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the amount of butyl bromide to 2 equivalents (entry 3) only 
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9 h, the yield of 2a was 69%). The use of a five- or sevenfold 
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Table  1  Optimization of the alkylation conditions.

Entry Conditionsa 1a/BuBr
molar ratio

T/°C t/h
Yield 
of 2a (%)

1 A 1 : 1 20–25 24   0
2 A 1 : 1 80–85   5 50
3 A 1 : 2 60–65 12 54
4 A 1 : 3 60–65   9 69
5 A 1 : 5 60–65   7 71
6 A 1 : 7 60–65   6 72
7 A 1 : 3 40–45 21 57
8 B 1 : 3 60–65 20 30
9 C 1 : 3 60–65 20   0

a Conditions: A, acid 1a (3 mmol), Et3N (3.3 mmol), solvent-free; B, MeCN 
(2 ml) added; C, pyridine (3.3 mmol) used as a base instead of Et3N.
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Scheme  1  Reagents and conditions: i, Et3N, 60–65 °C, 9–10 h, solvent-
free.
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(entries 5 and 6). However, such a large molar excess of alkyl 
bromide is not appropriate from the process atom economy point 
of view. Carrying out the reaction under milder conditions at 
40–45 °C (entry 7) led, along with a significant increase in the 
reaction time (21 h), to a decrease in the phosphinate 2a yield 
(57%). The change of the base from triethylamine to pyridine 
decelerated the process drastically, and product 2a was not 
formed at all (entry 9). 

Noteworthy, according to 31P NMR monitoring data, the 
content of the target phosphinate 2a in the reaction mixture 
reached ~90%, however, its isolated yields did not exceed  
69–72%. The possible explanation for this fact may be the partial 
hydrolysis of the target ester during its isolation by column 
chromatography on SiO2. The possibility of alkyl-H-phosphinate 
hydrolysis was confirmed experimentally. In particular, heating 
butyl octyl-H-phosphinate 2a in an ethanol solution at 70–75 °C 
in the presence of 3–4 equiv. of water for 4 h led to its complete 
hydrolysis to the corresponding octyl-H-phosphinic acid 1a 
(31P NMR data).

The optimal reaction conditions were successfully extended 
both to other H-phosphinic acids and to various alkyl bromides. 
The reaction of alkyl-H-phosphinic acids 1a,b with butyl, ethyl 
and hexyl bromides proceeded at 60–65 °C for 9–10 h 
chemoselectively (only alkylation of the hydroxy group was 
observed) to form the corresponding alkyl alkyl-H-phosphinates 
2a–d in 65–69% yield (see Scheme 1).† Phosphinic acids 1a,b 
with longer alkyl substituents were here employed as more 
accessible by a novel one-pot their synthesis basing on direct 
alkylation of red phosphorus.9

Further, we decided to improve the previously developed 
method for the synthesis of alkyl-H-phosphinic acids from red 
phosphorus Pn and alkyl bromides. In earlier work9(d ) the yield of 
butyl-H-phosphinic acid 1c in this reaction (85–90 °C, KOH/
H2O/toluene/alkyl-PEG catalyst) was limited to only 21%. After 
the series of experiments, we found that the use of 
cetyltrimethylammonium bromide (CTAB) as a phase-transfer 
catalyst and lowering the temperature to 65–70 °C allowed us to 
increase the yield of butylphosphinic acid 1c to 55% (Scheme 2).‡ 

Acid 1c thus obtained was used for the synthesis of butyl butyl-H-
phosphinate 2e under the conditions developed above (Scheme 2).

The formation of alkyl alkyl-H-phosphinates (Scheme 3) is 
probably initiated by deprotonation of alkyl-H-phosphinic acid 1 
with triethylamine leading to the corresponding salt A. Then, 
alkylation of O-centered anion with alkyl bromide completes 
the  formation of the target phosphinate 2. As a by-product, 
triethylammonium bromide is also identified in the reaction 
mixture.

In conclusion, based on red phosphorus and commercially 
available alkyl bromides a convenient two-stage chemoselective 
method for the synthesis of in-demand class of organophosphorus 
substrates, viz. alkyl alkyl-H-phosphinates, promising drug 
precursors, ligands for the design of metal complexes, as well as 
building blocks in organic and organoelement synthesis, has 
been developed. The synthesized alkyl-H-phosphinic acid alkyl 
esters can be used, in particular, as initial reagents in the original 
SN

HAr reactions with pyridinoids.10
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