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The syntheses of α-hydroxy phosphonates have received
an increasing amount of attention due to significant bio-
logical interests. They showed potential biological activities,
such as antiviral, antibacterial, anticancer, pesticides, renin
inhibitors, HIV protease, and enzyme inhibitor properties.1

Much of these activities has been attributed to the relatively
inert nature of the C-P bond and to the physical and
structural similarity of phosphonic and phosphinic acids to
the biologically important phosphate ester and carboxylic
acid functionality.2 In addition, α-hydroxy phosphonates are
useful precursors for the preparation of α-functionalized
phosphonates, such as amino, keto, halo, and acetoxy
phosphonates.3 

α-Hydroxy phosphonates were usually prepared in the
reaction of aldehydes or ketones with dialkyl or trialkyl
phosphites in the presence of catalysts.

 

With dialkyl phosphites (dialkyl phosphonites), many
reactions have been successfully performed in the presence
of alumina, potassium fluoride on alumina, cesium fluorides,
quarternary ammonium hydroxide ion exchange resin, R-
Al(salen) complex, L-prolinamide, and titanium alkoxides.4

With trialkyl phosphites, lithium perchlorate in diethyl ether,
guanidine hydrochloride, etheral hydrogen chloride, and
Amberlyst-15 were used as catalyslts.5 Tris(trimethylsilyl)
phosphite was also employed at higher temperature under
anhydrous reaction conditions.6 

These methods often met some disadvantages of difficult
conditions such as high reaction temperature, longer reaction
time and dried conditions. Moreover, the yields were not
always good and sometimes byproducts were obtained, and
esters of α-hydroxy alkyl phosphonic acid were often
cleaved to regenerate the starting carbonyl compounds when
strong alkaline mediums were used.7 

Although trialkyl phosphites are much better nucleophiles

than dialkyl phosphites, because of their free electron pairs
on the phosphorus atom,5d a few reports described the reac-
tion of trialkyl phosphite with aldehydes or ketones. Hence,
there is a need to develop a convenient, environmentally
benign, and feasible method for the synthesis of α-hydroxy
phosphonates using trialkyl phosphites. 

Recently, NbCl5 has emerged as an efficient Lewis acid in
promoting various organic transformations, such as Diels-
Alder reaction, ring-opening of epoxides, Mukaiyama aldol
reaction, Biginelli reaction, dealkylation of alkyl aryl ethers,
C-H insertion, and cyanosilylation.8 The versatility of this
reagent has encouraged us to study its possibility for the
synthesis of α-hydroxy phosphonates. 

Herein, we report solvent free synthesis of α-hydroxy
phosphonates in the reactions of carbonyl compounds and
tialkyl phosphite in the presence of NbCl5 at room temper-
ature. 

Our initial experiments focused on the optimization of the
amount of NbCl5 in the reaction of benzaldehyde with
triethyl phosphite. Without trimethylsilyl chloride (TMSCl),
increment of NbCl5 showed no substantial improvement in
the yield. As shown in Table 1, the reaction completed
within 20 min in 94% yield (entry 1 in Table 1), in the
presence of 1 equiv of TMSCl as an additive. When the
reaction was carried out only either with TMSCl or with
NbCl5, the reaction proceeded very slowly, and in poor
yields (less than 50%) even in 6 h. We also observed that 5
mol% of NbCl5 could effectively catalyze the reaction. Since
the yield was less than 60% by using solvents such as

Table 1. Reactions of benzaldehyde with triethyl phosphite in the
presence of NbCl5 and/or TMSCla

Entry Time NbCl5 TMSCl NbCl5 and TMSCl

1 20 min 25 15 94
2 1 h 37 23 94
3 3 h 54 38 94
4 6 h 59 47 94

aAll yields refer to isolated products. 0.05 equiv. of NbCl5 and/or 1.0
equiv. of TMSCl were used.
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CH2Cl2, MeOH, THF and MeCN, the further reaction was
carried out under sovent-free conditions.

As listed in the Table 2, all the reactions of aldehydes
readily proceeded to afford the corresponding α-hydroxy
phosphonates in high yields within 20 min. The reactions
were hardly affected by steric hindrance. α,β-Unsaturated
aldehydes also selectively gave the corresponding α-hydroxy
phosphonates in good yield, without any by-products (entries
5 and 6 in Table 2). 

Next, we examined the scope and limitation of the
reaction of some ketones under similar reaction conditions.
As shown in Table 3, the reaction time (60-90 min) and
yields were comparable with the previous results.5,7b

Aliphatic ketones proceeded better than aromatic ketones.
The reaction of 2-butanone with triethyl phosphite gave
diethyl 1-hydroxy-1-methylpropylphosphonate in 84% yield
(entry 1 in Table 3). When the reaction of cyclohexanone
with trimethyl phosphite or triethyl phosphite was carried
out, the corresponding phosphate was afforded in about 60%
yield (entries 2 and 3 in Table 3). However, the reaction was
quite sensitive to steric hindrance, resulting that acetophen-
one reacted slowly and benzophenone did not.

A cross experiment was performed to confirm the com-
petition on the reactivity of alkyl phosphites, by mixing
stoichiometric amounts of benzaldehyde, triethyl phosphite
and dimethyl phosphite under the same reaction conditions.
Only triethyl phosphite reacted to give diethyl 1-hydroxy-1-
phenylmethylphosphonate in 94% yield, as expected.5d 

To investigate the nucleophile of the reaction, we carried
out a control experiment of equimolar mixture of triethyl

phosphite and TMSCl in the presence of catalytic amounts
of NbCl5 (0.05 eqv.) at rt for 2 h, there was no evidence of
the formation of silyl phosphite or any other reaction product
on 1H NMR.6 Therefore, the nucleophile was not silyl
phosphite, but trialkyl phosphite.5b,5d 

In summary, we have developed a new protocol for the
synthesis of α-hydroxy phosphonates using catalytic amount
of NbCl5. The method is effective for a variety of aliphatic
and aromatic carbonyl compounds, provides the product in
high yield in a short reaction time without solvent. Experi-
mental convenience, high yields, and clean reaction condi-
tions make this method an attractive and useful protocol. 

Experimental Section

Materials. All reagents were purchased from Aldrich
Chemical Co. and used without further purification. All α-
hydroxy phosphonates mentioned in this paper were known,
and their references were listed in Tables.

Typical procedure: To a mixture of benzaldehyde (5
mmol) and triethyl phosphite (5 mmol), was added NbCl5

(0.05 mol %) and trimethylsilyl chloride (5 mmol). After
stirring for 20 min., the resulting mixture was extracted with
dichloromethane (15 mL). The organic layer was washed
with water (15 mL), sat. NaHCO3 solution (15 mL) and
brine solution (15 mL), dried over MgSO4 and concentrated
in vacuo to give nearly pure diethyl 1-hydroxy-1-phenyl-
methylphosphonate (94%) as a white solid. All spectral data
were the same as reported in literature.5b,5d mp 76-78 oC (lit.
78-80); 1H NMR (CDCl3, 400 MHz) δ = 1.12-1.21 (m, 6H,
2CH3), 3.94-4.13 (m, 4H, 2CH2), 4.95 (d, J = 12 Hz, 1H,
CH), 5.20 (br, 1H, OH), 7.24-7.30 (m, 3H, Ar), 7.41-7.50
(m, 2H, Ar); 13C NMR (CDCl3, 100 MHz) δ = 16.3, 63.0,
63.3, 70.3, 126.9, 127.7, 127.9, 136.6.
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Table 2. Synthesis of α-hydroxyphosphonates from various alde-
hydes a 

Entry R R1 Yield (%) Ref

1 C6H5 Et 94 5d
2 C6H5 Me 92 5b
3 4-MeO-C6H4- Et 96 5d
4 4-Cl-C6H4- Et 89 5a
5 C6H5-CH=CH- Et 90 5d
6 CH3CH=CH- Me 86 5c
7 C6H5-CH2-CH2- Et 96 5a
8 n-Propyl Me 88 5c
9 i-Propyl Me 88 5c
10 c-Hexyl Me 93 5c
11 tert-Butyl Me 93 5d

a The yields refer to isolated products. 

Table 3. Synthesis of α-hydroxyl phosphonates from some ketonesa

Entry R R1 R2 Yield (%) Ref.

1 Et Me Et 84 7b
2 -(CH2)5- − Me 65 5a
3 -(CH2)5- − Et 59 5d
4 C6H5 Me Et 44 5d
5 C6H5 C6H5 Et − −

aAll yields refer to isolated products. The reaction was taken place for 60
to 90 min.

Scheme 1. Competitive Abramov reaction of dialkyl and trialkyl phosphites.
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