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Samarium(III) catalyzed one-pot construction of coumarins
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Abstract—Samarium(III) nitrate hexahydrate as a catalyst is used as an alternative to conventional acid catalysts in the von Pech-
mann condensation of phenols with ethyl acetoacetate leading to the formation of coumarin derivatives.
� 2004 Elsevier Ltd. All rights reserved.
OH

R

O

OEt

O

O O

R

1 2

Sm(NO3)3.6H2O 
(10 mol%)
Coumarins occupy an important place in the realm of
natural products and synthetic organic chemistry. They
have been used as anticoagulants,1 additives in food and
cosmetics,2 and in the preparation of insecticides, optical
brighteners,3 and dispersed fluorescent and laser dyes.4

Coumarins have synthesized by several methods includ-
ing the von Pechmann,5 Perkin,6 Knoevenagel,7,8 Refor-
mastsky,9 and Wittig10,11 reactions.

The Pechmann reaction is the most widely applied
method for synthesizing coumarins as it involves the
condensation of phenols with b-ketonic esters in the
presence of a variety of acidic condensing agents and
gives good yields of 4-substituted coumarins.12,13

Several acid catalyst have been used in the Pechmann
reaction5 including sulfuric acid,5 phosphorus pentox-
ide,14,15 aluminum chloride,16 trifluoroacetic acid,17

and many more.12 However, these catalysts have to be
used in excess, for example sulfuric acid, 10–12equiv,13

trifluoroacetic acid, 3–4equiv.17 Further the disposal
of acidic waste leads to environmental pollution. The
Pechmann reaction has been carried out successfully
using microwave irradiation18,19 and in ionic liquids20

as alternatives to conventional methods.

In recent years, Sm(III) has been used as an efficient
Lewis acid for various transformations such as carbon–
carbon bond formation,21 aldol condensations,22 and
b-diketone and a-selenoketone synthesis.23,24 In this
letter we report a general and practical route25 for the
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Pechmann condensation using Sm(III) as the catalyst
under solvent-free conditions as shown in Scheme 1.
This is a novel, one-pot condensation that not only pre-
serves the simplicity of the Pechmann condensation
reaction but also consistently produces excellent yields
of the coumarin derivatives19 and greatly decreases envi-
ronmental pollution. In the presence of Sm(NO3)3 Æ6H2O
(10mol%) the reaction of ethyl acetoacetate (1, 1mmol),
resorcinol (2a, 1mmol) was carried out in one-pot reac-
tion under solvent-free conditions for 20min at 80 �C,
and resulted in the formation of 7-hydroxy-4-methyl-
coumarin in 98% yield. A wide range of structurally var-
ied phenols reacted smoothly and very quickly to give
3

Scheme 1.
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Table 1. Synthesis of coumarins via von Pechmann condensation of phenols with b-ketoesters catalyzed by Sm(NO3)3Æ6H2O

Entry Phenol 2 Timec (min) Product 3a,d MP Yieldsb (%)

1

OH

OH
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O OHO
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18527
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2

OH

O
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O O

O
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161–16226
94

3

HO OH

15

O O

OH

257–258

258–25918
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4

HO OH

OH
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O OHO

OH
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280–28527
95

5
HO

OH

OH 20

O OHO

OH

236–239

236–23828
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6
HO OH

30

O OHO
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8
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9
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O
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Table 1 (continued)

Entry Phenol 2 Timec (min) Product 3a,d MP Yieldsb (%)

11

OH

NO2

35

O O

NO2

183–185

184–18618
70

a All products were characterized by comparison of their mp, IR, and 1H NMR spectra with those of authentic samples.
b Isolated yields.
c All reactions refluxed at 80�C.
d Elemental analyses (±0.4% of the calculated values) were obtained for all compounds.
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the corresponding coumarins in high yield and purity as
listed in Table 1. Many pharmacologically relevant sub-
stitution patterns on the aromatic ring could be intro-
duced with high efficiency, and most importantly,
phenols carrying either electron-donating or electron-
withdrawing substituents all reacted very well, giving
moderate to excellent yields with high purities.

To study the substituent effects on the reactivity of the
phenol, the reaction was performed on a variety of
phenols. The reaction worked well and the results are
illustrated in Table 1. For most of the substrates, the
reaction time was reduced drastically even at ambient
conditions in contrast to reported procedures12,13 and
gave an excellent yield of the coumarins. Substrates
having electron-donating groups para to the site of elec-
trophilic substitution gave maximum yields in the mini-
mum time.

In conclusion, we have developed25 a novel and simple
modification of the von Pechmann condensation reac-
tion using Sm(NO3)3Æ6H2O as the catalyst under sol-
vent-free conditions.
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