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a-Hydroxy phosphonates have attracted attention due to their 
biological effects, e.g., some of them are known as enzyme 
inhibitors, antibacterial and antibiotic agents, fungicides, herbicides, 
antioxidants and anticancer agents.1 Our recent research revealed 
that dibenzyl (a-hydroxymethyl)phosphonates may be promising 
anticancer agents against the Mes-Sa human uterine sarcoma 
cell line.2 The versatile bioactivity of a-hydroxy phosphonates 
stimulated the synthesis of related derivatives. a-Acyloxy phos
phonates (recognized as potential enzyme inhibitors,3,4 herbi
cides,5–12 fungicides,13 insecticides14 and anticancer agents15) 
were synthesized through the O-acylation of the corresponding 
a-hydroxy phosphonates, mostly with carboxylic chlorides usually 
applied together with triethylamine4,5,9–13 or pyridine.4,6–9,16 The 
acylation of a-hydroxy phosphonates with acetic anhydride may 
be catalyzed by Cu(OTf)2

17 or TiCl3(OTf),18 or carried out under 
microwave irradiation.19 The reaction of the a-hydroxy function 
with free carboxylic acids was performed in the presence of 
N,N'-dicyclohexylcarbodiimide,3,15,20 or under Mitsunobu condi
tions.21 Iso(thio)cyanates were applied to afford the corresponding 
a‑(thio)carbamoyloxyphosphonates.22–24 In addition to carboxylic 
acid derivatives, sulfonyl chlorides25–28 were also used.

Surprisingly, the analogous phosphorylation of a-hydroxy 
phosphonates has remained a neglected area. Although, a few 
>P(O)OCHP(O)< type compounds have been described, they were 
obtained by different ways, namely, by thermo-induced29 or 
base-catalyzed30–32 rearrangement of a-hydroxy bisphosphonates 
or by the reaction of a-mesyloxy phosphonates with sodium 
diethyl phosphite.33 The reaction of a-hydroxy phosphonates 
with tris(diethylamino)phosphine followed by treatment with 
sulfur or selenium resulted in >P(X)OCHP(O)< (X = S or Se) 
systems.34

Here, we report the reaction of dimethyl (1-aryl-1-hydroxy
methyl)phosphonates with different P-chlorides to afford 
>P(O)OCHP(O)< derivatives as new compounds of potential 
bioactivity. Phosphinic, as well as phosphoryl chlorides were 
chosen as ‘acylating’ agents to compare their reactivity. The 
series of phosphinic chlorides included 1-chloro-3-phospholene 
1-oxides, as these reagents have been applied successfully in the 
phosphinoylation of primary amines in our laboratory.35

(1-Aryl-1-hydroxymethyl)phosphonates 1a–d (prepared from 
the corresponding benzaldehydes and dimethyl phosphite in 

the presence of triethylamine36) were reacted with phosphinic 
chlorides to result in 1-phosphinoyloxyphosphonates (Scheme 1).† 
Diphenylphosphinic chloride 2a, 1-chloro-3-methyl-3-phos
pholene 1-oxide 2b, and 1-chloro-3,4-dimethyl-3-phospholene 
1-oxide 2c were used as the P-reagents (compounds 2b,c were 
prepared by treatment of the corresponding cyclic phosphinic 
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Scheme  1  Conditions: i, Et3N, PhMe, 26 °C, 24–48 h.

†	 General procedure for the phosphorylation and phosphinoylation of 
dimethyl (1-aryl-1-hydroxymethyl)phosphonates 1 with phosphorus acid 
chlorides 2, 4. A mixture of a-hydroxy phosphonate (1.0 mmol; 1a, 0.22 g; 
1b, 0.23 g; 1c, 0.25 g; 1d, 0.26 g), toluene (5 ml), triethylamine (1.2 mmol, 
0.17 ml) and P-acid chloride (1.1 mmol; 2a, 0.21 ml; 2b, 0.17 g; 2c, 
0.18 g; 4, 0.23 ml) was stirred at 26 °C for 24–72 h under N2 atmosphere. 
The precipitated triethylamine hydrochloride was filtered off, and the 
volatiles were removed in vacuo. The crude product was purified by 
column chromatography [silica gel, acetone–dichloromethane (2 : 1)] to 
afford the corresponding phosphorylated products 3 or 5.
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acids with thionyl chloride37). The phosphorylation reactions 
were carried out with 1.1 equiv. of phosphinic chloride in the 
presence of 1.2 equiv. of triethylamine in toluene. In case of 
1-chloro-3-phospholene 1-oxides 2b and 2c, the mixture was 
stirred at 25 °C for 24 h, while with diphenylphosphinic chloride 
2a the reaction was complete within 48 h. Compounds 2–4 were 
purified by column chromatography and isolated in yields of 
46–80%. In case of (1-aryl-1-hydroxymethyl)phosphonates with 
chloro or nitro substituent in the aromatic ring (1c and 1d) 
somewhat higher yields (51–80%) were attained, as compared 
with those starting from the tolyl-substituted hydroxy phosphonate 
1b (46–50%).

The reaction of (1-aryl-1-hydroxymethyl)phosphonates 1a and 
1c with diphenyl chloridophosphate 4 (Scheme 2)† gave the desired 
phosphoryloxy phosphonates 5a and 5b in modest yields of ~16% 
after purification by column chromatography, which can be caused 
by the lower reactivity of the phosphorylating agent, and the 
sensitivity of the products towards moisture. Heating the reaction 
mixture did not improve the yields, resulting in the decomposition 
of the product.

New compounds 3 and 5 obtained by the phosphinoylation and 
phosphorylation of (1-aryl-1-hydroxymethyl)phosphonates 1 were 
identified by 31P, 13C and 1H NMR, as well as by HRMS data. 
In the 31P{1H} NMR spectra of compounds 3a,c,d,f,g,i,j,l, signals 
of the phosphorus atoms appeared as doublets due to the 3JP,P 
coupling [Figure S1(a), see Online Supplementary Materials]. 
Derivatives 3b,e,h,k containing the 3-methyl-3-phospholene 
1-oxide moiety exhibited two sets of doublets resulting from the 
presence of two diastereomers due to the two chirality centers 
[Figure S1(b)]. The same phenomenon was observed in their 
13C  NMR spectra. The phospholene carbon atoms resonate as 
doublets due to their coupling with the P atom and the duplica
tion of signals is referred to the presence of the diastereomers 
(Figure S2).

In summary, a new series of >P(O)OCHP(O)< derivatives has 
been synthesized by the phosphorylation of (1-aryl-1-hydroxy
methyl)phosphonates with P-chlorides. The new compounds are 
of potential biological activity.
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Scheme  2  Conditions: i, Et3N, PhMe, 26 °C, 72 h.


