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1. Geometrical data for 7-chlorobenzothiophenyl-α-hydroxy-

methylphosphonate (2f) obtained from the X-ray measurements 

 

SI Table 1. Selected bond lengths (Å) of hydroxy-methylphosphonate 2f. 

 

S1 – C9 1.730(2) C1A – O4B 1.392(3) 

S1 – C2 1.742(2) C5 – C6 1.386(3) 

C3 – C2 1.352(3) P1A – O3A 1.480(6) 

C3 – C4 1.436(2) P1A – O2A 1.534(4) 

Cl1 – C8 1.732(2) P1A – O1A 1.569(4) 

C7 – C8 1.374(3) P1A – C1A 1.824(3) 

C7 – C6 1.403(3) O2A – C12A 1.421(1) 

C9 – C8 1.396(2) C12A – C13A 1.540(1) 

C9 – C4 1.405(2) O1A – C10A 1.433(5) 

C4 – C5 1.401(2) C10A – C11A 1.496(6) 

C2 – C1A 1.506(2)   

 

SI Table 2. Selected bond angles (°) of hydroxy-methylphosphonate 2f. 

 

C9 – S1 – C2 90.6(1) C5 – C6 – C7 121.3(2) 

C2 – C3 – C4 113.3(2) O4B – C1A – C2 111.1(2) 

C8 – C7 – C6 119.8(2) O4B – C1A – P1A 110.3(2) 

C8 – C9 – C4 120.4(2) C2 – C1A – P1A 114.9(1) 

C8 – C9 – S1 127.1(1) O3A – P1A – O2A 113.8(2) 

C4 – C9 – S1 112.5(1) O3A – P1A – O1A 113.6(2) 

C5 – C4 – C9 119.7(2) O2A – P1A – O1A 105.5(2) 

C5 – C4 – C3 129.6(2) O3A – P1A – C1A 113.4(3) 

C9 – C4 – C3 110.7(2) O2A – P1A – C1A 105.9(2) 

C3 – C2 – C1A 129.3(2) O1A – P1A – C1A 103.7(2) 

C3 – C2 – S1 112.9(1) C12A – O2A – P1A 125.1(3) 

C1A – C2 – S1 117.8(1) O2A – C12A – C13A 107.7(5) 

C6 – C5 – C4 118.9(2) C10A – O1A – P1A 122.8(3) 

C7 – C8 – C9 119.9(2) O1A – C10A – C11A 109.5(4) 

C7 – C8 – Cl1 120.9(1) C9 – C8 – Cl1 119.2(1) 
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SI Table 3. Selected torsion angles (°) of hydroxy-methylphosphonate 2f. 

 

C2 – S1 – C9 – C8 178.4(2) C4 – C5 – C6 – C7 -0.1(3) 

C2 – S1 – C9 – C4 -0.7(1) C8 – C7 – C6 – C5 0.3(3) 

C8 – C9 – C4 – C5 1.2(2) C3 – C2 – C1A – O4B 170.6(2) 

S1 – C9 – C4 – C5 -179.6(1) S1 – C2 – C1A – O4B -8.2(2) 

C8 – C9 – C4 – C3 -178.5(2) C3 – C2 – C1A – P1A -63.4(2) 

S1 – C9 – C4 – C3 0.7(2) S1 – C2 – C1A – P1A 117.8(2) 

C2 – C3 – C4 – C5 -180.0(2) O3A – P1A – C1A – O4B -53.5(2) 

C2 – C3 – C4 – C9 -0.4(2) O2A – P1A – C1A – O4B 72.0(2) 

C4 – C3 – C2 – C1A -179.0(2) O1A – P1A – C1A – O4B -177.2(2) 

C4 – C3 – C2 – S1 -0.2(2) O3A – P1A – C1A – C2 -179.9(2) 

C9 – S1 – C2 – C3 0.5(1) O2A – P1A – C1A – C2 -54.4(2) 

C9 – S1 – C2 – C1A 179.5(1) O1A – P1A – C1A – C2 56.4(2) 

C9 – C4 – C5 – C6 -0.6(2) O1A – P1A – O2A – C12A 160.1(5) 

C3 – C4 – C5 – C6 178.9(2) C1A – P1A – O2A – C12A -90.3(5) 

C6 – C7 – C8 – C9 0.2(3) P1A – O2A – C12A – C13A -138.2(6) 

C6 – C7 – C8 – Cl1 -178.1(1) O3A – P1A – O1A – C10A 43.1(5) 

C4 – C9 – C8 – C7 -1.0(3) O2A – P1A – O1A – C10A -82.2(4) 

S1 – C9 – C8 – C7 180.0(1) C1A – P1A – O1A – C10A 166.7(3) 

C4 – C9 – C8 – Cl1 177.3(1) P1A – O1A – C10A – C11A 121.7(5) 

S1 – C9 – C8 – Cl1 -1.7(2) O3A – P1A – O2A – C12A 34.9(6) 
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2. 31P, 13C, 1H NMR and IR spectra for the hydroxy-

methylphosphonates 2a-w synthesized 
31P NMR (242 MHz, CDCl3)

 spectra for compound 2a 

 
13C NMR (150 MHz, CDCl3)

 spectra for compound 2a 
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1H NMR (600 MHz, CDCl3)
 spectra for compound 2a 

 
IR (KBr) spectra for compound 2a 
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31P NMR (242 MHz, CDCl3)
 spectra for compound 2b 

 
13C NMR (150 MHz, CDCl3)

 spectra for compound 2b 
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1H NMR (600 MHz, CDCl3)
 spectra for compound 2b 

 
IR (KBr) spectra for compound 2b 
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31P NMR (242 MHz, CDCl3)
 spectra for compound 2c 

 
13C NMR (150 MHz, CDCl3)

 spectra for compound 2c 
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1H NMR (600 MHz, CDCl3)
 spectra for compound 2c 

 
IR (KBr) spectra for compound 2c 
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31P NMR (242 MHz, DMSO-d6)
 spectra for compound 2d 

 
13C NMR (150 MHz, DMSO-d6)

 spectra for compound 2d 

 
 

 



S11 
 

1H NMR (600 MHz, DMSO-d6)
 spectra for compound 2d 

 
IR (KBr) spectra for compound 2d 
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31P NMR (242 MHz, CDCl3)
 spectra for compound 2e 

 
13C NMR (150 MHz, CDCl3)

 spectra for compound 2e 
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1H NMR (600 MHz, CDCl3)
 spectra for compound 2e 

 
IR (KBr) spectra for compound 2e 
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31P NMR (242 MHz, CDCl3)
 spectra for compound 2f 

 
13C NMR (150 MHz, CDCl3)

 spectra for compound 2f 
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1H NMR (600 MHz, CDCl3)
 spectra for compound 2f 

 
IR (KBr) spectra for compound 2f 
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31P NMR (242 MHz, CDCl3)
 spectra for compound 2g 

 
13C NMR (150 MHz, CDCl3)

 spectra for compound 2g 
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1H NMR (600 MHz, CDCl3)
 spectra for compound 2g 

 
IR (KBr) spectra for compound 2g 
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31P NMR (242 MHz, CDCl3)
 spectra for compound 2h 

 
13C NMR (150 MHz, CDCl3)

 spectra for compound 2h 
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1H NMR (600 MHz, CDCl3)
 spectra for compound 2h 

 
IR (KBr) spectra for compound 2h 
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31P NMR (242 MHz, CDCl3)
 spectra for compound 2i 

 
13C NMR (150 MHz, CDCl3)

 spectra for compound 2i 
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1H NMR (600 MHz, CDCl3)
 spectra for compound 2i 

 
IR (KBr) spectra for compound 2i 
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31P NMR (242 MHz, CDCl3)
 spectra for compound 2j 

 
13C NMR (150 MHz, CDCl3)

 spectra for compound 2j 
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1H NMR (600 MHz, CDCl3)
 spectra for compound 2j 

 
IR (IR) spectra for compound 2j 
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31P NMR (242 MHz, CDCl3)
 spectra for compound 2k 

 
13C NMR (150 MHz, CDCl3)

 spectra for compound 2k 
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1H NMR (600 MHz, CDCl3)
 spectra for compound 2k 

 
IR (KBr) spectra for compound 2k 
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31P NMR (242 MHz, CDCl3)
 spectra for compound 2l 

 
13C NMR (150 MHz, CDCl3)

 spectra for compound 2l 
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1H NMR (600 MHz, CDCl3)
 spectra for compound 2l 

 
IR (KBr) spectra for compound 2l 
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31P NMR (242 MHz, CDCl3)
 spectra for compound 2m 

 
13C NMR (150 MHz, CDCl3)

 spectra for compound 2m 
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1H NMR (600 MHz, CDCl3)
 spectra for compound 2m 

 
IR (KBr) spectra for compound 2m 
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31P NMR (242 MHz, CDCl3)
 spectra for compound 2n 

 
13C NMR (150 MHz, CDCl3)

 spectra for compound 2n 
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1H NMR (600 MHz, CDCl3)
 spectra for compound 2n 

 
IR (KBr) spectra for compound 2n 
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31P NMR (242 MHz, CDCl3)
 spectra for compound 2o 

 
13C NMR (150 MHz, CDCl3)

 spectra for compound 2o 
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1H NMR (600 MHz, CDCl3)
 spectra for compound 2o 

 
IR (KBr) spectra for compound 2o 
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31P NMR (242 MHz, CDCl3)
 spectra for compound 2p 

 
13C NMR (150 MHz, CDCl3)

 spectra for compound 2p 
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1H NMR (600 MHz, CDCl3)
 spectra for compound 2p 

 
IR (KBr) spectra for compound 2p 
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31P NMR (242 MHz, CDCl3)
 spectra for compound 2q 

 
13C NMR (150 MHz, CDCl3)

 spectra for compound 2q 
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1H NMR (600 MHz, CDCl3)
 spectra for compound 2q 

 
IR (KBr) spectra for compound 2q 
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31P NMR (242 MHz, DMSO-d6)
 spectra for compound 2r 

 
13C NMR (150 MHz, DMSO-d6)

 spectra for compound 2r 
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1H NMR (600 MHz, DMSO-d6)
 spectra for compound 2r 

 
IR (KBr) spectra for compound 2r 
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31P NMR (600 MHz, CDCl3)
 spectra for compound 2s 

 
13C NMR (150 MHz, CDCl3)

 spectra for compound 2s 
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1H NMR (600 MHz, CDCl3)
 spectra for compound 2s 

 
IR (KBr) spectra for compound 2s 
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31P NMR (242 MHz, CDCl3)
 spectra for compound 2t 

 
13C NMR (150 MHz, CDCl3)

 spectra for compound 2t 
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1H NMR (600 MHz, CDCl3)
 spectra for compound 2t 

 
IR (KBr) spectra for compound 2t 
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31P NMR (242 MHz, CDCl3)
 spectra for compound 2u 

 
13C NMR (150 MHz, CDCl3)

 spectra for compound 2u 
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1H NMR (600 MHz, CDCl3)
 spectra for compound 2u 

 
IR (KBr) spectra for compound 2u 
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31P NMR (242 MHz, CDCl3)
 spectra for compound 2v 

 
13C NMR (150 MHz, CDCl3)

 spectra for compound 2v 
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1H NMR (600 MHz, CDCl3)
 spectra for compound 2v 

 
IR (KBr) spectra for compound 2v 
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31P NMR (242 MHz, CDCl3)
 spectra for compound 2w 

 
13C NMR (150 MHz, CDCl3)

 spectra for compound 2w 
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1H NMR (600 MHz, CDCl3)
 spectra for compound 2w 

 
IR (KBr) spectra for compound 2w 
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3. HSQC, HMBC and COSY NMR spectra for the compounds 

synthesized 

HSQC NMR (140 Hz) spectra for compound 2a 

 
HMBC NMR (8 Hz, 140 Hz) spectra for compound 2a 
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HSQC NMR (140 Hz) spectra for compound 2b 

 
HMBC NMR (8 Hz, 140 Hz) spectra for compound 2b 
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COSY NMR spectra for compound 2b 

 
HSQC NMR (140 Hz) spectra for compound 2c 
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HMBC NMR (8 Hz, 140 Hz) spectra for compound 2c 

 
HSQC NMR (140 Hz) spectra for compound 2d 
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HMBC NMR (8Hz, 140 Hz) spectra for compound 2d 

 
HSQC NMR (140 Hz) spectra for compound 2e 

 
 

 

 



S55 
 

HMBC NMR (8 Hz, 140 Hz) spectra for compound 2e 

 
COSY NMR spectra for compound 2e 
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HSQC NMR (140 Hz) spectra for compound 2f 

 
HMBC NMR (8Hz, 140 Hz) spectra for compound 2f 
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HSQC NMR (140 Hz) spectra for compound 2g 

 
HMBC NMR (8 Hz, 140 Hz) spectra for compound 2g 
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COSY spectra for compound 2g 

 
HSQC NMR (140 Hz) spectra for compound 2h 
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HMBC NMR (8 Hz, 140 Hz) spectra for compound 2h 

 
COSY NMR spectra for compound 2h 
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HSQC NMR (140 Hz) spectra for compound 2j 

 
HMBC NMR (8 Hz, 140 Hz) spectra for compound 2j 
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COSY NMR spectra for compound 2j 

 
HSQC NMR (140 Hz) spectra for compound 2k 
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HMBC NMR (8Hz, 140 Hz) spectra for compound 2k 

 
COSY NMR spectra for compound 2k 
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HSQC NMR (140 Hz) spectra for compound 2l 

 
HMBC NMR (8 Hz, 140 Hz) spectra for compound 2l 
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COSY NMR spectra for compound 2l 

 
HSQC NMR (140 Hz) spectra for compound 2m 
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HMBC NMR (8Hz, 140 Hz) spectra for compound 2m 

 
COSY NMR spectra for compound 2m 
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HSQC NMR (140 Hz) spectra for compound 2n 

 
HMBC NMR (8 Hz, 140 Hz) spectra for compound 2n 
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COSY NMR spectra for compound 2n 

 
HSQC NMR (140 Hz) spectra for compound 2o 
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HMBC NMR (8 Hz, 140 Hz) spectra for compound 2o 

 
COSY NMR spectra for compound 2o 
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HSQC NMR (140 Hz) spectra for compound 2p 

 
HMBC NMR (8 Hz, 140 Hz) spectra for compound 2p 
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COSY NMR spectra for compound 2p 

 
HSQC NMR (140 Hz) spectra for compound 2q 
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HMBC NMR (8 Hz, 140 Hz) spectra for compound 2q 

 
COSY NMR spectra for compound 2q 
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HSQC NMR (140 Hz) spectra for compound 2r 

 
HMBC NMR (8 Hz, 140 Hz) spectra for compound 2r 
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HSQC NMR (140 Hz) spectra for compound 2s 

 
HMBC NMR (8 Hz, 140 Hz) spectra for compound 2s 
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HSQC NMR (140 Hz) spectra for compound 2u 

 
HMBC NMR (8 Hz, 140 Hz) spectra for compound 2u 
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COSY NMR spectra for compound 2u 

 
HSQC NMR (140 Hz) spectra for compound 2v 
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HMBC NMR (8 Hz, 140 Hz) spectra for compound 2v 

 
HSQC NMR (140 Hz) spectra for compound 2w 
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HMBC NMR (8 Hz, 140 Hz) spectra for compound 2w 

 
COSY NMR spectra for compound 2w 

 


