


l. Reaction monitoring by 3P NMR spectroscopy
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Il. Reaction parameter optimisationsfor benzoyl chloride substrate

Table 1 Reactionbetweenbenzoylchloride3b and hypophosphorous acidin presence oN,Obis(trimethylsilyl)acetamide (BSA)

(o]

I BSA, THF ..
H-R~oH ——— H-R-otms
H 0 °C, 40 min OTMS
1 2
M, -2
Ph Cl 0
3b @o | o o
Na 0- P~0 Na
2 _ %% - H
Ph OH
o
entry methodP temp (°Q [3a] (M) [2] (M) time® Yield' (%)
1 A -70 1.25 10 1.25h 55
2 A 0 5 10 18 h -
3 B -70 5 1 25 min 44
4 B 0 5 10 25 min 51
5 B 0 5 1 15 min 34
6 B 0 1.25 10 25min 57
7 B 0 5 5 20 min 87

Feaction conditionsi (10 mmol), BSA (20 mmol)3b (5 mmol), THF (3 mL), Ar, 0 °C°For details see experimental sectiéReaction
completion monitored b$*P{*H} and 3'P NMR; the indicated time includes the time of additfisvlated yield oH-HMBPi 6b.



Identification of phosphino-phosphonate isomer (11)
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Figure l1a: 3'P{*H} NMR spectrum of the phosphinephosphonate isomer (11)
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Figure 1b: 3P NMR spectrumof the phosphinephosphonate isomer (11)



O T T M= 0
Mmoo o © o [=N=1
RNGS 833 83
© © VI N M o
[N SNe? N

—5.0893

% —5.0668
— 5.0401

~500

T T T T T T T T T
5.3 5.2 5.1 5.0 4.9
f1 (ppm)

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
105 100 95 90 85 80 75 70 65 60 55 50
f1 (ppm)

Figure 1c: *H NMR spectrumof the phosphinephosphonate isomer (11)
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Figure 1d: *3C Jmod NMR spectrum of the phosphino-phosphonate isomer (11)
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Figure 1e: HMQC spectrumof the phosphinephosphonate isomer (11)
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Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 500.0 PPM / DBE: min = -50.0, max = 50.0
Element prediction: Off

Mumber of isotope peaks used for i-FIT = 9

Monoisotopic Mass, Even Electron lons

2 formulale) evaluated with 1 results within limits (all results (up to 1000) for each mass)
Elements Used:

C:78 H:89 O:55 Na:01 P:22 Br1A41
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Figure 1f: Mass AnalysisSpectrumof the phosphinephosphonate isomer (11)



IV.  Titration of HMBPi 6c and 6g
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Figure 2a: Titration of HMBPI 6¢ by an aqueous solution of NaOH (0.04M)
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Figure 2b : Titration of HMBPi 6 g by an aqueous solution of NaOH (0.04M)
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V.

Spectral data
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Figure 3: 3P{1H} and 3P NMR spectraof 1-hydroxyethane-1,1-bis(H-phosphinate) disodium salt (6a)
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Figure 4: 'H NMR spectrum of 1-hydroxyethane 1,1-bis(H-phosphinate) disodium salt (6a)
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Figure 5: 13C NMR spectrum of 1-hydroxyethane-1,1-bis(H-phosphinate) disodium salt (6a)
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Figure 6: 3'P{1H} and 3P NMR spectraof 1-hydroxy-1-phenylmethanel,1-bis(H-phosphinate) disodium salt (6b)
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Figure 7: *H NMR spectrum of 1-hydroxy-1-phenylmethanel,1-bis(H-phosphinate) disodium salt (6b)
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Figure 8: 13C NMR spectrum of 1-hydroxy-1-phenylmethane1,1-bis(H-phosphinate) disodium salt (6b)
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Figure 9: 3'1P{*H} and 3P NMR spectraof 1-hydroxy-2-methylpropane-1,1-bis(H-phosphinate) disodium salt (6c)
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Figure 10: *H NMR spectrum of 1-hydroxy-2-methylpropane-1,1-bis(H-phosphinate) disodium salt (6c)
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Figure 11: 3C NMR spectrum of 1-hydroxy-2-methylpropane-1,1-bis(H-phosphinate)disodium salt (6c)
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Figure 12: 3'1P{*H} and 3P NMR spectraof 1-hydroxy-3-methylbutane-1,1-bis(H-phosphinate) disodium salt (6d)
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Figure 13: *H NMR spectrum of 1-hydroxy-3-methylbutane-1,1-bis(H-phosphinate) disodium salt (6d)
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Figure 14 13C NMR spectrum of 1-hydroxy-3-methylbutane-1,1-bis(H-phosphinate) disodium salt (6d)
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Figure 15: 3'P{*H} and 3P NMR spectraof 1-hydroxyhexane 1,1-bis(H-phosphinate) disodium salt (6e)
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Figure 16: *H NMR spectrum of 1-hydroxyhexane1,1-bis(H-phosphinate) disodium salt (6e)
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Figure 17: 13C NMR spectrum of 1-hydroxyhexane 1,1-bis(H-phosphinate) disodium salt (6e)
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Figure 18: 3'P{*H} and 3P NMR spectraof 1-hydroxy-2-phenylethane1,1-bis(H-phosphinate) disodium salt (6f)
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Figure 21: 3'P{*H} and 3P NMR spectraof 1-hydroxy-1-(4-tolyl)methane-1,1-bis(H-phosphinate) disodium salt (6g)
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Figure 22: *'H NMR spectrum of 1-hydroxy-1-(4-tolyl)methane-1,1-bis(H-phosphinate) disodium salt (6g)
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Figure 23: 13C NMR spectrum of 1-hydroxy-1-(4-tolyl)methane-1,1-bis(H-phosphinate) disodium salt (6g)
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Figure 24: 3'P{*H} and 3P NMR spectraof 1-hydroxy-1-(4-(tert-butyl)phenyl)methane-1,1-bis(H-phosphinate) disodium salt (6h)
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Figure 25: 'H NMR spectrum of 1-hydroxy-1-(4-(tert-butyl)phenyl)methane-1,1-bis(H-phosphinate) disodium salt (6h)
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Figure 26: 13C NMR spectrum of 1-hydroxy-1-(4-(tert-butyl)phenyl)methane-1,1-bis(H-phosphinate) disodium salt (6h)
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Figure 27: 3'P{*H} and 3P NMR spectraof 1-hydroxy-1-(4-methoxyphenyl)methanel,1-bis(H-phosphinate) disodium salt (6i)
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Figure 28 'H NMR spectrum of 1-hydroxy-1-(4-methoxyphenyl)methanel,1-bis(H-phosphinate) disodiumsalt (6i)
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Figure 29 13C NMR spectrum of 1-hydroxy-1-(4-methoxyphenyl)methanel, 1-bis(H-phosphinate) disodium salt (6i)
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Figure 30 3'P{*H} and 3P NMR spectraof 1-hydroxy-1-(4-fluorophenyl)methane-1,1-bis(H-phosphinate) disodium salt (6j)



SRRRR SR EE8IL82FIRY 3
gLy BERFRIRATLER L 5000
W
6j
T T T T T T i
-116.6 -116.8 -117.0
f1 (ppm)
1 1
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 fl-(100 )-110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
ppm

Figure 31: 1°F {H} and '°F NMR spectra of 1-hydroxy-1-(4-fluorophenyl)methane-1,1-bis(H-phosphinate) disodium salt (6j)
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Figure 32 'H NMR spectrum of 1-hydroxy-1-(4-fluorophenyl)methane-1,1-bis(H-phosphinate) disodium salt (6)
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Figure 33: 13C NMR spectrum of 1-hydroxy-1-(4-fluorophenyl)methane-1,1-bis(H-phosphinate) disodium salt (6j)
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Figure 34: 3'1P{*H} and 3P NMR spectraof 1-hydroxy-1-(4-bromophenyl)methane1,1-bis(H-phosphinate) disodium salt (6k)
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Figure 35: *H NMR spectrum of 1-hydroxy-1-(4-bromophenyl)methane1,1-bis(H-phosphinate) disodium salt (6k)
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Figure 36: 13C NMR spectrum of 1-hydroxy-1-(4-bromophenyl)methane1,1-bis(H-phosphinate) disodium salt (6k)
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Figure 37: 3'P{*H} and 3P NMR spectraof 1-hydroxy-1-(4-trifluoromethoxy phenyl)methane-1,1-bis(H-phosphinate) disodium salt (6
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Figure 38 1% {1H} and '°F NMR spectra of 1-hydroxy-1-(4-trifluoromethoxy phenyl)methane-1,1-bis(H-phosphinate) disodium salt (6)
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Figure 39: 'H NMR spectrum of 1-hydroxy-1-(4-trifluoromethoxy phenyl)methane-1,1-bis(H-phosphinate) disodium salt (6)
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Figure 40: 13C NMR spectrum of 1-hydroxy-1-(4-trifluoromethoxy phenyl)methane-1,1-bis(H-phosphinate) disodium salt (€)
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Figure 41: 3'P{*H} and 3P NMR spectraof 1-hydroxy-1-(4-(trifluoromethyl)phenyl)methane-1,1-bis(H-phosphinate) disodium salt (@)
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Figure 42: °F {1H} and '°F NMR spectra of --hydroxy-1-(4-(trifluoromethyl)phenyl)methane-1,1-bis(H-phosphinate) disodium salt (6n)
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Figure 43 : *H NMR spectrum of 1-hydroxy-1-(4-(trifluoromethyl)phenyl)methane-1,1-bis(H-phosphinate) disodium salt (6n)
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Figure 44: 13C NMR spectrum of 1-hydroxy-1-(4-(trifluoromethyl)phenyl)methane-1,1-bis(H-phosphinate) disodium salt (&n)
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Figure 45; 3'1P{*H} and 3P NMR spectraof 1-hydroxy-1-(3-tolyl)methane-1,1-bis(H-phosphinate) disodium salt (6n)
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Figure 46. *H NMR spectrum of 1-hydroxy-1-(3-tolyl)methane-1,1-bis(H-phosphinate) disodium salt (6n)
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Figure 47: 13C NMR spectrum of 1-hydroxy-1-(3-tolyl)methane-1,1-bis(H-phosphinate) disodium salt (6n)
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Figure 48: 3'P{*H} and 3P NMR spectraof 1-hydroxy-1-(3-methoxyphenyl)methanel, 1-bis(H-phosphinate) disodium salt (6
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Figure 49: 'H NMR spectrum of 1-hydroxy-1-(3-methoxyphenyl)methanel,1-bis(H-phosphinate) disodium salt (6p



Figure 50: 13C NMR spectrum of 1-hydroxy-1-(3-methoxyphenyl)methanel, 1-bis(H-phosphinate) disodium salt (6



