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S1. Synthetic Details  

General: Al l manipulations were performed under an inert atmosphere of dry nitrogen, using 

standard Schlenk techniques. Dry, oxygen-free solvents were employed unless otherwise 

mentioned. The compound 1 were prepared following our recent procedure,S1 while all other 

starting materials were purchased from commercial sources. NMR spectra were recorded on 

Bruker Avance 400 MHz spectrometers (1H, 400.1 MHz; 13C, 100.5 MHz; 31P, 161.9 MHz). 

All spectra were obtained in the solvent indicated at 25 °C. The chemical shifts (ŭ) were 

measured according to IUPAC and expressed in ppm relative to SiMe4 (
1H, 13C), and 85% 

H3PO4 (
31P). Coupling constants J are reported in Hertz [Hz] as absolute values. Because of 

high sensitivity of these compounds or the contamination of solvents, the elemental analyses 

gave unsatisfying results with errors larger than 5 %. The high purity of these isolated 

compounds has been proved mainly by NMR spectra. UV/vis spectra were measured on 

Shimadzu UV/vis/NIR UV-3600-spectrometer. Melting point (M. P.) were measured on Buchi 

M-560 apparatus.  

 

Preparation of 2: Phenylacetylene (15.2 mg, 0.15 mmol) in THF (1 mL) was added to a stirred 

solution of 1 (86.7 mg, 0.1 mmol) in THF (3 mL) at room temperature. After stirring for 1 hour, 

the solvent was removed under reduced pressure. The remaining solid was washed with 

acetonitrile, then with hexane and dried in vacuo to afford yellowish powder as 2 (79.4 mg, 

0.08 mmol, 81.9% yield). Yellowish crystals of 2 were obtained from a saturated hexane and 

diethyl ether solution via slow evaporation. M. P. = 228 °C (Decomposition). 1H NMR (C6D6, 

400 MHz): ŭ = 7.55 (d, J = 6.8 Hz, 2 H, CarH), 7.21 (m, 6 H, CarH), 7.10 (m, 9 H, CarH), 5.90 

(dd, 1JPH = 150.0 Hz, 3JPH = 11.6 Hz, 1 H, PH), 3.35 (m, 16 H, NCH2, CHMe2), 1.53 (d, J = 6.0 

Hz, 6 H, CH3), 1.40 (m, 18 H, CH3), 1.23 (d, J = 6.0 Hz, 12 H, CH3), 1.13 (d, J = 5.6 Hz, 12 H, 

CH3); 
13C{1H} NMR (C6D6, 100.5 MHz): ŭ =151.5 (dd, 2JPC = 19.2 Hz, 2JPC = 16.2 Hz, PCC), 

150.0 (s, Car), 149.5 (d, JPC = 4.8 Hz, Car), 148.7 (d, JPC = 3.8 Hz, Car), 148.4 (s, Car), 148.2 (s, 

Car), 138.7 (s, Car), 136.2 (d, JPC = 3.7 Hz, Car), 131.4 (s, Car), 128.1 (s, Car), 128.0 (s, Car), 127.8 

(s, Car), 126.9 (s, Car), 126.6 (s, Car), 124.1 (s, Car), 123.9 (s, Car), 123.5 (s, Car), 123.4 (s, Car), 

103.0 (d, 2JPC = 16.6 Hz, PCCPh), 98.5 (d, 1JPC = 91.8 Hz, PCCPh), 52.1 (s, NCH2), 51.1 (s, 

NCH2), 48.1 (dd, 1JPC = 8.3 Hz, 1JPC = 5.1 Hz, PCC), 28.5, 28.5, 28.2, 28.0, 25.8, 24.9, 23.7, 

23.6, 23.5, 23.2; 31P NMR (C6D6, 161.9 MHz) ŭ = 58.1 (dd, 2JPP = 13.4 Hz, 3JPH = 11.6 Hz, 

PCPH), 36.2 (dd, 2JPP = 13.4 Hz, 1JPH = 150.0 Hz, PCPH). UV/Vis (CH2Cl2, ɚ (nm) Ů (M
ï1cmï

1)): 287.3 (23257). IR (ATR, [cmï1]): 2166.6 (PH). 
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Figure S1. 1H NMR spectrum of 2 in C6D6.  

 

 

Figure S2. 13C{1H} NMR spectrum of 2 in C6D6. 

 

 

Figure S3. 31P{1H} NMR spectrum of 2 in C6D6. 
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Figure S4. 31P NMR spectrum of 2 in C6D6. 

 

Preparation of 3: Malononitrile (6.6 mg, 0.10 mmol) in THF (1 mL) was added dropwise to a 

stirred solution of 1 (86.8 mg, 0.10 mmol) in THF (4 mL). After stirring for 2 hours at room 

temperature, the solvent was removed under reduced pressure. The remaining solid was washed 

with hexane and dried in vacuo to afford 3 as orange powder (0.088 mmol, 87.9% yield). 

Orange crystals were obtained from a fluorobenzene solution layered with hexane on top and 

stored at ï30 °C . M. P. = 232 °C . 1H NMR (CD2Cl2, 400 MHz): ŭ = 7.38 (m, 4 H, CarH), 7.08 

(m, 8 H, CarH), 4.93 (dd, 1 H, 1JPH = 183.2 Hz, PH; 3JPH = 21.2 Hz, PCPH), 4.06 (m, 8 H, CH2), 

2.86 (m, 8 H, CHMe2), 1.26 (m, 24 H, CH3), 1.06 (m, 24 H, CH3); 
13C{1H} NMR (CD2Cl2, 

100.5 MHz): ŭ =162.1 (t, 2JPC = 10.2 Hz, PCC), 147.3 (Car), 147.0 (Car), 132.1 (Car), 130.7 (Car), 

125.4 (Car), 125.2 (Car), 121.8 (dd, 1JPC = 47.4 Hz, 1JPC = 5.4 Hz, PCPH), 51.5 (s, NCH2), 28.8, 

28.8, 25.2, 25.1, 23.3, 23.2; 31P NMR (CD2Cl2, 161.9 MHz) ŭ = 436.2 (dd, 2JPP = 67.7 Hz, 3JPH 

= 21.2 Hz), 10.2 (dd, 2JPP = 67.7 Hz, 1JPH = 183.2 Hz). UV/Vis (THF, ɚ (nm) Ů (Mï1cmï1): 325.9 

(37849), 484.1 (2102). IR (ATR, [cmï1]): 2161.4 (PH). 
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Figure S5. 1H NMR spectrum of 3 in CD2Cl2.  

 

 

Figure S6. 13C{1H} NMR spectrum of 3 in CD2Cl2. *Hexane. 

 

Figure S7. 31P{1H} NMR spectrum of 3 in CD2Cl2.  
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Figure S8. 31P NMR spectrum of 3 in CD2Cl2.  

 

Preparation of 4: 2-Iodo-2-methylpropane (92.1 mg, 0.50 mmol) in THF (2 mL) was added 

dropwise to a stirred solution of 1 (86.8 mg, 0.10 mmol) in THF (4 mL). After stirring for 12 

hours at room temperature, the solvent was removed under reduced pressure. The remaining 

solid was washed with toluene and dried in vacuo to afford 4 as orange powder (0.062 mmol, 

62.4% yield). M. P. = > 250 °C . 1H NMR (CD2Cl2, 400 MHz): ŭ = 7.35 (m, 4 H, CarH), 7.08 

(m, 8 H, CarH), 4.89 (dd, 1 H, 1JPH = 182.8 Hz, PH; 3JPH = 21.0 Hz, PCPH), 4.05 (m, 8 H, CH2), 

2.85 (m, 8 H, CHMe2), 1.12 (m, 48 H, CH3); 
13C{1H} NMR (CD2Cl2, 100.5 MHz): ŭ =162.1 (t, 

2JPC = 10.8 Hz, PCC), 147.3 (Car), 147.0 (Car), 132.3 (Car), 130.7 (Car), 125.4 (Car), 125.2 (Car), 

121.8 (dd, 1JPC = 47.4 Hz, 1JPC = 5.1 Hz, PCPH), 51.6 (s, NCH2), 28.8, 28.8, 25.2, 25.1, 23.3, 

23.2; 31P NMR (CD2Cl2, 161.9 MHz) ŭ = 436.1 (dd, 2JPP = 67.5 Hz, 3JPH = 21.0 Hz), 10.5 (dd, 

2JPP = 67.5 Hz, 1JPH = 182.8 Hz). UV/Vis (THF, ɚ (nm) Ů (Mï1cmï1): 320.9 (17004), 481.9 

(44461). In the 1H NMR spectrum, the new resonance at 4.74 and 1.35 ppm indicated the 

formation of isobutene. 

 

 

Figure S9. 1H NMR spectrum of 4 in CD2Cl2. *Toluene. 
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Figure S10. 13C{1H} NMR spectrum of 4 in CD2Cl2. *Toluene. 

 

 

Figure S11. 31P{1H} NMR spectrum of 4 in CD2Cl2.  

 

 

Figure S12. 31P NMR spectrum of 4 in CD2Cl2.  
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Figure S13. (a) 1H NMR spectrum of 1 and 2-Iodo-2-methylpropane in C6D6; (b) After heating 

the NMR tube at 80 °C for 4 hours. *Indicating the formation of isobutene. 

 

Preparation of 5: LiAlH 4 (0.10 mmol) was added to a stirred solution of 3 or 4 (0.10 mmol) 

in THF (4 mL). After stirring for 0.5 hours, the solvent was removed under reduced pressure. 

The remaining residue was extracted with toluene and the solvent was removed under reduced 

pressure. The remaining solid was washed with acetonitrile and dried in vacuo to afford 5 as 

white powder (78.8 mg, 0.09 mmol, 90.7% yield). Only characteristic 1H NMR and 31P NMR 

data is provided because of the presence of two isomers in the isolated product. 1H NMR (C6D6, 

400 MHz): cis-isomer: ŭ = 5.59 (d, 1 H, 1JPH = 132.4 Hz, PH), trans-isomer: ŭ = 4.95 (dd, 1 H, 

1JPH = 158.4 Hz, PCPH); 31P NMR (C6D6, 161.9 MHz) cis-isomer: ŭ = 33.1 (d, 1JPH = 132.4 

Hz), trans-isomer: ŭ = 25.8 (d, 1JPH = 158.4 Hz). IR (solid): 2168.7 cmï1 (b, PH). 

 

 

Figure S14. 1H NMR spectrum of 5 in C6D6.  
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Figure S15. 31P{1H} NMR spectrum of 5 in C6D6.  

 

 

Figure S16. 31P NMR spectrum of 5 in C6D6.  

 

Preparation of 6: p-CN-aniline (5.0 equivalent) was added to a stirred solution of 1 (86.8 mg, 

0.10 mmol) in toluene (10 mL). After stirring for 2 days at 80 °C , the solvent was removed 

under reduced pressure. The remaining solid was dissolved in the diethyl ether/hexane solution. 

Yellow crystals were obtained via slow evaporation. The crystals were washed with cold hexane 

and dried in vacuo to afford 6 as yellow crystalline powder (41.5 mg, 0.042 mmol, 42.1% yield). 

Yellowish crystals suitable for single X-ray diffraction study were obtained from a 

fluorobenzene solution layered with acetonitrile on top and stored at ï30 °C . Only characteristic 

1H NMR and 31P NMR data is provided because of the presence of two isomer in the isolated 

product.  1H NMR (C6D6, 400 MHz): cis-isomer: ŭ = 5.49 (dd, 1 H, 1JPH = 142.0 Hz, PH, 3JPH 

= 9.2 Hz, PCPH), trans-isomer: ŭ = 4.69 (d, 1 H, 1JPH = 155.6 Hz, PH); 31P NMR (C6D6, 161.9 

MHz) cis-isomer: ŭ = 108.5 (m, 2JPP = 21.2 Hz), 15.7 (dd, 2JPP = 21.2 Hz, 1JPH = 142.0 Hz), 

trans-isomer: ŭ = 108.4 (m, 2JPP = 4.0 Hz), 24.5 (d, 1JPH = 155.6 Hz).   
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Figure S17. 1H NMR spectrum of 6 in C6D6.    

 

 

Figure S18. 31P{1H} NMR spectrum of 6 in C6D6.    

 

 

Figure S19. 31P NMR spectrum of 6 in C6D6.     
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Preparation of 7: p-CF3-aniline (5.0 equivalent) was added to a stirred solution of 1 (86.8 mg, 

0.10 mmol) in toluene (10 mL). After stirring for 2 days at 80 °C , the solvent was removed 

under reduced pressure. The remaining solid was dissolved in the diethyl ether/hexane solution. 

Yellow crystals were obtained via slow evaporation. The crystals were washed with cold hexane 

and dried in vacuo to afford 7 as yellow crystalline powder (48.9 mg, 0.048 mmol, 47.6% yield). 

Only characteristic 1H NMR and 31P NMR data is provided because of the presence of two 

isomer in the isolated product.  1H NMR (C6D6, 400 MHz): cis-isomer: ŭ = 5.51 (dd, 1 H, 1JPH 

= 142.0 Hz, PH, 3JPH = 9.6 Hz, PCPH), trans-isomer: ŭ = 4.70 (d, 1 H, 1JPH = 155.6 Hz, PH); 

31P NMR (C6D6, 161.9 MHz) cis-isomer: ŭ = 107.2 (m, 2JPP = 20.9 Hz), 14.4 (dd, 2JPP = 20.9 

Hz, 1JPH = 142.0 Hz), trans-isomer: ŭ = 108.4 (m, 2JPP = 3.7 Hz), 22.7 (d, 1JPH = 155.6 Hz); 19F 

NMR (C6D6) cis-isomer: ŭ = ï59.7 (s), trans-isomer: ŭ = ï59.8 (s).    

 

 

Figure S20. 1H NMR spectrum of 7 in C6D6.    

 

 

Figure S21. 31P{1H} NMR spectrum of 7 in C6D6.    
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Figure S22. 31P NMR spectrum of 7 in C6D6.     

 

 

Figure S23. 19F NMR spectrum of 7 in C6D6. 

 

Preparation of 9: H2O (1.0 equivalent) in THF (1 mL) was added to a stirred solution of 1 

(86.8 mg, 0.10 mmol) in THF (3 mL). After stirring for 2 hours at 60 °C , the solvent was 

removed under reduced pressure. The remaining solid was washed with hexane and dried in 

vacuo to afford 9 as yellowish powder (62.5 mg, 0.071 mmol, 70.6% yield). Yellowish crystals 

were obtained from a saturated hexane/THF solution via slow evaporation. M. P. = 236 °C. 1H 

NMR (C6D6, 400 MHz): ŭ = 7.22 (m, 6 H, CarH), 6.93 (m, 6 H, CarH), 5.62 (d, 1 H, 1JPH = 476.5 

Hz, PH), 3.55 (m, 4 H, CHMe2), 3.28 (m, 4 H, CHMe2), 3.19 (m, 4 H, NH2), 3.10 (m, 4 H, 

NH2), 1.70 (b, 6 H, CH3), 1.38 (m, 12 H, CH3), 1.18 (m, 30 H, CH3); 
13C{1H} NMR (C6D6, 

100.5 MHz): ŭ =155.6 (dd, 2JPC = 12.6 Hz, 2JPC = 4.3 Hz, PCC), 150.4 (s, Car), 150.0 (s, Car), 

149.4 (d, JPC = 4.5 Hz, Car), 149.0 (s, Car), 147.6 (s, Car), 147.3 (s, Car), 147.2 (s, Car), 147.0 (s, 

Car), 136.9 (s, Car), 135.2 (s, Car), 135.2 (s, Car), 128.5 (s, Car), 128.4 (s, Car), 127.5 (s, Car), 
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124.4 (s, Car), 123.6 (s, Car), 123.4 (s, Car),123.1 (s, Car), 51.3 (s, NCH2), 50.8 (s, NCH2), 29.1, 

28.5, 28.3, 28.2, 26.4, 25.5, 25.4, 25.4, 24.8, 24.1, 23.4, 23.3, 22.9, 22.7, 22.6; 31P NMR (C6D6, 

161.9 MHz) ŭ = 8.0 (dd, 2JPP = 15.4 Hz, 1JPH = 476.5 Hz), ï57.8 (dd, 2JPP = 15.4 Hz, 1JPH = 

156.7 Hz). IR (solid): 2300.8 (s, P(O)H), 2181.7 cmï1 (s, PH). 

 

 

Figure S24. 1H NMR spectrum of 9 in C6D6. *Small amount of impurity. 

 

 

Figure S25. 13C{1H} NMR spectrum of 9 in C6D6. *Small amount of impurity. 

 














































