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Table S1. Optimization of Reaction Conditions 

A. Optimization of reaction conditions of aryl azide 1a with diphenylphosphine 

oxide 2a a 

 

entry ratio 

(1a:2a) 

[Ir] (mol%) [Cu] (mol%) solvent yield 

(%) b 

1 1:1 Ir(ppy)3 (1.0 mol%) CuOAc (10 mol%) THF 90 

2 1:1 Ir(ppy)3 (1.0 mol%) CuOAc (5 mol%) THF 64 

3 1.2:1 Ir(ppy)3 (1.0 mol%) CuOAc (10 mol%) THF 70 

4 1:1.2 Ir(ppy)3 (1.0 mol%) CuOAc (10 mol%) THF 98 

5 1:1.2 Ir(ppy)3 (1.0 mol%) Cu(OAc)2 (10 mol%) THF 96 

6 1:1.2 Ir{(dF(CF3)ppy)2dtbbpy}PF6 

(1.0 mol%) 

CuOAc (10 mol%) THF 92 

7 1:1.2 Ir(dtbbpy)(ppy)2PF6 (1.0 

mol%) 

CuOAc (10 mol%) THF 12 

8 1:1.2 Ir(ppy)3 (1.0 mol%) CuOAc (10 mol%) DMSO 98 

9 1:1.2 Ir(ppy)3 (1.0 mol%) CuOAc (10 mol%) DMF 72 

10 1:1.2 Ir(ppy)3 (1.0 mol%) CuOAc (10 mol%) 1,4-dioxane 76 

11 1:1.2 Ir(ppy)3 (1.0 mol%) CuOAc (10 mol%) CH3CN 79 

12 1:1.2 Ir(ppy)3 (1.0 mol%) CuOAc (10 mol%) DCM 88 

13c 1:1.2 Ir(ppy)3 (1.0 mol%) CuOAc (10 mol%) THF 66 

14 1:1.2 Ir(ppy)3 (1.0 mol%) — THF 47 

15 1:1.2 — CuOAc (10 mol%) THF 15 

16 1:1.2 — — THF 9 

17d 1:1.2 Ir(ppy)3 (1.0 mol%) CuOAc (10 mol%) THF N.D. 

18e 1:1.2 Ir(ppy)3 (1.0 mol%) CuOAc (10 mol%) THF 88f 

a 1a (0.10 mmol), 2a (0.10 or 0.12 mmol), [Ir] (1.0 mol%), [Cu] (5 – 20 mol%), solvent (1.0 mL), 

4 Å MS (50 mg), blue light (λmax = 470 nm), N2, rt, 24 h. b All yields were assessed by crude 31P 

NMR spectroscopy using triphenylphosphine as an internal standard. c 12 h. d No light. e 1.0 mmol 

of 1a. f Isolated yield. 
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B. Optimization of reaction conditions of alkyl azide 1s with diphenyl phosphine 

oxide 2a a 

 

entry [Ir] (mol%) yield (%) b 

1 Ir(ppy)3 (1.0 mol%) 58 

2 Ir(mppy)3 (1.0 mol%) 72 

a 1s (0.10 mmol), 2a (0.10 or 0.12 mmol), [Ir] (1.0 mol%), CuOAc (10 mol%), THF (1.0 mL), 4 Å 

MS (50 mg), blue light (λmax = 470 nm), N2, rt, 24 h. b All yields were assessed by crude 31P NMR 

spectroscopy using triphenylphosphine as an internal standard.  

 

C. Optimization of reaction conditions of aryl azide 1a with diethyl phosphite 2i a 

 

entry ratio 

(1a:2a) 

[Ir] (mol%) [Cu](mol%) solvent yield 

(%) b 

1 1:1.5 Ir(ppy)3 (1.0 mol%) CuOAc (10 mol%) THF 16 

2 1:1.5 Ir(mppy)3 (1.0 mol%) CuOAc (10 mol%) THF 24 

3 1:3 Ir(mppy)3 (1.0 mol%) CuOAc (10 mol%) THF 80 

4 1:3 Ir(mppy)3 (1.0 mol%) Cu(OAc)2 (10 mol%) THF 80 

5 1:3 Ir(mppy)3 (1.0 mol%) — THF trace 

6 1:3 — Cu(OAc)2 (10 mol%) THF N.D. 

a 1a (0.10 mmol), 2i (0.15 or 0.30 mmol), [Ir] (1.0 mol%), [Cu] (10 mol%), THF (1.0 mL), 4 Å MS 

(50 mg), blue light (λmax = 470 nm), N2, rt, 24 h. b All yields were assessed by crude 31P NMR 

spectroscopy using triphenylphosphine as an internal standard. 
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D. Optimization of reaction conditions of alkyl azide 1s with diethyl phosphite 2i 

a 

 

entry [Cu] (mol%) T (℃) yield (%) b 

1 Cu(OAc)2 (10 mol%) 25 40 

2 Cu(OAc)2 (10 mol%) 45 36 

3 CuOAc (10 mol%) 25 46 

4 CuOAc (10 mol%) 60 99 

a 1s (0.10 mmol), 2i (0.30 mmol), Ir(mppy)3 (1.0 mol%), [Cu] (10 mol%), THF (1.0 mL), 4 Å MS 

(50 mg), blue light (λmax = 470 nm), N2, T, 24 h. b All yields were assessed by crude 31P NMR 

spectroscopy using triphenylphosphine as an internal standard. 
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Table S2. Optimization of Flow Chemistry a  

 

entry  C (mol/L)  V (mL/h)  yield (%) b 

1
 
 0.05  1.0 30 

2
 
 0.10  1.0 68 

3
 
 0.20  1.0  53 

4  0.10  0.5  65 

5  0.10  8.0 68 

6  0.10  12.0  80 

7  0.10  30.0  70 

a 1a (0.1 mmol/L), 2a (0.12 mmol/L), Ir(ppy)3 (1.0 mol%), CuOAc (10 mol%), THF, blue light 

(λmax = 470 nm), rt. b All yields were assessed by crude 31P NMR spectroscopy using 

triphenylphosphine as an internal standard. 
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Table S3. Optimization of Asymmetric Reaction a  

 

a 1a (0.10 mmol), 2g (0.12 mmol), Ir(mppy)3 (1.0 mol%), [Cu] (10 mol%), L (12 mol%), THF (1.0 

mL), 4 Å MS (50 mg), blue light (λmax = 470 nm), N2, 60 ℃, 24 h. b All yields were assessed by 

crude 31P NMR spectroscopy using triphenylphosphine as an internal standard. c Isolated yield. d  

Determined by HPLC with a Chiralcel OD-H column. 

 

entry [Cu] (10 mol%) L (12 mol%) yield (%) b ee (%) d 

1 Cu(OAc)
2
  — 91 — 

2 Cu(OAc)
2
  L1  72 9 

3 Cu(CH
3
CN)

4
.PF

6
 (10 mol%) L1  70 15 

4 Cu(CH
3
CN)

4
.PF

6
 (10 mol%) L2 61 13 

5 Cu(CH
3
CN)

4
.PF

6
 (10 mol%) L3 68 17 

6 Cu(CH
3
CN)

4
.PF

6
 (10 mol%) L4  72 15 

7 Cu(CH
3
CN)

4
.PF

6
 (10 mol%) L5 65 (57c), 41 

8 Cu(CH
3
CN)

4
.PF

6
 (10 mol%) L6  56 3 

9 Cu(CH
3
CN)

4
.PF

6
 (10 mol%) L7 65 3 

10 Cu(CH
3
CN)

4
.PF

6
 (10 mol%) L8  70 4 

11 Cu(CH
3
CN)

4
.PF

6
 (10 mol%) L9  63 2 

12 Cu(CH
3
CN)

4
.PF

6
 (10 mol%) L10  31 11 
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HPLC analysis (Daocel Chiralcel IA; eluent: isopropyl alcohol/hexanes = 25/75; flow 

rate: 0.75 mL/min; t1 (isomer) = 17.2 min, t2 (isomer) = 20.2) 

 

 

HPLC analysis (Daocel Chiralcel IA; eluent: isopropyl alcohol/hexanes = 25/75; flow 

rate: 0.75 mL/min; t1 (isomer) = 17.0 min, t2 (isomer) = 19.7)  
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Figure S1. The Photo-Decomposition Curves of 1a  

   

a Conditions: 1a (0.05 mmol), Ir(ppy)3 (1.0 mol%), [Cu] (10 mol%), DMSO-d6 (0.5 mL), blue light 

(λmax = 470 nm), N2, rt. b All yields were assessed by crude 1H NMR spectroscopy using 

dibromomethane as an internal standard.  
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Mechanistic Studies 

A. Triplet nitrene observation 

 

Ir(ppy)3 (0.7 mg, 1.0 mol%) and 4Å MS (50 mg) were added to a 10 mL schlenk tube. 

Under the protection of N2, p-tolyl azide (13.3 mg, 0.10 mmol) and DMSO-d6 (1.0 mL) 

were then dropped to the schlenk tube equipped with a stirring bar. The solution was 

stirred at a distance of 1.5 cm from a 24 W blue LED lamp at rt for 24 h. The yield was 

assessed by crude 1H NMR spectroscopy using dibromomethane as an internal standard.  

 

 

Figure S2-1. Crude 1H NMR spectrum of reaction One (Eq 1-1)  
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Figure S2-2. Crude 1H NMR spectrum of reaction Two (Eq 1-2) 

 

 

Figure S2-3. Crude 1H NMR spectrum of reaction Three (Eq 1-3)  
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Ir(ppy)3 (0.7 mg, 1.0 mol%), CuOAc (1.2 mg,10 mol%) and 4Å MS (50 mg) were added 
to a 10 mL schlenk tube. Under the protection of N2, p-tolyl azide (13.3 mg, 0.10 mmol) 
and DMSO-d6 (1.0 mL) were then dropped to the schlenk tube equipped with a stirring 
bar. The solution was stirred at a distance of 1.5 cm from a 24 W blue LED lamp at rt 
for 24 h. The yield was assessed by crude 1H NMR spectroscopy using dibromomethane 
as an internal standard. 

 

 

Figure S3-1. Crude 1H NMR spectrum of reaction One (Eq 2-1) 
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Figure S3-2. Crude 1H NMR spectrum of reaction Two (Eq 2-2) 

 

 

Figure S3-3. Crude 1H NMR spectrum of reaction Three (Eq 2-3)   
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CuOAc (1.2 mg, 10 mol%) and 4Å MS (50 mg) were added to a 10 mL schlenk tube. 

Under the protection of N2, p-tolyl azide (13.3 mg, 0.10 mmol) and DMSO-d6 (1.0 mL) 

were then dropped to the schlenk tube equipped with a stirring bar. The solution was 

stirred at a distance of 1.5 cm from a 24 W blue LED lamp at rt for 24 h. The yield was 

assessed by crude 1H NMR spectroscopy using dibromomethane as an internal standard. 

 

 

Figure S4-1. Crude 1H NMR spectrum of reaction One (Eq 3-1) 
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Figure S4-2. Crude 1H NMR spectrum of reaction Two (Eq 3-2) 

 

 

Figure S4-3. Crude 1H NMR spectrum of reaction Three (Eq 3-3) 
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B. Radical trapping 

TEMPO 
(3.0 equiv)

Eq 4

12a
1H,13C NMR and HRMS

p-Tolyl N(TEMPO)2p-TolylN3

1a

Ir(ppy)3 (1.0 mol%) 
CuOAc (10 mol%)

rt, THF, N2, 4A MS, blue light
o

 

TEMPO (46.8 mg, 0.30 mmol, 3.0 equiv), Ir(ppy)3 (0.7 mg, 10 mol%), CuOAc (1.2 mg, 

10 mol%) and 4Å MS (50 mg) were added to a 10 mL schlenk tube. Under the 

protection of N2, p-tolyl azide 1a (13.3 mg, 0.10 mmol) and THF (1.0 mL) were then 

dropped to the schlenk tube equipped with a stirring bar. The solution was stirred at a 

distance of 1.5 cm from a 24 W blue LED lamp at rt for 24 h. The reaction system was 

extracted with EtOAc (3 x 10 mL), washed with saturated NaCl solution (10 mL), dried 

over Na2SO4, and concentrated the organic layer under reduced pressure. The product 

was purified by flash chromatography (EA/PE = 1:15), which was confirmed by 1H, 

13C NMR and HRMS. 

 

Compound 12a: HRMS (ESI) ([M+H]+) Calcd. for C25H44N3O2: 418.3428, m/z: 418.3428 (100.0%), 

419.3462 (27.0%), 420.3495 (3.5%), 419.3399 (1.1%), found: 418.3430
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Figure S5-1. 1H NMR spectrum of compound 12a. 

 

 

Figure S5-2. 13C NMR spectrum of compound 12a. 
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Diphenylphosphine oxide 2a (20.2 mg, 0.1 mmol), TEMPO (15.6 mg, 0.1 mmol, 1.0 

equiv), Ir(ppy)3 (0.7 mg, 10 mol%), CuOAc (1.2 mg, 10 mol%) and 4Å MS (50 mg) 

were added to a 10 mL schlenk tube. Under the protection of N2, THF (1.0 mL) were 

then dropped to the schlenk tube equipped with a stirring bar. The solution was stirred 

at a distance of 1.5 cm from a 24 W blue LED lamp at rt for 24 h. The reation directly 

was measured by HRMS. 

 

Compound 13a: HRMS (ESI) ([M+H]+) Calcd. For C21H29NO2P: 358.1930, found: 

358.1932 
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Diphenylphosphine oxide 2a (20.2 mg, 0.12 mmol, 1.2 equiv), TEMPO (46.8 mg, 0.3 

mmol, 3.0 equiv), Ir(ppy)3 (0.7 mg, 10 mol%), CuOAc (1.2 mg, 10 mol%) and 4Å MS 

(50 mg) were added to a 10 mL schlenk tube. Under the protection of N2, p-tolyl azide 

1a (13.3 mg, 0.10 mmol) and THF (1.0 mL) were then dropped to the schlenk tube 

equipped with a stirring bar. The solution was stirred at a distance of 1.5 cm from a 24 

W blue LED lamp at rt for 24 h. The reation directly was measured by HRMS. 

 

Compound 12a: HRMS (ESI) ([M+H]+) Calcd. for C25H44N3O2: 418.3428, m/z: 418.3428 (100.0%), 

419.3462 (27.0%), 420.3495 (3.5%), 419.3399 (1.1%), found: 418.3419 

 

 

Compound 13a: HRMS (ESI) ([M+H]+) Calcd. For C21H29NO2P: 358.1930, found: 358.1938 
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Scheme S1. Competition reactions 

Diphenylphosphine oxide 2a (20.2 mg, 0.12 mmol, 1.2 equiv), Ir(ppy)3 (0.7 mg, 10 
mol%), CuOAc (1.2 mg, 10 mol%) and 4Å MS (50 mg) were added to a 10 mL schlenk 
tube. Under the protection of N2, p-tolyl azide 1a (13.3 mg, 0.10 mmol), p-chlorophenyl 
azide 1f (15.3 mg, 0.10 mmol) and THF (1.0 mL) were then dropped to the schlenk 
tube equipped with a stirring bar. The solution was stirred at a distance of 1.5 cm from 
a 24 W blue LED lamp at rt for 24 h. The yields of 3a and 3f were assessed by crude 
31P NMR spectroscopy using Ph3P as an internal standard. 
 

 

Diphenylphosphine oxide 2a (20.2 mg, 0.12 mmol, 1.2 equiv), Ir(ppy)3 (0.7 mg, 10 
mol%), CuOAc (1.2 mg, 10 mol%) and 4Å MS (50 mg) were added to a 10 mL schlenk 
tube. Under the protection of N2, p-tolyl azide 1a (13.3 mg, 0.10 mmol), o-tert-butyl 
azide 1m (15.3 mg, 0.10 mmol) and THF (1.0 mL) were then dropped to the schlenk 
tube equipped with a stirring bar. The solution was stirred at a distance of 1.5 cm from 
a 24 W blue LED lamp at rt for 24 h. The yields of 3a and 3m were assessed by crude 
31P NMR spectroscopy using Ph3P as an internal standard. 
 

 
Diphenylphosphine oxide 2a (20.2 mg, 0.12 mmol, 1.2 equiv), Ir(ppy)3 (0.7 mg, 10 
mol%), CuOAc (1.2 mg, 10 mol%) and 4Å MS (50 mg) were added to a 10 mL schlenk 
tube. Under the protection of N2, p-tolyl azide 1a (13.3 mg, 0.10 mmol), 14-alkyl azide 
1t (15.3 mg, 0.10 mmol) and THF (1.0 mL) were then dropped to the schlenk tube 
equipped with a stirring bar. The solution was stirred at a distance of 1.5 cm from a 24 
W blue LED lamp at 60 ℃ for 24 h. The yield of 3a was assessed by crude 31P NMR 
spectroscopy using Ph3P as an internal standard. 
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Scheme S2. EPR experiment 

 

 

 

Diphenylphosphine oxide 2a (20.2 mg, 0.1 mmol), Ir(ppy)3 (0.7 mg, 10 mol%) and 4Å 

MS (50 mg) were added to a 10 mL schlenk tube. Under the protection of N2, THF (1.0 

mL) were then dropped to the schlenk tube equipped with a stirring bar. The solution 

was stirred at a distance of 1.5 cm from a 24 W blue LED lamp at rt for 24 h. Then 

DMPO (5,5-dimethyl-1-pyrroline N-oxide, 10 µL) was added into the reaction mixture. 

The mixture was examined by the electron paramagnetic resonance (EPR) experiment. 

As shown below, EPR spectrum for adduct of DMPO with proposed 

biphenylphosphonyl radical has the hyperfine coupling constants of aN = 13.8 G, aH = 

18.1 G and aP = 36.8 G. Therefore, we can conclude the formation of phosphine center 

radical in this system. 

 

 
aN = 13.8 G,aH = 18.1 G, aP = 36.8 G  

simulationon

examination 
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General Informations  

Thin layer chromatography (TLC) was performed on pre-coated silica gel GF254 plates. 

Visualization of TLC was achieved by the use of UV light (254 nm and 365 nm). 

Column chromatography was performed on silica gel (300 – 400 mesh) using a proper 

eluent. 1H NMR was recorded on FT AM 400 (400 MHz). Chemical shifts were 

reported in parts per million (ppm) referenced to the appropriate solvent peak or 0.0 

ppm for tetramethylsilane or chloroform-d (CDCl3) at 7.26 ppm or dimethyl sulfoxide-

d6 (DMSO-d6) at 2.54 ppm. The following abbreviations were used to describe peak 

splitting patterns: s = singlet, d = doublet, t = triplet, q = quartet, dd = doublet of doublet, 

m = multiplet. Coupling constants, J, were reported in hertz (Hz). The fully decoupled 

13C NMR was recorded on FT AM 400 (101 MHz). Chemical shifts were reported in 

ppm referenced to the center of a triplet at 77.0 ppm of CDCl3 and a multiple at 40.4 

ppm of DMSO-d6. 31P NMR was recorded on FT AM 400 (121.5 MHz). 19F NMR was 

recorded on FT AM 400 (3.76 MHz). Infrared (IR) spectra were recorded neat in KBr 

cell. High resolution mass spectra were obtained by using the UHD Accurate-Mass Q-

TOF. Melting points (m.p.) were determined with a digital electrothermal apparatus 

without further correction. The LED strips (1.5 meter, 24 W) were directly got from the 

supermarket. Wavelength of the blue LEDs is at 470nm. Unless otherwise mentioned, 

all commercial reagents and solvents were used without further purification. Various 

azide1,2,3 and disubstituted phosphines4 were prepared according to the literature 

procedures. 
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General Procedures for the Preparation of Starting Materials 

Preparation of various azides  

 

1a2a, 1b2c, 1c2b, 1d2a, 1e2d, 1f2e, 1g2f, 1h2a, 1i2a, 1j2g, 1k2e, 1l2d, 1m2h, 1n2i, 1o2i, 1p2j, 1q2a and 1r2k 

are known compounds and were synthesized according to the related literatures. 
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Alkyl azides

1s3a

1v3c

1u3a1t3b

N3N3 (CH2)6 N3

N3 (CH2)6 Me N3 (CH2)13 Me

1x3a

NH2

N3

N3

H
73e

53e

H
N

O

N3 OEt

O

93e

113f

O
N3

N

OH OH

N

N

N

H2N

N3 (CH2)2 Ph

Me Me Me

N3

H

1w3d

 

1s3a, 1t3b, 1u3a, 1v3c, 1w3d, 1x3a, 53e, 73e, 93e and 113f are known compounds and were synthesized 

according to the related literatures. 

 

Preparation of disubstituted phosphine oxides 

 

2e4a,4b,4c, 2f4a, 4b, 4c, 2a4d,4e, 2c4d,4e and 2d4f are known compounds and were synthesized according to 

the related literatures. 
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Experimental Procedures and Spectroscopic Datas 

General procedure for the synthesis of products 3 ,4, 6, 8, 10, 12 and 14

 

Disubstituted phosphine oxides (0.12 or 0.30 mmol), [Ir] (1.0 mol%), [Cu] (10 mol%) 

and 4Å MS (50 mg) were added to a 10 mL schlenk tube. Under the protection of N2, 

azide (0.10 mmol) and THF (1.0 mL) were then dropped to the schlenk tube equipped 

with a stirring bar. The solution was stirred at a distance of 1.5 cm from a 24 W blue 

LED lamp at rt – 60 ℃ for 24 h. The reaction system was extracted with EtOAc (3 x 

10 mL), washed with saturated NaCl solution (10 mL), dried over Na2SO4, and 

concentrated the organic layer under reduced pressure. The product was purified by 

flash chromatography. 

  

The reaction of 2a and 1a in 1 mmol scale 

Diphenoxyphosphine 2a (202.0 mg, 1.2 mmol, 1.2 equiv), Ir(ppy)3 (7.0 mg, 10 mol%), 

CuOAc (12.0 mg, 10 mol%) and 4Å MS (500.0 mg) were added to a 100 mL schlenk 

tube. Under the protection of N2, p-tolyl azide 1a (133.0 mg, 1.0 mmol, 1.0 equiv) and 

THF (10.0 mL) were then dropped to the schlenk tube equipped with a stirring bar. The 

solution was stirred at a distance of 1.5 cm from a 24 W blue LED lamp at rt for 24 h. 

The reaction system was extracted with EtOAc (3 x 100 mL), washed with saturated 

NaCl solution (100 mL), dried over Na2SO4, and concentrated the organic layer under 

reduced pressure. We used flash chromatography to obtain the separation yield of 

compound 3a (271.0 mg, 88%). 

 

Physical and spectroscopic datas of products 

 

P,P-diphenyl-N-(p-tolyl)phosphinic amide (3a): TLC Rf = 0.5 (PE/EA = 1:2); 30.1 
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mg, 98% yield; white solid, m.p. 205 – 206 ℃; 1H NMR (400 MHz, CDCl3) δ 7.90 (m, 

4H), 7.55 – 7.51 (m, 2H), 7.49 – 7.44 (m, 4H), 6.95 (d, J = 8.0 Hz, 2H), 6.92 (d, J = 4.0 

Hz, 2H), 5.42 (d, J = 8.0 Hz, 1H), 2.23 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 137.7, 

132.1 (d, J = 3.0 Hz), 132.0 (d, J = 103.0 Hz), 131.9 (d, J = 8.1 Hz), 131.2, 129.8, 128.8 

(d, J = 10.1 Hz), 118.7 (d, J = 5.1 Hz), 20.6; 31P NMR (121.5 MHz, CDCl3) δ 18.35; 

IR (neat) v 3499, 3055, 2965, 1496, 1210, 1122, 918, 804, 619 cm-1; HRMS (ESI) 

([M+H]+) Calcd. for C19H19NOP: 308.1199, found: 308.1190. 

 

 

N,P,P-triphenylphosphinic amide (3b): TLC Rf = 0.5 (PE/EA = 1:2); 18.4 mg, 63% 

yield; white solid, m.p. 231 – 232 ℃; 1H NMR (400 MHz, CDCl3) δ 7.94 – 7.86 (m, 

4H), 7.57 – 7.52 (m, 2H), 7.50 – 7.44 (m, 4H), 7.15 (t, J = 7.9 Hz, 2H), 6.97 (d, J = 7.8 

Hz, 2H), 6.90 (t, J = 7.4 Hz, 1H), 5.27 (d, J = 9.4 Hz, 1H); 13C NMR (101 MHz, CDCl3) 

δ 140.3, 132.3 (d, J = 3.0 Hz), 132.0 (d, J = 10.1 Hz), 131.2, 129.3, 128.8 (d, J = 13.1 

Hz), 121.8, 118.4 (d, J = 6.1 Hz); 31P NMR (121.5 MHz, CDCl3) δ 18.45; IR (neat) v 

3446, 3150, 3056, 2922, 2851, 1497, 1196, 923, 724, 695 cm-1; HRMS (ESI) ([M+Na]+) 

Calcd. for C18H16NOPNa: 316.0862, found: 316.0864. 

 

 

N-(4-(tert-butyl)phenyl)-P,P-diphenylphosphinic amide (3c): TLC Rf = 0.5 (PE/EA 

= 1:2); 31.4 mg, 90% yield; white solid, m.p. 225 – 226 ℃; 1H NMR (400 MHz, CDCl3) 

δ 7.91 (m, 4H), 7.54 (m, 2H), 7.49 – 7.46 (m, 4H), 7.17 (d, J = 8.0 Hz, 2H), 6.92 (d, J 

= 8.0 Hz, 2H), 5.34 (d, J = 8.0 Hz, 1H), 1.25 (s, 9H); 13C NMR (101 MHz, CDCl3) δ 

144.6, 137.6, 132.3 (d, J = 103.0 Hz), 132.2 (d, J = 2.0 Hz), 132.0 (d, J = 8.1 Hz), 128.8 

(d, J = 11.1 Hz), 126.1, 118.1 (d, J = 5.1 Hz), 34.1, 31.4; 31P NMR (121.5 MHz, CDCl3) 

δ 18.37; IR (neat) v 3131, 3045, 2962, 2864, 1515, 1196, 1125, 836, 726, 522 cm-1; 
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HRMS (ESI) ([M+Na]+) Calcd. for C22H24NOPNa: 372.1488, found: 372.1487. 

 

 

N-(4-methoxyphenyl)-P,P-diphenylphosphinic amide (3d): TLC Rf = 0.4 (PE/EA = 

1:3); 29.7 mg, 92% yield; white solid, m.p. 140 – 141 ℃; 1H NMR (400 MHz, CDCl3) 

δ 7.94 – 7.89 (m, 4H), 7.57 – 7.53 (m, 2H), 7.51 – 7.47 (m, 4H), 7.14 (d, J = 4.0 Hz, 

1H), 6.86 (m, 2H), 6.71 (m, 1H), 5.90 (d, J = 8.0 Hz, 1H), 3.88 (s, 3H); 13C NMR (101 

MHz, CDCl3) δ 147.9, 132.2 (d, J = 2.0 Hz), 131.9 (d, J = 8.1 Hz), 131.6 (d, J = 103.0 

Hz), 128.8 (d, J = 11.1 Hz), 121.2, 117.6 (d, J = 3.0 Hz), 110.2, 55.6; 31P NMR (121.5 

MHz, CDCl3) δ 18.71; IR (neat): v 3390, 3054, 2924, 2851, 1504, 1212, 1122,923, 743, 

696 cm-1; HRMS (ESI) ([M+Na]+) Calcd. for C19H18NO2PNa: 346.0967, found: 

346.0970. 

 

 

N-(4-fluorophenyl)-P,P-diphenylphosphinic amide (3e): TLC Rf = 0.4 (PE/EA =1:2); 

29.2 mg, 94% yield; white solid, m.p. 171 – 172 ℃; 1H NMR (400 MHz, CDCl3) δ 

7.87 (m, 4H), 7.49 (m, 6H), 6.97 (m, 2H), 6.83 (t, J = 8.6 Hz, 2H), 5.40 (d, J = 8.4 Hz, 

1H); 13C NMR (101 MHz, CDCl3) δ 136.4, 132.3, 132.0 (d, J = 10.1 Hz), 131.8 (d, J = 

130.0 Hz), 131.0, 128.8 (d, J = 13.1 Hz), 120.2 (t, J = 8.1 Hz), 115.9 (d, J = 23.2 Hz); 

31P NMR (121.5 MHz, CDCl3) δ 18.80; 19F NMR (376 MHz, CDCl3) δ -121.8; IR (neat) 

v 3144, 3076, 2917, 2849, 1508, 1186, 1123, 934, 739, 694 cm-1; HRMS (ESI) 

([M+Na]+) Calcd. for C18H15FNOPNa: 334.0767, found: 334.0771. 

 

 

N-(4-chlorophenyl)-P,P-diphenylphosphinic amide (3f): TLC Rf = 0.4 (PE/EA = 



S28 
 

1:2); 24.2 mg, 74% yield; white solid, m.p. 231 – 232 ℃; 1H NMR (400 MHz, CDCl3) 

δ 7.88 (m, 4H), 7.56 (m, 2H), 7.48 (m, 4H), 7.11 (d, J = 8.0 Hz, 2H), 6.93 (d, J = 8.0 

Hz, 2H), 5.51 (d, J = 8.0 Hz, 1H); 13C NMR (101 MHz, CDCl3) δ 139.07, 132.4 (d, J = 

2.0 Hz), 131.9 (d, J = 8.1 Hz), 131.0, 129.2, 128.9 (d, J = 10.1 Hz), 127.0, 119.7 (d, J 

= 5.0 Hz); 31P NMR (121.5 MHz, CDCl3) δ 18.78; IR (neat) v 3135, 3053, 2923, 2851, 

1492, 1190, 1124, 928, 725, 694 cm-1; HRMS (ESI) ([M+Na]+) Calcd. for 

C18H15ClNOPNa: 350.0472, found: 350.0473. 

 

 

N-(4-bromophenyl)-P,P-diphenylphosphinic amide (3g): TLC Rf = 0.4 (PE/EA = 

1:2); 27.3 mg, 74% yield; white solid, m.p. 241 – 242 ℃; 1H NMR (400 MHz, CDCl3) 

δ 7.95 – 7.84 (m, 4H), 7.60 – 7.55 (m, 2H), 7.49 (d, J = 8.0 Hz, 4H), 7.26 (d, J = 8.7 

Hz, 2H), 6.90 (d, J = 8.7 Hz, 2H), 5.37 (d, J = 8.0 Hz, 1H); 13C NMR (101 MHz, CDCl3) 

δ 139.5, 132.5 (d, J = 3.0 Hz), 132.2, 132.1, 131.9 (d, J = 10.1 Hz), 128.9 (d, J = 12.1 

Hz), 120.1 (d, J = 7.1 Hz), 114.3; 31P NMR (121.5 MHz, CDCl3) δ 18.81; IR (neat) v 

3502, 3055, 2924, 2852, 2093, 1515, 1123, 931, 724, 696 cm-1; HRMS (ESI) ([M+Na]+) 

Calcd. for C18H15BrNOPNa: 393.9967, found: 393.9967.  

 

 

N-(4-hydroxyphenyl)-P,P-diphenylphosphinic amide (3h): TLC Rf = 0.5 

(PE/EA/MeOH = 2:4:0.3); 18.6 mg, 60% yield; red solid, m.p. 233 – 234 ℃; 1H NMR 

(400 MHz, DMSO-d6) δ 8.89 (s, 1H), 7.86 (d, J = 11.3 Hz, 1H), 7.82 – 7.75 (m, 4H), 

7.56 – 7.47 (m, 6H), 6.91 (d, J = 8.5 Hz, 2H), 6.53 (d, J = 8.7 Hz, 2H); 13C NMR (101 

MHz, DMSO-d6) δ 152.2, 134.3, 133.7, 133.3, 132.2 (d, J = 7.1 Hz); 129.0 (d, J = 10.1 

Hz); 120.8 (d, J = 5.1 Hz), 115.8; 31P NMR (121.5 MHz, DMSO-d6) δ 16.21; IR (neat) 

v 3767, 3217, 2965, 2866, 1514, 1032, 815, 694 cm-1; HRMS (ESI) ([M+H]+) Calcd. 
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For C18H17NO2P: 310.0991, found: 310.0995. 

 

 

N-4-aminophenyl)-P,P-diphenylphosphinic amide (3i): TLC Rf = 0.5 (PE/EA/ 

/MeOH = 1:2:0.3); 22.8 mg, 74% yield; white solid, m.p. 236 – 237 ℃; 1H NMR (400 

MHz, DMSO-d6) δ 7.85 – 7.75 (m, 4H), 7.64 (d, J = 11.2 Hz, 1H), 7.56 – 7.44 (m, 6H), 

6.82 (d, J = 8.2 Hz, 2H), 6.36 (d, J = 8.5 Hz, 2H), 4.59 (s, 2H); 13C NMR (101 MHz, 

DMSO-d6) δ 143. 6, 134.1 (d, J = 126.2 Hz), 132.2 (d, J = 10.1 Hz), 132.0 (d, J = 3.0 

Hz), 131.2, 129.0 (d, J = 12.1 Hz), 121.3 (d, J = 6.1 Hz), 114.9; 31P NMR (121.5 MHz, 

DMSO-d6) δ 16.07; IR (neat) v 3446, 3182, 3055, 2922, 2851, 1514, 1194, 921, 749, 

695 cm-1; HRMS (ESI) ([M+Na]+) Calcd. for C18H17N2OPNa: 331.0970, found: 

331.0966. 

 

 

P,P-diphenyl-N-(m-tolyl)phosphinic amide (3j): TLC Rf = 0.5 (PE/EA = 1:2); 17.5 

mg, 57% yield; white solid, m.p. 245 – 246 ℃; 1H NMR (400 MHz, CDCl3) δ 7.90 (m, 

4H), 7.52 (m, 6H), 7.04 (t, J = 8.0 Hz, 1H), 6.83 – 6.73 (m, 2H), 6.74 (d, J = 4.0 Hz, 

1H), 5.29 (d, J = 8.0 Hz, 1H), 2.22 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 140.2, 139.2, 

132.2 (d, J = 3.0 Hz), 132.0 (d, J = 103.0 Hz), 131.9 (d, J = 8.1 Hz), 129.0, 128.8 (d, J 

= 11.1 Hz), 122.7, 119.2 (d, J = 5.1 Hz),115.6 (d, J = 5.1 Hz), 21.4; 31P NMR (121.5 

MHz, CDCl3) δ 18.41; IR (neat) v 3545, 3146, 2923, 2852, 1514, 1187, 1124, 900, 724, 

692 cm-1; HRMS (ESI) ([M+Na]+) Calcd. for C19H18NOPNa: 330.1018, found: 

330.1017. 
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(3-chlorophenyl)-P,P-diphenylphosphinic amide (3k): TLC Rf = 0.4 (PE/EA = 1:2); 

13.7 mg, 45% yield; white solid, m.p. 250 – 251 ℃; 1H NMR (400 MHz, CDCl3) δ 

7.89 – 7.84 (m, 4H), 7.58 – 7.54 (m, 2H), 7.50 – 7.46 (m, 4H), 7.07 – 7.03 (m, 1H), 

6.90 (s, 1H), 6.91 – 6.86 (m, 2H), 5.41 (d, J = 8.0 Hz, 1H); 13C (101 MHz, CDCl3) δ 

141.7, 134.8, 132.5 (d, J = 3.0 Hz), 131.9 (d, J = 10.1 Hz), 131.4 (d, J = 125.0 Hz), 

130.3, 128.9 (d, J = 13.1 Hz), 122.0, 118.5 (d, J = 7.1 Hz), 116.5 (d, J = 6.1 Hz); 31P 

NMR (121.5 MHz, CDCl3) δ 18.91; IR (neat) v 3006, 2852, 1436, 1275, 1182, 727, 690, 

521 cm-1; HRMS (ESI) ([M+H]+) Calcd. for C18H16ClNOP: 328.0653, found: 328.0657. 

 

 

P,P-diphenyl-N-(o-tolyl)phosphinic amide (3l): TLC Rf = 0.5 (PE/EA = 1:2); 24.5 

mg, 80% yield; white solid, m.p. 238 – 239 ℃; 1H NMR (400 MHz, CDCl3) δ 7.89 (m, 

4H), 7.55 – 7.51 (m, 2H), 7.49 – 7.44 (m, 4H), 7.20 (d, J = 8.0 Hz, 1H), 7.12 (d, J = 7.4 

Hz, 1H), 6.95 (m, 1H), 6.84 (m, 1H), 5.03 (d, J = 8.9 Hz, 1H), 2.28 (s, 3H); 13C NMR 

(101 MHz, CDCl3) δ 138.6, 132.2 (d, J = 3.0 Hz), 132.0 (d, J = 129.0 Hz), 131.9 (d, J 

= 10.1 Hz), 130.5, 128.8 (d, J = 12.1 Hz), 127.1, 125.5 (d, J = 8.1 Hz), 122.1, 118.5 (d, 

J = 4.0 Hz), 17.8; 31P NMR (121.5 MHz, CDCl3) δ 18.57; IR (neat) v 3566, 3146, 3056, 

2919, 2850, 1496, 1195, 924, 722, 695 cm-1; HRMS (ESI) ([M+Na]+) Calcd. for 

C19H18NOPNa: 330.1018, found: 330.1019. 

 

 

N-(2-(tert-butyl)phenyl)-P,P-diphenylphosphinic amide (3m): TLC Rf = 0.4 

(PE/EA = 1:2); 32.8 mg, 94% yield; white solid, m.p. 130 – 131 ℃; 1H NMR (400 
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MHz, CDCl3) δ 7.89 (m, 4H), 7.56 – 7.50 (m, 2H), 7.50 – 7.43 (m, 4H), 7.33 – 7.28 (m, 

2H), 6.94 (m, 1H), 6.90 – 6.82 (m, 1H), 5.53 (d, J = 8.8 Hz, 1H), 1.44 (s, 9H); 13C NMR 

(101 MHz, CDCl3) δ 138.8, 136.1(d, J = 8.1 Hz), 132.2 (d, J = 3.0 Hz), 132.1 (d, J = 

129.0 Hz), 131.8 (d, J = 10.1 Hz), 128.9 (d, J = 12.1 Hz), 127.1, 126.6, 121.8, 120.2 (d, 

J = 6.1 Hz), 34.0, 30.3; 31P NMR (121.5 MHz, CDCl3) δ 17.80; IR (neat) v 3449, 3057, 

2964, 2921, 1496, 1216, 1121, 917, 724, 697 cm-1; HRMS (ESI) ([M+Na]+) Calcd. for 

C22H24NOPNa: 372.1488, found: 372.1487. 

 

 
N-([1,1'-biphenyl]-2-yl)-P,P-diphenylphosphinic amide (3n): TLC Rf = 0.5 (PE/EA 

= 1:2); 30.2 mg, 82% yield; white solid, mp 148 – 149 ℃; 1H NMR (400 MHz, CDCl3) 

δ 7.84 – 7.72 (m, 4H), 7.52 – 7.44 (m, 6H), 7.44 – 7.32 (m, 5H), 7.28 (m, 1H), 7.19 (d, 

J = 7.5 Hz, 1H), 7.12 – 7.05 (m, 1H), 6.96 (m, 1H), 5.53 (d, J = 9.9 Hz, 1H); 13C NMR 

(101 MHz, CDCl3) δ 138.6, 137.4, 132.1 (d, J = 3.0 Hz), 132.0 (d, J = 129.0 Hz), 131.6 

(d, J = 10.1 Hz), 131.0 (d, J = 8.1 Hz), 130.2, 129.2 (d, J = 5.1 Hz), 128.8, 128.7, 128.6, 

127.9, 121.8, 118.4 (d, J = 4.0 Hz); 31P NMR (121.5 MHz, CDCl3) δ 17.88; IR (neat) v 

3387, 3057, 2925, 2852, 1503, 1209, 1121, 920, 730, 607 cm-1; HRMS (ESI) ([M+Na]+) 

Calcd. for C24H20NOPNa: 392.1175, found: 392.1179. 

 

 

N-(2-bromophenyl)-P,P-diphenylphosphinic amide (3o): TLC Rf = 0.5 (PE/EA = 

1:2); 26.0 mg, 70% yield; white solid, m.p. 140 – 141 ℃; 1H NMR (400 MHz, CDCl3) 

δ 7.90 (m, 4H), 7.57 – 7.52 (m, 2H), 7.51 – 7.45 (m, 5H), 7.33 (d, J = 8.1 Hz, 1H), 7.07 

– 7.01 (m, 1H), 6.77 (m, 1H), 5.88 (d, J = 10.3 Hz, 1H); 13C NMR (101 MHz, CDCl3) 

δ 138.5, 132.5, 132.4 (d, J = 3.0 Hz), 131.8 (d, J = 10.1 Hz), 131.5 (d, J = 131.5 Hz), 

128.9 (d, J = 13.1 Hz), 128.5, 122.9, 119.2 (d, J = 4.1 Hz), 113.3 (d, J = 8.1 Hz); 31P 
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NMR (121.5 MHz, CDCl3) δ 19.03; IR (neat) v 3371, 3057, 2917, 2849, 1483, 1211, 

1121, 920, 725, 695 cm-1; HRMS (ESI) ([M+H]+) Calcd. for C18H16BrNOP: 372.0147, 

found: 372.0146.   

 

 

N-(3'-amino-[1,1'-biphenyl]-4-yl)-P,P-diphenylphosphinic amide (3p): TLC Rf = 

0.5 (PE/EA/MeOH = 4:2:0.3); 30.4 mg, 79% yield; white solid, m.p. 251 – 252 ℃; 1H 

NMR (400 MHz, DMSO-d6) δ 8.34 (d, J = 11.4 Hz, 1H), 7.90 – 7.79 (m, 4H), 7.63 – 

7.49 (m, 6H), 7.33 (d, J = 8.2 Hz, 2H), 7.13 (d, J = 8.3 Hz, 2H), 7.03 (m, 1H), 6.74 (m, 

1H), 6.72 – 6.64 (m, 1H), 6.49 (m, 1H), 5.06 (s, 2H); 13C NMR (101 MHz, DMSO-d6) 

δ 149.4, 141.8, 141.0, 134.1, 133.4 (d, J = 102.0 Hz), 132.4 (d, J = 3.0 Hz), 132.1 (d, J 

= 9.1 Hz), 129.7, 129.2 (d, J = 13.1 Hz), 127.2, 119.5 (d, J = 7.1 Hz), 114.3, 113.0, 

112.0; 31P NMR (121.5 MHz, DMSO-d6) δ 16.51; IR (neat) v 3417, 2939, 2865, 2253, 

1659, 1032, 824, 762, 627 cm-1; HRMS (ESI) ([M+H]+) Calcd. For C24H22N2OP: 

385.1464, found: 385.1472. 

 

 

N-(4-(2-azidoethyl)phenyl)-P,P-diphenylphosphinic amide (3q): TLC Rf = 0.5 

(PE/EA = 1:2); 30.4 mg, 83% yield; white solid, m.p. 169 – 170 ℃; 1H NMR (400 

MHz, CDCl3) δ 7.78 (m, 4H), 7.50 – 7.30 (m, 6H), 6.96 – 6.81 (m, 4H), 5.50 (d, J = 9.6 

Hz, 1H), 3.30 (t, J = 7.2 Hz, 2H), 2.67 (t, J = 7.2 Hz, 2H); 13C NMR (101 MHz, CDCl3) 

δ 138.1, 131.2 (d, J = 3.0 Hz), 131.0 (d, J = 9.1 Hz), 130.9 (d, J = 129.0 Hz), 130.2, 

128.5, 127.7 (d, J = 13.1 Hz), 117.7 (d, J = 6.1 Hz), 51.5, 33.5; 31P NMR (121.5 MHz, 

CDCl3) δ 18.49; IR (neat) v 3132, 2926, 2096, 1515, 1437, 1190, 931, 696, 524 cm-1; 

HRMS (ESI) ([M+H]+) Calcd. For C20H20N4OP: 363.1369, found: 363.1369. 
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N-(3-chlorophenyl)-P,P-diphenylphosphinic amide (3r): TLC Rf = 0.3 (EA/MeOH 

= 10:1); 14.1 mg, 48% yield; white solid, m.p. 201 – 202 ℃; 1H NMR (400 MHz, 

CDCl3) δ 8.33 (s, 1H), 8.03 (d, J = 4.7 Hz, 1H), 7.86 (m, 4H), 7.57 – 7.43 (m, 6H), 7.40 

(d, J = 8.3 Hz, 1H), 6.99 (m, 1H), 6.61 (d, J = 9.4 Hz, 1H); 13C (101 MHz, CDCl3) δ 

142.7, 140.4 (d, J = 8.1 Hz), 137.8, 132.4 (d, J = 3.0 Hz), 131.4 (d, J = 7.1 Hz), 131.3 

(d, J = 127.0 Hz), 128.9 (d, J = 13.1 Hz), 125.3 (d, J = 5.1 Hz), 123.6; 31P NMR (121.5 

MHz, CDCl3) δ 19.30; IR (neat) v 3363, 3055, 2922, 2851, 2093, 1515, 1124, 935, 724, 

696 cm-1; HRMS (ESI) ([M+Na]+) Calcd. for C17H15N2OPNa: 317.0814, found: 

317.0811. 

 

 

N-hexyl-P,P-diphenylphosphinic amide (3s): TLC Rf = 0.4 (PE/EA = 1:3); 22.7 mg, 

72% yield; yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.97 – 7.86 (m, 4H), 7.55 – 7.40 

(m, 6H), 2.95 (m, 2H), 2.81 (m, 1H), 1.60 – 1.52 (m, 2H), 1.35 – 1.26 (m, 8H), 0.86 (t, 

J = 6.9 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 132.1 (d, J = 9.1 Hz), 131.9, 131.8 (d, 

J = 2.0 Hz), 128.5 (d, J = 12.1 Hz), 40.8, 32.2 (d, J = 7.1 Hz), 31.4, 29.7, 26.4, 22.6, 

14.0; 31P NMR (121.5 MHz, CDCl3) δ 23.63; IR (neat) v 3181, 3056, 2924, 2853, 1190, 

1122, 723, 696 cm-1; HRMS (ESI) ([M+H]+) Calcd. for C19H27NOP: 316.1825, found: 

316.1818. 

 

 

P,P-diphenyl-N-tetradecylphosphinic amide (3t): TLC Rf = 0.5 (PE/EA = 1:2); 33.9 

mg, 82% yield; white solid, m.p. 70 – 71 ℃; 1H NMR (400 MHz, CDCl3) δ 7.90 (m, 

4H), 7.52 – 7.41 (m, 6H), 2.94 (m, 2H), 2.79 (m, 1H), 1.55 (m, 2H), 1.25 (m, 22H), 
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0.88 (t, J = 6.6 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 133.3 (d, J = 129.0 Hz), 132.1(d, 

J = 9.1 Hz), 131.8 (d, J = 3.0 Hz), 128.5 (d, J = 13.1 Hz), 40.8, 32.2 (d, J = 7.1 Hz), 

31.9, 29.6, 29.5, 29.3, 29.2, 26.8, 22.7, 14.1; 31P NMR (121.5 MHz, CDCl3) δ 23.60; 

IR (neat) v 3208, 3005, 2914, 2849, 1436, 1275, 1183, 750, 537 cm-1; HRMS (ESI) 

([M+Na]+) Calcd. for C26H40NOPNa: 436.2740, found: 436.2744. 

 

 

Phenethyl-P,P-diphenylphosphinic amide (3u): TLC Rf = 0.5 (PE/EA = 1:3); 31.2 

mg, 99% yield; white solid, m.p. 131 – 132 ℃; 1H NMR (400 MHz, CDCl3) δ 7.89 – 

7.78 (m, 4H), 7.45 (m, 6H), 7.30 (m, 2H), 7.26 – 7.17 (m, 3H), 3.23 (m, 2H), 2.94 – 

2.83 (m, 3H); 13C NMR (101 MHz, CDCl3) δ 138.8, 132. (d, J = 129.0 Hz), 132.1 (d, J 

= 9.1 Hz), 131.8 (d, J = 2.0 Hz), 129.0, 128.6, 128.5, 126.5, 42.0, 38.3 (d, J = 7.1 Hz); 

31P NMR (121.5 MHz, CDCl3) δ 23.72; IR (neat) v 3057, 2916, 1437, 1269, 1123, 782, 

697, 558 cm-1; HRMS (ESI) ([M+Na]+) Calcd. for C20H20NOPNa: 344.1175, found: 

344.1180. 

 

 

N-(6-azidohexyl)-P,P-diphenylphosphinic amide (3v): TLC Rf = 0.5 (PE/EA = 1:3); 

34.2 mg, 45% yield; white solid, m.p. 123 – 124 ℃; 1H NMR (400 MHz, CDCl3) δ 

7.95 – 7.86 (m, 4H), 7.54 – 7.42 (m, 6H), 3.24 (t, J = 6.9 Hz, 2H), 3.01 – 2.92 (m, 2H), 

2.81 (m, 1H), 1.58 (m, 4H), 1.37 – 1.31 (m, 4H); 13C NMR (101 MHz, CDCl3) δ 132.1 

(d, J = 9.1 Hz), 131.9, 131.8 (d, J = 2.0 Hz),128.5 (d, J = 13.1 Hz), 51.3, 40.7, 32.1 (d, 

J = 7.1 Hz), 28.7, 26.3, 26.2 ; 31P NMR (121.5 MHz, CDCl3) δ 23.70; IR (neat) v 3149, 

3057, 2924, 2852, 1514, 1190, 1008, 989, 704, 697 cm-1; HRMS (ESI) ([M+Na]+) 

Calcd. for C18H23N4OPNa: 365.1502, found: 365.1503. 
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N-(4-aminophenethyl)-P,P-diphenylphosphinic amide (3w): TLC Rf = 0.5 

(PE/EA/MeOH = 1:2:0.3); 21.8 mg, 65% yield; white solid, m.p. 137 – 138 ℃; 1H 

NMR (400 MHz, DMSO-d6) δ 7.72 (m, 4H), 7.53 – 7.43 (m, 6H), 6.82 – 6.76 (m, 2H), 

6.54 – 6.47 (m, 2H), 5.31 (m, 1H), 4.88 (s, 2H), 2.90 – 2.80 (m, 2H), 2.62 (m, 2H); 13C 

NMR (101 MHz, DMSO-d6) δ 147.3, 134.4 (d, J = 127.3 Hz), 132.2 (d, J = 9.1 Hz), 

131.8 (d, J = 3.0 Hz), 129.5, 128.9 (d, J = 12.1 Hz), 126.9, 114.4, 42.3, 37.5 (d, J = 7.1 

Hz); 31P NMR (121.5 MHz, DMSO-d6) δ 20.99; IR (neat) v 3421, 2937, 2843, 2252, 

2125, 1647, 1032, 823, 761, 526 cm-1;HRMS (ESI) ([M+Na]+) Calcd. For 

C20H21N2OPNa: 359.1284, found: 359.1289. 

 

 

N-(adamantan-1-yl)-P,P-diphenylphosphinic amide (3x): TLC Rf = 0.3 (PE/EA = 

1:3); 15.4 mg, 44% yield; white solid, m.p. 179 – 180 ℃; 1H NMR (400 MHz, CDCl3) 

δ 7.91 (m, 4H), 7.50 – 7.41 (m, 6H), 2.76 (m, 1H), 2.01 (m, 3H), 1.87 (m, 6H), 1.58 (m, 

6H); 13C NMR(101 MHz, CDCl3) δ 135.3 (d, J = 102.0 Hz), 131.8 (d, J = 8.1 Hz), 

131.4 (d, J = 3.0 Hz), 128.3 (d, J = 10.1 Hz), 53.7, 45.5 (d, J = 3.0 Hz), 36.0, 29.8; 31P 

NMR (121.5 MHz, CDCl3) δ 19.55; IR (neat) v 3734, 3054, 2915, 2849, 1655, 1191, 

1121, 997, 695 cm-1; HRMS (ESI) ([M+Na]+) Calcd. for C22H26NOPNa: 374.1644, 

found: 374.1645. 

 

 

P,P-diethyl-N-(p-tolyl)phosphinic amide (4a): TLC Rf = 0.5 (EA/MeOH = 10:1); 
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20.1 mg, 99% yield; white solid, m.p. 53 – 54 ℃; 1H NMR (400 MHz, CDCl3) δ 7.01 

(d, J = 8.0 Hz, 4H), 6.97 (d, J = 8.0 Hz, 4H), 4.8 8 (s, 1H), 2.27 (s, 3H), 1.87 (m, 4H), 

1.22 –1.09 (m, 6H); 13C NMR (101 MHz, CDCl3) δ 138.1, 131.4, 129.9, 119.0 (d, J = 

5.1 Hz), 20.7 (d, J = 85.9 Hz), 20.6, 6.1 (d, J = 5.1 Hz); 31P NMR (121.5 MHz, CDCl3) 

δ 44.96; IR (neat) v 3303, 2970, 2923, 2615, 1517, 1159, 948, 772, 643 cm-1; HRMS 

(ESI) ([M+Na]+) Calcd. for C11H18NOPNa: 234.1018, found: 234.1019. 

 

 

P,P-diethyl-N-tetradecylphosphinic amide (4b): TLC Rf = 0.3 (EA/MeOH = 10:1); 

29.2 mg, 92% yield; yellow oil; 1H NMR (400 MHz, CDCl3) δ 2.81 (m, 1H), 1.82 – 

1.62 (m, 2H), 1.53 (m, 4H), 1.27 (m, 24H), 1.17 – 1.03 (m, 6H), 0.89 (m, 3H); 13C NMR 

(101 MHz, CDCl3) δ 33.9 (d, J = 129.0 Hz), 31.9, 30.3, 29.7 (d, J = 2.0 Hz), 29.6, 29.5 

(d, J = 9.1 Hz), 29.4, 29.2, 26.8, 22.7, 14.1, 7.1; 31P NMR (121.5 MHz, CDCl3) δ 41.73; 

IR (neat) v 3566, 2924, 2853, 1457, 1143, 1040, 765 cm-1; HRMS (ESI) ([M+Na]+) 

Calcd. for C18H40NOPNa: 340.2740, found: 340.2743. 

 

 

P,P-dicyclopropyl-N-(p-tolyl)phosphinic amide (4c): TLC Rf = 0.5 (EA/MeOH = 

10:1); 22.1 mg, 94% yield; white solid, m.p. 166 – 167 ℃; 1H NMR (400 MHz, CDCl3) 

δ 7.02 (m, 4H), 4.91 (d, J = 8.0 Hz,1H), 2.27 (s, 3H), 1.09 – 1.01 (m, 2H), 0.94 – 0.81 

(m, 8H); 13C NMR (101 MHz, CDCl3) δ 138.2, 131.2, 129.7, 119.2 (d, J = 6.1 Hz), 

20.6, 7.03 (d, J = 131.1 Hz), 3.2 (d, J = 4.0 Hz), 2.9 (d, J = 4.0 Hz); 31P NMR (121.5 

MHz, CDCl3) δ 37.80; IR (neat) v 3186, 2924, 2854, 1515, 1240, 1170, 931, 749, 694 

cm-1; HRMS (ESI) ([M+Na]+) Calcd. for C13H18NOPNa: 258.1018, found: 258.1021. 
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(R)-P-methyl-P-phenyl-N-(p-tolyl)phosphinic amide (4d): TLC Rf = 0.5 

(PE/EA/MeOH = 1:2:0.3); 17.9 mg, 90% yield; yellow oil; 1H NMR (400 MHz, CDCl3) 

δ 7.81 – 7.76 (m, 2H), 7.47 – 7.36 (m, 3H), 6.87 (d, J = 8.0 Hz, 2H), 6.80 (d, J = 8.0 

Hz, 2H), 5.58 (d, J = 8.0 Hz, 1H), 2.14 (s, 3H), 1.72 (d, J = 12.0 Hz, 3H); 13C NMR 

(101 MHz, CDCl3) δ 136.7, 132.4, 131.0, 130.8 (d, J = 129.0 Hz), 130.4 (d, J = 10.1 

Hz), 128.7, 127.7 (d, J = 13.1 Hz), 117.8 (d, J = 6.1 Hz), 19.6, 15.8 (d, J = 92.9 Hz); 

31P NMR (121.5 MHz, CDCl3) δ 25.99; IR (neat) v 3709, 2922, 2864, 1515, 1032, 945, 

815, 741 cm-1; HRMS (ESI) ([M+H]+) Calcd. For C14H17NOP: 246.1042, found: 

246.1046. 

 

Butyl P-phenyl-N-(p-tolyl)phosphonamidate (4e): TLC Rf = 0.5 (PE/EA = 1:2); 26.0 

mg, 86% yield; white solid, m.p. 177 – 178 ℃; 1H NMR (400 MHz, CDCl3) δ 7.86 (m, 

2H), 7.54 – 7.40 (m, 3H), 6.96 (d, J = 8.1 Hz, 2H), 6.83 (d, J = 8.0 Hz, 2H), 6.21 (d, J 

= 8.0 Hz, 1H), 4.25 (m, 1H), 4.10 (m, 1H), 2.23 (s, 3H), 1.73 (m, 2H), 1.50 – 1.40 (m, 

2H), 0.93 (t, J = 7.3 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 137.5, 132.0 (d, J = 3.0); 

131.4 (d, J = 10.1); 130.8; 130.4 (d, J = 178.8 Hz); 129.7; 128.5 (d, J = 15.1); 117.6 (d, 

J = 6.1); 64.5 (d, J = 7.1); 32.4 (d, J = 7.1); 20.5; 18.9; 13.6; 31P NMR (121.5 MHz, 

CDCl3) δ 17.29; IR (neat) v 3186, 3058, 2959, 2928, 2871, 1514, 1127, 955, 747, 694 

cm-1; HRMS (ESI) ([M+H]+) Calcd. For C17H23O2P: 304.1461, found: 304.1458. 

 

 

Cyclopentyl P-phenyl-N-(p-tolyl)phosphonamidate (4f): TLC Rf = 0.5 (PE/EA = 

1:2); 19.0 mg, 60% yield; white solid, m.p. 198 – 199 ℃; 1H NMR (400 MHz, CDCl3) 
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δ 7.92 – 7.79 (m, 2H), 7.57 – 7.40 (m, 3H), 6.96 (d, J = 8.0 Hz, 2H), 6.80 (d, J = 8.3 

Hz, 2H), 5.94 (d, J = 5.9 Hz, 1H), 5.13 (m, 1H), 2.23 (s, 3H), 2.04 (m, 1H), 1.91 – 1.74 

(m, 5H), 1.68 – 1.56 (m, 2H); 13C NMR (101 MHz, CDCl3) δ 137.5, 131.9 (d, J = 3.0 

Hz), 131.7, 131.5 (d, J = 10.1 Hz), 130.7, 129.7, 128.5 (d, J = 15.1 Hz), 117.6 (d, J = 

6.1 Hz), 78.8 (d, J = 5.1 Hz), 34.4(d, J = 4.0 Hz), 33.8(d, J = 5.1 Hz), 23.1 (d, J = 9.1 

Hz), 20.5; 31P NMR (121.5 MHz, CDCl3) δ 15.93; IR (neat) v 3710, 3153, 2958, 2843, 

1514, 1208, 1127, 1032, 814, 694, 550 cm-1; HRMS (ESI) ([M+H]+) Calcd. For 

C18H23NO2P: 316.1461, found: 316.1463. 

 

 

(p-tolylamino)-6H-dibenzo[c,e][1,2]oxaphosphinine 6-oxide (4g): TLC Rf = 0.4 

(PE/EA = 1:2); 29.5 mg, 92% yield; white solid, m.p. 183 – 184 ℃; 1H NMR (400 

MHz, CDCl3) δ 8.10 – 7.99 (m, 2H), 7.92 (m, 1H), 7.71 (m, 1H), 7.50 – 7.39 (m, 2H), 

7.33 (m, 2H), 6.91 (d, J = 8.0 Hz, 2H), 6.72 – 6.65 (d, J = 8.0 Hz, 2H), 6.12 (d, J = 6.5 

Hz, 1H), 2.20 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 136.4, 132.5 (d, J = 129.0 Hz), 

130.4, 130.2 (d, J = 10.1 Hz), 129.8, 128.5 (d, J = 15.1 Hz), 125.0, 124.6, 123.9, 123.8, 

123.1, 121.9, 120.8 (d, J = 7.1 Hz), 118.7 (d, J = 7.1 Hz), 20.6; 31P NMR (121.5 MHz, 

CDCl3) δ 8.71; IR (neat) v 3143, 3059, 2920, 2849, 1513, 1216, 1042, 975, 723, 698 

cm-1; HRMS (ESI) ([M+Na]+) Calcd. for C19H16NO2PNa: 344.0811, found: 344.0807. 

 

 

Dimethyl p-tolylphosphoramidate (4h): TLC Rf = 0.5 (PE/EA = 1:2); 16.3 mg, 76% 

yield; white solid, m.p. 96 – 97 ℃; 1H NMR (400 MHz, CDCl3) δ 7.05 (d, J = 8.2 Hz, 

2H), 6.92 (d, J = 8.4 Hz, 2H), 6.47 (d, J = 9.4 Hz, 1H), 3.76 (d, J = 11.5 Hz, 6H), 2.27 

(s, 3H); 13C NMR (101 MHz, CDCl3) δ 135.8, 130.2, 128.8, 116.4 (d, J = 7.1 Hz), 52.1 
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(d, J = 5.1 Hz), 19.6; 31P NMR (121.5 MHz, CDCl3) δ 5.87; IR (neat) v 3166, 2954, 

2918, 2850, 1515, 1055, 982, 832 cm-1; HRMS (ESI) ([M+Na]+) Calcd. for 

C9H14NO3PNa: 238.0604, found: 238.0602. 

 

 

Diethyl p-tolylphosphoramidate (4i): TLC Rf = 0.5 (PE/EA = 1:2); 19.4 mg, 80% 

yield; white solid, m.p. 90 – 91 ℃; 1H NMR (400 MHz, CDCl3) δ 7.04 (d, J = 8.3 Hz, 

2H), 6.92 (d, J = 8.4 Hz, 2H), 6.34 (d, J = 9.4 Hz, 1H), 4.22 – 4.13 (m, 2H), 4.12 – 4.02 

(m, 2H), 2.27 (s, 3H), 1.30 (t, J = 7.1 Hz, 6H); 13C NMR (101 MHz, CDCl3) δ 137.2, 

130.8, 129.8, 117.3 (d, J = 7.1 Hz), 62.6 (d, J = 5.1 Hz), 20.6, 16.1 (d, J = 7.1 Hz); 31P 

NMR (121.5 MHz, CDCl3) δ 2.72; IR (neat) v 3647, 2924, 2855, 1506, 1261, 1054, 

1032, 764, 749 cm-1; HRMS (ESI) ([M+Na]+) Calcd. for C11H18O3PNa: 266.0917, 

found: 266.0903. 

 

 

Diethyl tetradecylphosphoramidate (4j): TLC Rf = 0.4 (PE/EA = 1:2); 34.5 mg, 99% 

yield; yellow oil; 1H NMR (400 MHz, CDCl3) δ 4.09 – 4.03 (m, 4H), 2.91 – 2.87 (m, 

2H), 2.51 (m, 1H), 1.22 (m, 30H), 0.85 (t, J = 6.8 Hz, 3H); 13C NMR (101 MHz, CDCl3) 

δ 61.5 (d, J = 4.0 Hz), 41.1, 31.9, 31.7 (d, J = 6.1 Hz), 29.6, 29.5 (d, J = 2.0 Hz), 29.3 

(d, J = 9.1 Hz), 26.5, 22.6, 16.5 (d, J = 6.1 Hz), 14.4; 31P NMR (121.5 MHz, CDCl3) δ 

10.01; IR (neat) v 3221, 2924, 2853, 1456, 1236, 1035, 962, 749 cm-1; HRMS (ESI) 

([M+Na]+) Calcd. for C18H40NO3P Na: 372.2638, found: 372.2642.  

 

 

Dibenzyl p-tolylphosphoramidate (4k): TLC Rf = 0.4 (PE/EA = 1:2); 30.1 mg, 82% 
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yield; white solid, m.p. 89 – 90 ℃; 1H NMR (400 MHz, CDCl3) δ 7.30 (m, 10H), 7.01 

(d, J = 8.1 Hz, 2H), 6.87 (d, J = 8.4 Hz, 2H), 5.54 (m, 1H), 5.13 (m, 2H), 5.03 (m, 2H), 

2.27 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 136.4, 135.8, 129.8, 128.5, 128.4, 128.0, 

117.8 (d, J = 7.1 Hz), 68.4 (d, J = 5.1 Hz), 20.6; 31P NMR (121.5 MHz, CDCl3) δ 2.66; 

IR (neat) v 3288, 2937, 2865, 1688, 1272, 1032, 743, 695 cm-1; HRMS (ESI) ([M+Na]+) 

Calcd. For C21H22NO3PNa: 390.1230, found: 390.1231. 

 

 

Diisopropyl p-tolylphosphoramidate (4l): TLC Rf = 0.5 (PE/EA = 1:1); 12.7 mg, 47% 

yield; white solid, m.p. 157 – 158 ℃; 1H NMR (400 MHz, CDCl3) δ 7.03 (d, J = 8.3 

Hz, 2H), 6.86 (d, J = 8.4 Hz, 2H), 5.51 (d, J = 9.0 Hz, 1H), 4.67 (m, 2H), 2.27 (s, 3H), 

1.38 (d, J = 6.2 Hz, 6H), 1.22 (d, J = 6.2 Hz, 6H); 13C NMR (101 MHz, CDCl3) δ 137.3, 

130.7, 129.6, 117.3 (d, J = 7.1 Hz), 71.6 (d, J = 5.1 Hz), 23.9 (d, J = 4.0 Hz), 23.6 (d, J 

= 5.1 Hz), 20.6; 31P NMR (121.5 MHz, CDCl3) δ 0.02; IR (neat) v 3139, 2977, 2925, 

2853, 1515, 1222, 990, 752, 696 cm-1; HRMS (ESI) ([M+Na]+) Calcd. for 

C13H22NO3PNa: 294.1230, found: 294.1236. 

 

 

Diphenyl p-tolylphosphoramidate (4m): TLC Rf = 0.4 (PE/EA = 1:3); 17.6 mg, 52% 

yield; white solid, m.p. 151 – 152 ℃; 1H NMR (400 MHz, CDCl3) δ 7.30 – 7.25 (m, 

4H), 7.23 – 7.17 (m, 4H), 7.14 (m, 2H), 7.08 (d, J = 8.3 Hz, 2H), 7.01 (d, J = 8.4 Hz, 

2H), 6.34 (d, J = 10.5 Hz, 1H), 2.30 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 150.3 (d, 

J = 6.1 Hz), 136.1, 131.9, 129.9, 129.7, 125.3, 120.4 (d, J = 5.1 Hz), 118.2 (d, J = 7.1 

Hz), 20.7; 31P NMR (121.5 MHz, CDCl3) δ -6.78; IR (neat) v 3166, 3064, 2924, 1498, 

1209, 1024, 943, 753, 688 cm-1; HRMS (ESI) ([M+Na]+) Calcd. for C19H18NO3PNa: 

362.0917, found: 362.0923. 
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N-((8S,9S,10S,13R,14S,17R)-10,13-dimethyl-17-((R)-6-methylheptan-2-yl)-

2,3,4,5,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-cyclopenta[a]phenanthren-

3-yl)-P,P-diphenylphosphinic amide (6a): TLC Rf = 0.5 (PE/EA = 1:3); 40.5 mg, 70% 

yield; white solid, m.p. 231 – 232 ℃; 1H NMR (400 MHz, CDCl3) δ 7.90 (m, 4H), 7.52 

– 7.40 (m, 6H), 5.28 (d, J = 4.9 Hz, 1H), 2.93 (m, 1H), 2.78 (m, 1H), 2.43 (m, 1H), 2.23 

(m, 1H), 2.02 – 1.90 (m, 3H), 1.85 – 1.75 (m, 2H), 1.56 – 0.98 (m, 21H), 0.96 (s, 3H), 

0.91 – 0.84 (m, 9H), 0.65 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 140.8, 133.0 (dd, J = 

130.0, 10.1 Hz), 132.1 (dd, J = 9.1, 4.0 Hz), 131.7, 128.5 (dd, J = 12.1, 2.0 Hz), 121.6, 

56.7, 56.0, 52.0, 50.0, 42.8 (d, J = 5.1 Hz), 42.2, 39.7, 39.5, 38.0, 36.3, 36.2, 35.8, 32.7 

(d, J = 4.0 Hz), 31.8 (d, J = 6.1 Hz), 28.2, 28.0, 24.2, 23.8, 22.8, 22.6, 20.9, 19.3, 18.7, 

11.8; 31P NMR (121.5 MHz, CDCl3) δ 21.93; IR (neat) v 3184, 3056, 2930, 2866, 2666, 

1436, 1168, 1124, 998, 724, 699 cm-1; HRMS (ESI) ([M+Na]+) Calcd. for 

C39H56NOPNa: 608.3992, found: 608.3988. 

 

 

(((8S,9S,10S,13R,14S,17R)-10,13-dimethyl-17-((R)-6-methylheptan-2-yl)-

2,3,4,5,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-cyclopenta[a]phenanthren-

3-yl)amino)-6H-dibenzo[c,e][1,2]oxaphosphinine 6-oxide (6b): TLC Rf = 0.5 

(PE/EA = 1:2); 55.1 mg, 92% yield; white solid, m.p. 224 – 225 ℃; 1H NMR (400 

MHz, CDCl3) δ 8.01 – 7.89 (m, 3H), 7.67 (m, 1H), 7.48 (m, 1H), 7.36 (m, 1H), 7.25 

(m, 2H), 5.22 (m, 1H), 3.13 (m, 1H), 2.84 (m, 1H), 2.21 (m, 2H), 1.99 – 1.74 (m, 5H), 

1.51 (m, 2H), 1.30 (m, 12H), 1.14 – 0.97 (m, 7H), 0.94 (s, 3H), 0.87 (dd, J = 14.6, 6.2 
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Hz, 9H), 0.65 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 149.8, 140.6, 132.8, 130.2, 128.1 

(d, J = 15.1 Hz), 124.9, 124.2, 123.7 (d, J = 11.3 Hz), 121.7 (d, J = 5.1 Hz), 120.7 (d, J 

= 6.1 Hz), 56.7, 56.1, 51.8, 50.0 (d, J = 3.0 Hz), 42.3, 39.7, 39.5, 38.0, 36.3, 36.2, 35.8, 

31.9, 31.8, 28.2, 28.0, 24.2, 23.8, 22.8, 22.6, 20.9, 19.3, 18.7, 11.8; 31P NMR (121.5 

MHz, CDCl3) δ 14.14 (d, J = 8.4 Hz); IR (neat) v 3648, 3181, 2932, 2867, 1476, 1217, 

1118, 931, 753 cm-1; HRMS (ESI) ([M+Na]+) Calcd. for C39H54NO2PNa: 622.3784, 

found: 622.3786. 

 

 

Diethyl((8S,9S,10S,13R,14S,17R)-10,13-dimethyl-17-((R)-6-methylheptan-2-yl)-

2,3,4,5,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-cyclopenta[a]phenanthren-

3-yl)phosphoramidate (6c): TLC Rf = 0.5 (PE/EA = 1:2); 29.2 mg, 56% yield; white 

solid, m.p. 188 – 189 ℃; 1H NMR (400 MHz, CDCl3) δ 5.34 (s, 1H), 4.06 (m, 4H), 

2.89 (s, 1H), 2.50 (t, J = 9.7 Hz, 1H), 2.30 (d, J = 12.4 Hz, 1H), 2.04 (m, 4H), 1.84 (m, 

3H), 1.79 – 1.71 (m, 1H), 1.56 – 1.51 (m, 2H), 1.50 – 1.44 (m, 3H), 1.42 (s, 1H), 1.37 

(s, 1H), 1.35 – 1.31 (m, 6H), 1.29 (m, 2H), 1.26 (s, 1H), 1.21 (m, 1H), 1.16 (m, 1H), 

1.15 – 1.08 (m, 5H), 1.06 (m, 1H), 1.01 (m, 1H), 0.98 (s, 3H), 0.91 (d, J = 6.4 Hz, 3H), 

0.86 (d, J = 5.5 Hz, 6H), 0.67 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 140.9, 121.6, 

62.2 (d, J = 5.1 Hz), 56.7, 56.1, 52.0, 50.2, 42.3, 42.1 (d, J = 5.1 Hz), 39.8, 39.5, 38.1, 

36.4, 36.2, 35.8, 31.8, 28.2, 28.0, 24.3, 23.8, 22.8, 22.6, 21.0, 19.3, 18.7, 16.2 (d, J = 

7.1 Hz), 11.9; 31P NMR (121.5 MHz, CDCl3) δ 8.01; IR (neat) v 3672, 3202, 2931, 

1730, 1456, 1221, 1033, 963, 740 cm-1; HRMS (ESI) ([M+Na]+) Calcd. for 

C31H56NO3PNa: 544.3890, found: 544.3886. 
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N-((3S,8S,9S,10R,13R,14S,17R)-17-((2R,5S,E)-5-ethyl-6-methylhept-3-en-2-yl)-

10,13-dimethyl-2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-

cyclopenta[a]phenanthren-3-yl)-P,P-diphenylphosphinic amide (8): TLC Rf = 0.5 

(PE/EA = 1:2); 59.2 mg, 97% yield; white solid, m.p. 234 – 235 ℃; 1H NMR (400 

MHz, CDCl3) δ 7.94 – 7.87 (m, 4H), 7.50 – 7.40 (m, 6H), 5.28 (m, 1H), 5.14 (m, 1H), 

5.01 (m, 1H), 2.93 (m, 1H), 2.86 – 2.75 (m, 1H), 2.42 (m, 1H), 2.23 (m, 1H), 1.98 (m, 

4H), 1.78 (m, 1H), 1.68 (m, 1H), 1.46 (m, 10H), 1.27 (d, J = 11.0 Hz, 2H), 1.24 – 1.19 

(m, 1H), 1.15 (m, 3H), 1.01 (d, J = 6.6 Hz, 3H), 0.96 (s, 4H), 0.85 – 0.78 (m, 9H), 0.67 

(s, 3H); 13C NMR (101 MHz, CDCl3) δ 140.8, 138.3, 133.1 (dd, J = 128.0, 10.1 Hz), 

132.0 (dd, J = 9.1, 4.0 Hz), 131.7, 129.3, 128.4 (dd, J =12.1, 2.0 Hz), 121.6, 56.8, 55.9, 

52.0, 51.2, 50.1, 42.8 (d, J = 5.0 Hz), 42.2, 40.4, 39.6, 38.1, 36.4, 32.7 (d, J = 4.0 Hz), 

31.8 (d, J = 6.1 Hz), 31.5, 30.1, 28.9, 25.4, 24.3, 21.2, 21.1, 20.9, 19.3, 19.0, 12.2, 12.0; 

31P NMR (121.5 MHz, CDCl3) δ 21.88; IR (neat) v 3417, 2937, 2866, 2087, 1437, 1125, 

1024, 751, 695, 536 cm-1. HRMS (ESI) ([M+H]+) Calcd. for C41H59NOP: 612.4329, 

found: 612.4329. 

 

 

(R)--ethyl 2-((S)-2-((diphenylphosphoryl)amino)-4-

methylpentanamido)propanoate (10a): TLC Rf = 0.5 (PE/EA = 1:2); 42.1 mg, 98% 

yield; white solid, m.p. 177 – 178 ℃; 1H NMR (400 MHz, CDCl3) δ 7.87 (m, 4H), 7.53 

– 7.49 (m, 2H), 7.47 – 7.39 (m, 4H), 4.50 – 4.39 (m, 1H), 4.19 (q, J = 7.0 Hz, 2H), 3.70 

– 3.60 (m, 1H), 3.50 (m, 1H), 2.13 (m, 1H), 1.84 – 1.70 (m, 2H), 1.56 – 1.49 (m, 1H), 

1.37 (d, J = 7.2 Hz, 3H), 1.27 (t, J = 7.0 Hz, 3H), 0.86 (d, J = 6.3 Hz, 3H), 0.78 (d, J = 

6.2 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 173 (d, J = 3.0 Hz), 172.7, 132.1 (dd, J = 

10.1, 4.0 Hz), 132.0 (dd, J = 129.0, 24.0 Hz), 131.9, 128.6 (dd, J = 13.1, 5.1 Hz), 61.3, 

53.1, 48.4, 43.8 (d, J = 6.1 Hz), 24.4, 22.8, 22.1, 17.8, 14.1; 31P NMR (121.5 MHz, 

CDCl3) δ 24.15; IR (neat) v 3238, 3057, 2953, 2869, 1656, 1437, 1193, 724, 695 cm-1; 
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HRMS (ESI) ([M+Na]+) Calcd. for C23H31N2O4PNa: 453.1914 found: 453.1920. 

 

 

(2R)-ethyl 2-((2S)-4-methyl-2-((6-oxido-6H-dibenzo[c,e][1,2]oxaphosphinin-6-

yl)amino)pentanamido)propanoate (10b): TLC Rf = 0.5 (PE/EA = 1:2); 40.1 mg, 92% 

yield; white solid, m.p. 187 – 188 ℃; 1H NMR (400 MHz, CDCl3) δ 8.12 – 7.84 (m, 

3H), 7.67 (m, 1H), 7.48 (m, 2H), 7.36 (m, 1H), 7.28 – 7.13 (m, 2H), 4.43 (m, 1H), 4.17 

(m, 2H), 3.78 (m, 1H), 3.5 (m, 1H), 1.83 (m, 1H), 1.60 – 1.49 (m, 2H), 1.37 (d, J = 4.0 

Hz, 1H), 1.27 – 1.20 (m, 5H), 0.90 – 0.82 (m, 6H); 13C NMR (101 MHz, CDCl3; δ, 

ppm) 172.9 (d, J = 6.1 Hz), 172.7 (d, J = 3.1 Hz), 172.6 (d, J = 6.1 Hz), 149.6 (t, J = 

6.1 Hz), 136.9 (dd, J = 93.6, 6.1 Hz), 133.1(dd, J = 5.1, 2.0 Hz), 130.7 (d, J = 8.1 Hz), 

130.3 (d, J = 2.0 Hz), 130.2 (d, J = 8.1 Hz), 128.5 (d, J = 12.1 Hz), 128.3 (d, J = 12.1 

Hz), 124.9, 124.7, 124.4 (d, J = 3.0 Hz), 123.6 (t, J = 9.1 Hz), 123.4, 123.1, 121.9 (t, J 

= 9.1 Hz), 120.6 (d, J = 5.1 Hz), 120.3 (d, J = 5.1 Hz), 61.2 (dd, J = 7.1, 3.0 Hz), 53.8, 

53.4, 48.2 (d, J = 13.1 Hz), 44.1 (d, J = 4.1 Hz), 43.7 (d, J = 4.1 Hz), 24.3 (d, J = 9.1 

Hz), 24.3 (d, J = 8.1 Hz), 23.0 (d, J = 13.1 Hz), 21.8 (d, J = 13.1 Hz), 17.8 (d, J = 2.0 

Hz), 17.6 (d, J = 2.1 Hz), 14.1 (d, J = 3.0 Hz); 31P NMR (121.5 MHz, CDCl3) δ 14.01 

(d, J = 11.1); IR (neat) v 3257, 3067, 2957, 2870, 2110, 1741, 1667, 1477, 1211, 755 

cm-1; HRMS (ESI) ([M+H]+) Calcd. For C23H30N2O5P: 445.1887 found: 445.1888. 

 

  

N-((5-(6-amino-9H-purin-9-yl)-3,4-dihydroxytetrahydrofuran-2-yl)methyl)-P,P-
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diphenylphosphinic amide (12):TLC Rf = 0.5 (PE/EA/MeOH = 2:4:0.3; 44.2 mg, 95% 

yield; white solid, m.p. 94 – 95 ℃; 1H NMR (400 MHz, DMSO-d6) δ 8.30 (s, 1H), 7.89 

– 7.81 (m, 4H), 7.59 – 7.47 (m, 6H), 7.29 (s, 2H), 7.14 (s, 1H), 6.15 (m, 1H), 5.82 (d, J 

=8.0 Hz, 1H), 5.41 (m, 1H), 5.24 (m, 1H), 4.85 (m, 1H), 4.37 (m, 1H), 4.07 (m, 1H), 

3.91 (m, 1H), 2.95 (m, 1H); 13C NMR (101 MHz, DMSO-d6) δ 161.3, 157.0, 154.0, 

146.1, 138.8 (dd, J = 127.1, 23.2 Hz), 137.1 (q, J = 10.1 Hz), 136.8 (d, J = 9.1 Hz), 

133.7 (q, J = 6.1 Hz), 125.0, 93.8, 90.5 (d, J = 6.1 Hz), 77.5, 76.4, 47.9; 31P NMR (121.5 

MHz, DMSO-d6) δ 26.94; IR (neat) v 3672, 2923, 2863, 1747, 1688, 1488, 1262, 1032, 

749, 698 cm-1; HRMS (ESI) ([M+H]+) Calcd. for C22H24N6O4P: 467.1591, found: 

467.1588.  

 

 

N-(2-(hydroxymethyl)-5-(5-methyl-2,4-dioxo-3,4-dihydropyrimidin-1(2H)-

yl)tetrahydrofuran-3-yl)-P,P-diphenylphosphinic amide (14a): TLC Rf = 0.4  

(PE/EA/MeOH = 1:2:0.3); 41.4 mg, 94% yield; white solid, m.p. 247 – 248 ℃; 1H 

NMR (400 MHz, DMSO-d6) δ 11.26 (s, 1H), 7.81 (m, 4H), 7.66 (s, 1H), 7.58 – 7.46 

(m, 6H), 6.18 (m, 1H), 5.95 (m, 1H), 5.05 (m, 1H), 3.90 (m, 1H), 3.72 – 3.59 (m, 2H), 

3.52 (m, 1H), 2.30 (m, 1H), 2.13 (m, 1H), 1.72 (s, 3H); 13C NMR (101 MHz, DMSO-

d6) δ 164.2, 150.8, 136.8, 134.0 (d, J = 127.1, 8.1 Hz), 133.4 (dd, J = 15.1, 9.1 Hz), 

132.2, 129.0 (q, J = 6.1 Hz), 109.6, 86.7 (d, J = 6.1 Hz), 83.8, 61.0, 50.9, 40.1, 12.6; IR 

(neat) v 3706, 3362, 2922, 2843, 2075, 1688, 1032, 727, 697, 538 cm-1; 31P NMR (121.5 

MHz, DMSO-d6) δ 21.38; HRMS (ESI) ([M+Na]+) Calcd. For C22H24N3O5PNa: 

464.1346, found: 464.1350. 
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N-(2-(hydroxymethyl)-5-(5-methyl-2,4-dioxo-3,4-dihydropyrimidin-1(2H)-

yl)tetrahydrofuran-3-yl)-P-methyl-P-phenylphosphinic amide (14b): TLC Rf = 0.3 

(PE/EA/MeOH = 1:2:0.6); 27.7 mg, 73% yield; white solid, m.p. 127 – 128 ℃; 1H 

NMR (400 MHz, DMSO-d6) δ 11.26 (d, J = 12.3 Hz, 1H), 7.79 – 7.71 (m, 2H), 7.69 – 

7.62 (m, 1H), 7.58 – 7.47 (m, 3H), 6.13 (m, 1H), 5.42 (m, 1H), 5.02 (m, 1H), 3.83 – 

3.47 (m, 4H), 2.18 (m, 1H), 2.07 – 1.98 (m, 1H), 1.78 – 1.70 (m, 3H), 1.54 (dd, J = 

14.1, 8.7 Hz, 3H); 13C NMR (101 MHz, DMSO-d6) δ 164.2 (d, J = 2.0 Hz), 150.8 (d, J 

= 8.1 Hz), 136.6 (d, J = 3.0 Hz), 135.4 (dd, J = 120.0, 8.1 Hz), 131.8, 131.5 (dd, J = 

10.1, 3.0 Hz), 128.8 (dd, J = 12.1, 6.1 Hz), 109.6 (d, J = 7.1 Hz), 86.9 (d, J = 5.1 Hz), 

86.5 (d, J = 7.1 Hz), (83.8 (d, J = 9.1 Hz), 61.1 (d, J = 5.1 Hz), 50.4, 50.2, 16.8 (dd, J 

= 91.9, 5.1Hz), 12.6 (d, J = 4.0 Hz); 31P NMR (121.5 MHz, DMSO-d6) δ 28.88 (d, J = 

29.3 Hz); IR (neat) v 3288, 2937, 2865, 1688, 1272, 1032, 743, 695 cm-1; HRMS (ESI) 

([M+Na]+) Calcd. For C17H22N3O5PNa: 402.1189, found: 402.1198. 

 

 

N-(2-(hydroxymethyl)-5-(5-methyl-2,4-dioxo-3,4-dihydropyrimidin-1(2H)-

yl)tetrahydrofuran-3-yl)-P-methyl-P-phenylphosphinic amide (14c): TLC Rf = 0.5 

(PE/EA/MeOH = 1:2:0.3); 19.6 mg, 52% yield; yellow oil; 1H NMR (400 MHz, 

DMSO-d6) δ 11.26 (s, 1H), 7.74 (s, 1H), 6.11 (m, 1H), 5.33 (m, 1H), 5.04 (m, 1H), 3.92 
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(q, J = 7.2 Hz, 4H), 3.69 (s, 3H), 3.56 (m, 1H), 2.16 (m, 2H), 1.78 (m, 3H), 1.23 (t, J = 

7.3 Hz, 6H); 13C NMR (101 MHz, DMSO-d6) δ 164.2, 150.8, 136.7, 109.6, 86.4 (d, J 

= 8.1 Hz), 83.8, 61.9 (d, J = 5.1 Hz), 61.0, 50.8, 49.0, 16.5 (dd, J = 7.1, 3.0 Hz), 12.7; 

31P NMR (121.5 MHz, DMSO-d6) δ 8.46; IR (neat) v 3227, 2928, 1639, 1471, 1231, 

1032, 969, 796 cm-1; HRMS (ESI) ([M+Na]+) Calcd. For C14H24N3O7PNa: 400.1244, 

found: 400.1246.  
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Spectrograms of Products 

P,P-diphenyl-N-(p-tolyl)phosphinic amide (3a) 
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N,P,P-triphenylphosphinic amide (3b)  
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(4-(tert-butyl)phenyl)-P,P-diphenylphosphinic amide (3c)  
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N-(4-methoxyphenyl)-P,P-diphenylphosphinic amide (3d)  
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N-(4-fluorophenyl)-P,P-diphenylphosphinic amide (3e)  
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N-(4-chlorophenyl)-P,P-diphenylphosphinic amide (3f) 
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N-(4-bromophenyl)-P,P-diphenylphosphinic amide (3g)  
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N-(4-hydroxyphenyl)-P,P-diphenylphosphinic amide (3h) 
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N-(4-aminophenyl)-P,P-diphenylphosphinic amide (3i) 
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P,P-diphenyl-N-(m-tolyl)phosphinic amide (3j)   
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N-(3-chlorophenyl)-P,P-diphenylphosphinic amide (3k)  
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P,P-diphenyl-N-(o-tolyl)phosphinic amide (3l)  
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N-(2-(tert-butyl)phenyl)-P,P-diphenylphosphinic amide (3m) 
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N-([1,1'-biphenyl]-2-yl)-P,P-diphenylphosphinic amide (3n) 
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N-(2-bromophenyl)-P,P-diphenylphosphinic amide (3o) 
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N-(3'-amino-[1,1'-biphenyl]-4-yl)-P,P-diphenylphosphinic amide (3p) 
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N-(4-(2-azidoethyl)phenyl)-P,P-diphenylphosphinic amide (3q) 
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P,P-diphenyl-N-(pyridin-3-yl)phosphinic amide (3r)  

 

 



S83 
 

 

 

  



S84 
 

N-hexyl-P,P-diphenylphosphinic amide (3s) 
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P,P-diphenyl-N-tetradecylphosphinic amide (3t) 
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N-phenethyl-P,P-diphenylphosphinic amide (3u)  
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N-(6-azidohexyl)-P,P-diphenylphosphinic amide (3v)   
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N-(4-aminophenethyl)-P,P-diphenylphosphinic amide (3w) 
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N-(adamantan-1-yl)-P,P-diphenylphosphinic amide (3x)   
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P,P-diethyl-N-(p-tolyl)phosphinic amide (4a) 

 

 



S97 
 

 

 

 

 

 

  



S98 
 

P,P-diethyl-N-tetradecylphosphinic amide (4b) 
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P,P-dicyclopropyl-N-(p-tolyl)phosphinic amide (4c) 
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P-methyl-P-phenyl-N-(p-tolyl)phosphinic amide (4d)  
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Butyl P-phenyl-N-(p-tolyl)phosphonamidate (4e) 
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Cyclopentyl P-phenyl-N-(p-tolyl)phosphonamidate (4f) 
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6-(p-tolylamino)-6H-dibenzo[c,e][1,2]oxaphosphinine 6-oxide (4g) 
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Dimethyl p-tolylphosphoramidate (4h) 
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Diethyl p-tolylphosphoramidate (4i) 
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Diethyl tetradecylphosphoramidate (4j) 
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Dibenzyl p-tolylphosphoramidate (4k)  
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Diisopropyl p-tolylphosphoramidate (4l) 
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Diphenyl p-tolylphosphoramidate (4m) 
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N-((8S,9S,10S,13R,14S,17R)-10,13-dimethyl-17-((R)-6-methylheptan-2-yl)-
2,3,4,5,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-cyclopenta[a]phenanthren-
3-yl)-P,P-diphenylphosphinic amide (6a) 
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6-(((8S,9S,10S,13R,14S,17R)-10,13-dimethyl-17-((R)-6-methylheptan-2-yl)-
2,3,4,5,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-cyclopenta[a]phenanthren-
3-yl)amino)-6H-dibenzo[c,e][1,2]oxaphosphinine 6-oxide (6b) 
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Diethyl((8S,9S,10S,13R,14S,17R)-10,13-dimethyl-17-((R)-6-methylheptan-2-yl)-
2,3,4,5,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-cyclopenta[a]phenanthren-
3-yl)phosphoramidate (6c) 
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N-((3S,8S,9S,10R,13R,14S,17R)-17-((2R,5S,E)-5-ethyl-6-methylhept-3-en-2-yl)-
10,13-dimethyl-2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-
cyclopenta[a]phenanthren-3-yl)-P,P-diphenylphosphinic amide (8) 
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(R)-ethyl 2-((S)-2-((diphenylphosphoryl)amino)-4-
methylpentanamido)propanoate (10a) 
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(2R)-ethyl 2-((2S)-4-methyl-2-((6-oxido-6H-dibenzo[c,e][1,2]oxaphosphinin-6-

yl)amino)pentanamido)propanoate (10b) 
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N-(((2R,3S,4R,5R)-5-(6-amino-9H-purin-9-yl)-3,4-dihydroxytetrah 

ydrofuran-2-yl)methyl)-P,P-diphenylphosphinic amide (12) 
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N-((2S,3S,5R)-2-(hydroxymethyl)-5-(5-methyl-2,6-dioxo-1,2,3,6-

tetrahydropyridin-3-yl)tetrahydrofuran-3-yl)-P,P-diphenylphosphinic amide 

(14a) 
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N-((2S,3S,5R)-2-(hydroxymethyl)-5-(5-methyl-2,6-dioxo-1,2,3,6-

tetrahydropyridin-3-yl)tetrahydrofuran-3-yl)-P-methyl-P-phenylphosphinic 

amide (14b) 
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Diethyl ((2S,3S,5R)-2-(hydroxymethyl)-5-(5-methyl-2,6-dioxo-1,2,3,6-

tetrahydropyridin-3-yl)tetrahydrofuran-3-yl)phosphoramidate (14c) 
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