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Figure S1: The 31P NMR spectra of the compound 1 
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Figure S2: The 1H NMR spectra of the compound 1 
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Figure S3: The 13C NMR spectra of the compound 1 

 

 

Figure S4: The HRMS spectra of the compound 1 
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Figure S5: The 31P NMR spectra of the compound 4 
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Figure S6: The 1H NMR spectra of the compound 4 

 

 

Figure S7: The 13C NMR spectra of the compound 4 
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Figure S8: The HRMS spectra of the compound 4 
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Figure S9: The 31 P NMR spectra of the compound 8 
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Figure S10: The 1 H NMR spectra of the compound 8 

 

Figure S11: The 13 C NMR spectra of the compound 8 
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Figure S12: The HRMS spectra of the compound 8 
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Figure S13: The 31 P NMR spectra of the compound 21 
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Figure S14: The 1 H NMR spectra of the compound 21 

 

Figure S15: The 13 C NMR spectra of the compound 21 
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Figure S16: The HRMS spectra of the compound 21 
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Figure S17: The 31 P NMR spectra of the compound 24 
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Figure S18: The 1 H NMR spectra of the compound 24 

 

Figure S19: The 13 C NMR spectra of the compound 24 
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Figure S20: The HRMS spectra of the compound 24 
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Figure S21: The 31 P NMR spectra of the compound 22 
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Figure S22: The 31 P NMR spectra of the compound 22 

 

Figure S23: The 1 H NMR spectra of the compound 22 
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Figure S24: The 13 C NMR spectra of the compound 22 

 

Figure S25: The HRMS spectra of the compound 22 

 



16 
 

25 

PO3H2

H3CO  

 

Figure S26: The 31 P NMR spectra of the compound 25 

 

Figure S27: The 1 H NMR spectra of the compound 25 
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Figure S28: The 13 C NMR spectra of the compound 25 

 

 

Figure S29: The HRMS spectra of the compound 25 
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Figure S30: The 31 P NMR spectra of the compound 26 

 

Figure S31: The 1 H NMR spectra of the compound 26 
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Figure S32: The 13 C NMR spectra of the compound 26 

 

 

Figure S33: The 13 C NMR spectra of the compound 26 
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Figure S34: The  HRMS spectra of the compound 26 
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Figure S35: The 31 P NMR spectra of the compound 7 
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Figure S36: The 1 H NMR spectra of the compound 7 
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Figure S37: The 13 C NMR spectra of the compound 7 

 

 

Figure S38: The 13 C NMR spectra of the compound 7 
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Figure S39: The HRMS spectra of the compound 7 

 

 

  

Figure S40: The 31 P NMR spectra of the compounds 18, 19 and 20 
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Figure S41: The 31 P{1H} NMR spectra of the compounds 18, 19 and 20  

 

Figure S42: The 1 H NMR spectra of the compounds 18, 19 and 20  
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Figure S43: The 1 H NMR spectra of the compounds 18, 19 and 20  

 

Figure S44: The 1 H -31 P NMR spectra of the compounds 18, 19 and 20  
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Figure S45: The HRMS spectra of the compound  19  

  

 

Figure S46: The 31 P NMR spectra of the compounds 10 and 11  
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Figure S47: The 1 H NMR spectra of the compounds 10 and 11  

 

Figure S48: The 13 C NMR spectra of the compounds 10 and 11  
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Figure S49: The HRMS spectra of the compounds 10 and 11  

  

 

Figure S50: The 31 P NMR spectra of the compounds 12 and 13  
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Figure S51: The 31 P NMR spectra of the compounds 12 and 13  

  

Figure S52: The 1 H NMR spectra of the compounds 12 and 13  
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Figure S53: The 13 C NMR spectra of the compounds 12 and 13  

 

Figure S54: The 1 H -  13C  NMR spectra of the compounds 12 and 13  

 



31 
 

 

 

Figure S55: The 1 H -  31P  NMR spectra of the compounds 12 and 13  
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Figure S56: The HRMS  NMR spectra of the compounds 12 and 13  
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Figure S57: The 31 P NMR spectra of the compound 13  
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Figure S58: The 1 H NMR spectra of the compound 13  

 

 

Figure S59: The 13 C NMR spectra of the compound 13  
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Figure S60: The HRMS spectra of the compound 13  

15   

 

Figure S61: The 31 P NMR spectra of the compound 13  
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Figure S62: The 1 H NMR spectra of the compound 13  

 

Figure S63: The 13 C NMR spectra of the compound 13  
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Figure S64: The HRMS spectra of the compound 13  
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Figure S65: The 31 P NMR spectra of the compound 14  
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Figure S66: The 1 H NMR spectra of the compound 14  

 

 

Figure S67: The 13 C NMR spectra of the compound 14  
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Figure S68: The HRMS spectra of the compound 14  
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Figure S69: The 31 P NMR spectra of the compound 16  
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Figure S70: The 1 H NMR spectra of the compound 16  

 

 

Figure S71: The 13 C NMR spectra of the compound 16  
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Figure S72: The HRMS spectra of the compound 16  
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Figure S73: The 31 P NMR spectra of the compound 17  
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Figure S74: The 1 H NMR spectra of the compound 17  

 

Figure S75: The 1 H NMR spectra of the compound 17  
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Figure S76: The 13 C NMR spectra of the compound 17  

 

Figure S77: The  CHRMS spectra of the compound 17  
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Table S1: Relevant crystallographic data for the molecule and the full geometrical 

information (Å, º) 

 

13 

P1—O1 1.447 (3) C10—C11 1.437 (2) 

P1—C1 1.7930 (19) C10—H10 0.9300 

P1—C17 1.7936 (19) C11—C16 1.383 (2) 

P1—C9 1.7947 (19) C11—C12 1.400 (2) 

O2—C8 1.382 (2) C12—C13 1.375 (3) 

O2—C1 1.404 (2) C12—H12 0.9300 

O3—C16 1.381 (2) C13—C14 1.386 (3) 

O3—C9 1.394 (2) C13—H13 0.9300 

O4—C24 1.380 (2) C14—C15 1.370 (2) 

O4—C17 1.384 (2) C14—H14 0.9300 

O5—H5A 1.08 (9) C15—C16 1.382 (2) 

O5—H5B 1.09 (7) C15—H15 0.9300 

C1—C2 1.338 (2) C17—C18 1.336 (2) 

C4—C5 1.374 (3) C18—C19 1.430 (2) 

C4—C3 1.406 (3) C18—H18 0.9300 

C4—H4 0.9300 C19—C24 1.377 (2) 

C3—C8 1.382 (3) C19—C20 1.403 (3) 

C3—C2 1.437 (3) C20—C21 1.388 (3) 

C2—H2 0.9300 C20—H20 0.9300 

C5—C6 1.388 (3) C21—C22 1.393 (3) 

C5—H5 0.9300 C21—H21 0.9300 

C6—C7 1.382 (3) C22—C23 1.362 (3) 

C6—H6 0.9300 C22—H22 0.9300 

C7—C8 1.382 (3) C23—C24 1.381 (3) 

C7—H7 0.9300 C23—H23 0.9300 

C9—C10 1.342 (2)   

O1—P1—C1 115.48 (13) C16—C11—C10 105.64 (16) 

O1—P1—C17 119.54 (13) C12—C11—C10 136.13 (19) 

C1—P1—C17 101.55 (9) C13—C12—C11 118.49 (19) 

O1—P1—C9 113.30 (13) C13—C12—H12 120.8 

C1—P1—C9 103.49 (9) C11—C12—H12 120.8 

C17—P1—C9 101.24 (9) C12—C13—C14 121.31 (19) 

C8—O2—C1 105.36 (15) C12—C13—H13 119.3 

C16—O3—C9 105.62 (14) C14—C13—H13 119.3 

C24—O4—C17 105.37 (14) C15—C14—C13 121.65 (19) 

H5A—O5—H5B 113 (5) C15—C14—H14 119.2 

C2—C1—O2 110.94 (17) C13—C14—H14 119.2 

C2—C1—P1 129.31 (17) C14—C15—C16 116.28 (19) 

O2—C1—P1 119.73 (14) C14—C15—H15 121.9 

C5—C4—C3 118.3 (2) C16—C15—H15 121.9 

C5—C4—H4 120.9 O3—C16—C15 125.58 (18) 

C3—C4—H4 120.9 O3—C16—C11 110.41 (16) 
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C8—C3—C4 118.5 (2) C15—C16—C11 124.01 (18) 

C8—C3—C2 105.92 (18) C18—C17—O4 111.12 (17) 

C4—C3—C2 135.5 (2) C18—C17—P1 134.34 (16) 

C1—C2—C3 107.37 (19) O4—C17—P1 114.53 (13) 

C1—C2—H2 126.3 C17—C18—C19 107.51 (17) 

C3—C2—H2 126.3 C17—C18—H18 126.2 

C4—C5—C6 121.5 (2) C19—C18—H18 126.2 

C4—C5—H5 119.2 C24—C19—C20 118.01 (19) 

C6—C5—H5 119.2 C24—C19—C18 105.40 (17) 

C7—C6—C5 121.6 (2) C20—C19—C18 136.6 (2) 

C7—C6—H6 119.2 C21—C20—C19 118.1 (2) 

C5—C6—H6 119.2 C21—C20—H20 120.9 

C6—C7—C8 116.1 (2) C19—C20—H20 120.9 

C6—C7—H7 122.0 C20—C21—C22 120.7 (2) 

C8—C7—H7 122.0 C20—C21—H21 119.6 

C3—C8—O2 110.40 (18) C22—C21—H21 119.6 

C3—C8—C7 124.1 (2) C23—C22—C21 122.5 (2) 

O2—C8—C7 125.5 (2) C23—C22—H22 118.8 

C10—C9—O3 110.96 (16) C21—C22—H22 118.8 

C10—C9—P1 130.01 (15) C22—C23—C24 115.4 (2) 

O3—C9—P1 118.88 (13) C22—C23—H23 122.3 

C9—C10—C11 107.33 (17) C24—C23—H23 122.3 

C9—C10—H10 126.3 C19—C24—O4 110.58 (17) 

C11—C10—H10 126.3 C19—C24—C23 125.2 (2) 

C16—C11—C12 118.22 (18) O4—C24—C23 124.1 (2) 

C8—O2—C1—C2 0.8 (2) C10—C11—C12—C13 −179.1 (2) 

C8—O2—C1—P1 179.29 (13) C11—C12—C13—C14 −0.6 (3) 

O1—P1—C1—C2 9.8 (2) C12—C13—C14—C15 −1.3 (3) 

C17—P1—C1—C2 −121.06 (19) C13—C14—C15—C16 1.3 (3) 

C9—P1—C1—C2 134.24 (19) C9—O3—C16—C15 −179.29 (17) 

O1—P1—C1—O2 −168.28 (17) C9—O3—C16—C11 1.09 (19) 

C17—P1—C1—O2 60.81 (16) C14—C15—C16—O3 −178.86 (17) 

C9—P1—C1—O2 −43.89 (16) C14—C15—C16—C11 0.7 (3) 

C5—C4—C3—C8 0.4 (3) C12—C11—C16—O3 177.03 (16) 

C5—C4—C3—C2 177.2 (2) C10—C11—C16—O3 −1.8 (2) 

O2—C1—C2—C3 −0.7 (2) C12—C11—C16—C15 −2.6 (3) 

P1—C1—C2—C3 −178.93 (14) C10—C11—C16—C15 178.52 (17) 

C8—C3—C2—C1 0.2 (2) C24—O4—C17—C18 0.4 (2) 

C4—C3—C2—C1 −176.9 (2) C24—O4—C17—P1 179.45 (12) 

C3—C4—C5—C6 −0.4 (3) O1—P1—C17—C18 −122.2 (2) 

C4—C5—C6—C7 0.6 (4) C1—P1—C17—C18 6.2 (2) 

C5—C6—C7—C8 −0.6 (3) C9—P1—C17—C18 112.7 (2) 

C4—C3—C8—O2 177.98 (16) O1—P1—C17—O4 59.10 (19) 

C2—C3—C8—O2 0.3 (2) C1—P1—C17—O4 −172.55 (13) 

C4—C3—C8—C7 −0.5 (3) C9—P1—C17—O4 −66.08 (14) 

C2—C3—C8—C7 −178.15 (18) O4—C17—C18—C19 0.2 (2) 

C1—O2—C8—C3 −0.7 (2) P1—C17—C18—C19 −178.62 (15) 

C1—O2—C8—C7 177.74 (19) C17—C18—C19—C24 −0.7 (2) 
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C6—C7—C8—C3 0.6 (3) C17—C18—C19—C20 178.7 (2) 

C6—C7—C8—O2 −177.61 (18) C24—C19—C20—C21 0.0 (3) 

C16—O3—C9—C10 0.2 (2) C18—C19—C20—C21 −179.3 (2) 

C16—O3—C9—P1 −175.86 (12) C19—C20—C21—C22 0.9 (3) 

O1—P1—C9—C10 17.1 (2) C20—C21—C22—C23 −1.0 (3) 

C1—P1—C9—C10 −108.72 (19) C21—C22—C23—C24 0.2 (3) 

C17—P1—C9—C10 146.35 (18) C20—C19—C24—O4 −178.54 (16) 

O1—P1—C9—O3 −167.76 (16) C18—C19—C24—O4 0.9 (2) 

C1—P1—C9—O3 66.44 (15) C20—C19—C24—C23 −0.9 (3) 

C17—P1—C9—O3 −38.49 (15) C18—C19—C24—C23 178.6 (2) 

O3—C9—C10—C11 −1.3 (2) C17—O4—C24—C19 −0.9 (2) 

P1—C9—C10—C11 174.16 (14) C17—O4—C24—C23 −178.54 (19) 

C9—C10—C11—C16 1.9 (2) C22—C23—C24—C19 0.8 (3) 

C9—C10—C11—C12 −176.7 (2) C22—C23—C24—O4 178.13 (19) 

C16—C11—C12—C13 2.5 (3)   

15 

P1—O1 1.4843 (16) C3—H3 0.9300 

P1—C5 1.774 (2) C4—H4 0.9300 

P1—C9 1.777 (2) C5—C6 1.355 (3) 

P1—C1 1.788 (2) C6—C7 1.423 (4) 

O2—C4 1.372 (3) C6—H6 0.9300 

O2—C1 1.380 (2) C7—C8 1.341 (4) 

O3—C8 1.357 (3) C7—H7 0.9300 

O3—C5 1.377 (3) C8—H8 0.9300 

O4—C12 1.366 (3) C9—C10 1.345 (4) 

O4—C9 1.374 (3) C10—C11 1.420 (4) 

C1—C2 1.340 (3) C10—H10 0.9300 

C2—C3 1.425 (3) C11—C12 1.332 (4) 

C2—H2 0.9300 C11—H11 0.9300 

C3—C4 1.339 (3) C12—H12 0.9300 

O1—P1—C5 115.84 (11) O3—C5—P1 115.52 (15) 

O1—P1—C9 111.50 (11) C5—C6—C7 106.4 (2) 

C5—P1—C9 104.79 (11) C5—C6—H6 126.8 

O1—P1—C1 110.82 (10) C7—C6—H6 126.8 

C5—P1—C1 105.84 (11) C8—C7—C6 106.5 (2) 

C9—P1—C1 107.50 (11) C8—C7—H7 126.7 

C4—O2—C1 105.79 (16) C6—C7—H7 126.7 

C8—O3—C5 106.22 (17) C7—C8—O3 111.0 (2) 

C12—O4—C9 106.0 (2) C7—C8—H8 124.5 

C2—C1—O2 110.05 (18) O3—C8—H8 124.5 

C2—C1—P1 132.50 (17) C10—C9—O4 109.8 (2) 

O2—C1—P1 117.42 (15) C10—C9—P1 129.7 (2) 

C1—C2—C3 107.03 (19) O4—C9—P1 120.43 (18) 

C1—C2—H2 126.5 C9—C10—C11 106.7 (2) 

C3—C2—H2 126.5 C9—C10—H10 126.6 

C4—C3—C2 106.3 (2) C11—C10—H10 126.6 

C4—C3—H3 126.8 C12—C11—C10 106.6 (2) 
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C2—C3—H3 126.8 C12—C11—H11 126.7 

C3—C4—O2 110.8 (2) C10—C11—H11 126.7 

C3—C4—H4 124.6 C11—C12—O4 110.8 (2) 

O2—C4—H4 124.6 C11—C12—H12 124.6 

C6—C5—O3 109.8 (2) O4—C12—H12 124.6 

C6—C5—P1 134.64 (19)   

C4—O2—C1—C2 0.3 (2) C1—P1—C5—O3 −62.84 (18) 

C4—O2—C1—P1 −178.03 (17) O3—C5—C6—C7 0.3 (3) 

O1—P1—C1—C2 −7.3 (3) P1—C5—C6—C7 −179.7 (2) 

C5—P1—C1—C2 119.0 (3) C5—C6—C7—C8 −0.3 (3) 

C9—P1—C1—C2 −129.4 (3) C6—C7—C8—O3 0.1 (3) 

O1—P1—C1—O2 170.58 (15) C5—O3—C8—C7 0.1 (3) 

C5—P1—C1—O2 −63.07 (18) C12—O4—C9—C10 1.0 (3) 

C9—P1—C1—O2 48.5 (2) C12—O4—C9—P1 178.51 (18) 

O2—C1—C2—C3 −0.4 (3) O1—P1—C9—C10 −9.1 (3) 

P1—C1—C2—C3 177.62 (19) C5—P1—C9—C10 −135.2 (2) 

C1—C2—C3—C4 0.3 (3) C1—P1—C9—C10 112.5 (3) 

C2—C3—C4—O2 −0.1 (3) O1—P1—C9—O4 173.96 (18) 

C1—O2—C4—C3 −0.1 (3) C5—P1—C9—O4 47.9 (2) 

C8—O3—C5—C6 −0.3 (2) C1—P1—C9—O4 −64.4 (2) 

C8—O3—C5—P1 179.76 (16) O4—C9—C10—C11 −1.0 (3) 

O1—P1—C5—C6 −119.5 (2) P1—C9—C10—C11 −178.2 (2) 

C9—P1—C5—C6 3.8 (3) C9—C10—C11—C12 0.6 (3) 

C1—P1—C5—C6 117.2 (3) C10—C11—C12—O4 0.0 (3) 

O1—P1—C5—O3 60.38 (19) C9—O4—C12—C11 −0.6 (3) 

C9—P1—C5—O3 −176.31 (16)   

 

Table S2: Selected hydrogen-bond parameters 

D—H···A D—H (Å) H···A (Å) D···A (Å) D—H···A (°) 

13 

O5—H5A···O1i 1.08 (9) 1.91 (9) 2.862 (3) 145 (7) 

C2—H2···O5 0.93 2.45 3.190 (3) 136.5 

15 

C2—H2···O2ii 0.93 2.44 3.348 (3) 165.6 

C4—H4···O1iii 0.93 2.49 3.286 (3) 143.5 

C7—H7···O3iv 0.93 2.65 3.342 (3) 132.1 

C6—H6···O1v 0.93 2.47 3.373 (3) 164.7 

C8—H8···O1vi 0.93 2.39 3.264 (3) 155.7 

Symmetry code(s): (i) y+1/3, −x+y+2/3, −z+2/3; (ii) −x+1, y+1/2, −z+1/2; (iii) −x+1, y−1/2, −z+1/2; (iv) x+1/2, 

−y+1/2, −z+1; (v) −x+2, y−1/2, −z+1/2; (vi) −x+3/2, −y+1, z+1/2. 

 


