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((N-isopropyl)phenylimidoyl)diphenylphosphane (3g)2 Prepared according to literature procedures. 

 
Hydrolysis of ((N-methyl)phenylimidoyl)diphenylphosphane (3a)  

3a (0.069 mmol, 0.021g, 1.00 eq) was dissolved in 0.6 mL acetone in an NMR tube and a solution of H2O in acetone (10%, 6.2 
µL, 0.034 mmol, 0.50 eq.) was added. The mixture was vigorously shaken and kept at RT for 21 h, during which the reaction was 
monitored using 31P-NMR spectroscopy. Using this methodology, systematically H2O was added to the mixture, which was kept at 
RT during the described time span: 

 
1. H2O solution in acetone (10%, 6.2 µL, 0.034 mmol, 0.50 eq.), 68.5 h.  
2. H2O solution in acetone (10%, 12.4 µL, 0.069 mmol 1.00 eq.), 29 h. 
3. H2O solution in acetone (10%, 25 µL, 0.137 mmol 2.00 eq.), 26.5 h. 
4. H2O solution in acetone (10%, 50 µL, 0.275 mmol 4.00 eq.), 18.5 h. 
5. H2O (10.0 µL, ,0.554 mmol, 8.03 eq.), 24.5 h. 

 
Next, an excess of H2O was added (0.60 mL, 33.24 mmol 481.7 eq.). The mixture was vigorously shaken, resulting in a white 

suspension, and kept at RT for 22.5 h. The solid was isolated by decantation of the mixture, re-providing 3a as a white solid (93% 
pure). 

 
H2O added 3a : Ph2PH Time of measurement 

0 100% : 0% 0 
0.5 eq. 97% : 0% 21h05m 
1.0 eq. 95%  : 0% 89h26m 
2.0 eq. 91% : 0% 118h13m 
4.0 eq. 89% : 0% 144h37m 
8.0 eq. 85% : 1% 163h16m 
16.0 eq. 85% : 1% 187h39m 
500 eq. 62% : 4% 210h11m 
Solid 93% : 0% 216h04m 

 

 

Figure S1. Water sensitivity of ligand 3a-c. 

 
 

                                                 

 
2 Synthesised according to van Dijk, T.; Burck, S.; Rosenthal, A.J.; Nieger, M.; Ehlers, A.W.; Slootweg, J.C.; Lammertsma, K. Chem. Eur. J. 2015, 

21, 9328-9331. 
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Hydrolysis of ((N-methyl)4-methyl-phenylimidoyl)diphenylphosphane (3b)  
3b (0.023g, 0.072 mmol, 1.00 eq.) was dissolved in 0.6 mL acetone in an NMR tube and a solution of H2O in acetone (10%, 6.5 

µL, 0.036 mmol 0.50 eq.) was added. The mixture was vigorously shaken and kept at RT for 18 h, during which the reaction 
mixture was monitored using 31P-NMR spectroscopy. Using this methodology, systematically H2O was added to the mixture, which 
was kept at RT during the described time span: 

 
1. H2O solution in acetone (10%, 6.5 µL, 0.036 mmol 0.50 eq.), 49 h.  
2. H2O (3.9 µL, , 0.216 mmol, 3.00 eq.), 24 h. 
3. H2O 15.7 µL, , 0.873 mmol, 12.1 eq.), 25 h. 

 
Next, an excess of H2O was added (0.60 mL, 33.24 mmol, 461.67 eq.). The mixture was vigorously shaken and kept at RT. After 

16 days an emulsion was obtained, consisting of colorless solution and a yellow oil. The mixture was evaporated and re-dissolved 
in 0.6 mL acetone. 

 
H2O added 3b : Ph2PH Time of measurement 

0 98% : 0% 0 
0.5 eq. 95% : 0% 17h48m 
1.0 eq. 91%  : 0% 65h24m 
4.0 eq. 88% : 1% 91h07m 
16.0 eq. 84% : 2% 115h35m 
Excess (redissolved) 36% : 6% 524h12m 

 
 

Hydrolysis of ((N-methyl)4-trifluoromethyl-phenylimidoyl) diphenylphosphane (3c)  
3c (0.021g, 0.059 mmol, 1.00 eq) was dissolved in 0.6 mL acetone in an NMR tube and a solution of H2O in acetone (10%, 4.9 

µL, 0.027 mmol 0.46 eq.) was added. The mixture was vigorously shaken and kept at RT for 47.5 h, during which the reaction 
mixture was monitored using 31P-NMR spectroscopy. Using this methodology, systematically H2O was added to the mixture, which 
was kept at RT during the described time span: 

 
1. H2O solution in acetone (10%, 24 µL, 0.133 mmol 2.25 eq.), 24 h.  
2. H2O (18 µL, , 0.997 mmol, 16.9 eq.), 23.5 h. 

 
Next, an excess of H2O was added (0.6 mL, 33.24 mmol, 563.34 eq.), resulting in a white suspension. The mixture was 

vigorously shaken and kept at RT. After 72 h an emulsion was obtained, consisting of colorless solution and a yellow oil. 
  

H2O added 3c : Ph2PH Time of measurement 

0 100% : 0% 0 
0.5 eq. 95% : 0% 41h36m 
2.8 eq. 94%  : 0% 68h52m 
20.0 eq. 92% : 1% 91h26m 
Excess 72% : 3% 165h27m 

 
Acid stability of ((N-methyl)phenylimidoyl)diphenylphosphane (3a)  

3a (0.0203 g, 0.066 mmol, 1.00 eq.) was dissolved in 0.4 mL DCM to give a yellowish solution. Addition of a solution of TfOH 
in DCM (0.23 mL of a 0.28 M solution, 0.064 mmol, 0.98 eq.) provided a bright yellow solution, which was vigorously shaken and 
kept at RT for 20 h, during which the reaction was monitored using 31P-NMR spectroscopy. Next, again TfOH in DCM (0.23 mL of 
a 0.28 M solution, 0.064 mmol, 0.98 eq.) was added. The mixture was vigorously shaken and kept at RT for 24 h, during which the 
reaction was monitored using 31P-NMR spectroscopy. Excess triethylamine (0.20 ml, 1.43 mmol, 21.74 eq.) was added to the 
mixture at 0 °C, resulting in a light yellow solution of pure 3a.  

 
Reagents present Mixture Time of measurement 

- 99% 3a 0 
1.0 eq. TfOH 98% 3aH+ 18h26m 
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2.0 eq. TfOH 98% 3aH+ 40h36m 
2.0 eq. TfOH 97% 3aH+ 66h26m 
2.0 eq. TfOH 97% 3aH+ 110h34m 
Excess NEt3, 2.0 eq. NEt3•HOTf 100% 3a 156h59m 

 
Acid catalysed hydrolysis of ((N-methyl)phenylimidoyl)diphenylphosphane (3a)  

3a (0.0267 mg, 0.088 mmol, 1.00 eq.) was dissolved in 0.6 ml DM to give a yellowish solution. Addition of a solution of TfOH 
in DCM (31 µL of a 0.28 M solution, 0.009 mmol, 0.10 eq.) provided a more intensely colored yellow solution, which was 
vigorously shaken and kept at RT for 1 h. Subsequently, H2O (0.8 µL, 0.044 mmol, 0.50 eq.) was added to the mixture, which then 
was vigorously shaken and kept at RT for 2 days, during which the reaction was monitored using 31P-NMR spectroscopy. Next, 
excess H2O (5.6 µL, 0.310 mmol, 3.52 eq.) was added to the mixture. After vigorous shaking, the mixture was kept at RT for 24 
days. 

 
Reagents present 3a : Ph2PH Time of measurement 

0.1 eq. TfOH 100% : 0% 0 
0.1 eq. TfOH, 0.5 eq. H2O 86% : 1% 17h22m 
0.1 eq. TfOH, 0.5 eq. H2O 76% : 3% 60h08m 
0.1 eq. TfOH, 4.0 eq. H2O 74% : 3% 107h38m 
0.1 eq. TfOH, 4.0 eq. H2O 68% : 5% 248h16m 
0.1 eq. TfOH, 4.0 eq. H2O 58% : 9% 603h18m 
0.1 eq. TfOH, 4.0 eq. H2O 49% : 12% 1250h52m 

 
Oxidation of ((N-methyl)phenylimidoyl)diphenylphosphane (3a)  

Under N2 atmosphere, 3a (0.012 g, 0.04 mmol, 1.00 eq.) was dissolved in 0.6 mL acetone. Stepwise, O2 (21% in air) was bubbled 
manually through the mixture with a rate of approx. 6 bubbles per second using a needle with an inner diameter of 1.194 mm. 
During additions, the mixture was kept in a water bath at RT to inhibit acetone evaporation. After each addition, the NMR tube was 
sealed using a screw cap and the reaction mixture was monitored using 31P-NMR spectroscopy. Using this methodology, 
systematically O2 (21% in air) was added to the mixture at RT over the described intervals: 

 
1. O2 (21% in air, 1 mL, 8.73 µmol, 0.22 eq.), 30s 
2. O2 (21% in air, 1 mL, 8.73 µmol, 0.22 eq.), 30s 
3. O2 (21% in air, 2 mL, 17.47 µmol, 0.44 eq.), 60s 
4. O2 (21% in air, 2 mL, 17.47 µmol, 0.44 eq.), 60s 
5. O2 (21% in air, 4 mL, 34.94 µmol, 0.87 eq.), 2 min. 
6. O2 (21% in air, 4 mL, 34.94 µmol, 0.87 eq.), 2 min. 
7. O2 (21% in air, 8 mL, 69.88 µmol, 1.75 eq.), 4 min. 
8. O2 (21% in air, 8 mL, 69.88 µmol, 1.75 eq.), 4 min. 
9. O2 (21% in air, 16 mL, 0.140 mmol, 3.49 eq.), 8 min. 
10. O2 (21% in air, 16 mL, 0.140 mmol, 3.49 eq.), 8 min. 

 
From addition #7 onwards, a white solid started to precipitate. After the additions, the mixture was allowed to fully oxidize by 

dissolving the mixture in 10 mL acetone (technical grade) and stirring the resulting solution in under closed air atmosphere for 42 h 
at RT. Subsequently, the reaction vessel was opened to the external air atmosphere and stirred for an additional 173.5 h. The 
resulting solution was evaporated to provide a white oil. 

 
Air added 3a Time of measurement 

0 100% 0 
1 mL 95% 17m 
2 mL 86% 24m 
4 mL 82% 30m 
6 mL 74% 37m 
10 mL 68% 46m 
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14 mL 61% 55m 
22 mL 56% 1h06m 
30 mL 52% 1h17m 
46 mL 49% 1h31m 
62 mL 44% 1h47m 
Excess 4% 46h07m 
Excess 0% 219h38m 

 

 

Figure S2. Air sensitivity of ligand 3a. 

 
(((N-methyl)phenylimidoyl)diphenylphosphanyl) (pentamethylcyclopentadienyl) Rhodium(III) dichloride (4a)  

Under an Argon atmosphere, a solution of 3a (102 mg 0.34 mmol, 2.4 eq.) in 9 mL DCM was added to a red/brown solution of 
[RhCp*Cl2]2 (87 mg 0.14 mmol, 1.0 eq.) in 5 mL DCM. The resulting red/brown solution was stirred for 30 min at RT. Evaporation 
of the obtained red solution provided a red/orange solid which was washed with 3 x 5 mL Et2O to provide 4a as an orange solid 
(155 mg, 0.25 mmol, 90%). Crystallization: Subsequently Et2O (250 mL Et2O/mmol compound) and pentane (375 mL 
pentane/mmol compound) were diffused into a DCM solution (150 mL DCM/mmol compound) at RT. Next, the solution was 
slowly cooled to -– 20 °C to provide red needles. For spectroscopic details, see manuscript. 

 
(((N-methyl) 4-trifluoromethyl-phenylimidoyl) diphenylphosphanyl) (pentamethylcyclopentadienyl) Rhodium(III) 
dichloride (4c)  

Under an Argon atmosphere, 3c (112 mg 0.30 mmol, 2.3 eq.) was dissolved in 14 mL DCM, after which [RhCp*Cl2]2 (81 mg 
0.13 mmol, 1.0 eq.) was added to provide a red/brown solution, which was stirred for 30 min at RT. Evaporation provided a red 
solid which was washed with 3 x 5 mL Et2O to provide 4c as an orange solid (121 mg, 0.18 mmol, 68%). For spectroscopic details, 
see manuscript. 

 
(((N-methyl) phenylimidoyl) di(3-methylphenyl)phosphanyl) (pentamethylcyclopentadienyl) Rhodium(III) dichloride 
(4e)  

Under an Argon atmosphere, 3e (99 mg 0.30 mmol, 2.3 eq.) was dissolved in 14 mL DCM, after which [RhCp*Cl2]2 (81 mg 0.13 
mmol, 1.0 eq.) was added to provide a red/brown solution, which was stirred for 30 min at RT. Evaporation provided a red/orange 
solid which was washed with 3 x 5 mL Et2O to provide 4e as a red solid (154 mg, 0.24 mmol, 92%). Crystallization: Et2O (45 
mL/mmol compound) was diffused into a DCM/Et2O solution (23 mL DCM/mmol compound, 32 ml Et2O/mmol compound) at RT 
to provide red needles. The mother liquor was cooled to 5 °C to provide additional material. For spectroscopic details, see 
manuscript. 

 
Chloro (((N-methyl) phenylimidoyl) diphenylphosphanyl) (pentamethylcyclopentadienyl) Rhodium(III) 
trifluoromethylsulfonate (6a)  

Under an Argon atmosphere, a solution of 3a (94 mg 0.31 mmol, 2.1 eq.) in 9 mL DCM was added to a red/brown solution of 
[RhCp*Cl2]2 (93 mg 0.15 mmol, 1.0 eq.) in 5 mL DCM. The resulting red solution was stirred for 30 min at RT. Next, AgOTf (79 
mg, 0.30 mmol, 2.0 eq.) was added and the resulting suspension was stirred for 60 min at RT in absence of light, during which the 
mixture turned bright orange. Filtration provided a red solution, which was evaporated to provide an orange solid. After washing 
with 3 x 5 mL Et2O, 6a was obtained as an orange solid (218 mg, 0.30 mmol, quant.). Crystallization: Slow diffusion of pentane (3 
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mL) into a saturated DCM/pentane solution (5 mL DCM, 3 mL pentane) at 5 °C provided red needles. For spectroscopic details, see 
manuscript. 

 
Chloro (((N-methyl) 4-trifluoromethyl-phenylimidoyl) diphenylphosphanyl) (pentamethylcyclopentadienyl) 
Rhodium(III) trifluoromethylsulfonate (6c)  

Under an Argon atmosphere, to a solution of 3c (114 mg 0.31 mmol, 2.1 eq.) in 14 mL DCM, was added [RhCp*Cl2]2 (95 mg 
0.15 mmol, 1.0 eq.) to provide a red solution, which was stirred for 30 min at RT. Next, AgOTf (79 mg, 0.30 mmol, 2.0 eq.) was 
added and the resulting suspension was stirred for 60 min at RT in absence of light, during which the mixture turned bright orange. 
Filtration provided an orange-red solution, which was evaporated to provide a yellow-orange solid. After washing with 3 x 5 mL 
pentane, 6c was obtained as an orange powder (231 mg, 0.29 mmol, 97%). For spectroscopic details, see manuscript. 

 
Chloro (((N-methyl)phenylimidoyl) di(3-methylphenyl) phosphanyl) (pentamethylcyclopentadienyl) Rhodium(III) 
trifluoromethylsulfonate (6e)  

Under an Argon atmosphere, to a solution of 3e (87 mg 0.26 mmol, 2.0 eq.) in 14 mL DCM, was added [RhCp*Cl2]2 (81 mg 0.13 
mmol, 1.0 eq.) to provide a red solution, which was stirred for 30 min at RT. Next, AgOTf (68 mg, 0.26 mmol, 2.0 eq.) was added 
and the resulting suspension was stirred for 60 min at RT in absence of light, during which the mixture turned bright orange. 
Filtration provided an orange-red solution, which was evaporated to provide a yellow-orange solid. After washing with 3 x 5 mL 
Et2O, 6e was obtained as an orange powder (190 mg, 0.25 mmol, 97%). For spectroscopic details, see manuscript. 

 
[(((N-methyl)phenylimidoyl)diphenylphosphanyl) (pentamethylcyclopentadienyl) Rhodium(III) 
(trifluoromethylsulfonate)] [poly(disilver(I) tri(trifluoromethanesulfonate)(methylene chloride))] (7a)  

Under an Argon atmosphere, to a solution of 3a (92 mg 0.30 mmol, 2.0 eq.) in 15 mL DCM, was added [RhCp*Cl2]2 (94 mg 0.15 
mmol, 1.0 eq.) to provide a red solution, which was stirred for 30 min at RT. Next, AgOTf (317 mg, 1.23 mmol, 8.2 eq.) was added 
and the resulting suspension was stirred for 60 min at RT in absence of light, during which the mixture turned yellow. Filtration 
provided an orange-red solution, which was evaporated to provide an orange-red solid. After washing with 20 mL pentane, 7a was 
obtained as a yellow solid (306 mg, 0.21 mmol, 71%). Crystallization: Slow diffusion of pentane (55 mL/mmol compound) into a 
DCM solution (45 mL/mmol compound) at RT provided red blocks. For spectroscopic details, see manuscript. 

 
Typical procedures [(1,3-P,N)Ru(II)]-catalysed nitrile hydration  

Protocol 13: Under argon atmosphere, [M] (0.025 mmol, 5 mol% [M]) and ligand (0.05 mmol, 5 mol%) were dissolved in DME 
(0.5 mL) and stirred for 30 minutes. Benzonitrile (105 µL, 1.02 mmol, 1.0 eq.) and H2O (36 µL, 1.99 mmol, 2.0 eq.) were added 
and the vessel was sealed. The resulting mixture was stirred at 180 °C for 3 h. Protocol 24: Under argon atmosphere, 
[Ru(p-cym)Cl2]2 (16 mg, 0.026 mmol, 5 mol% [Ru]) and ligand (0.052 mmol, 5 mol%) were dissolved in benzonitrile (105 µL, 
1.02 mmol, 1.0 eq.) and stirred for 30 minutes. H2O (3.0 mL, 166 mmol, 163 eq.) was added and the sealed vessel was stirred at 
100 °C for 24 h. Protocol 3: Under argon atmosphere, [Ru(p-cym)Cl2]2 (15 mg, 0.024 mmol, 1.4 mol% Ru) and ligand (0.050 
mmol, 1.4 mol%) were dissolved in benzonitrile (370 µL, 3.58 mmol, 1.0 eq.) and stirred for 30 minutes. H2O (130 µL, 7.2 mmol, 
2.0 eq.) was added and the sealed vessel was stirred at 180 °C for 3 h. Analysis: After cooling to RT, the mixtures were extracted 
with i-PrOH under atmospheric conditions and analyzed by GC (internal standard: naphthalene). 

 
 

Protocol Metal source ligand Benzamide yield 

1 [Ru(p-cym)Cl2]2 3a 86.7 
1 [Ru(C6Me6)Cl2]2 3a 54.6 
1 [Ru(C6H5Me)Cl2]2 3a 83.6 
1 [Ru(PPh3)3Cl2]2 3a 0.0 
1 [Ru(p-cym)Cl2]2 3a (2 eq.) 96.1 
1 [Ru(p-cym)Cl2]2 / + 2 AgOTf 3a 2.9 
1 [RhCp*Cl2]2 3a 22.0 

2 [Ru(p-cym)Cl2]2 3a 93.7 
2 [Ru(p-cym)Cl2]2 PyPPh2 1.1 

                                                 

 
3 Protocol adapted from Oshiki, T.; Yamashita, H.; Sawada, K.; Utsunomiya, M.; Takahashi, K.; Takai, K. Organometallics 2005, 24, 6287-6290. 
4 Protocol adapted from García-Álvarez, R.; García-Garrido, S.E.; Díez, J.; Crochet, P.; Cadierno, V. Eur. J. Inorg. Chem. 2012, 4218-4230.
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3 [Ru(p-cym)Cl2]2 3a 77.8 
3 [Ru(p-cym)Cl2]2 3c 76.0 
3 [Ru(p-cym)Cl2]2 3d 82.3 
3 [Ru(p-cym)Cl2]2 3e 70.1 
3 [Ru(p-cym)Cl2]2 3g 75.2 
3 [Ru(p-cym)Cl2]2 PyPPh2 6.0 
3 [Ru(p-cym)Cl2]2 - 6.1 
3 - 3a 0.0 
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2a - 13C{1H}-NMR (125.78 MHz, CDCl3):  
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2a - 19F{1H}-NMR (235.36 MHz, CDCl3): 
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2b - 1H-NMR (500.23 MHz, CDCl3): 
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2b - 13C{1H}-NMR (125.78 MHz, CDCl3):  
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2b - 19F{1H}-NMR (235.36 MHz, CDCl3): 
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2c - 1H-NMR (500.23 MHz, CDCl3): 
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2c - 13C{1H}-NMR (125.78 MHz, CDCl3):  
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2c - 19F{1H}-NMR (235.36 MHz, CDCl3):  
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Di(3-trifluoromethylphenyl)phosphane - 1H-NMR (500.23 MHz, CDCl3): 
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Di(3-trifluoromethylphenyl)phosphane - 13C{1H}-NMR (125.78 MHz, CDCl3):  
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Di(3-trifluoromethylphenyl)phosphane - 19F{1H}-NMR (235.36 MHz, CDCl3):  
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Di(3-trifluoromethylphenyl)phosphane - 31P-NMR (161.98 MHz, CDCl3):  
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Di(3-methylphenyl)phosphane -  1H-NMR (500.23 MHz, C6D6): 
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Di(3-methylphenyl)phosphane - 13C{1H}-NMR (125.78 MHz, C6D6):  
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Di(3-methylphenyl)phosphane - 31P-NMR (161.98 MHz, C6D6):  

 

 



S26 

 

 
Di(4-methylphenyl)phosphane - 1H-NMR (500.23 MHz, C6D6): 
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Di(4-methylphenyl)phosphane - 13C{1H}-NMR (125.78 MHz, C6D6):  
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Di(4-methylphenyl)phosphane - 31P-NMR (161.98 MHz, C6D6):  
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3a - 1H-NMR (500.23 MHz, CDCl3): 
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