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1. General Information
Unless specified, all of the reagents and starting materials were purchased from Fluorochem®, 

TCI®, Alfa Aesar® or Sigma-Aldrich® and used as received. All NMR spectroscopy 

measurements were performed with a Bruker AC 400 MHz spectrometer and are calibrated 

using the residual proton in the deuterated solvent (CHCl3 at 7.26 ppm 1H NMR, 77.16 ppm 13C 

NMR; DMSO at 2.50 ppm 1H NMR, 39.52 ppm 13C NMR; MeOH at 3.31 ppm 1H NMR, 49.00 

ppm 13C NMR). The chemical shifts are reported in ppm, and the coupling constant (J) are 

reported in Hz. The following abbreviations were used to explain multiplicities: s = singlet, br 

s = broad singlet, d = doublet, t = triplet, q = quartet, p = pentuplet and m = multiplet. For 13C 
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NMR (101 MHz) and 31P NMR (162 MHz) all spectra were decoupled from the proton unless 

stated otherwise. High-resolution mass spectra (HRMS) were recorded on an Agilent 6210 ESI 

(electrospray ionization) TOF (time of flight) mass spectrometer. Microwave reactions were 

performed using a CEM Discover SP® apparatus. The temperature of the mixture was 

determined using a volume-independent infrared (IR) temperature measurement.

2. Procedures
Synthesis of starting materials
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Starting materials 1c-g are known and they were synthesized by an Arbuzov reaction following 

the procedure reported by Kekeç and co-workers.1
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Starting materials 1a,i-j are known and they were synthesized by an α,α’-dialkylation reaction 

following the procedure reported by Collignon and co-workers.2
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Starting materials 1o-p are known and they were synthesized by Hirao coupling following the 

procedure reported by Stawinski and co-workers.3

General procedure for the microwave assisted selective hydrolysis of substituted 
phosphonates

Substituted phosphonate (1.0 mmol, 1.0 eq), sodium hydroxide (2.4 mmol, 2.4 eq) and the 

appropriate alcohol (EtOH, MeOH, i-PrOH or n-BuOH, 1 mL) were placed in a 10 mL 

microwave reaction vial equipped with a magnetic stirrer. The microwave reaction vial was 

sealed with a rubber cap and then placed in the microwave oven to be heated at 200 W to reach 

the appropriate temperature reported in Table 1 usually within 30 s to 1 min 30. Full conversion 

for each substrate (monitored by 31P NMR analysis on the crude mixture with a DMSO-d6 
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probe) were observed after the time described on Table 1. The reaction mixture was partitioned 

between EtOAc (5 mL) and 1N HCl (5 mL), decanted and the organic layer was washed with 

brine (5 mL). The combined aqueous layers were extracted with EtOAc (3  10 mL), then the 

combined organic layers were dried over MgSO4 (1.5 g) and concentrated under reduced 

pressure to give the desired phosphonic acid monoester.

Greener procedure for the microwave assisted selective hydrolysis of substituted 
phosphonates

Substituted phosphonate (1.0 mmol, 1.0 eq), sodium hydroxide (2.4 mmol, 2.4 eq) and the 

appropriate alcohol (EtOH, MeOH, i-PrOH or n-BuOH, 1 mL) were placed in a 10 mL 

microwave reaction vial along with a magnetic stirrer. The microwave reaction vial was sealed 

with a rubber cap and then placed in the microwave oven to be heated at 200 W to reach the 

appropriate temperature reported in Table 1 usually within 30 s to 1 min 30. Full conversion 

for each substrate (monitored by 31P NMR analysis on the crude mixture with a DMSO-d6 

probe) were observed after the time described on Table 1. The reaction mixture was partitioned 

between EtOAc (5 mL) and citric acid 10%wt (5 mL). The aqueous layers were extracted with 

EtOAc (2  5 mL), then the combined organic layers were dried over MgSO4 (1.5 g) and 

concentrated under reduced pressure to give the desired phosphonic acid monoester.

Grams scale procedure for the microwave assisted selective hydrolysis of 1b

Diethyl benzylphoshonate 1b (3.60 g, 15.8 mmol, 1.0 eq), sodium hydroxide (1.51 g, 37.8 

mmol, 2.4 eq) and EtOH (16 mL) were placed in a 35 mL microwave reaction vial along with 

a magnetic stirrer. The microwave reaction vial was sealed with a rubber cap and then placed 

in the microwave oven to be heated at 200 W to reach 130 °C within 1 min 30. After 10 minutes 

of heating, full conversion was observed (monitored by 31P NMR analysis on the crude mixture 

with a DMSO-d6 probe). The reaction mixture was partitioned between EtOAc (80 mL) and 1N 

HCl (80 mL), decanted and the organic layer was washed with brine (80 mL). The combined 

aqueous layers were extracted with EtOAc (3  150 mL), then the combined organic layers 

were dried over MgSO4 (20 g) and concentrated under reduced pressure to give the desired ethyl 

hydrogen benzylphosphonate 2b as a white solid (2.95 g, 94%).

Table 1: Substrate scope
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Cyclohexylbenzylphosphonic acid monoethyl ester (2a) 

White solid (255 mg, 95%). 1H NMR (400 MHz, MeOD) δ 7.53 – 7.44 (m, 2H, 

ArH), 7.40 – 7.31 (m, 2H, ArH), 7.30 – 7.18 (m, 1H, ArH), 3.88 – 3.75 (m, 2H, 

OCH2), 2.64 – 2.55 (m, 2H, CH2(Cy)), 2.05 – 1.94 (m, 2H, CH2(Cy)), 1.57 (m, 3H, 

CH2(Cy)), 1.41 – 1.22 (m, 3H, CH2(Cy)) 1.17 (t, J = 7.1 Hz, 3H, CH3). 13C NMR (101 MHz, 

MeOD) δ 138.3 (d, J = 6.4 Hz), 130.6 (d, J = 5.4 Hz), 129.2 (d, J = 3.3 Hz), 127.4 (d, J = 3.7 

Hz), 63.0 (d, J = 7.7 Hz), 45.1 (d, J = 136.7 Hz), 30.7 (d, J = 4.2 Hz), 27.3 (d, J = 1.4 Hz), 22.0 

(d, J = 12.7 Hz), 16.7 (d, J = 5.9 Hz). 31P NMR (162 MHz, MeOD) δ 29.3. HRMS (ESI-TOF): 

calc’d for C14H22O3P [M+H]+: 269.1301, found: 269.1305.

Benzylphosphonic acid monoethyl ester (2b) 

White solid (196 mg, 98%). 1H NMR (400 MHz, CDCl3) δ 9.60 (br s, 1H, OH), 

7.34 – 7.18 (m, 5H, ArH), 3.88 (dq, J = 8.1, 7.1 Hz, 2H, OCH2), 3.03 (d, J = 

22.1 Hz, 2H, CH2P), 1.20 (t, J = 7.0 Hz, 3H, CH3). 31P NMR (162 MHz, CDCl3) δ 29.4. 

P
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Benzylphosphonic acid monomethyl ester (2c) 

White solid (181 mg, 97%). 1H NMR (400 MHz, CDCl3) δ 12.10 (br s, 1H, 

OH), 7.36 – 7.24 (m, 5H, ArH), 3.56 (d, J = 11.0 Hz, 3H, OCH3), 3.11 (d, J = 

22.2 Hz, 2H, CH2P). 13C NMR (101 MHz, CDCl3) δ 131.8 (d, J = 9.3 Hz), 129.9 (d, J = 6.5 

Hz), 128.5 (d, J = 2.7 Hz), 126.8 (d, J = 3.4 Hz), 52.2 (d, J = 6.9 Hz), 33.4 (d, J = 140.2 Hz). 
31P NMR (162 MHz, CDCl3) δ 28.3. HRMS (ESI-TOF): calc’d for C8H12O3P [M+H]+: 

187.0519, found: 187.0521.

Benzylphosphonic acid monoisopropyl ester (2d) 

Light yellow solid (212 mg, 98%). 1H NMR (400 MHz, CDCl3) δ 12.36 (br s, 

1H, OH), 7.32 – 7.15 (m, 5H, ArH), 4.45 (dh, J = 7.8, 6.1 Hz, 1H, OCH), 3.01 

(d, J = 22.1 Hz, 2H, CH2P), 1.18 (d, J = 6.2 Hz, 6H, (CH3)2). 13C NMR (101 MHz, CDCl3) δ 

132.0 (d, J = 9.2 Hz), 129.9 (d, J = 6.6 Hz), 128.3 (d, J = 3.0 Hz), 126.6 (d, J = 3.6 Hz), 70.6 

(d, J = 7.3 Hz), 34.3 (d, J = 140.8 Hz), 23.9 (d, J = 4.4 Hz). 31P NMR (162 MHz, CDCl3) δ 

27.3. HRMS (ESI-TOF): calc’d for C10H16O3P [M+H]+: 215.0832, found: 215.0834.

Benzylphosphonic acid n-monobutyl ester (2e) 

White solid (220 mg, 96%). 1H NMR (400 MHz, CDCl3) δ 11.85 (br s, 1H, 

OH), 7.31 .16 (m, 5H, ArH), 3.83 (dt, J = 6.7, 6.7 Hz, 2H, OCH2), 3.05 (d, J = 

22.3 Hz, 2H, CH2P), 1.56 – 1.47 (m, 2H, CH2), 1.34 – 1.24 (m, 2H, CH2), 0.86 (t, J = 7.4 Hz, 

3H, CH3). 13C NMR (101 MHz, CDCl3) δ 131.9 (d, J = 9.2 Hz), 129.9 (d, J = 6.6 Hz), 128.4 

(d, J = 3.0 Hz), 126.7 (d, J = 3.5 Hz), 65.3 (d, J = 7.1 Hz), 33.8 (d, J = 140.1 Hz), 32.4 (d, J = 

6.4 Hz), 18.6, 13.6. 31P NMR (162 MHz, CDCl3) δ 27.6. HRMS (ESI-TOF): calc’d for 

C11H18O3P [M+H]+: 229.0988, found: 229.0991.

2-Bromobenzylphosphonic acid monoethyl ester (2f) 

White solid (269 mg; 96%). 1H NMR (400 MHz, CDCl3) δ 12.39 (br s, 1H, 

OH), 7.56 (d, J = 8.0 Hz, 1H, ArH), 7.46 (d, J = 7.6 Hz, 1H, ArH), 7.26 (t, J = 

7.4 Hz, 1H, ArH), 7.10 (t, J = 7.7 Hz, 1H, ArH), 3.98 (dq, J = 7.2, 7.2 Hz, 2H, OCH2), 3.37 (d, 

J = 22.0 Hz, 2H, CH2P), 1.25 (t, J = 7.0 Hz, 3H, CH3). 13C NMR (101 MHz, CDCl3) δ 132.9 

(d, J = 2.2 Hz), 132.0 (d, J = 8.7 Hz), 131.7 (d, J = 4.7 Hz), 128.4 (d, J = 2.9 Hz), 127.4 (d, J = 

2.7 Hz), 125.1 (d, J = 8.6 Hz), 62.0 (d, J = 6.3 Hz), 33.6 (d, J = 141.1 Hz), 16.3 (d, J = 5.9 Hz). 
31P NMR (162 MHz, CDCl3) δ 26.7. HRMS (ESI-TOF): calc’d for C9H13BrO3P [M+H]+: 

278.9780, found: 278.9784.
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2-Chloro-5-trifluoromethylbenzylphosphonic acid monoethyl ester (2g) 

White solid (297 mg, 98%). 1H NMR (400 MHz, CDCl3) δ 12.22 (br s, 1H, 

OH), 7.67 (s, 1H, ArH), 7.50 – 7.38 (m, 2H, ArH), 3.98 (dq, J = 7.2, 7.2 

Hz, 2H, OCH2), 3.35 (d, J = 23.1 Hz, 2H, CH2P), 1.21 (t, J = 7.0 Hz, 3H, CH3). 13C NMR (101 

MHz, CDCl3) δ 138.3 (d, J = 7.8 Hz), 131.7 (d, J = 9.1 Hz), 130.2 (d, J = 2.8 Hz), 129.3 (qd, J 

= 33.3, 3.7 Hz), 128. 6 (dq, J = 5.0, 3.7 Hz), 125.0 (q, J = 3.6 Hz), 123.7 (q, J = 271.8 Hz), 62.2 

(d, J = 6.8 Hz), 31.1 (d, J = 141.4 Hz), 16.1 (d, J = 6.4 Hz). 31P NMR (162 MHz, CDCl3) δ 

24.8. HRMS (ESI-TOF): calc’d for C9H13BrO3P [M+H]+: 303.0159, found: 303.0164.

4-Carbamoylbenzylphosphonic acid monoethyl ester (2h) 

White solid (165 mg; 68%). 1H NMR (400 MHz, MeOD) δ 7.85 – 7.80 (m, 

2H, ArH), 7.46 – 7.37 (m, 2H, ArH), 4.02 (dq, J = 7.9, 7.1 Hz, 2H, -OCH2), 

3.25 (d, J = 22.1 Hz, 2H, CH2-P), 1.26 (t, J = 7.1 Hz, 3H, -CH3). 13C NMR 

(101 MHz, MeOD) δ 172.06, 138.13 (d, J = 9.2 Hz), 133.33 (d, J = 3.7 Hz), 131.06 (d, J = 6.3 

Hz), 128.78 (d, J = 3.1 Hz), 62.96 (d, J = 6.6 Hz), 34.62 (d, J = 136.2 Hz), 16.73 (d, J = 6.4 

Hz). 31P NMR (162 MHz, MeOD) δ 24,92. HRMS (ESI-TOF): calc’d for C10H15NO4P [M+H]+: 

244.0739, found: 244.0734. 

Naphthalen-1-ylmethylphosphonic acid monoethyl ester (2i) 

Light yellow solid (246 mg, 98%). 1H NMR (400 MHz, CDCl3) δ 7.99 (d, J = 

8.3 Hz, 1H, ArH), 7.84 – 7.68 (m, 2H, ArH), 7.47 (dddd, J = 17.7, 8.0, 6.7, 1.4 

Hz, 2H, ArH), 7.43 – 7.30 (m, 2H, ArH), 3.69 (dq, J = 7.2, 7.2 Hz, 2H, OCH2), 

3.42 (d, J = 22.4 Hz, 2H, CH2P), 1.06 (t, J = 7.1 Hz, 3H, CH3). 13C NMR (101 MHz, CDCl3) δ 

133.8 (d, J = 2.9 Hz), 132.0 (d, J = 5.1 Hz), 128.7 (d, J = 7.6 Hz), 128.5, 127.9 (d, J = 9.9 Hz), 

127.7 (d, J = 4.2 Hz), 126.1, 125.7, 125.4 (d, J = 4.2 Hz), 124.6 (d, J = 1.9 Hz), 61.6 (d, J = 7.2 

Hz), 30.7 (d, J = 141.4 Hz), 16.1 (d, J = 6.5 Hz). 31P NMR (162 MHz, CDCl3) δ 29.1. HRMS 

(ESI-TOF): calc’d for C13H16O3P [M+H]+: 251.0832, found: 251.0835.

4'-((ethoxy(hydroxy)phosphoryl)methyl)-[1,1'-biphenyl]-3-carboxylic acid (2j) 

White solid (272 mg; 85%). 1H NMR (400 MHz, MeOD) δ 8.24 (t, J = 

1.8 Hz, 1H, ArH), 7.99 (dt, J = 7.8, 1.4 Hz, 1H, ArH), 7.82 (ddd, J = 

7.8, 2.0, 1.1 Hz, 1H, ArH), 7.65 – 7.57 (m, 2H, ArH), 7.56 – 7.50 (m, 

1H, ArH), 7.41 (dd, J = 8.3, 2.5 Hz, 2H, ArH), 4.03 (dq, J = 7.9, 7.1 Hz, 2H, -OCH2), 3.21 (d, 

J = 21.4 Hz, 2H, CH2-P), 1.27 (t, J = 7.1 Hz, 3H, -CH3). 13C NMR (101 MHz, MeOD) δ 169.70, 
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142.34, 139.87 (d, J = 3.9 Hz), 133.37 (d, J = 9.4 Hz), 132.52, 132.36, 131.61 (d, J = 6.5 Hz), 

130.10, 129.48 (d, J = 6.7 Hz), 128.96, 128.03 (d, J = 3.2 Hz), 62.93 (d, J = 6.5 Hz), 34.30 (d, 

J = 136.5 Hz), 16.76 (d, J = 6.3 Hz). 31P NMR (162 MHz, MeOD) δ 25.80. HRMS (ESI-TOF): 

calc’d for C16H18O5P [M+H]+: 321.0892, found: 321.0891.

Cyclopentylbenzylphosphonic acid monoethyl ester (2k) 

White solid (194 mg, 94%). 1H NMR (400 MHz, MeOD) δ 7.46 (ddd, J = 8.3, 

2.7, 1.2 Hz, 2H, ArH), 7.33 – 7.25 (m, 2H, ArH), 7.23 – 7.14 (m, 1H, ArH), 

3.82 (dq, J = 7.2, 7.2 Hz, 2H, OCH2), 2.49 – 2.13 (m, 4H, 2 CH2), 1.89 – 1.75 

(m, 2H, CH2), 1.64 – 1.48 (m, 2H, CH2), 1.15 (t, J = 7.1 Hz, 3H, CH3). 13C NMR (101 MHz, 

MeOD) δ 142.4 (d, J = 4.3 Hz), 129.7 (d, J = 5.1 Hz), 128.9 (d, J = 3.2 Hz), 127.5 (d, J = 3.4 

Hz), 62.9 (d, J = 7.5 Hz), 52.2 (d, J = 139.6 Hz), 35.6 (d, J = 1.1 Hz), 25.2, 16.7 (d, J = 6.0 Hz). 
31P NMR (162 MHz, MeOD) δ 30.9. HRMS (ESI-TOF): calc’d for C13H20O3P [M+H]+: 

255.1145, found: 255.1148.

Diallylbenzylphosphonic acid monoethyl ester (2l) 

White solid (175 mg, 95%). 1H NMR (400 MHz, CDCl3) δ 11.47 (br s, 1H, OH), 

7.51 (ddd, J = 8.4, 2.6, 1.3 Hz, 2H, ArH), 7.32 (t, J = 7.6 Hz, 2H, ArH), 7.27 – 

7.12 (m, 1H, ArH), 5.82 (ddt, J = 17.0, 10.1, 6.9 Hz, 2H, CHC=C), 5.17 – 5.01 

(m, 4H, CH2(C=C)), 3.76 (dq, J = 7.2, 7.2 Hz, 2H, OCH2), 3.03 – 2.79 (m, 4H, CH2(allyl)), 1.16 (t, 

J = 7.0 Hz, 3H, CH3). 13C NMR (101 MHz, CDCl3) δ 138.4 (d, J = 6.1 Hz), 133.7 (d, J = 9.5 

Hz), 129.1 (d, J = 5.4 Hz), 127.9 (d, J = 2.8 Hz), 126.7 (d, J = 3.0 Hz), 118.3, 61.8 (d, J = 7.9 

Hz), 45.1 (d, J = 137.7 Hz), 37.0 (d, J = 2.8 Hz), 16.2 (d, J = 6.1 Hz). 31P NMR (162 MHz, 

CDCl3) δ 32.2. HRMS (ESI-TOF): calc’d for C15H22O3P [M+H]+: 281.1301, found: 281.1305.

Ethylphosphonic acid monoethyl ester (2m) 

White solid (87 mg, 63%). 1H NMR (400 MHz, CDCl3) δ 11.90 (br s, 1H, OH), 4.09 

(dq, J = 7.3, 7.3 Hz, 2H, OCH2), 1.74 (dq, J = 18.6, 7.5 Hz, 2H, CH2P), 1.33 (t, J = 

7.1 Hz, 3H, CH3), 1.18 (dt, J = 20.1, 7.7 Hz, 3H, CH3). 13C NMR (101 MHz, CDCl3) δ 61.1 (d, 

J = 6.7 Hz), 19.1 (d, J = 145.0 Hz), 16.4 (d, J = 6.4 Hz), 6.4 (d, J = 6.6 Hz). 31P NMR (162 

MHz, CDCl3) δ 35.8. HRMS (ESI-TOF): calc’d for C4H12O3P [M+H]+: 139.0519, found: 

139.0520.
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Methylthiomethylphosphonic acid monoethyl ester (2n) 

Colorless oil (131 mg, 77%). 1H NMR (400 MHz, CDCl3) δ 10.03 (br s, 1H, OH), 

4.23 – 4.14 (m, 2H, OCH2), 2.72 (d, J = 13.0 Hz, 2H, CH2P), 2.28 (d, J = 1.1 Hz, 

3H, H3CS), 1.36 (t, J = 7.0 Hz, 3H, CH3). 13C NMR (101 MHz, CDCl3) δ 62.4 (d, J = 7.2 Hz), 

27.6 (d, J = 153.8 Hz), 17.4, 16.4 (d, J = 6.3 Hz). 31P NMR (162 MHz, CDCl3) δ 27.7. HRMS 

(ESI-TOF): calc’d for C4H12O3PS [M+H]+: 171.0239, found: 171.0246.

Cyclopropylmethylphosphonic acid monoethyl ester (2o) 

Colorless oil (157 mg, 96%). 1H NMR (400 MHz, CDCl3) δ 9.81 (br s, 1H, OH), 

4.11 (dq, J = 7.2, 7.2 Hz, 2H, OCH2), 1.70 (dd, J = 17.9, 7.1 Hz, 2H, CH2P), 1.33 

(t, J = 7.0 Hz, 3H, CH3), 1.05 – 0.86 (m, 1H, CH), 0.57 (tdd, J = 6.0, 4.5, 1.4 Hz, 2H, CH2(c-Pr)), 

0.23 (dt, J = 6.2, 4.7 Hz, 2H, CH2(c-Pr)). 13C NMR (101 MHz, CDCl3) δ 61.1 (d, J = 6.7 Hz), 

31.0 (d, J = 143.4 Hz), 16.4 (d, J = 6.3 Hz), 5.1 (d, J = 10.1 Hz), 4.2 (d, J = 5.2 Hz). 31P NMR 

(162 MHz, CDCl3) δ 33.8. HRMS (ESI-TOF): calc’d for C6H14O3P [M+H]+: 165.0675, found: 

165.0680.

Phenylphosphonic acid monoethyl ester (2p) 

Brown oil (174 mg, 93%). 1H NMR (400 MHz, CDCl3) δ 12.26 (br s, 1H, OH), 

7.84 (dd, J = 13.7, 7.5 Hz, 2H, ArH), 7.54 (t, J = 7.6 Hz, 1H, ArH), 7.44 (dt, J = 

11.2, 5.3 Hz, 2H, ArH), 4.07 (dq, J = 7.3, 7.3 Hz, 2H, OCH2), 1.29 (t, J = 7.1 Hz, 3H, CH3). 
13C NMR (101 MHz, CDCl3) δ 132.2 (d, J = 3.1 Hz), 131.5 (d, J = 10.1 Hz), 129.1 (d, J = 193.7 

Hz), 128.4 (d, J = 15.3 Hz), 62.0 (d, J = 5.7 Hz), 16.3 (d, J = 6.8 Hz). 31P NMR (162 MHz, 

CDCl3) δ 19.4. HRMS (ESI-TOF): calc’d for C8H12O3P [M+H]+: 187.0519, found: 187.0523.

3-Fluorophenylphosphonic acid monoethyl ester (2q) 

Brown oil (198 mg, 97%). 1H NMR (400 MHz, DMSO) δ 7.61 – 7.50 (m, 2H, 

ArH), 7.48 – 7.38 (m, 2H, ArH), 3.95 – 3.85 (m, 2H, OCH2), 1.18 (t, J = 7.0 Hz, 

3H, CH3). 13C NMR (101 MHz, DMSO) δ 162.2 (dd, J = 246.4, 20.4 Hz), 135.1 

(dd, J = 182.2, 5.9 Hz), 131.4 (dd, J = 16.5, 7.7 Hz), 127.6 (dd, J = 8.9, 3.0 Hz), 119.1 (dd, J = 

20.8, 3.0 Hz), 117.9 (dd, J = 21.7, 10.5 Hz), 61.4 (d, J = 5.3 Hz), 16.7 (d, J = 6.3 Hz). 31P NMR 

(162 MHz, DMSO) δ 12.5 (d, J = 8.3 Hz). HRMS (ESI-TOF): calc’d for C8H11FO3P [M+H]+: 

205.0424, found: 205.0428.
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4-Methylphenylphosphonic acid monoethyl ester (2r) 

Brown oil (196 mg, 98%). 1H NMR (400 MHz, DMSO) δ 7.59 (dd, J = 12.8, 

8.1 Hz, 2H, ArH), 7.33 – 7.28 (m, 2H, ArH), 3.85 (dq, J = 7.9, 7.1 Hz, 2H, 

OCH2), 2.36 (s, 3H, CH3Cq), 1.17 (t, J = 7.0 Hz, 3H, CH3). 13C NMR (101 MHz, DMSO) δ 

142.0 (d, J = 3.1 Hz), 131.5 (d, J = 10.1 Hz), 129.4 (d, J = 14.7 Hz), 128.6 (d, J = 185.0 Hz), 

60.9 (d, J = 5.1 Hz), 21.6 (d, J = 1.3 Hz), 16.7 (d, J = 6.4 Hz). 31P NMR (162 MHz, DMSO) δ 

15.4. HRMS (ESI-TOF): calc’d for C9H14O3P [M+H]+: 201.0675, found: 201.0682. 

3. Unsuccessful substrates

P
OEt

OEt

O

EtO2C

NaOH (2.4 equiv.)

µW 100 °C
5 min

P
OEt

OEt

O

HO2C

Isolated yield : 83%
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P
OEtEtO

O P
OEtEtO

O
NaOH (2.4 equiv.)

µW 100 °C
5 min O

H2N

O2N

P
OEtEtO

O NaOH (2.4 equiv.)

µW 120 °C
15 min

Complex mixtureX

NaOH (2.4 equiv.)

µW 120 °C
15 min

X
P
OEt

OEt

O

NH2

P
OH

OEt

O

NH2

NMR Yield : >90%
Can't be isolated due to water solubility

P
OEt

OEt

O
O P

OHEtO

ONaOH (2.4 equiv.)

µW 120 °C
10 min Isolated yield : 91%

P
OHEtO

O

O

H2N

NC

P
OEtEtO

O

+

Mixture

Figure 1: Unsuccessful substrates.

4. Thermal vs MW activation
General procedure for the microwave assisted selective hydrolysis of substituted 
phosphonates

Substituted phosphonate (1.0 mmol, 1.0 eq), sodium hydroxide (2.4 mmol, 2.4 eq) and ethanol 

(1 mL) were placed in a 10 mL Schott® sealed tube equipped with a magnetic stirrer. The 

reaction vessel was heated at the appropriate temperature with a heat-on. After the indicated 

time, the reaction mixture was cooled down in an ice bath, partitioned between EtOAc (5 mL) 

and 1N HCl (5 mL), decanted and the organic layer was washed with brine (5 mL). The 

P
O

OEt
OH
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combined aqueous layers were extracted with EtOAc (3  10 mL), then the combined organic 

layers were dried over MgSO4 (1.5 g) and concentrated under reduced pressure to give the 

desired phosphonic acid monoester.

Comparison of kinetics

The selective hydrolysis kinetic of substrate 1b was evaluated at 100 °C for a reaction time of 

5, 10 and 15 minutes with a conventional heating in a sealed tube and 1, 5 and 10 minutes with 

MW irradiation (Figure 2). On the other hand, the selective hydrolysis kinetic of substrate 1a 

was evaluated at 150 °C for a reaction time of 15 and 30 minutes with a conventional heating 

in a sealed tube and with MW irradiation (Figure 3). The data were modelized according to a 

2nd order kinetic as suitable for a basic hydrolysis reaction without large excess of reagent. The 

reaction rate was manually optimized to fit as best as possible the experimental data hence the 

relative rate  was evaluated. 

𝑣𝑀𝑊
𝑣𝑡ℎ𝑒𝑟𝑚𝑎𝑙
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Figure 2: Kinetic monitoring by 31P NMR for the formation of 2b.

𝑣𝑀𝑊
𝑣𝑡ℎ𝑒𝑟𝑚𝑎𝑙

≈ 2.33



S11

0 5 10 15 20 25 30 35 40
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

MW irradiation

Conventional heating

Time (min)

Yi
el

d 
/1

00

Figure 3: Kinetic monitoring by 31P NMR for the formation of 2a.
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5. NMR data
Cyclohexylbenzylphosphonic acid monoethyl ester (2a)
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Benzylphosphonic acid monoisopropyl ester (2d)
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2-Bromobenzylphosphonic acid monoethyl ester (2f)
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2-Chloro-5-trifluoromethylbenzylphosphonic acid monoethyl ester (2g)
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4-Carbamoylbenzylphosphonic acid monoethyl ester (2h)
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4'-((ethoxy(hydroxy)phosphoryl)methyl)-[1,1'-biphenyl]-3-carboxylic acid (2j)
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Diallylbenzylphosphonic acid monoethyl ester (2l)
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Methylthiomethylphosphonic acid monoethyl ester (2n)
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Phenylphosphonic acid monoethyl ester (2p)
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4-Methylphenylphosphonic acid monoethyl ester (2r)
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6. Metrics

Figure 4: Power consumption for the synthesis of compound 2a monitored by CEM Explorer 

software.

Figure 5: Green Metrics for the general procedure applied on the synthesis of compound 2a.

Figure 6: Green Metrics for the greener procedure applied on the synthesis of compound 2a.

Figure 7: Green Metrics for the batch procedure applied on the synthesis of compound 2a.
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Figure 8: Green Metrics comparison between reported procedure4-6 and our applied on the 

synthesis of compound 2b.
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