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2-Oxo-2H-1-benzopyran derivatives have attracted strong
interest due to their useful pharmacological properties, such as
anticoagulant,1 spasmolytic,2 anthelmintic3 and diuretic4 activ-
ity. There have been many synthetic routes to 2-oxo-2H-1-
benzopyrans, including the Perkin reaction,5 Reformatsky
reaction,6 Michael addition7 and Knoevenagel condensation.8

Due to their great importance, the development of novel syn-
theses of benzopyrans still remains an active research area.

Organolanthanide chemistry is of great interest and recently
reports on using samarium (III) in organic chemistry have
rapidly increased.9 For example, we have reported that 
α-haloketones could react with aldehydes to give α,
β-unsaturated ketones promoted by SmI3.

10We also found that
samarium triiodide could promote Michael addition of active
methylene compounds to α, β-unsaturated esters to form 
δ-carbonyl esters with fair yields.11 Mori reported that in the
presence of SmI2 or SmI3, α-haloketones could react with 
α-ketocarboxylates or α-diketones to form α-hydroxy-γ-keto-
carboxylates and 2-hydroxy-1, 4-diketones respectively.12

Herein, we report a simple and convenient synthesis of 2-oxo-
2H-1-benzopyrans from salicylaldehydes and active methyl-
ene compounds catalysed by samarium triiodide (Scheme 1).

The results are summarised in Table 1. When 1 mmol 
salicylaldehydes, 1.2 mmol active methylene compounds and
0.2 mmol SmI3 were mixed and refluxed in dry THF under a
nitrogen atmosphere for a given time (indicated in Table 1), 2-
oxo-2H-1-benzopyrans were formed with satisfactory yields.
We found that the reaction could not take place at room tem-
perature but proceed smoothly under reflux conditions. When
a stoichiometric amount of SmI3 was used, the yields were not
increased.

The present procedure has the advantage of progressing by
a straightforward sequence of reactions to fair yields. It is also

more convenient than the previous method7 in that it elimi-
nated the necessity of preparing the requisite aryllithium.
Compared with condensation carried out by the Knoevenagel
method using piperidine as a catalyst, this reaction was per-
formed under neutral, mild conditions and avoided some side
reaction that occurred in basic conditions. Thus, this method
represents a novel complement to the traditional Knoevenagel
synthesis. The mechanism should be similar to that which we
proposed previously.13

Experimental

Tetrahydrofuran was distilled from sodium-benzophenone immedi-
ately prior to use. All reactions were conducted under a nitrogen
atmosphere. Melting points were uncorrected. Infrared spectra were
recorded on a Bruker Vector 22 spectrometer in KBr with absorptions
in cm-1. 1H NMR spectra were determined on a Bruker AC-80 spec-
trometer as CDCl3 solutions. Chemical shifts were expressed in ppm
downfield from internal tetramethylsilane. Mass spectra were
recorded on a HP5989B Mass spectrometer. 

General procedure for synthesis of the 2-oxo-2H-1-benzopyrans3:
A solution of salicylaldehydes 1 (1 mmol) and active methylene com-
pounds 2 (1.2 mmol) in anhydrous THF (3 ml) was added to a solu-
tion of SmI3 (0.2 mmol) in THF (20 ml) and the reaction mixture was
stirred at 65°C under a dry nitrogen atmosphere. At completion, the
reaction mixture was quenched with 1mol/l HCl (5 ml) and extracted
with diethyl ether (3 × 15 ml). The combined extracts were washed
with a saturated solution of Na2S2O3 (15 ml) and a saturated solution
of NaCl (15 ml) and then dried with anhydrous Na2SO4. After evap-
orating the solvent under reduced pressure, the crude product was
purified by preparative TLC on silica gel using ethylacetate-cyclo-
hexane (1:6) as eluent.

3-ethoxycarbonyl-2-oxo-2H-1-benzopyran 3a: m.p. 92–93°C
(lit.,14 91–92 °C); νmax (KBr) /(cm-1) 1765 (C=O), 1610 (C=C); 
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Table 1 Synthesis of 2-oxo-2H-1-benzopyrans catalysed by
SmI3 in THF

Entry R X Y T(h) Yield/%a

3a H CN CO2C2H5 40 68,70b

3b H CN CN 30 66
3c H CO2C2H5 CO2C2H5 28 76c,80b

3d H CO2C2H5 CH3CO 28 70
3e H CO2C2H5 SO2Ph 32 70
3f H CN SO2Ph 32 65
3g Cl CN CO2C2H5 40 68
3h Cl CN CN 38 70
3i Cl CO2C2H5 CO2C2H5 28 68c

3j Cl CO2C2H5 CH3CO 32 72
3k Cl CO2C2H5 SO2Ph 32 65
aIsolated yields based on salicylaldehydes. bThe yield was
obtained when using stoichiometric amounts of SmI3.

c The
unexpected products 3-hydroxycarbonyl-2-oxo-2H-1-
benzopyrans were obtained. 

Scheme 1



δH (CDCl3) 1.43 (3 H, t,J = 7.0Hz, CH3), 4.37–4.46 (2H, m, CH2),
7.27–7.57 (4H, m, ArH), 8.52 (1H, s, CH).

3-cyano-2-oxo-2H-1-benzopyran 3b: m.p. 181-183°C (lit.,14

182–184°C); νmax (KBr) /(cm-1) 2235 (CN), 1730 (C=O), 1605
(C=C); δH (CDCl3) 7.29–7.68 (4H, m, ArH), 8.56 (1H, s, CH).

3-hydroxycarbonyl-2-oxo-2H-1-benzopyran3c: m.p. 187°C (lit.,15

187°C); νmax (KBr) /(cm-1) 1735 (C=O), 1610 (C=C); δH (CDCl3)
7.55–7.82 (4H, m, ArH), 8.85 (1H, s, CH), 13.80 (1H, s COOH
exchange deuterium oxide).

3-acetyl-2-oxo-2H-1-benzopyran3d: m.p. 123°C (lit.,15 124°C);
νmax (KBr) /(cm-1) 1730 (C=O), 1604 (C=C); δH (CDCl3) 1.83 (3H, s,
CH3) 7.33–7.65 (4H, m, ArH), 8.86 (1H, s, CH).

3-phenylsulfonyl-2-oxo-2H-1-benzopyran3e: m.p. 214–216°C
(lit.,16 214–215°C); νmax (KBr) /(cm-1) 1725 (C=O), 1320, 1140
(SO2), 1600 (C=C); δH (CDCl3) 7.26–8.17 (9H, m, ArH), 8.80 (1H, s,
CH).

3-phenylsulfonyl-2-oxo-2H-1-benzopyran3f: m.p. 214–216°C
(lit.,16 214–215°C); νmax (KBr) /(cm-1) 1725(C=O), 1320, 1140
(SO2), 1600 (CH=); δH (CDCl3) 7.26–8.17 (9H, m, ArH), 8.80 (1H, s,
CH).

6-chloro-3-ethoxycarbonyl-2-oxo-2H-1-benzopyran 3g: m.p.
146°C. (lit.,17 145–147°C); νmax (KBr) /(cm-1): 1765 (C=O), 1610
(C=C); δH (CDCl3) 1.42 (3H, t,J = 7.2Hz, CH3), 4.37–4.46 (2H, m,
CH2), 7.27–7.57 (3H, m, ArH), 8.52 (1H, s, CH).

6-chloro-3-cyano-2-oxo-2H-1-benzopyran3h: m.p. 192°C; νmax
(KBr) /(cm-1) 2240 (CN), 1735 (C=O), 1615 (C=C); δH (CDCl3)
7.29–7.71 (3H, m, ArH), 8.45 (1H, s, CH); m/z207 (37Cl-M+, 31.9),
205 (35Cl-M+, 100), 209 (34.8), 179 (28.2), 177 (85.4), 114 (78.2), 87
(17.3), 63 (17.1).

6-chloro-3-hydroxycarbonyl-2-oxo-2H-1-benzopyran3i: m.p.
198-200°C(lit.,17 198–199°C); νmax(KBr) /(cm-1) 1760 (C=O), 1600
(C=C); δH (CDCl3) 7.55–7.82 (4H, m, ArH), 8.85 (1H, s, CH), 13.70
(1H, s, COOH exchange deuterium oxide).

6-chloro-3-acetyl-2-oxo-2H-1-benzopyran 3j: m.p. 148–150°C;
νmax (KBr) /(cm-1) 1745 (C=O), 1604 (C=C); δH (CDCl3) 1.82 (3H, s,
CH3), 7.26–7.65 (3H, m, ArH), 8.41 (1H, s, CH);m/z224 (37Cl-M+,
17.1), 222 (35Cl-M+, 49.4), 209 (34.8), 207 (100), 179 (12.6), 123
(19.5), 57 (41.6).

6-chloro-3-phenylsulfonyl-2-oxo-2H-1-benzopyran 3k: m.p.
242°C (lit.,16 242°C); νmax (KBr) /(cm-1) 1725 (C=O), 1320, 1130
(SO2), 1605 (C=C); δH (CDCl3) 7.26–8.17 (8H, m, ArH), 8.78 (1H, s,
CH).
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