
Supplementary Materials 

Figure S1. 1H-NMR spectrum of compound 5–A1.  

 

Figure S2. 13C-NMR spectrum of compound 5–A1. 
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Figure S3. 31P-NMR spectrum of compound 5–A1. 

 

Figure S4. HRMS spectrum of compound 5–A1. 

5-A1[M+H]444.1682839 
A-1 #24-183 RT: 0.11-0.82 AV: 160 NL: 3.16E8

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S5. HRMS spectrum of compound 5–A1. 

5-A1[M+H]444.1682839 
A-1 #24-183 RT: 0.11-0.82 AV: 160 NL: 1.38E8

T: FTMS + p ESI Full ms [150.00-2000.00]

437 438 439 440 441 442 443 444 445 446 447 448 449 450 451

m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
el

at
iv

e 
A

bu
nd

an
ce

444.16813

z=1

445.17151

z=1

446.17405

z=1437.19304

z=1
447.17650

z=1

438.19690

z=1

444.27281

z=?

444.06326

z=?

448.19652

z=1

442.38873

z=?

441.37328

z=?

440.09243

z=1

449.19967

z=?

451.44997

z=?

 

Figure S6. 1H-NMR spectrum of compound 5-A2. 
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Figure S7. 13C-NMR spectrum of compound 5-A2. 

 

Figure S8. 31P-NMR spectrum of compound 5-A2. 
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Figure S9. HRMS spectrum of compound 5-A2. 

5-A2 [M+H] 489.1533621 
A-2 #26-90 RT: 0.12-0.40 AV: 65 NL: 3.11E8

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S10. HRMS spectrum of compound 5-A2. 

5-A2 [M+H] 489.1533621 

.

A-2 #26-90 RT: 0.12-0.40 AV: 65 NL: 8.16E7

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S11. 1H-NMR spectrum of compound 5-A3. 

 

Figure S12. 13C-NMR spectrum of compound 5-A3. 
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Figure S13. 31P-NMR spectrum of compound 5-A3. 

 

Figure S14. HRMS spectrum of compound 5-A3. 

5-A3 [M+H]508.1995840 
A-3 #14-81 RT: 0.06-0.36 AV: 68 NL: 3.93E8

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S15. HRMS spectrum of compound 5-A3. 

5-A3 [M+H] 508.1995840 

 

A-3 #14-81 RT: 0.06-0.36 AV: 68 NL: 3.93E8

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S16. 1H-NMR spectrum of compound 5-A4. 

 

N

N
N P

O

O
OEt

OEt

O

N

N
N P

O

O
OEt

OEt

O



 S9 

 

 

Figure S17. 13C-NMR spectrum of compound 5-A4. 

 

Figure S18. 31P-NMR spectrum of compound 5-A4. 
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Figure S19. HRMS spectrum of compound 5-A4. 

5-A4 [M+H]382.1526338 
A-4 #17-93 RT: 0.08-0.42 AV: 77 NL: 4.38E8

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S20. HRMS spectrum of compound 5-A4. 

5-A4 [M+H]382.1526338 
A-4 #17-93 RT: 0.08-0.42 AV: 77 NL: 1.04E8

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S21. 1H-NMR spectrum of compound 5-A5. 

 

Figure S22. 13C-NMR spectrum of compound 5-A5. 
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Figure S23. 31P-NMR spectrum of compound 5-A5. 

 

Figure S24. HRMS spectrum of compound 5-A5. 

5-A5 [M+H]462.1588621 
A-5 #15-92 RT: 0.07-0.41 AV: 78 NL: 4.51E8

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S25. HRMS spectrum of compound 5-A5. 

5-A5 [M+H]462.1588621 

 

A-5 #15-92 RT: 0.07-0.41 AV: 78 NL: 1.38E8

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S26. 1H-NMR spectrum of compound 5-A6. 
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Figure S27. 13C-NMR spectrum of compound 5-A6. 

 

Figure S28. 31P-NMR spectrum of compound 5-A6. 
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Figure S29. HRMS spectrum of compound 5-A6. 

5-A6 [M+H]479.1245606 
A-6 #12-91 RT: 0.05-0.41 AV: 80 NL: 4.81E8

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S30. HRMS spectrum of compound 5-A6. 

5-A6 [M+H]479.1245606 
A-6 #12-91 RT: 0.05-0.41 AV: 80 NL: 7.62E7

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S31. 1H-NMR spectrum of compound 5-A7. 

 

Figure S32. 13C-NMR spectrum of compound 5-A7. 
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Figure S33. 31P-NMR spectrum of compound 5-A7. 

 

Figure S34. HRMS spectrum of compound 5-A7. 

5-A7 [M+H]474.1788486 
A-7 #12-97 RT: 0.05-0.44 AV: 86 NL: 2.28E8

T: FTMS + p ESI Full ms [150.00-2000.00]

200 400 600 800 1000 1200 1400 1600 1800 2000

m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
el

at
iv

e 
A

bu
nd

an
ce

163.13262

z=?

474.17883

z=1

496.16069

z=1180.15939

z=1

185.11479

z=1

969.33224

z=1
279.15901

z=1
658.28607

z=1

432.23796

z=1
512.13475

z=1
726.20820

z=1

910.36494

z=1

1442.50540

z=1

985.30604

z=1

1321.98431

z=1

1621.96139

z=?

1753.23066

z=?

1948.86529

z=?

 

N

N
N P

O

O
OEt

OEt

O

OCH3

N

N
N P

O

O
OEt

OEt

O

OCH3



 S18 

 

 

Figure S35. HRMS spectrum of compound 5-A7. 

5-A7 [M+H]474.1788486 
A-7 #12-97 RT: 0.05-0.44 AV: 86 NL: 2.07E8

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S36. 1H-NMR spectrum of compound 5-A8. 
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Figure S37. 13C-NMR spectrum of compound 5-A8. 

 

Figure S38. 31P-NMR spectrum of compound 5-A8. 

 

N

N
N P

O

O
OEt

OEt

O
NO2

NO2

N

N
N P

O

O
OEt

OEt

O
NO2

NO2



 S20 

 

 

Figure S39. HRMS spectrum of compound 5-A8 

5-A8 [M+H]534.1384403 
A-8 #14-96 RT: 0.06-0.43 AV: 83 NL: 2.64E8

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S40. HRMS spectrum of compound 5-A8 

5-A8 [M+H]534.1384403 
A-8 #14-96 RT: 0.06-0.43 AV: 83 NL: 2.66E7

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S41. 1H-NMR spectrum of compound 5-B1. 

 

Figure S42. 13C-NMR spectrum of compound 5-B1. 
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Figure S43. 31P-NMR spectrum of compound 5-B1. 

 

Figure S44. HRMS spectrum of compound 5-B1. 

5-B1 [M+H]440.1581131 
B-1 #33-106 RT: 0.15-0.47 AV: 74 NL: 2.97E8

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S45. HRMS spectrum of compound 5-B1. 

5-B1 [M+H]440.1581131 
B-1 #33-106 RT: 0.15-0.47 AV: 74 NL: 2.52E7

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S46. 1H-NMR spectrum of compound 5-B2. 
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Figure S47. 13C-NMR spectrum of compound 5-B2. 

 

Figure S48. 31P-NMR spectrum of compound 5-B2. 
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Figure S49. HRMS spectrum of compound 5-B2. 

5-B2 [M+H] 485.1431913 
B-2 #8-84 RT: 0.04-0.38 AV: 77 NL: 1.68E8

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S50. HRMS spectrum of compound 5-B2. 

5-B2 [M+H] 485.1431913 
B-2 #8-84 RT: 0.04-0.38 AV: 77 NL: 1.13E8

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S51. 1H-NMR spectrum of compound 5-B3. 

 

Figure S52. 13C-NMR spectrum of compound 5-B3. 
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Figure S53. 31P-NMR spectrum of compound 5-B3. 

 

Figure S54. HRMS spectrum of compound 5-B3. 

5-B3 [M+H]504.1894132 
B-3 #13-91 RT: 0.06-0.41 AV: 79 NL: 2.32E8

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S55. HRMS spectrum of compound 5-B3. 

5-B3 [M+H]504.1894132 
B-3 #13-91 RT: 0.06-0.41 AV: 79 NL: 2.32E8

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S56. 1H-NMR spectrum of compound 5-B4. 
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Figure S57. 13C-NMR spectrum of compound 5-B4. 

 

Figure S58. 31P-NMR spectrum of compound 5-B4. 
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Figure S59. HRMS spectrum of compound 5-B4 

5-B4 [M+H]378.1424631 
B-4 #12-101 RT: 0.05-0.45 AV: 90 NL: 3.79E8

T: FTMS + p ESI Full ms [150.00-2000.00]

200 400 600 800 1000 1200 1400 1600 1800 2000

m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
el

at
iv

e 
A

bu
nd

an
ce

163.13239

z=?

180.15939

z=1

237.11190

z=1

279.15896

z=1

400.12412

z=1
536.16526

z=1

777.25940

z=1

851.39760

z=1

1057.49620

z=?

1834.87478

z=?

1621.96702

z=?

1481.23780

z=?

1371.21847

z=?

 

Figure S60. HRMS spectrum of compound 5-B4. 

5-B4 [M+H]378.1424631 
B-4 #12-101 RT: 0.05-0.45 AV: 90 NL: 2.12E7

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S61. 1H-NMR spectrum of compound 5-B5. 

 

Figure S62. 13C-NMR spectrum of compound 5-B5. 
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Figure S63. 31P-NMR spectrum of compound 5-B5. 

 

Figure S64. HRMS spectrum of compound 5-B5. 

5-B5 [M+H]458.1486913 
B-5 #11-94 RT: 0.05-0.42 AV: 84 NL: 1.77E8

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S65. HRMS spectrum of compound 5-B5. 

5-B5 [M+H]458.1486913 
B-5 #11-94 RT: 0.05-0.42 AV: 84 NL: 5.30E7

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S66. 1H-NMR spectrum of compound 5-B6. 
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Figure S67. 13C-NMR spectrum of compound 5-B6. 

 

Figure S68. 31P-NMR spectrum of compound 5-B6. 
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Figure S69. HRMS spectrum of compound 5-B6. 

5-B6 [M+H] 475.1143897 
B-6 #11-100 RT: 0.05-0.45 AV: 90 NL: 2.93E8

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S70. HRMS spectrum of compound 5-B6. 

5-B6 [M+H] 475.1143897 
B-6 #11-100 RT: 0.05-0.45 AV: 90 NL: 2.01E7

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S71. 1H-NMR spectrum of compound 5-B7. 

 

Figure S72. 13C-NMR spectrum of compound 5-B7. 
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Figure S73. 31P-NMR spectrum of compound 5-B7. 

 

Figure S74. HRMS spectrum of compound 5-B7. 

5-B7 [M+H] 470.1686778 
B-7 #14-99 RT: 0.06-0.44 AV: 86 NL: 3.70E8

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S75. HRMS spectrum of compound 5-B7. 

5-B7 [M+H]470.1686778 
B-7 #14-99 RT: 0.06-0.44 AV: 86 NL: 1.62E8

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S76. 1H-NMR spectrum of compound 5-B8. 
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Figure S77. 13C-NMR spectrum of compound 5-B8. 

 

Figure S78. 31P-NMR spectrum of compound 5-B8. 
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Figure S79. HRMS spectrum of compound 5-B8. 

5-B8 [M+H] 530.1282694 
B-8 #14-94 RT: 0.06-0.42 AV: 81 NL: 4.89E6

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S80. 1H-NMR spectrum of compound 5-C1. 
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Figure S81. 13C-NMR spectrum of compound 5-C1. 

 

Figure S82. 31P-NMR spectrum of compound 5-C1. 
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Figure S83. HRMS spectrum of compound 5-C1. 

5-C1 [M+H]424.1995840 
C-1 #14-97 RT: 0.06-0.43 AV: 84 NL: 3.67E8

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S84. HRMS spectrum of compound 5-C1. 

5-C1 [M+H]424.1995840 
C-1 #14-97 RT: 0.06-0.43 AV: 84 NL: 1.40E8

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S85. 1H-NMR spectrum of compound 5-C2. 

 

Figure S86. 13C-NMR spectrum of compound 5-C2. 
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Figure S87. 31P-NMR spectrum of compound 5-C2. 

 

Figure S88. HRMS spectrum of compound 5-C2. 

5-C2 [M+H] 469.1846622 
C-2 #13-101 RT: 0.06-0.45 AV: 89 NL: 3.73E8

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S89. HRMS spectrum of compound 5-C2. 

5-C2 [M+H] 469.1846622 
C-2 #13-101 RT: 0.06-0.45 AV: 89 NL: 8.29E7

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S90. 1H-NMR spectrum of compound 5-C3. 
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Figure S91. 13C-NMR spectrum of compound 5-C3. 

 

Figure S92. 31P-NMR spectrum of compound 5-C3. 
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Figure S93. HRMS spectrum of compound 5-C3. 

5-C3 [M+H]488.2308841 
C-3 #14-100 RT: 0.06-0.45 AV: 87 NL: 4.19E8

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S94. HRMS spectrum of compound 5-C3. 

5-C3 [M+H]488.2308841 
C-3 #14-100 RT: 0.06-0.45 AV: 87 NL: 1.06E8

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S95. 1H-NMR spectrum of compound 5-C4. 

 

Figure S96. 13C-NMR spectrum of compound 5-C4. 
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Figure S97. 31P-NMR spectrum of compound 5-C4. 

 

Figure S98. HRMS spectrum of compound 5-C4. 

5-C4 [M+H] 362.1839340 
C-4 #16-100 RT: 0.07-0.45 AV: 85 NL: 1.90E8

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S99. HRMS spectrum of compound 5-C4. 

5-C4 [M+H] 362.1839340 
C-4 #16-100 RT: 0.07-0.45 AV: 85 NL: 4.08E7

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S100. 1H-NMR spectrum of compound 5-C5. 
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Figure S101. 13C-NMR spectrum of compound 5-C5. 

 

Figure S102. 31P-NMR spectrum of compound 5-C5. 
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Figure S103. HRMS spectrum of compound 5-C5. 

5-C5 [M+H] 442.1901622 
C-5 #13-96 RT: 0.06-0.43 AV: 84 NL: 2.32E8

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S104. HRMS spectrum of compound 5-C5. 

5-C5 [M+H] 442.1901622 
C-5 #13-96 RT: 0.06-0.43 AV: 84 NL: 2.25E7

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S105. 1H-NMR spectrum of compound 5-C6. 

 

Figure S106. 13C-NMR spectrum of compound 5-C6. 
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Figure S107. 31P-NMR spectrum of compound 5-C6. 

 

Figure S108. HRMS spectrum of compound 5-C6. 

5-C6 [M+H] 454.2101487 
C-6 #15-105 RT: 0.07-0.47 AV: 91 NL: 4.61E8

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S109. HRMS spectrum of compound 5-C6. 

5-C6 [M+H] 454.2101487 
C-6 #15-105 RT: 0.07-0.47 AV: 91 NL: 1.71E8

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S110. 1H-NMR spectrum of compound 5-C7. 
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Figure S111. 13C-NMR spectrum of compound 5-C7. 

 

Figure S112. 31P-NMR spectrum of compound 5-C7. 
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Figure S113. HRMS spectrum of compound 5-C7. 

5-C7 [M+H]514.1697404 
C-7 #15-98 RT: 0.07-0.44 AV: 84 NL: 3.29E8

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S114. HRMS spectrum of compound 5-C7. 

5-C7 [M+H] 514.1697404 
C-7 #15-98 RT: 0.07-0.44 AV: 84 NL: 4.26E7

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S115. 1H-NMR spectrum of compound 5-D1. 

 

Figure S116. 13C-NMR spectrum of compound 5-D1. 
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Figure S117. 31P-NMR spectrum of compound 5-D1. 

 

Figure S118. HRMS spectrum of compound 5-D1. 

5-D1 [M+H] 416.1136615 
D-1 #14-98 RT: 0.06-0.44 AV: 85 NL: 2.03E8

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S119. HRMS spectrum of compound 5-D1. 

5-D1 [M+H] 416.1136615 
D-1 #14-98 RT: 0.06-0.44 AV: 85 NL: 3.38E7

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S120. 1H-NMR spectrum of compound 5-D2. 
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Figure S121. 13C-NMR spectrum of compound 5-D2. 

 

Figure S122. 31P-NMR spectrum of compound 5-D2. 
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Figure S123. HRMS spectrum of compound 5-D2. 

5-D2 [M+H] 461.0987397 
D-2 #15-108 RT: 0.07-0.48 AV: 94 NL: 2.94E8

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S124. HRMS spectrum of compound 5-D2. 

5-D2 [M+H] 461.0987397 
D-2 #15-108 RT: 0.07-0.48 AV: 94 NL: 5.40E7

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S125. 1H-NMR spectrum of compound 5-D3. 

 

Figure S126. 13C-NMR spectrum of compound 5-D3. 

 

N

N
N P

Cl

O

O
OEt

OEt

O

N

N
N P

Cl

O

O
OEt

OEt

O



 S64 

 

 

Figure S127. 31P-NMR spectrum of compound 5-D3. 

 

Figure S128. HRMS spectrum of compound 5-D3. 

5-D3 [M+H]480.1449616 
D-3 #13-102 RT: 0.06-0.46 AV: 90 NL: 3.66E8

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S129. HRMS spectrum of compound 5-D3. 

5-D3 [M+H]480.1449616 
D-3 #13-102 RT: 0.06-0.46 AV: 90 NL: 7.58E7

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S130. 1H-NMR spectrum of compound 5-D4. 
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Figure S131. 13C-NMR spectrum of compound 5-D4. 

 

Figure S132. 31P-NMR spectrum of compound 5-D4. 
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Figure S133. HRMS spectrum of compound 5-D4. 

5-D4 [M+H]354.0980115 

D-4 #12-108 RT: 0.05-0.48 AV: 97 NL: 2.74E8

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S134. HRMS spectrum of compound 5-D4. 

5-D4 [M+H]354.0980115 

D-4 #12-108 RT: 0.05-0.48 AV: 97 NL: 2.15E7

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S135. 1H-NMR spectrum of compound 5-D5. 

 

Figure S136. 13C-NMR spectrum of compound 5-D5. 
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Figure S137. 31P-NMR spectrum of compound 5-D5. 

 

Figure S138. HRMS spectrum of compound 5-D5. 

5-D5 [M+H] 434.1042397 
D-5 #10-108 RT: 0.05-0.48 AV: 99 NL: 3.07E8

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S139. HRMS spectrum of compound 5-D5. 

5-D5 [M+H] 434.1042397 
D-5 #10-108 RT: 0.05-0.48 AV: 99 NL: 2.05E7

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S140. 1H-NMR spectrum of compound 5-D6. 
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Figure S141. 13C-NMR spectrum of compound 5-D6. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S142. 31P-NMR spectrum of compound 5-D6. 
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Figure S143. HRMS spectrum of compound 5-D6. 

5-D6 [M+H]446.1242262 
D-6 #10-107 RT: 0.05-0.48 AV: 98 NL: 3.40E8

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S144. HRMS spectrum of compound 5-D6. 

5-D6 [M+H]446.1242262 
D-6 #10-107 RT: 0.05-0.48 AV: 98 NL: 9.51E7

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S145. 1H-NMR spectrum of compound 5-D7. 

 

Figure S146. 13C-NMR spectrum of compound 5-D7. 
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Figure S147. 31P-NMR spectrum of compound 5-D7.  

 

Figure S148. HRMS spectrum of compound 5-D7. 

5-D7 [M+H]506.0838179 
D-7 #8-105 RT: 0.04-0.47 AV: 98 NL: 2.92E8

T: FTMS + p ESI Full ms [150.00-2000.00]
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Figure S149. HRMS spectrum of compound 5-D7. 

5-D7 [M+H]506.0838179 
D-7 #8-105 RT: 0.04-0.47 AV: 98 NL: 1.22E7

T: FTMS + p ESI Full ms [150.00-2000.00]
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