
 FULL PAPER 

 
 * E-mail: Tajbaksh@umz.ac.ir 
  Received August 5, 2011; accepted November 9, 2011; published online March 7, 2012. 
  Supporting information for this article is available on the WWW under http://dx.doi.org/10.1002/cjoc.201100199 or from the author.  
 
Chin. J. Chem. 2012, 30, 827—829 © 2012 SIOC, CAS, Shanghai, & WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim  827 

DOI: 10.1002/cjoc.201100199 

MgCl2/Et3N Base System as a New Catalyst for the Synthesis of 
α-Hydroxyphosphonate 

Tajbakhsh, Mahmood*,a    Khaksar, Samadb    Tafazoli, Zahrac 
Bekhradnia, Ahmadrezad 

a Chemistry Department, University of Mazandaran, P. O. Box 453, Babolsar, Iran 
b Chemistry Department, Ayatollah Amoli Branch, Islamic Azad University, Amol, Iran 

 c Chemistry Department, Payame Noor University, Sari, Iran 
d Pharmaceutical Sciences Research Center, Department of Medicinal Chemistry, Mazandaran University of 

Medical Sciences, Sari, Iran 

An efficient and simple synthesis of α-hydroxyphosphonates via reaction of aldehydes and ketones with di-
methylphosphite in the presence of MgCl2/Et3N base system is reported. The use of readily available and easy to 
handle reagent MgCl2/Et3N makes this method simple, convenient, and practical. 
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Introduction 
Over past decades, α-hydroxyphosphonates have re-

ceived attention both as substrates for the preparation of 
other α-substituted phosphonates and because of their 
potential biological activity.[1] α-Hydroxyphosphonates 
exhibit a wide range of biological activities such as anti-
viral,[2] antibacterial,[3] antivaccinia,[4] anticancer,[5] pes-
ticides,[6] renin inhibitors,[7] HIV-protease,[8] anti-HIV 
activities[9] and enzyme inhibitor properties.[10] Much of 
this activity has been attributed to the relatively inert 
nature of the C—P bond and to the physical and struc-
tural similarity of phosphonic and phosphinic acids to 
the biologically important phosphate ester and carbox-
ylic acid functional groups.[11] Many α-functionalized 
phosphonates, such as α-amino,[12] α-keto,[13] α-halo[14] 
and α-acetoxyphosphonates[15] are prepared from 
α-hydroxyphosphonates. Recently, numerous activators 
have been developed for the synthesis of α-hydroxy-
phosphonates.[16-26] However, these methods often have 
disadvantages. For example, in the strongly alkaline 
medium used, α-hydroxy-alkanephosphonic esters are 
cleaved to regenerate the starting carbonyl com-
pounds.[27] In addition, the yields are not always good 
and mixtures of products are sometimes obtained. It was 
found that in many cases which included ketones, the 
yields were not always good and mixtures of products 
were sometimes obtained. Hence, there is a need to de-
velop a convenient and environmentally benign method 
for the synthesis of α-hydroxyphosphonates. The com-
bination of MgCl2 and Et3N is a considerably stronger 

base than Et3N alone. This base system has been used 
for a variety of base-induced reactions such as conden-
sation,[28] acylation of malonate derivatives,[29] ortho- 
formylation of phenols,[30] Mannich reactions[31] and 
Dieckman-type cyclizations.[32] As part of our current 
studies on the development of new catalysts,[33] herein, 
we report an efficient and environmentally friendly 
method for the synthesis of α-hydroxyphosphonates 
catalyzed by MgCl2/Et3N base system undr solvent-free 
conditions (Scheme1). 

Experimental 
General procedure  

A solution of benzaldehyde (0.106 g, 1 mmol), di-
methylphosphite (0.136 g, 1.1 mmol) and triethyl amine 
(0.3 g, 3 mmol) and anhydrous magnesium chloride (0.1 
g, 1 mmol) was placed in a round-bottomed flask 
equipped with a magnetic stirrer and was heated at 50 
℃ for 2 h. After completion of the reaction as indicated 
by TLC, the mixture was cooled to room temperature 
and the product was extracted three times with 15 mL 
EtOAc. The organic layer was dried over anhydrous 
Na2SO4 and concentrated to give an oily residue, which 
was crystallized to give 0.216 g (95%) of dimethyl 
1-hydroxy-1-phenylmethylphosphonate as white solid; 
m.p. 86—87 ℃; IR ν: 3240 (OH) cm－1; 1H NMR (500 
MHz, CDCl3) δ: 3.7 (d, J＝10.3 Hz, 3H), 3.74 (d, J＝
10.3 Hz, 3H), 4.1 (s, OH), 5.06 (d, J＝13.2 Hz, 1H),  
7.3—7.5 (m, 5H); 13C NMR (125 MHz, CDCl3) δ: 53.7 
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(d, J＝7.5 Hz), 54.0 (d, J＝6.7 Hz), 70.6 (d, J＝158.4 
Hz), 126.9, 128.1, 128.2 (d, J＝2.5 Hz), 136.2. 

1H NMR and 13C NMR were consistent with the as-
signed structures and were compared with those re-
ported in the literature.[33d] 

Results and Discussion 
To a suspension of anhydrous MgCl2-Et3N and ben-

zaldehyde, dimethyl phosphite was added. After stirring 
for 3 h at 40 ℃, complete conversion of the benzalde-
hyde to corresponding α-hydroxyphosphonates was ob-
searved. As shown in the Table 1, aromatic aldehydes 
and dimethylphosphite in the presence of MgCl2-Et3N at 
50 ℃, gave the target products in good yield, in a typi-
cal reaction time of about 1—2 h (Table 1, Entries 1—
5).  

Electron-withdrawing groups in the aromatic rings 
of the aldehydes make them less reactive and give lower 
yield in longer reaction time (Table 1, Entries 6—8). 
Aliphatic aldehydes reacted smoothly with dimethyl- 

phosphite under reaction condition and high yields of 
the corresponding α-hydroxyphosphonates were ob-
tained (Table 1, Entries 11 and 12). 2-Furaldehyde re-
acted with dimethylphosphite and a high yield of prod-
uct formed (Table 1, Entry 14). However, in order to 
find the reactivity of ketones in this reaction, we have 
carried out this reaction with aromatic and aliphatic ke-
tones and a moderate yield of the corresponding phos-
phonates were obtained (Table 1, Entries 15—18). In-
terestingly, α,β-unsaturated aldehyde selectively af-
forded the corresponding α-hydroxyphosphonate in 
good yield, with no byproduct formation (Table 1, Entry 
13). This reaction has been also performed in different 
organic solvents which were not effective and only trace 
amount of products were formed.  

Conclusions 
In conclusion, we have developed a method for the 

synthesis of α-hydroxyphosphonates by reacting alde-
hydes and ketones with dimethylphosphite in the pres- 

 

Table 1  Synthesis of α-hydroxyphosphonates using MgCl2/Et3N as catalyst 
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ence of MgCl2/Et3N base system. The advantages of this 
procedure are operational simplicity, wide substrate 
scope, and high yields. In many cases, the products 
crystallized directly from the reaction mixture in high 
purity. We believe that this method presents a practical 
alternative to existing procedures for the synthesis of 
α-hydroxyphosphonates. 
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