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SM1. Materials and Methods  

SM1.1 General 

Solvents were pre-dried, THF, toluene and pentane were pre-dried over sodium wire and 

dichloromethane was pre-dried over calcium chloride before being distilled under a 

dinitrogen atmosphere and degassed before use. THF was distilled over sodium-

benzophenone, toluene over sodium metal, pentane over lithium aluminium hydride and 

dichloromethane over calcium hydride. Drying columns containing molecular sieves (A4) 

and phosphorus pentoxide were used to dry all di-nitrogen gas which itself was vent-gas 

from a liquid di-nitrogen Dewar. 1H, 13C{1H} and 31P{1H}-NMR spectra were recorded on 

a Bruker DPX300 spectrometer (operating frequency 300.1 MHz for 1H and 75.48 MHz for 

13C) or Bruker DRX500 spectrometer (operating frequency 500.13 MHz for 1H) or Bruker 

ARX250 spectrometer (operating frequency 101.26 MHz for 31P) unless noted otherwise. 

All spectra were recorded at 300 K unless stated otherwise, chemical shifts (δ) are given in 

parts per million (ppm) downfield of tetramethylsilane (TMS) at zero ppm for 1H 

resonances using CHCl3 δ 7.24 ppm as an internal standard. 13C{1H} spectra were 

referenced to the centre triplet peak of deuterated chloroform (δ 77.16 ppm). Coupling 

constants J are given in Hertz (Hz).  Multiplicities are reported as singlet (s), doublet (d), 

triplet (t), quartet (q) and some combination of these, broad (br) or multiplet (m). Infrared 

spectra were recorded using a MIDAC FT-IR spectrometer (4000-600 cm-1) as KBr discs or 

nujol mulls, recorded in wavenumbers (cm-1) and referenced to the polystyrene vibration at 

1601 cm–1.  Only principal absorptions are reported. 

 

SM1.2 Preparation of (2,2-Dimethylpropylidyne)phosphine  

From G. Becker, H. Schmidt, G. Uhl and W. Uhl., Inorg. Synth., 27, 243 (1990). 
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SM1.2 – Image 1 1H-NMR spectrum of (2,2-dimethylpropylidyne)phosphine (250 MHz; 
300K; CDCl3) – the signal at 0.135 ppm is residual (Me3Si)2O from the synthesis. 

 

 
SM1.2 – Image 2 31P{1H}-NMR spectrum of (2,2-dimethylpropylidyne)phosphine (101.3 
MHz; 300K; CDCl3)  
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SM1.3 Anaerobic Reaction of (2,2-Dimethylpropylidyne)phosphine with D2O  
An NMR sample was composed of P≡CCMe3 (100 mg); D2O (0.3 cm3); oxygen-free 

atmosphere of di-nitrogen; 101.3 kPa; 300K in a Teflon-sealed, borosilicate NMR tube. The 

NMR tube had been previously cleaned thorughly with dilute (2M) aqueous HCl followed by 

rinsing with deionized water until the washings were no longer acidic (universal indicator 

paper). This was then followed by acetone rinsing and drying at ambient temperature under 

vacuum. The two-phase D2O: P≡CCMe3 system was neither stirred, shaken nor agitated in 

any way. Consequently, we envisage reaction to take place at the interface between the 

materials aided by liquid-liquid diffusion.  

 

SM1.3 – Image 1 31P{1H}-NMR spectrum of reaction products formed in reaction 
between (2,2-dimethylpropylidyne)phosphine and D2O (101.3 MHz; 300K; D2O; 6 days) 
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SM1.3 – Image 2 31P-NMR spectrum of reaction products formed in reaction between 
(2,2-dimethylpropylidyne)phosphine and D2O (101.3 MHz; 300K; D2O; 6 days) 

 

 
SM1.3 – Image 3 31P{1H}-NMR spectrum of reaction products formed in reaction 
between (2,2-dimethylpropylidyne)phosphine and D2O (101.3 MHz; 300K; D2O; 11 days) 
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SM1.3 – Image 4 31P-NMR spectrum of reaction products formed in reaction between 
(2,2-dimethylpropylidyne)phosphine and D2O (101.3 MHz; 300K; D2O; 11 days) 
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SM1.4 Electrospray Mass Spectrometric Analysis of the Products from Reaction of 
(2,2-Dimethylpropylidyne)phosphine with D2O  

Samples were analysed by injection of 0.1 ml of an ca. mM aqueous solution into a Bruker 

microTOF instrument operating under electrospray conditions with a 1:1 v/v 

acetonitrile:water mobile phase at 0.6 mlmin-1. The instrument was calibrated externally 

using sodium formate. 

SM1.4 – Image 1. [tBuCD2P(O)H(O)]- (Theor: 138.08) 

137.0734

138.0794

139.0826

140.0847

-MS, 1.4-1.5min #(126-139)

0

1

2

3

4

4x10
Intens.

135 136 137 138 139 140 141 m/z  

SM1.4 – Image 2. [tBuCD2P(O)(OH)(O)]- (Theor: 153.06) 
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SM1.5 13C{1H}-NMR Analysis of the Products from Reaction of  (2,2-
Dimethylpropylidyne)phosphine with D2O – Simulation of [CD2P(O)D] carbon 

 

SM1.5 – Image 1 13C{1H}-NMR spectrum of tBuCD2P(O)D(OD) formed in reaction 
between (2,2-dimethylpropylidyne)phosphine and D2O (125.7 MHz; 300K; D2O) 
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SM1.5 – Image 2 Partial 13C{1H}-NMR spectrum of tBuCD2P(O)D(OD) emphasising 1JPC, 1JCD 
and 2JCD coupling of the [CD2P(O)D] carbon. Experimental (top; 125.7 MHz; 300K) and 
simulated (bottom) using gNMR version 4.1.2 (Adept Scientific, UK). 
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The [CD2P(O)D] portion of the spectrum has been simulated using gNMR version 4.1.2 

(Adept Scientific, UK) assuming that the CD2 deuterons are equivalent. A full lineshape 

analysis was performed; with 13C chemical shifts and all related coupling constants allowed 

to vary. The 13C spectrum was referenced to an external TSP (trimethylsilylproprionate-d4 - 

the methyl signals as 0 ppm); the 31P was referenced to 85% aqueous orthophosphoric acid 

as 0 ppm. Spectra were recorded at 300 K on a Bruker DRX 500 with 13C and 31P operating 

frequencies of 125.762 and 202.466 MHz respectively. 13C spectra were recorded with a 

spectral width of 3800 Hz in 16k of data points and 1H decoupled using the Waltz-16 

sequence. Almost 30000 transients were acquired. Following the application of a 

trapezoidal then exponential window function the fid was zero filled 8 times prior to 

Fourier transformation. 31P spectra were recorded using a spectral width of 40.5k Hz in 64k 

of data points, over 156 transients. Again 1H decoupling was achieved using the Waltz-16 

sequence. An exponential window function was applied prior to Fourier transformation. It 

should be noted that the two geminal deuterium atoms in tBuCD2P(O)D(OD) are strictly 

speaking diastereotopic but appear to model as though their coupling to carbon is 

essentially the same. 

 

 

SM1.6 Preparation of 2,2-Dimethylpropylphosphinic acid, calcium salt 

In a dry Schlenk tube under nitrogen, magnesium turnings (75mmol, 1.8g) were stirred 

overnight until the surface of the metal appeared black; this being indicative of activated 

magnesium. Dried, distilled THF (30 mls) was added and the suspension cooled in an ice 

bath. To this was added by syringe neopentyl bromide (1-bromo-2,2-dimethylpropane, 15 
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mmol, 2.26g). The mixture was allowed to warm to room temperature and stirred until 

visible reaction ceased after about 2 hours. The solution was then transferred by cannula 

filter to a second Schlenk vessel containing a solution of PCl3 (15 mmol, 2.06g) in dry THF 

(30 mls) and stirring was continued overnight. The reaction was monitored at regular 

intervals by 31P{1H}-NMR for the disappearance of PCl3. When this was judged to be 

largely complete the solution was opened to the air and deionised water (20 mls) added. 

The solvent was removed on a rotary evaporator and the solids re-dissolved in fresh 

deionised water (30 mls). A saturated solution of calcium hydroxide was added to remove 

any phosphonic acid as the insoluble calcium salt which forms on standing and is removed 

by filtration. The remaining water was removed subsequently removed by evaporation to 

leave a white crystalline powder of  2,2-dimethylpropylphosphinic acid as the calcium salt. 

31P{1H}-NMR (D2O; 101.26 MHz; 298K) δ 28.1 (dt, 1JPH = 501Hz, 2JPH = 15.7Hz). 1H-

NMR (D2O; 250.13 MHz; 298K) δ 0.89 ppm (s, 9H, CH3); δ 1.39 ppm (d, 2H, 2JPH = 

15.7Hz, PCH2) δ 6.93ppm (d, 1H, 1JPH = 501Hz). 13C{1H}-NMR (D2O; 62.9 MHz; 298K) δ 

44.75 (d, 1JPC = 89Hz, CH2P), δ 30.67 (d, 3JPC = 8.7Hz, CH3); δ = 29.62 (d, 2JPC = 3.1Hz, 

C(CH3)3). IR (KBr Disc) υ 2955 cm-1, methyl C-H stretch, υ 2346 cm-1, P- H stretch. 

 

SM1.6 Image 1. 1H-NMR (250MHz; 300K; D2O) of 2,2-dimethylpropylphosphinic acid 
as the calcium salt. 
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SM1.6 Image 2. 31P-NMR (101MHz; 300K; D2O) of 2,2-dimethylpropylphosphinic acid 
as the calcium salt. 
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SM1.6 Image 3. 13C{1H}-NMR (63MHz; 300K; D2O) of 2,2-dimethylpropylphosphinic 
acid as the calcium salt. 

 

 

 
 
SM2. Computational Analyses on the Hydrolysis of HCP 

All calculations were carried out using the Gaussian 03 suite of programs [M. J. Frisch, et 

al, Gaussian 03, Revision B.05 (Wallingford CT, 2004)]. Geometry optimisations and 

vibrational frequency calculations were performed at B3LYP/6-311+G(3df,2p) level. Scale 

factor of 0.9854 was used for zero-point energy corrections. The accurate energetic 

parameters were evaluated using G3X model chemistry, which approximates the electron 

correlation level of QCISD(T,Full)/G3XLarge [L. A. Curtiss, P. C. Redfern, K. 

Raghavachari, J. A. Pople, J. Chem. Phys., 114, 108 (2001)]. 
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Table SM2. The zero-point energies and G3X electronic energies (all in Hartree) 

Molecules ZPE G3X (*) Molecules ZPE G3X (*) 
H2 0.01003 -1.17724 H2O 0.02105 -76.40430 
HCP 0.01380 -379.85085 CH3PO 0.03841 -456.30945 
H2C=POH 0.03912 -456.30149 CH3P(OH)2 0.06539 -532.76930 
HP(O)(OH)2 0.04253 -568.71911 CH3P(O)(H)OH 0.06483 -532.78719 
HCOOH 0.03321 -189.69376 CH3P(O)(OH)2 0.07007 -608.03952 
TS1 0.03344 -456.19788 TS3 0.05996 -532.66923 
TS2 0.03356 -456.21841 TS4 0.06046 -532.68446 
      
(*) ZPE not included 
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