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Direct, catalytic , and site-selective phosphorylation of hydroxy group using
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Phosphorylation of alcohols is a fundamentally important reaction in both
life science and physical science. Most of the chemical methods to date for synthesizing phosphate
monoesters, however, require multistep sequences or are limited to specific types of substrates
possibly due to harsh conditions. An alternative way to enable the simple production of phosphate
monoesters from highly functionalized precursor alcohols is highly desired. We developed a catalytic

phosphorylation of alcohols with high functional group tolerance using tetrabutylammonium hydrogen
sulfate and phosphoenolpyruvic acid potassium salt as the catalyst and phosphoryl donor,
respectively. This method enables the direct introduction of a nonprotected phosphate group to the
hydroxy group of a diverse menu of alcohol substrates, through a generation of an unprecedented
mixed anhydride species as an active phosphoryl donor. This catalytic phosphorylation is useful in
diverse fields including biology and medicine.
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PEP-K (X equiv.)?

©\/\/ Catalyst (Y mol%) ©\/\/
OH Solvent OPOsH,
1 80°C,12h 2

Entry X Y Catalyst pKa1® Solvent® NMR yield
1 15 20 - - MeCN 0%

2 15 20 Tetrazole 4.90 MeCN 0%

3 15 20 Benzoic acid 421  MeCN 0%

4 15 20 2-Chlorobenzoic acid 2.89 MeCN 0%

5 15 20 H3PO, 212 MeCN 4%

6 15 20 NBu4HSO,4 1.99 MeCN 35%

7 1.5 20 10-Camphorsulfonicacid 1.20 MeCN 6%

8 15 20 TFA -0.25 MeCN 2%

9 15 20 NBu,BF, - MeCN 00/;""
10 15 20 NBu4PFg - MeCN 0%

" 15 20 NBu4HSO, 1.99 DMF 43"};"-
12¢ 30 30 NBu4HSO,4 199 DMF 80%
13¢ 30 30 NaHSO, 1.99 DMF 38%
149 30 30 KHSO, 1.99 DMF 33%
15¢ 3.0 30 NMe,HSO, 199 DMF 49%
16° 45 30 NBu4HSO, 1.99 DMF 88%

aThe value of pK, of PEP-H is less than 2. PValues in water are shown
for reference. 0.1 M for entries 1-11 and 0.2 M for entries 12-16. 924 h.
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