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1. General Methods and Materials 

1.1 General 

Proton nuclear magnetic resonance (1H NMR) spectra were recorded at ambient temperature 

on a Bruker 500 (500 MHz) spectrometer. Chemical shifts (δH) are reported in ppm and quoted 

to the nearest 0.01 ppm relative to the residual protons in CDCl3 (7.26 ppm), and coupling 

constants (J) are quoted in Hertz. Data are reported as follows: Chemical shift (number of 

protons, multiplicity, coupling constants). Coupling constants were quoted to the nearest 0.1 Hz 

and multiplicity reported according to the following convention: s = singlet, d = doublet, 

t = triplet, q = quartet, m = multiplet, br = broad, and associated combinations for example: 

dd=doublet of doublet, dt=doublet of triplet. Carbon nuclear magnetic resonance (13C NMR) 

spectra were recorded at ambient temperature on a Bruker 500 (126 MHz) spectrometer. 

Chemical shift (δC) was measured in ppm and quoted to the nearest 0.1 ppm relative to the 

residual solvent peaks in CDCl3 (77.16 ppm). 

Flash column chromatography were carried out with Merck silica gel 60 (0.040–0.063 mm). 

Chromatography fractions and stated reactions were monitored by TLC on Merck silica gel 60 

F254 aluminum plates. The spots were visualized under UV light at 254 nm. UV-Visible spectra 

were recorded on a Perkin Elmer Lambda 40 Spectrophotometer. The high-resolution mass 

spectrometry (HRMS) analyses were performed using a Xevo G2-XS QTof WATERS mass, 

spectrometer equipped with an electrospray ion source (ESI) operated in positive ion mode. 

THF, diethylether, dichloromethane, toluene and acetonitrile were purified using an Innovative 

Technology PURESOLV® solvent purification system, ethyl acetate was dried over activated 

3Å MS. All Commercially available reagents were purchased (from Sigma Aldrich, Fischer, 

Alfa Aesar, Fisher Scientific, TCI Europe) and used without further purification. 

1.2 EPR-ST experiments 

EPR-ST experiments were carried out using an X-Band spectrometer (MS 400 Magnettech). 

The EPR spectra simulations were carried out using the WINSIM software. 
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2. Determination of Quantum Yield 

Dicronica LED GU10-456 nm was used for measurement of quantum yield (Fig S1).  

According to a procedure previously reported by Yoon,[1] the photon flux of the blue LED was 

determined by standard ferrioxalate actinometry. A 0.15 M solution of ferrioxalate was 

prepared by dissolving 0.737 g of potassium ferrioxalate hydrate in 10 mL of 0.05 M H2SO4. A 

buffered solution of phenanthroline was prepared by dissolving 5.0 mg of phenanthroline and 

1.13 g of sodium acetate in 5.0 mL of 0.5 M H2SO4. Both solutions were stored in the dark. To 

determine the photon flux of the spectrophotometer, 2.0 mL of the ferrioxalate solution was 

placed in a cuvette and irradiated for 90.0 seconds at λ = 455 nm. After irradiation, 0.35 mL of 

the phenanthroline solution was added to the cuvette. The solution was then allowed to rest for 

1 h to allow the ferrous ions to completely coordinate to the phenanthroline. The absorbance of 

the solution was measured at 510 nm. A non-irradiated sample was also prepared and the 

absorbance at 510 nm measured (Fig S2). Conversion was calculated using Eq 1, 

𝑚𝑜𝑙 𝑜𝑓 𝐹𝑒2+ =
V∗∆A

 l∗ ε
   (1) 

𝑚𝑜𝑙 𝑜𝑓 𝐹𝑒2+ =
(0.00235L)(0.676)

 l cm∗11100
L

mol
𝑐𝑚−1 

 = 1.431*10-7 mol 

where V is the total volume (0.00235 L) of the solution after addition of phenanthroline, ΔA is 

the difference in absorbance at 510 nm between the irradiated and non-irradiated solutions, l is 

the path length (1.000 cm), and ε is the molar absorptivity at 510 nm (11,100 L mol–1 cm–1). 

The photon flux can be calculated using Eq 2, 

𝑃ℎ𝑜𝑡𝑜𝑛 𝑓𝑙𝑢𝑥 =
mol of Fe2+

Φ∗𝑡∗𝑓
  (2) 

where Φ is the quantum yield for the ferrioxalate actinometer (0.84 at λ = 455 nm) [2], t is the 

time (90 s), and f is the fraction of light absorbed calculated using Eq 3, where A is the measured 

absorbance at 456 nm 

f = 1 – 10–A = 0.967  (3) 

 

𝑃ℎ𝑜𝑡𝑜𝑛 𝑓𝑙𝑢𝑥 =
1.431.107−𝑚𝑜𝑙

0.84∗90s∗0.967
= 1.957 ∗ 10−9 einstein/s 
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Reaction quantum yield 

A dry and argon-flushed Schlenk-flask, equipped with a magnetic stirring bar, was charged 

with 1-(3-phenylpropoxy)pyridin-1-ium 4-methylbenzenesulfonate (1 eq) and fac-Ir(ppy)3 

(0.02 eq). Dry acetonitrile (0.1M) and trimethylphosphite (3 eq.) were added and the reaction 

mixture was stirred at room temperature for 80 min under blue LED irradiation (λ = 455 nm). 

The solvent was removed in vacuo and the yield of formed product was determined by 1H NMR 

based on tetrachloroethan as internal standard to be 71% (0.071 mmol). 

The quantum yield was determined using Eq 4.  

Φ =
𝑚𝑜𝑙 𝑝𝑟𝑜𝑑𝑢𝑐𝑡

flux∗t∗f
  (4) 

Φ =
0.071∗10−3

1.957∗10−9∗4800∗0.939
 = 8.05 

f is the fraction of light absorbed by the catalyst calculated using Eq 3, where A is the measured 

absorbance at 455 nm indicating that the fraction of absorbed light by the photocatalyst f=0.939 

(Fig S3). 

 

 

Figure S1. Emission spectrum of the blue LED lamp used in the screening experiments. 
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Figure S2. Absorption spectra of irradiation and non-irradiation experiments. 

 

Figure S3. Absorption spectrum of fac-Ir(ppy)3 [0.001 M] in acetonitrile. 
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3. Optimization of the Reaction Conditions 

Table S1  

 

entrya Photocatalyst (PC) catalyst  
loading (%) 

solvent 3a, yield [%]b 

1 Ru(bpy)3 5 MeCN 65 

2 Eosin Y 5 MeCN 67 

3 Rose Bengal 5 MeCN 63 

4 fac–Ir(ppy)3 5 MeCN 82 

5 – – MeCN traces 

6 fac–Ir(ppy)3
c 5 MeCN 72 

7 fac–Ir(ppy)3
d 5 MeCN 80 

8 fac–Ir(ppy)3
 2 MeCN 81 

9 fac–Ir(ppy)3
 2 EtOAc 78 

10 fac–Ir(ppy)3
 2 CH2Cl2 77 

11 fac–Ir(ppy)3
 2 DMF 47 

12 fac–Ir(ppy)3
 2 MeOH 75 

13 fac–Ir(ppy)3
 2 Toluene 75 

14 fac–Ir(ppy)3
 2 THF 56 

a Reaction conditions: trimethylphosphite 1a (0.3 mmol, 3 equiv), N–alkoxypyridinium 

tosylate 2a (0.1 mmol, 1 equiv), solvent (1 mL), blue LEDs (5W), 15 h. b NMR yields 

are determined from 31P NMR spectroscopy using tributyl phosphate as internal 

standard. c trimethylphosphite 1a (0.1 mmol, 1 equiv), N–alkoxypyridinium tosylate 2a 

(0.1 mmol, 1 equiv). d trimethylphosphite 1a (0.1 mmol, 1 equiv), N–alkoxypyridinium 

tosylate 2a (0.3 mmol, 3 equiv). 
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4. NMR Investigations 

 

 

 

 

 

 

 

 

Figure S4.31P NMR spectra of the reaction of the pyridinium salt 1a with P(OMe)3 under 

optimized reaction conditions. In blue: with distillated P(OMe)3; in red: with standard 

P(OMe)3.  

 

 

 

 

 

 

 

 

 

 

Figure S5.31P NMR spectrum of the crude of the optimized reaction using OP(OnBu)3 as 

internal standard 
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Figure S6. 1H NMR experiments, showing the absence of the Minisci adduct. 

 

5. Synthesis of Starting Materials and Products 

5.1 General procedure for the synthesis of pyridinium salts 

All pyridinium salts were synthesized according to literature procedures reported by Hong.[3] 

5.2 General procedure for the synthesis of phosphates 

A dry and argon-flushed Schlenk-flask, equipped with a magnetic stirring bar, was charged 

with appropriate pyridinium salt (1 equiv.) and fac-Ir(ppy)3 (2 mol%). Dry acetonitrile (4 mL) 

and phosphite (3 equiv.) were added and the reaction mixture was irradiated for 15 h with a 

GU10 5W LED lamp (5 W; λ = 455 nm ; 5 cm away). After that, the crude mixture was 

evaporated under reduced pressure. Dichloromethane (10 mL) was the added and the mixture 

was washed with 1N HCl (4 mL) and subsequently with brine (10 mL). The organic layers were 

dried over Na2SO4, concentrated under reduced pressure and purified by flash column 

chromatography (ethyl acetate/n–pentane) to afford the title compound in the stated yield. 

 

Dimethyl pentyl phosphate (3a) 

Prepared according to General Procedure (GP) using 1-

(pentyloxy)pyridin-1-ium 4-methylbenzenesulfonate 2a (135.0 
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mg, 0.4 mmol) and trimethylphosphite 1a (141.8 µL, 1.2 mmol), purified by flash 

chromatography on silica gel (ethyl acetate/n–pentane : 3/7) to afford 3a (51.2 mg, 66 % 

yield) as a yellow oil. 

1H NMR (500 MHz, CDCl3): δ 4.04 (quad, 2H, J = 6.8 Hz), 3.75 (d, 6H, J = 11.0 Hz), 1.64-

1.72 (m, 2H), 1.32-1.38 (m, 4H), 0.90 (t, 3H, J = 6.9 Hz). 

13C NMR (125.7 MHz, CDCl3): δ 68.0 (d, J = 6.0 Hz), 54.2 (d, J = 6.0 Hz), 29.9 (d, J = 6.6 

Hz), 27.5, 22.2, 14.0. 

31P NMR (202.5 MHz, CDCl3): δ 1.41. 

HRMS (ESI, positive) = [C7H17O4NaP+] Calculated mass: 219.0762 g/mol, found mass: 

219.0764 g/mol. 

 

Scale up of the reaction to 5 mmol starting material 

A 250 mL dry and argon-flushed Schlenk-flask, equipped with a magnetic stirring bar, was 

charged with 1-(pentyloxy)pyridin-1-ium 4-methylbenzenesulfonate 2a (1.69 g, 5 mmol) and 

fac-Ir(ppy)3 (2 mol%). Dry acetonitrile (50 mL) and trimethylphosphite 1a (1.77 mL, 15 mmol) 

were added and the reaction mixture was irradiated for 15 h with a GU10 5W LED lamp (5 W; 

λ = 455 nm ; 5 cm away). After that, the crude mixture was evaporated under reduced pressure. 

Then dichloromethane (125 mL) was added and the mixture was washed with 1N HCl (50 mL) 

and then with Brine (125 mL). The organic layers were dried over Na2SO4, concentrated under 

reduced pressure and purified by flash chromatography on silica gel (ethyl acetate/n–pentane : 

3/7) to afford 3a (667.1 mg, 68 % yield) as a yellow oil. 1H-NMR data are in good agreement 

with the those previously reported. 

 

Dimethyl hexyl phosphate (3b) 

Prepared according to General Procedure (GP) using 1-

(hexyloxy)pyridin-1-ium 4-methylbenzenesulfonate 2b (140.6 

mg, 0.4 mmol) and trimethylphosphite 1a (141.8 µL, 1.2 

mmol), purified by flash chromatography on silica gel (ethyl acetate/n–pentane : 3/7) to afford 

3b (64.2 mg, 76 % yield) as a yellow oil. 

1H NMR (500 MHz, CDCl3): δ 4.03 (quad, 2H, J = 6.8 Hz), 3.75 (d, 6H, J = 11.1 Hz),  1.66 

(quint, 2H, J = 7.0 Hz), 1.22-1.40 (m, 6H), 0.87 (t, 3H, J = 6.7 Hz). 

13C NMR (125.7 MHz, CDCl3): δ 68.0 (d, J = 6.1 Hz), 54.2 (d, J = 6.1 Hz), 31.3, 30.2 (d, J = 

6.7 Hz), 25.1, 22.5, 14.0. 
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31P NMR (202.5 MHz, CDCl3): δ 1.41. 

HRMS (ESI) m/z: [M + Na]+ Calcd for C8H19O4NaP 233.0919; Found 233.0915. 

 

Dimethyl heptyl phosphate (3c) 

Prepared according to General Procedure (GP) using 1-

(heptyloxy)pyridin-1-ium 4-methylbenzenesulfonate 2c 

(146.2 mg, 0.4 mmol) and trimethylphosphite 1a (141.8 

µL, 1.2 mmol), purified by flash chromatography on silica gel (ethyl acetate/n–pentane : 3/7) 

to afford 3c (70.6 mg, 79 % yield) as a yellow oil. 

1H NMR (500 MHz, CDCl3): δ 4.04 (quad, 2H, J = 6.8 Hz), 3.76 (d, 6H, J = 11.0 Hz), 1.67 

(quint, 2H, J = 7.0 Hz), 1.22-1.40 (m, 8H), 0.87 (t, 3H, J = 6.7 Hz). 

13C NMR (125.7 MHz, CDCl3): δ 68.0 (d, J = 6.2 Hz), 54.2 (d, J = 6.2 Hz), 31.7, 30.3 (d, J = 

6.6 Hz), 28.8, 25.4, 22.6, 14.1. 

31P NMR (202.5 MHz, CDCl3): δ 1.38. 

HRMS (ESI) m/z: [M + Na]+ Calcd for C9H21O4NaP 247.1075; Found 247.1077. 

Dimethyl octyl phosphate (3d) 

Prepared according to General Procedure (GP) using 1-

(octyloxy)pyridin-1-ium 4-methylbenzenesulfonate 2d 

(151.8 mg, 0.4 mmol) and trimethylphosphite 1a 

(141.8 µL, 1.2 mmol), purified by flash chromatography on silica gel (ethyl acetate/n–pentane 

: 3/7) to afford 3d (65.1 mg, 68 % yield) as a yellow oil. 

1H NMR (500 MHz, CDCl3): δ 4.03 (quad, 2H, J = 6.8 Hz), 3.76 (d, 6H, J = 11.0 Hz), 1.66 

(quint, 2H, J = 7.1 Hz), 1.19-1.39 (m, 10H), 0.86 (t, 3H, J = 6.8 Hz). 

13C NMR (125.7 MHz, CDCl3): δ 68.0 (d, J = 6.0 Hz), 54.2 (d, J = 5.7 Hz), 31.8, 30.3 (d, J = 

6.4 Hz), 29.2, 29.1, 25.4, 22.6, 14.1. 

31P NMR (202.5 MHz, CDCl3): δ 1.37. 

HRMS (ESI) m/z: [M + Na]+ Calcd for C10H23O4NaP 261.1232; Found 261.1236. 

 

Dimethyl nonyl phosphate (3e) 

Prepared according to General Procedure (GP) 

using 1-(nonyloxy)pyridin-1-ium 4-

methylbenzenesulfonate 2e (157.4 mg, 0.4 mmol) 
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and trimethylphosphite 1a (141.8 µL, 1.2 mmol), purified by flash chromatography on silica 

gel (ethyl acetate/n–pentane : 3/7) to afford 3e (70.8 mg, 70 % yield) as a yellow oil. 

1H NMR (500 MHz, CDCl3): δ 4.03 (quad, 2H, J = 6.8 Hz), 3.76 (d, 6H, J = 11.1 Hz), 1.67 

(quint, 2H, J = 7.0 Hz), 1.20-1.40 (m, 12H), 0.87 (t, 3H, J = 6.7 Hz). 

13C NMR (125.7 MHz, CDCl3): δ 68.0 (d, J = 5.6 Hz), 54.2 (d, J = 6.3 Hz), 31.8, 30.3 (d, J = 

6.9 Hz), 29.5, 29.2, 29.1, 25.4, 22.6, 14.1. 

31P NMR (202.5 MHz, CDCl3): δ 1.38. 

HRMS (ESI) m/z: [M + Na]+ Calcd for C11H25O4NaP 275.1388; Found 275.1390. 

 

Dimethyl hexyl phosphate (3f) 

Prepared according to General Procedure (GP) using 1-((4-

methylpentyl)oxy)pyridin-1-ium 2f (140.6 mg, 0.4 mmol) and 

trimethylphosphite 1a (141.8 µL, 1.2 mmol), purified by flash 

chromatography on silica gel (ethyl acetate/pentane : 3/7) to afford 3f (56.0 mg, 67 % yield) 

as a yellow oil. 

1H NMR (500 MHz, CDCl3): δ 4.02 (quad, 2H, J = 6.8 Hz), 3.75 (d, 6H, J = 11.0 Hz), 1.63-

1.71 (m, 2H), 1.55 (non, 1H, J = 6.7 Hz), 1.21-1.28 (m, 2H), 0.88 (t, 6H, J = 6.6 Hz). 

13C NMR (125.7 MHz, CDCl3): δ 68.3 (d, J = 6.2 Hz), 54.2 (d, J = 6.2 Hz), 34.5, 28.2 (d, J = 

6.7 Hz), 27.7, 22.5. 

31P NMR (202.5 MHz, CDCl3): δ 1.36. 

HRMS (ESI) m/z: [M + Na]+ Calcd for C8H19O4NaP 233.0919; Found 233.0922. 

 

Dimethyl (4-phenylbutyl) phosphate (3g) 

Prepared according to General Procedure (GP) using 1-(4-

phenylbutoxy)pyridin-1-ium 4-methylbenzenesulfonate 2g 

(159.8 mg, 0.4 mmol) and trimethylphosphite 1a (141.8 µL, 

1.2 mmol), purified by flash chromatography on silica gel (ethyl acetate/pentane : 5/5) to 

afford 3g (66.4 mg, 64 % yield) as a yellow oil. 

1H NMR (500 MHz, CDCl3): δ 7.25-7.31 (m, 2H), 7.15-7.21 (m, 3H), 4.04-4.10 (m, 2H), 

3.76 (d, 6H, J = 11.0 Hz), 2.62-2.68 (m, 2H), 1.69-1.76 (m, 4H). 

13C NMR (125.7 MHz, CDCl3): δ 141.9, 128.4, 128.3, 125.9, 67.7 (d, J = 5.7 Hz), 54.3 (d, J 

= 6.0 Hz), 35.3, 29.8 (d, J = 6.8 Hz), 27.2. 

31P NMR (202.5 MHz, CDCl3): δ 1.39. 



S12 
 

HRMS (ESI) m/z: [M + Na]+ Calcd for C12H19O4NaP 281.0919; Found 281.0919. 

 

Dimethyl (4-phenylbutan-2-yl) phosphate (3h) 

Prepared according to General Procedure (GP) using 1-((4-

phenylbutan-2-yl)oxy)pyridin-1-ium 4-methylbenzenesulfonate 

2h (159.8 mg, 0.4 mmol) and trimethylphosphite 1a (141.8 µL, 

1.2 mmol), purified by flash chromatography on silica gel (ethyl acetate/n–pentane : 5/5) to 

afford 3h (68.2 mg, 66 % yield) as a yellow oil. 

1H NMR (500 MHz, CDCl3): δ 7.25-7.31 (m, 2H), 7.15-7.22 (m, 3H), 4.54 (sept, 1H, J = 6.3 

Hz), 3.76 (dd, 6H, J = 11.2, 3.6 Hz), 2.72-2.80 (m, 1H), 2.63-2.71 (m, 1H), 1.94-2.03 (m, 

1H), 1.79-1.89 (m, 1H), 1.38 (d, 3H, J = 6.2 Hz). 

13C NMR (125.7 MHz, CDCl3): δ 141.4, 128.5, 128.4, 126.0, 75.8 (d, J = 6.0 Hz), 54.2 (d, J 

= 6.4 Hz), 54.1 (d, J = 6.7 Hz), 39.2 (d, J = 6.4 Hz), 31.5, 21.6 (d, J = 2.3 Hz). 

31P NMR (202.5 MHz, CDCl3): δ 0.63. 

HRMS (ESI) m/z: [M + Na]+ Calcd for C12H19O4NaP 281.0919; Found 281.0918. 

Dimethyl pent-4-en-1-yl phosphate (3i) 

Prepared according to General Procedure (GP) using 1-(pent-4-

en-1-yloxy)pyridin-1-ium 4-methylbenzenesulfonate 2i (134.2 

mg, 0.4 mmol) and trimethylphosphite 1a (472.4 µL, 4 mmol), 

purified by flash chromatography on silica gel (ethyl acetate/ n–pentane : 5/5) to afford 3i 

(51.3 mg, 66 % yield) as a yellow oil. 

1H NMR (500 MHz, CDCl3): δ 5.78 (ddt, 1H, J = 17.0, 10.2, 6.7 Hz), 5.04 (d, 1H, J = 16.9 

Hz), 4.99 (d, 1H, J = 10.1 Hz), 4.15 (quad, 2H, J = 6.7 Hz), 3.75 (d, 6H, J = 11.1 Hz), 2.15 

(quad, 2H, J = 7.1 Hz), 1.78 (quint, 2H, J = 7.0 Hz). 

13C NMR (125.7 MHz, CDCl3): δ 137.2, 115.6, 67.2 (d, J = 5.9 Hz), 54.2 (d, J = 5.9 Hz), 

29.5, 29.4 (d, J = 6.9 Hz). 

31P NMR (202.5 MHz, CDCl3): δ 1.36. 

HRMS (ESI) m/z: [M + Na]+ Calcd for C7H15O4NaP 217.0606; Found 217.0603. 

 

Dimethyl pent-4-yn-1-yl phosphate (3j) 

Prepared according to General Procedure (GP) using 1-(pent-4-

yn-1-yloxy)pyridin-1-ium 4-methylbenzenesulfonate 2j (133.4 

mg, 0.4 mmol) and trimethylphosphite 1a (141.8 µL, 1.2 mmol), 
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purified by flash chromatography on silica gel (ethyl acetate/n–pentane : 7/3) to afford 3j 

(62.0 mg, 81 % yield) as a yellow oil. 

1H NMR (500 MHz, CDCl3): δ 4.15 (quad, 2H, J = 6.3 Hz), 3.76 (d, 6H, J = 11.1 Hz), 2.32 

(dt, 2H, J = 6.9, 2.3 Hz), 1.95-1.98 (m, 1H), 1.89 (quint, 2H, J = 6.5 Hz). 

13C NMR (125.7 MHz, CDCl3): δ 82.7, 69.2, 66.2 (d, J = 5.6 Hz), 54.3 (d, J = 5.6 Hz), 29.0 

(d, J = 7.4 Hz), 14.7. 

31P NMR (202.5 MHz, CDCl3): δ 1.27. 

HRMS (ESI) m/z: [M + H]+ Calcd for C7H14O4P 193.0630; Found 193.0631. 

 

Isopropyl dimethyl phosphate (3k) 

Prepared according to General Procedure (GP) using 1-

(isopropyloxy)pyridin-1-ium 4-methylbenzenesulfonate 2k (123.8 mg, 0.4 

mmol) and trimethylphosphite 1a (141.8 µL, 1.2 mmol), purified by flash 

chromatography on silica gel (ethyl acetate/ n–pentane : 5/5) to afford 3k (39.7 mg, 59 % 

yield) as a yellow oil. 

1H NMR (500 MHz, CDCl3): δ 4.64 (oct, 1H, J = 6.3 Hz), 3.73 (d, 6H, J = 11.0 Hz), 1.32 (d, 

6H, J = 6.3 Hz). 

13C NMR (125.7 MHz, CDCl3): δ 72.8 (d, J = 6.0 Hz), 54.1 (d, J = 6.1 Hz), 23.6 (d, J = 5.0 

Hz). 

31P NMR (202.5 MHz, CDCl3): δ 0.39. 

HRMS (ESI) m/z: [M + Na]+ Calcd for C5H13O4NaP 191.0449; Found 191.0452. 

 

Cyclopentylmethyl dimethyl phosphate (3l) 

Prepared according to General Procedure (GP) using 1-

(cyclopentylmethoxy)pyridin-1-ium 4-methylbenzenesulfonate 2l 

(139.8 mg, 0.4 mmol) and trimethylphosphite 1a (141.8 µL, 1.2 

mmol), purified by flash chromatography on silica gel (ethyl acetate/ n–pentane : 3/7) to 

afford 3l (70.2 mg, 84 % yield) as a yellow oil. 

1H NMR (500 MHz, CDCl3): δ 3.91 (t, 2H, J = 6.8 Hz), 3.75 (d, 6H, J = 11.0 Hz), 2.24 (sept, 

1H, J = 6.8 Hz), 1.69-1.80 (m, 2H), 1.48-1.64 (m, 4H), 1.20-1.33 (m, 2H). 

13C NMR (125.7 MHz, CDCl3): δ 71.7 (d, J = 6.1 Hz), 54.2 (d, J = 6.1 Hz), 39.8 (d, J = 6.7 

Hz), 28.9, 25.4. 

31P NMR (202.5 MHz, CDCl3): δ 1.28. 
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HRMS (ESI) m/z: [M + Na]+ Calcd for C8H17O4NaP 231.0762; Found 231.0764. 

 

Cyclobutylmethyl dimethyl phosphate (3m) 

Prepared according to General Procedure (GP) using 1-

(cyclobutylmethoxy)pyridin-1-ium 4-methylbenzenesulfonate 2m 

(134.2 mg, 0.4 mmol) and trimethylphosphite 1a (141.8 µL, 1.2 

mmol), purified by flash chromatography on silica gel (ethyl acetate/ n–pentane : 3/7) to 

afford 3m (55.4 mg, 71 % yield) as a yellow oil. 

1H NMR (500 MHz, CDCl3): δ 3.98 (t, 2H, J = 6.8 Hz), 3.74 (d, 6H, J = 11.1 Hz), 2.63 (sept, 

1H, J = 6.8 Hz), 1.99-2.09 (m, 2H), 1.72-1.96 (m, 4H). 

13C NMR (125.7 MHz, CDCl3): δ 71.5 (d, J = 6.2 Hz), 54.2 (d, J = 6.0 Hz), 35.2 (d, J = 6.9 

Hz), 24.2, 18.2. 

31P NMR (202.5 MHz, CDCl3): δ 1.47. 

HRMS (ESI) m/z: [M + Na]+ Calcd for C8H17O4NaP 217.0606; Found 217.0606. 

 

Dimethyl (3-phenylethyl) phosphate (3n) 

Prepared according to General Procedure (GP) using 1-(2-

phenylethoxy)pyridin-1-ium 4-methylbenzenesulfonate 2n (148.6 

mg, 0.4 mmol) and trimethylphosphite 1a (141.8 µL, 1.2 mmol), 

purified by flash chromatography on silica gel (ethyl acetate/ n–pentane : 7/3) to afford 3n 

(58.4 mg, 63 % yield) as a yellow oil. 

1H NMR (500 MHz, CDCl3): δ 7.28-7.33 (m, 2H), 7.21-7.26 (m, 3H), 4.25 (quad, 2H, J = 7.1 

Hz), 3.68 (d, 6H, J = 11.1 Hz), 2.73 (t, 2H, J = 7.0 Hz). 

13C NMR (125.7 MHz, CDCl3): δ 137.1, 129.1, 128.6, 68.2 (d, J = 5.9 Hz), 54.2 (d, J = 5.9 

Hz), 36.7 (d, J = 6.6 Hz). 

31P NMR (202.5 MHz, CDCl3): δ 1.08. 

HRMS (ESI) m/z: [M + Na]+ Calcd for C10H15O4NaP 253.0606; Found 253.0609. 

 

Dimethyl (3-phenylpropyl) phosphate (3o) 

Prepared according to General Procedure (GP) using 1-(3-

phenylpropoxy)pyridin-1-ium 4-methylbenzenesulfonate 2o 

(154.2 mg, 0.4 mmol) and trimethylphosphite 1a (141.8 µL, 1.2 
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mmol), purified by flash chromatography on silica gel (ethyl acetate/ n–pentane : 4/6) to 

afford 3o (80.9 mg, 83 % yield) as a yellow oil. 

1H NMR (500 MHz, CDCl3): δ 7.26-7.31 (m, 2H), 7.18-7.22 (m, 3H), 4.08 (quad, 2H, J = 6.7 

Hz), 3.78 (d, 6H, J = 11.2 Hz), 2.73 (t, 2H, J = 7.7 Hz), 2.02 (quint, 2H, J = 7.2 Hz). 

13C NMR (125.7 MHz, CDCl3): δ 140.9, 128.5, 128.4, 126.1, 67.1 (d, J = 5.5 Hz), 54.3 (d, J 

= 6.2 Hz), 31.9 (d, J = 6.8 Hz), 31.6. 

31P NMR (202.5 MHz, CDCl3): δ 1.42. 

HRMS (ESI) m/z: [M + Na]+ Calcd for C11H17O4NaP 267.0762; Found 267.0764. 

 

Cyclohexylmethyl dimethyl phosphate (3p) 

Prepared according to General Procedure (GP) using 1-

(cyclohexylmethoxy)pyridin-1-ium 4-methylbenzenesulfonate 2p 

(145.4 mg, 0.4 mmol) and trimethylphosphite 1a (141.8 µL, 1.2 

mmol), purified by flash chromatography on silica gel (ethyl acetate/ n–pentane : 3/7) to 

afford 3p (78.6 mg, 88 % yield) as a yellow oil. 

1H NMR (500 MHz, CDCl3): δ 3.83 (t, 2H, J = 6.4 Hz), 3.75 (d, 6H, J = 11.1 Hz), 1.60-1.80 

(m, 6H), 1.09-1.29 (m, 3H), 0.90-1.01 (m, 2H). 

13C NMR (125.7 MHz, CDCl3): δ 72.9 (d, J = 6.2 Hz), 54.2 (d, J = 5.9 Hz), 38.3 (d, J = 6.9 

Hz), 29.2, 26.3, 25.5. 

31P NMR (202.5 MHz, CDCl3): δ 1.42. 

HRMS (ESI) m/z: [M + Na]+ Calcd for C9H19O4NaP 245.0919; Found 245.0921. 

 

3-chloropropyl dimethyl phosphate (3q) 

Prepared according to General Procedure (GP) using 1-(3-

chloropropoxy)pyridin-1-ium 4-methylbenzenesulfonate 2q (137.5 

mg, 0.4 mmol) and trimethylphosphite 1a (162.5 µL, 1.2 mmol), 

purified by flash chromatography on silica gel (ethyl acetate/pentane : 4/6) to afford 3q (67.2 

mg, 83 % yield) as a yellow oil. 

1H NMR (500 MHz, CDCl3): δ 4.20 (quad, 2H, J = 6.3 Hz), 3.77 (d, 6H, J = 11.1 Hz), 3.66 

(t, 2H, J = 6.2 Hz), 2.12 (quint, 2H, J = 6.0 Hz). 

13C NMR (125.7 MHz, CDCl3): δ 64.3 (d, J = 5.7 Hz), 54.4 (d, J = 5.9 Hz), 40.6, 33.0 (d, J = 

67.2 Hz). 

31P NMR (202.5 MHz, CDCl3): δ 1.24. 
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HRMS (ESI) m/z: [M + H]+ Calcd for C5H13O4ClP 203.0240; Found 203.0238. 

 

Diethyl (3-phenylpropyl) phosphate (3r) 

Prepared according to General Procedure (GP) using 1-(3-

phenylpropoxy)pyridin-1-ium 4-methylbenzenesulfonate 2o (154.2 

mg, 0.4 mmol) and triethylphosphite 1b (205.7 µL, 1.2 mmol), 

purified by flash chromatography on silica gel (ethyl acetate/ n–pentane : 4/6) to afford 3r 

(67.1 mg, 62 % yield) as a yellow oil. 

1H NMR (500 MHz, CDCl3): δ 7.27-7.32 (m, 2H), 7.17-7.22 (m, 3H), 4.12 (quint, 4H, J = 7.2 

Hz), 4.06 (quad, 2H, J = 6.5 Hz), 2.73 (t, 2H, J = 7.7 Hz), 2.01 (quint, 2H, J = 6.9 Hz), 1.34 

(t, 6H, J = 7.0 Hz). 

13C NMR (125.7 MHz, CDCl3): δ 141.0, 128.5, 126.1, 66.8 (d, J = 5.9 Hz), 63.7 (d, J = 5.9 

Hz), 31.9 (d, J = 7.1 Hz), 31.7, 16.2 (d, J = 6.9 Hz). 

31P NMR (202.5 MHz, CDCl3): δ -0.80. 

HRMS (ESI) m/z: [M + Na]+ Calcd for C13H21O4NaP 295.1075; Found 295.1078. 

Diisopropyl pentyl phosphate (3s) 

Prepared according to General Procedure (GP) using 1-

(pentyloxy)pyridin-1-ium 4-methylbenzenesulfonate 2a (135.0 

mg, 0.4 mmol) and triisopropylphosphite 1c (296.1 µL, 1.2 

mmol), purified by flash chromatography on silica gel (ethyl 

acetate/ n–pentane : 3/7) to afford 3s (57.0 mg, 56 % yield) as a yellow oil. 

1H NMR (500 MHz, CDCl3): δ 4.61 (oct, 2H, J = 6.3 Hz), 3.98 (quad, 2H, J = 6.7 Hz), 1.32 

(d, 12H, J = 6.3 Hz), 1.30-1.35 (m, 2H), 1.25 (t, 2H, J = 7.1 Hz), 0.89 (t, 3H, J = 6.9 Hz). 

13C NMR (125.7 MHz, CDCl3): δ 72.2 (d, J = 6.1 Hz), 67.3 (d, J = 6.4 Hz), 30.0 (d, J = 7.1 

Hz), 27.6, 23.7 (d, J = 4.9 Hz), 22.2, 14.0. 

31P NMR (202.5 MHz, CDCl3): δ -2.48. 

HRMS (ESI) m/z: [M + Na]+ Calcd for C11H25O4NaP 275.1388; Found 275.1388. 
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5-(3,7-dimethyl-2,6-dioxo-2,3,6,7-tetrahydro-1H-purin-1-yl)hexan-2-yl dimethyl 

phosphate (3t) 

Prepared according to General Procedure (GP) 

using 1-((5-(3,7-dimethyl-2,6-dioxo-2,3,6,7-

tetrahydro-1H-purin-1-yl)hexan-2-

yl)oxy)pyridin-1-ium 4-methylbenzenesulfonate 

2r (212.0 mg, 0.4 mmol) and trimethylphosphite 1a (472.4 µL, 4 mmol), purified by flash 

chromatography on silica gel (methanol/ethyl acetate : 1/9) to afford 3t (94.8 mg, 61 % yield) 

as a yellow oil. 

1H NMR (500 MHz, CDCl3): δ 7.49 (s, 1H), 4.47 (sept, 1H, J = 6.4 Hz), 3.99 (t, 2H, J = 7.6 

Hz), 3.97 (s, 3H), 3.74 (dd, 6H, J = 11.0, 5.1 Hz), 3.56 (s, 3H), 1.54-1.75 (m, 4H), 1.37-1.53 

(m, 2H), 1.32 (d, 3H, J = 6.3 Hz). 

13C NMR (125.7 MHz, CDCl3): δ 155.3, 151.3, 148.8, 141.4, 107.7, 76.2 (d, J = 6.1 Hz), 54.2 

(d, J = 6.3 Hz), 54.1 (d, J = 6.6 Hz), 41.2, 37.1 (d, J = 6.4 Hz), 33.6, 29.7, 27.8, 21.6 (d, J = 

2.8 Hz). 

31P NMR (202.5 MHz, CDCl3): δ 0.59. 

HRMS (ESI) m/z: [M + Na]+ Calcd for C12H19O4NaP 411.1409; Found 411.1414. 

(6-(2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl)-2,2-dimethyltetrahydrofuro[3,4-

d][1,3]dioxol-4-yl)methyl dimethyl phosphate (3u) 

Prepared according to General Procedure (GP) 

using 1-((6-(2,4-dioxo-3,4-dihydropyrimidin-

1(2H)-yl)-2,2-dimethyltetrahydrofuro[3,4-

d][1,3]dioxol-4-yl)methoxy)pyridin-1-ium 4-

methylbenzenesulfonate 2t (53.3 mg, 0.1 mmol) 

and trimethylphosphite 1a (118.1 µL, 0.3 mmol), 

purified by flash chromatography on silica gel (methanol/ethyl acetate : 1/9) to afford 3u 

(30.7 mg, 78 % yield) as a yellow oil. 

1H NMR (500 MHz, CDCl3): δ 8.77 (br s, 1H), 7.36 (d, 1H, J = 8.1 Hz), 5.72-5.77 (m, 1H), 

4.83-4.84 (m, 2H), 4.33-4.36 (m, 1H), 4.22-4.31 (m, 2H), 3.79 (d, 3H, J = 3.8 Hz), 3.77 (d, 

3H, J = 3.8 Hz), 1.67 (br s, 1H), 1.57 (s, 3H), 1.35 (s, 3H). 

13C NMR (125.7 MHz, CDCl3): δ 162.9, 149.9, 141.8, 114.7, 102.7, 94.0, 85.4 (d, J = 7.4 

Hz), 84.4, 80.6, 67.0 (d, J = 5.6 Hz), 54.6 (dd, J = 5.6, 1.8 Hz), 52.3 (d, J = 6.5 Hz), 27.1, 

25.3. 
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31P NMR (202.5 MHz, CDCl3): δ 1.26. 

HRMS (ESI) m/z: [M + Na]+ Calcd for C14H21N2O9NaP 415.0882; Found 415.0884. 
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Dimethyl pentyl phosphate (3a) 
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Dimethyl hexyl phosphate (3b) 
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Dimethyl heptyl phosphate (3c) 

 

 

 

1H NMR (500 MHz, CDCl3) 

13C NMR (125.7 MHz, CDCl3) 



S23 
 

 

 

Dimethyl octyl phosphate (3d) 

 

1H NMR (500 MHz, CDCl3) 

31P NMR (202.5 MHz, CDCl3) 
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13C NMR (125.7 MHz, CDCl3) 

31P NMR (202.5 MHz, CDCl3) 
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Dimethyl nonyl phosphate (3e) 

 

 

 

1H NMR (500 MHz, CDCl3) 

13C NMR (125.7 MHz, CDCl3) 
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Dimethyl hexyl phosphate (3f) 

 

1H NMR (500 MHz, CDCl3) 

31P NMR (202.5 MHz, CDCl3) 
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13C NMR (125.7 MHz, CDCl3) 

31P NMR (202.5 MHz, CDCl3) 
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Dimethyl (4-phenylbutyl) phosphate (3g) 

 

 

 

1H NMR (500 MHz, CDCl3) 

13C NMR (125.7 MHz, CDCl3) 
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Dimethyl (4-phenylbutan-2-yl) phosphate (3h) 

 

1H NMR (500 MHz, CDCl3) 

31P NMR (202.5 MHz, CDCl3) 



S30 
 

 

 

 

 

13C NMR (125.7 MHz, CDCl3) 

31P NMR (202.5 MHz, CDCl3) 
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Dimethyl pent-4-en-1-yl phosphate (3i) 

 

 

 

1H NMR (500 MHz, CDCl3) 

13C NMR (125.7 MHz, CDCl3) 
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Dimethyl pent-4-yn-1-yl phosphate (3j) 

 

 

1H NMR (500 MHz, CDCl3) 

31P NMR (202.5 MHz, CDCl3) 
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13C NMR (125.7 MHz, CDCl3) 

31P NMR (202.5 MHz, CDCl3) 
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Isopropyl dimethyl phosphate (3k) 

 

 

 

1H NMR (500 MHz, CDCl3) 

13C NMR (125.7 MHz, CDCl3) 
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Cyclopentylmethyl dimethyl phosphate (3l) 

 

1H NMR (500 MHz, CDCl3) 

31P NMR (202.5 MHz, CDCl3) 
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13C NMR (125.7 MHz, CDCl3) 

31P NMR (202.5 MHz, CDCl3) 
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Cyclobutylmethyl dimethyl phosphate (3m) 

 

 

 

1H NMR (500 MHz, CDCl3) 

13C NMR (125.7 MHz, CDCl3) 
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Dimethyl (3-phenylethyl) phosphate (3n) 

 

1H NMR (500 MHz, CDCl3) 

31P NMR (202.5 MHz, CDCl3) 
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13C NMR (125.7 MHz, CDCl3) 

31P NMR (202.5 MHz, CDCl3) 
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Dimethyl (3-phenylpropyl) phosphate (3o) 

 

 

 

1H NMR (500 MHz, CDCl3) 

13C NMR (125.7 MHz, CDCl3) 
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Cyclohexylmethyl dimethyl phosphate (3p) 

 

1H NMR (500 MHz, CDCl3) 

31P NMR (202.5 MHz, CDCl3) 
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13C NMR (125.7 MHz, CDCl3) 

31P NMR (202.5 MHz, CDCl3) 
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3-chloropropyl dimethyl phosphate (3q) 

 

 

 

1H NMR (500 MHz, CDCl3) 

13C NMR (125.7 MHz, CDCl3) 
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Diethyl (3-phenylpropyl) phosphate (3r) 

 

1H NMR (500 MHz, CDCl3) 

31P NMR (202.5 MHz, CDCl3) 
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13C NMR (125.7 MHz, CDCl3) 

31P NMR (202.5 MHz, CDCl3) 
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Diisopropyl pentyl phosphate (3s) 

 

 

 

1H NMR (500 MHz, CDCl3) 

13C NMR (125.7 MHz, CDCl3) 
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5-(3,7-dimethyl-2,6-dioxo-2,3,6,7-tetrahydro-1H-purin-1-yl)hexan-2-yl dimethyl 

phosphate (3t) 

 

1H NMR (500 MHz, CDCl3) 

31P NMR (202.5 MHz, CDCl3) 
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13C NMR (125.7 MHz, CDCl3) 

31P NMR (202.5 MHz, CDCl3) 
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(6-(2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl)-2,2-dimethyltetrahydrofuro[3,4-

d][1,3]dioxol-4-yl)methyl dimethyl phosphate (3u) 

 

 

1H NMR (500 MHz, CDCl3) 

13C NMR (125.7 MHz, CDCl3) 
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31P NMR (202.5 MHz, CDCl3) 
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Dimethyl pentyl phosphate (3a)

 

Dimethyl hexyl phosphate (3b) 
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Dimethyl heptyl phosphate (3c) 

 

Dimethyl octyl phosphate (3d) 
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Dimethyl nonyl phosphate (3e) 

 

Dimethyl hexyl phosphate (3f) 
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Dimethyl (4-phenylbutyl) phosphate (3g) 

 

Dimethyl (4-phenylbutan-2-yl) phosphate (3h) 
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Dimethyl pent-4-en-1-yl phosphate (3i) 

 

Dimethyl pent-4-yn-1-yl phosphate (3j) 
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Isopropyl dimethyl phosphate (3k) 

 

Cyclopentylmethyl dimethyl phosphate (3l) 
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Cyclobutylmethyl dimethyl phosphate (3m) 

 

Dimethyl (3-phenylethyl) phosphate (3n) 
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Dimethyl (3-phenylpropyl) phosphate (3o) 

 

Cyclohexylmethyl dimethyl phosphate (3p) 
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3-chloropropyl dimethyl phosphate (3q) 

 

Diethyl (3-phenylpropyl) phosphate (3r) 
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Diisopropyl pentyl phosphate (3s) 

 

5-(3,7-dimethyl-2,6-dioxo-2,3,6,7-tetrahydro-1H-purin-1-yl)hexan-2-yl dimethyl 

phosphate (3t) 
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(6-(2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl)-2,2-dimethyltetrahydrofuro[3,4-

d][1,3]dioxol-4-yl)methyl dimethyl phosphate (3u) 

 

 


