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1. Introduction

Development of greener synthetic methodologies along
with fast access towards the desired compounds is one of
the fundamental objectives to speed up current organic
synthesis [1]. In this regard, although the use of MWs [2],
ultrasound waves [3], alternate reaction media [4], etc. are
a few of the well accepted tools to expedite reaction rates,
higher chemical efficiencies with remarkable rate acceler-
ation can also be expected with the choice of an
appropriate catalyst and absence of the reaction medium.
The examples reported demonstrate that solvent-free
reactions are generally faster, giving higher reactivity
and involve easier work-up procedures [5,6].

a-Hydroxy phosphonates as well as a-hydroxy phos-
phonic acids have attracted much attention of organic
chemists in recent years primarily because of their
important biological activities such as antibacterial,
antiviral, anticancer, rennin inhibitory, HIV-protease,

enzyme inhibitor properties, etc. [7]. They also serve as
useful precursors in the synthesis of other biologically
important phosphonates like a-amino [8], a-keto [9], a-
diketo [10], a-halo [11] as well as a-acetoxy phosphonates
[12]. During the ongoing studies in our laboratory on the
development of greener synthetic methodologies [13] in
the recent past, we had reported an accidental result on the
formation of a-hydroxy phosphonates during a three
component condensation between an aldehyde, diethyl
phosphite and diethyl amine [13a]. This initial observation
led us to study the hydrophosphylation reaction in detail.

Hydrophosphylation of aldehydes (Pudovik reaction) is
typically a base-catalyzed reaction [14]. Thus, the tradi-
tional synthesis of a-hydroxy phosphonates involves the
reaction between an aldehyde and di/trialkyl phosphite in
presence of a basic catalyst such as ethyl magnesium
bromide [15a], quinine [15b], KF-alumina [15c], CsF [15d],
MgO [15e], DBU [15f], LDA [15g], quaternary ammonium
hydroxide [15h], etc. On the other hand, a few Brønsted
acid catalysts such as HCl [16a], Amberlyst-15 [16b],
guanidine-HCl [16c], oxalic acid [16d], potassium dihy-
drogenphosphate [16e], camphor sulfonic acid [16f], etc.
have also been explored in recent years for the synthesis of
a-hydroxy phosphonates. Each of these methods has its
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A B S T R A C T

An extremely simple, high yielding, highly rapid and solvent-free protocol has been

described for hydrophosphylation of aldehydes using potassium phosphate as catalyst.

Easy commercial availability of the reusable catalyst, operational simplicity at ambient

temperature and avoidance of conventional work-up as well as purification procedure

makes this solvent-free protocol a near-ideal synthesis.
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own merits. Interestingly, most of the base-catalyzed
hydrophosphylation reactions are operable at ambient
temperature while acid-catalyzed protocols require either
thermal or ultrasound activation. Furthermore, a few of
these protocols are plagued with the essentiality of more
than a stoichiometric amount of catalyst or longer reaction
time. With the rapid progress both in chemistry as well as
biology of a-hydroxy phosphonates we surmised that the
introduction of a simple, economic, high yielding and
highly rapid protocol for the synthesis of a-hydroxy
phosphonates at ambient temperature under solvent-free
condition i.e. meeting closely to demands of an ‘‘ideal
synthesis’’ [17] is desired.

2. Results and discussion

Potassium phosphate is an easy to handle, non-toxic
and relatively inexpensive basic catalyst available com-
mercially. It has been used earlier by us in Knoevenagel
condensation [18a], Henry reaction [18b], thia-Michael
addition reaction [18c], Claisen-Schmidt condensation
[18d] as well as in few multicomponent reactions
[18e,f]. In continuation of these studies, herein we report
the use of potassium phosphate as catalyst in hydropho-
sphonylation of aldehydes (Scheme 1a). It is worthy to note
that, apart from its remarkable basicity, choice of potassi-
um phosphate as a catalyst was primarily concerned with
its coordinating ability [18c,e,f] as well as the plausible
mechanism of hydrophosphylation (Scheme 1b).

It is well known that dialkyl phosphite exists in
equilibrium between its phosphite, 4 and phosphonate, 5,
forms and under neutral condition, the equilibrium
predominantly lies towards phosphonate form with slug-
gish reactivity [19a,b]. Thus, in achieving hydrophosphyla-
tion, facilitation of phosphonate-phosphite tautomerism is

essential and a simple technique in accelerating this
tautomerism is to effect deprotonation of phosphonate
using a base [19]. The resultant dialkyl phosphite anion
would then attack nucleophilically over carbonyl carbon in
aldehyde to furnish corresponding a-hydroxy phosphonate.
This explanation clearly justifies the choice of potassium
phosphate as base in the synthesis of a-hydroxy phospho-
nates. However, it does not throw light upon the speed of
reaction. In this context, taking clues from the mechanism
proposed by us for Michael addition of thiols to enones, [18c]
as well as from the mechanism proposed by de Naronha
et al. [20] as well as Merino et al. [21] for hydropho-
sphylation of aldehydes we believed that by employing
potassium phosphate as catalyst dialkyl phosphite anion
would result through ligand exchange process. At the same
time, potassium ion being sufficiently oxophilic (due to large
size of counter ion viz. PO4

�3), it would form a strong
coordinate bond with oxygen atom in aldehyde. Thus, under
solvent-free condition, there would exist a close contact
between an aldehyde and phosphite nucleophile as shown
in T.S. 7 and this would consequently result in increase in the
rate of formation of a-hydroxy phosphonate (Scheme 1b).

Based upon this plausible mechanism, a model reaction
was carried out under solvent-free condition between
benzaldehyde and diethyl phosphite (1 eqv.; each) using
potassium phosphate (20 mol %) as a catalyst. An
exothermic reaction took place and upon completion of
reaction, (< 5 min, TLC) desired a-hydroxy phosphonate,
3a, was obtained in almost quantitative yield in very high
purity (NMR). Optimization of the reaction conditions with
respect to catalyst loading alone revealed that, 5 mol % of
potassium phosphate was sufficient enough to furnish the
targeted a-hydroxy phosphonate, 3a, in same yield as well
as purity with a slight compromise in time of the reaction
(< 10 min against 5 min). Encouraged with this initial
success, we then planned to expand scope of the developed
protocol. Accordingly, diethyl phosphite component in the
above reaction was replaced with dimethyl as well as di-
iso-propyl phosphite. In both the cases, the corresponding
a-hydroxy phosphonate was obtained in a very short time
and in excellent yield. Interestingly, with the choice of
trimethyl phosphite wherein the possibly of formation of
phosphite nucleophile through ligand exchange process is
not possible, the reaction required very long time (3 h).

Under the established reaction conditions for 3a in
hand, generality as well as scope of the protocol was then
explored by performing the reactions between a variety of
aromatic, hetero-aromatic as well as conjugated aldehydes
with diethyl, dimethyl as well as di-iso-propyl phosphite. It
was observed that the hydrophosphylation of aldehydes
containing electron-withdrawing as well as electron-
donating groups was equally fast (Table 1). However,
the reaction with aliphatic aldehyde was sluggish and did
not go to completion even upon stirring the reaction
mixture overnight (TLC) while ketones failed to furnish
corresponding a-hydroxy phosphonates in acceptable
yields. It is worth noting that all the isolated products
were pure and they did not require any further purifica-
tion. Since this mild and green protocol proved to be of
wide generality to furnish a-hydroxy phosphonates in
excellent yields as well as purity, we believed that, the
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Scheme 1. Plausible mechanism for expeditious formation of a-hydroxy

phosphonate.
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