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Calcined sodium nitrate/natural phosphate: an extremely
active catalyst for the easy synthesis of chalcones
in heterogeneous media
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Abstract—The modification of natural phosphate (NP) with sodium nitrate by calcination produces an extremely efficient basic
catalyst for the Claisen—Schmidt condensation. A large variety of chalcones is easily obtained in high yield at room temperature
using only a catalytic amount of NaNO;/NP. © 2001 Elsevier Science Ltd. All rights reserved.

Some chalcones can be used as anti-oxidants,' anti-
inflammatories,”> pulmonary carcinogenesis inhibitors,?
anti-malarials,* and anti-leishmanials.” These products
can be obtained by Claisen—Schmidt condensation. For
this reaction, the use of basic solids, such as alumina,®
barium hydroxide,” hydrotalcite and zeolite,® has
received much attention over the last years. Natural
phosphates have been found to be interesting catalysts,
able to promote Knoevenagel reactions,’ hydrations of
nitriles,’® synthesis of o-hydroxyphosphonates,!
Friedel-Crafts alkylations,'> and Michael reactions.'?
Recently, we have reported that the Claisen—Schmidt
condensation can be catalysed by natural phosphate,
alone or activated with an ammonium salt.'* In spite of
the good results obtained, the utility of this method
is limited by the need of using a large amount of
catalyst.

I
o

In this paper, we describe a highly efficient method for
the Claisen—Schmidt condensation catalysed by natural
phosphate doped with sodium nitrate (NaNO,;/NP).
Natural phosphate comes from an extracted ore in the
region of Khouribga (Morocco). The fraction of 100—
400 um grain size has been washed with water, calcined
at 900°C for 2 h, washed again, calcined at 900°C for
0.5 h and ground (63-125 pum). The structure of NP is
similar to that of fluorapatite (Ca,,(PO,)sF5,), as shown
by X-ray diffraction pattern and chemical analysis.'*
NaNO;/NP was prepared by adding a mass (m,) of
natural phosphate to an aqueous solution of a mass
(my) of sodium nitrate. The mixture was stirred vigor-
ously at room temperature, evaporated to dryness and
dried at 100°C for 2 h. The solid obtained was calcined
for 1 h to give a new modified phosphate (NaNO;/NP).
The X-ray diffraction pattern of the modified phos-

R CHO + CH,—C < > R3 NaNO,/NP R ; : CH—CH—C : : R3
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Scheme 1.
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phate calcined at 900°C, showed the apparition of two
new phases which can be attributed to sodium phos-
phate and calcium oxide. This phenomenon can be due
to a possible reaction in the solid state between sodium
nitrate and the natural phosphate. On the contrary, the
structures of NP and NaNO; are not modified by
calcination of NaNO;/NP at 300 or 500°C, in agree-
ment with their low catalytic activity. It is worth noting
that both sodium phosphate®'' and calcium oxide'
have been used in heterogeneous catalysis. Thus, they
can contribute to an increase in the basic activity of
NP. However, the intensity of their peaks in X-ray
pattern of NaNO;/NP is very low.

The reactions were carried out between arylaldehydes 1
(2.5 mmol) and acetophenones 2 (2.5 mmol) at room
temperature in the presence of a catalytic amount of
NaNO,/NP (0.1 g) in methanol (1-3 mL) (Scheme 1).
First of all we tried to determine the best nitrate/NP
ratio (r=mygy/m,). With this aim, we carried out the
synthesis of chalcone 3a with 0.1 g of NaNO;/NP using
different nitrate/NP ratios (r=1/2, 1/3, 1/5, 1/8, and
1/15 w/w). The yields obtained after 24 h of reaction
(98, 78, 67, 8 and 2%, respectively) show that sodium
nitrate/NP=1/2 w/w is the optimal composition.

Thereafter, we carried out the synthesis of several chal-
cones 3 using 0.1 g of NaNO;/NP (1/2) (Table 1). All
products were isolated, purified, and analysed by 'H,
13C NMR, IR, and MS. Only the E-isomers were
obtained. The yields were, in general, very high and
exceeded 90% after 24 h of reaction, except for the
chalcones obtained by condensation of arylaldehydes
with p-methoxyacetophenone (3f, 3g and 3h). The low
reactivity of this acetophenone, due to the presence of
an electron-donor group, accounts for the yields in the

Table 1. Synthesis of chalcones by Claisen—Schmidt con-
densation

Product Yield/% (time/h)*®
R R2 R? NaNO,NP NP
3 H H H 98 (18) 2 (24)
3B H H 94 (16) 5 (24)
3¢ H NO, H 94 (16) 9 (24)
3 OCH, H H 91 (36) 10 (24)
e H H OCH, 90 (24) 0 (24)
¥l H OCH, 74 (24) 0 (24)
93 (48)
33 H NO, OCH, 55 (24) 0 (24)
81 (48)
3n OCH, H OCH, 40 (24) 0 (24)
70 (48)
3i H H NO, 92 (16)° 3(24)
i cl H NO, 94 (16)° 5 (24)
3k H NO, NO, 86 (16)° 2 (24)
95 (24)°
3. OCH, H NO, 93 (16)° 2 (24)

2 Yields in products isolated by distillation under vacuum or recrys-
tallisation.

® All products have been identified by 'H, '*C NMR, IR and MS.

¢ Reaction carried out in presence of 3 mL of methanol.

range of 40-74% after 24 h, which can be increased to
70-93% with longer reaction times. It is important to
note that, under the same conditions, unmodified natu-
ral phosphate displayed almost no activity, p-methoxy-
acetophenone did not react and with acetophenone
yields did not exceed 10% after 24 h. It is even possible
to further reduce the amount of catalyst. Thus, 78%
yield of chalcone 3a was obtained, after 48 h of reac-
tion, with only 0.05 g of NaNO;/NP. It is then clear
that doping NP with sodium nitrate remarkably
increases its catalytic activity.

To sum up, the modified natural phosphate (NaNO,/
NP) is a new inorganic reagent, which can represent an
important breakthrough in the development of basic
solid catalysts. Several chalcones have been synthesised
with high yields using catalytic amounts of NaNO;/NP.
This phosphate is easily prepared from inexpensive
precursors.
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