed transfer hydrogenation of urea derivatives to methylamines 
in the presence of alcohols 

8-1 Conversion of urea derivatives to methylamines via transfer hydrogenation 

under N2 atmosphere in the presence of methanol 

In a N2 glove box, 0.04 mmol of the (PPh3)3Ir(CO)H and 0.06 mmol of Py(CH2PPh2)2 were added 

in 4 mL of solvent (0.5 mL ethanol and 3.5 mL THF) to a 50 mL autoclave. This mixture was stirred 

for 5 min, then 2 mmol of 1,3-diphenylurea was added to it. Remove the sealed autoclave from the 

glove box, rinse it four times with nitrogen gas (Pressure to 30 bar, release to 2 bar, cycle four times) 

and pressurize it to the 10 bar, and heat it with stirring at 160 ÁC. After the reaction, the steel 

autoclave was cooled in an ice-bath for 30 min and slowly depressurized. The biphenyl (internal 

standard) was added to the cold solution and then filtered through Celite, and the solution was 

analyzed by GC/GC-MS. 

 

 

 

Figure S12. Iridium-catalyzed transfer hydrogenation of urea derivatives to methylamines. 

Reaction conditions: 1,3-diphenylurea (2 mmol), (PPh3)3Ir(CO)H (2 mol%), Py(CH2PPh2)2 (3 

mol%), N2 atmosphere, solvent (0.5 mL methanol and 3.5 mL THF), reaction temperature (160 ÁC), 

reaction times (6-24 h).  
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8-2 Conversion of urea derivatives to methylamines under N2 atmosphere in the 

presence of alcohol 

In a N2 glove box, 0.04 mmol of the (PPh3)3Ir(CO)H and 0.06 mmol of Py(CH2PPh2)2 were added 

in 4 mL of solvent (0.5 mL alcohol and 3.5 mL THF) to a 50 mL autoclave. This mixture was stirred 

for 5 min, then 2 mmol of 1,3-diphenylurea was added to it. Remove the sealed autoclave from the 

glove box, rinse it four times with nitrogen gas (Pressure to 30 bar, release to 2 bar, cycle four times) 

and pressurize it to the 10 bar, and heat it with stirring at the desired reaction temperature. After the 

reaction, the steel autoclave was cooled in an ice-bath for 30 min and slowly depressurized. The 

biphenyl (internal standard) was added to the cold solution and then filtered through Celite, and the 

solution was analyzed by GC/GC-MS. 

 

 

 

Figure S13. Conversion of 1,3-diphenylurea and alcohol. a, Conversion of 1,3-diphenylurea in 

the presence of EtOH. b, Conversion of 1,3-diphenylurea in the presence of iPrOH. 
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9. Reaction process 

9-1 Reaction process for the catalytic hydrogenation of 1,3-bis(4-

chlorophenyl)urea 

 

 

Figure S14. Reaction conditions: 1,3-bis(4-chlorophenyl)urea) (2 mmol), (PPh3)3Ir(CO)H (0.005 

mmol), Py(CH2PPh2)2 (0.0075 mmol), H2 (10 bar), 130 ÁC, THF (4 mL). 
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(a) 

 

Figure S15. Reaction conditions: 1,3-bis(4-chlorophenyl)urea) (2 mmol), (PPh3)3Ir(CO)H (0.01 

mmol), Py(CH2PPh2)2 (0.015 mmol), H2 (10 bar), 130 ÁC, THF (4 mL). 
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(b) 

 

Figure S16. Reaction conditions: 1,3-bis(4-chlorophenyl)urea (2 mmol), (PPh3)3Ir(CO)H (0.005 

mmol), Py(CH2PPh2)2 (0.0075 mmol), H2 (30 bar), 130 ÁC, THF (4 mL). 

 

A longer time-course profile for semi-hydrogenation of 1,3-bis(4-chlorophenyl)urea: 

 

In the early stage of the semi-hydrogenation reactions, catalytic active substances are gradually 

formed, so there is an induction period observed in the presented time profile. In the later stage of 

the reaction, the reaction rate would gradually decrease. 
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(c) 

 

Figure S17. Reaction conditions: 1,3-bis(4-chlorophenyl)urea) (1.5 mmol), (PPh3)3Ir(CO)H (0.005 

mmol), Py(CH2PPh2)2 (0.0075 mmol), H2 (10 bar), 130 ÁC, THF (4 mL). 
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(d) 

 

Figure S18. Reaction conditions: 1,3-bis(4-chlorophenyl)urea) (2 mmol), (PPh3)3Ir(CO)H (0.005 

mmol), Py(CH2PPh2)2 (0.0075 mmol), H2 (10 bar), 140 ÁC, THF (4 mL). 
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9-2 Reaction process for the catalytic hydrogenation of 1,3-bis(4-

chlorophenyl)urea 

 

  

Figure S19. Reaction conditions: 1,3-bis(4-chlorophenyl)urea) (2 mmol), (PPh3)3Ir(CO)H (0.08 

mmol), Py(CH2PPh2)2 (0.10 mmol), H2 (30 bar), 150 ÁC, THF (4 mL). 
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9-3 Reaction process for the catalytic hydrogenation of 1,3-diphenylurea in the 

presence of methanol as cosolvent 

 

 

Figure S20. Reaction conditions: 1,3-diphenylurea (2 mmol), (PPh3)3Ir(CO)H (0.04 mmol), 

Py(CH2PPh2)2 (0.06 mmol), H2 (30 bar), solvent (0.3 mL methanol and 3.7 mL THF), reaction 

temperature (180 ÁC), reaction times (0-24 h).  
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(a) 

 

Figure S21. Reaction conditions: 1,3-diphenylurea (2 mmol), (PPh3)3Ir(CO)H (0.04 mmol), 

Py(CH2PPh2)2 (0.06 mmol), H2 (30 bar), solvent (0.3 mL methanol and 3.7 mL THF), reaction 

temperature (160 ÁC), reaction times (0-36 h).  

 

 

 

Figure S22. Reaction conditions: 1,3-diphenylurea (2 mmol), (PPh3)3Ir(CO)H (0.04 mmol), 

Py(CH2PPh2)2 (0.06 mmol), H2 (30 bar), solvent (0.3 mL methanol and 3.7 mL THF), reaction 

temperature (170 ÁC), reaction times (0-30 h).  
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(b) 

 

Figure S23. Reaction conditions: 1,3-diphenylurea (2 mmol), (PPh3)3Ir(CO)H (0.02 mmol), 

Py(CH2PPh2)2 (0.03 mmol), H2 (30 bar), solvent (0.3 mL methanol and 3.7 mL THF), reaction 

temperature (180 ÁC), reaction times (0-30 h).  

 

 

 

Figure S24. Reaction conditions: 1,3-diphenylurea (2 mmol), (PPh3)3Ir(CO)H (0.08 mmol), 

Py(CH2PPh2)2 (0.12 mmol), H2 (30 bar), solvent (0.3 mL methanol and 3.7 mL THF), reaction 

temperature (180 ÁC), reaction times (0-24 h).  
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(c) 

 

Figure S25. Reaction conditions: 1,3-diphenylurea (1.5 mmol), (PPh3)3Ir(CO)H (0.04 mmol), 

Py(CH2PPh2)2 (0.06 mmol), H2 (30 bar), solvent (0.3 mL methanol and 3.7 mL THF), reaction 

temperature (180 ÁC), reaction times (0-24 h).  

 

 

 

Figure S26. Reaction conditions: 1,3-diphenylurea (2.5 mmol), (PPh3)3Ir(CO)H (0.04 mmol), 

Py(CH2PPh2)2 (0.06 mmol), H2 (30 bar), solvent (0.3 mL methanol and 3.7 mL THF), reaction 

temperature (180 ÁC), reaction times (0-30 h).  

 

  



43 

 

(d) 

 

Figure S27. Reaction conditions: 1,3-diphenylurea (2 mmol), (PPh3)3Ir(CO)H (0.04 mmol), 

Py(CH2PPh2)2 (0.06 mmol), H2 (30 bar), solvent (1.0 mL methanol and 3.0 mL THF), reaction 

temperature (180 ÁC), reaction times (0-24 h).  

 

 

 

Figure S28. Reaction conditions: 1,3-diphenylurea (2 mmol), (PPh3)3Ir(CO)H (0.04 mmol), 

Py(CH2PPh2)2 (0.06 mmol), H2 (30 bar), solvent (2.0 mL methanol and 2.0 mL THF), reaction 

temperature (180 ÁC), reaction times (0-24 h).  
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10. Two-step process for conversion of urea derivatives and carbamates to 

methylamines under mild reaction conditions 

 

Figure S29. Alternative two-step synthesis route for methylamines at mild reaction conditions. 
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11. Possible reaction pathways 

11-1 Iridium-catalyzed hydrogenation of carbamates and urea derivatives to 

formamides 

 

Figure S30. Proposed reaction mechanism for Iridium-catalyzed hydrogenation of carbamates and 

urea derivatives to formamides. 
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11-2 Iridium-catalyzed hydrogenation of carbamates and urea derivatives to 

methanol 

 

Figure S31. Proposed reaction mechanism for Iridium-catalyzed hydrogenation of carbamates and 

urea derivatives to methanol. 
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11-3 Iridium-catalyzed hydrogenation of carbamates and urea derivatives to 

methylamines 

 

Figure S32. Proposed reaction mechanism for Iridium-catalyzed hydrogenation of carbamates and 

urea derivatives to methylamines. 
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12. Analysis of organic compounds 

12-1 GC-MS Data of Products 

 

 

 

 

Figure S33. GC-MS spectra of the CH3OH and HCOOCH3 for hydrogenation of methyl 

phenylcarbamate. 
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Figure S34. GC-MS spectrum of the crude reaction mixture of hydrogenation of 1,3-bis(4-

chlorophenyl)urea (1a) with biphenyl as internal standard. 
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Figure S35. GC-MS spectrum of the crude reaction mixture of hydrogenation of 1,3-bis(4-

fluorophenyl)urea (1b) with biphenyl as internal standard. 
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Figure S36. GC-MS spectrum of the crude reaction mixture of hydrogenation of 1,3-bis(3,4-

dichlorophenyl)urea (1c) with biphenyl as internal standard. 
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Figure S37. GC-MS spectrum of the crude reaction mixture of hydrogenation of 1,3-bis[4-

(trifluoromethyl)phenyl]urea (1d) with biphenyl as internal standard. 
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Figure S38. GC-MS spectrum of the crude reaction mixture of hydrogenation of 1,3-bis[3-

(trifluoromethyl)phenyl]urea (1e) with biphenyl as internal standard. 

  



55 

 

 

 

 

Figure S39. GC-MS spectrum of the crude reaction mixture of hydrogenation of 1,3-diphenylurea 

(1g) with biphenyl as internal standard. 
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Figure S40. GC-MS spectrum of the crude reaction mixture of hydrogenation of 1,3-di(pyridin-2-

yl)urea (1h) with biphenyl as internal standard. 
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Figure S41. GC-MS spectrum of the crude reaction mixture of hydrogenation of 1,3-bis(4-

methoxyphenyl)urea (1j) with biphenyl as internal standard. 
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Figure S42. GC-MS spectrum of the crude reaction mixture of hydrogenation of 1-(4-

chlorophenyl)-3-(3,4-dichlorophenyl)urea (1o) with biphenyl as internal standard. 
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Figure S43. GC-MS spectrum of the crude reaction mixture of hydrogenation of 3-(3,4-

dichlorophenyl)-1,1-dimethylurea (1s) with biphenyl as internal standard. 
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Figure S44. GC-MS spectrum of the crude reaction mixture of hydrogenation of 1,3-diphenylurea 

in the presence of CH3OH with biphenyl as internal standard. 
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Figure S45. GC-MS spectrum of the crude reaction mixture of hydrogenation of 1,3-bis(4-

methoxyphenyl)urea in the presence of CH3OH with biphenyl as internal standard. 
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12-2 NMR Data of Isolated Products 

 

 

 

 

Figure S46. 1H NMR (CDCl3, 500 MHz) spectrum and 13C NMR (CDCl3, 125 MHz) spectrum of 

the N-formanilide. 
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Figure S47. 1H NMR (CDCl3, 500 MHz) spectrum and 13C NMR (CDCl3, 125 MHz) spectrum of 

the N-(4-methylphenyl)formamide. 

 

 

 

  


