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Abstract — 3-Cyanocoumarin and seven denvatives {4-Me; 6-NO,: 7-OH; 7-OMe; 8-OH; 5,7-
OMe; 6.7-(-CH=CH-})-,] and eight coumarins substituted at C-3 (CO,Et, NO,; Ph; p-NO,-C.H,;
Ph-5O,; 2-pyridyl; Z-Hﬁcnyf; 2-benzothiazolyl) were prepared, on multigram scale by a one-pot
procedure in water alone, by the Knoevenagel reaction of o-hydroxyaryl aldehydes and
o-hydroxyacetophenone with acetonitriles. The yields are high and the procedure does not require
organic solvents. The reactions carried out in heterogencous aqueous phase, sometimes in the
presence of a surfactant, always have higher yields lhar; the same reactions executed in

homogeneous cthanolic medium.

During the last decacie it has been discovered that the reactivity and selectivity of many organic reactions
can be significantly improved by using an aqueous medium. 13 The thoughts that the Jow solubility of the
reagents would be an .obstacle to the reactivity 4 and that water must always be rigorously excluded when
organometallic reagents are used,” have been overcome.

Breslow 3 and Lubineau ? attribute the increased reactivity and selectivity of the reactions in aqueous
medium to the hydrophobic effect.19 According to Blokzijl and Engberts,!2 the water effect is not mainly
due to h‘ydrophobic packing of the reactants but is the result of a combination of enforced hydrophobic
interactions and hydrogen bonding.

It has also been emphasized that an aqueous medium is particularly effective when the activation volume of
the reaction is negative and this has been attributed to the high cohesive energy of water that could act as
an external pressure 9:13

We have studied the use of water as reaction medium in the following reactions: the epoxidation of
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alkenes 14 and allylic alcohols,!3 the Baeyer-Villiger oxidation, 192 the selective oxidation of sulfides, 16b
the chemoselective oxidation of functional groups 17 and the aldol-like condensation reactions.6

One of the advantages of an aqueous medium is that the pH of the reaction mixture can be controlled and
we have investigated the possibility of carrying out a one-pot multi-step synthesis in water by simply
changing the pH of the aqueous medium.

The reaction selected for this study was the Knoevenagel condensation for synthesizing coumarins because
(i) the reaction is pH-controlled,!8 (ii) the aldol-like condensation reactions have a negative volumé of
activation !3 and (iii) the coumarins are an interesting class of compounds, well-known for their chemical
and biological properties.1?

We report here a simple and efficient one-pot synthesis, in only water, of 3-substituted coumarins starting
from some readily available commercial compounds such as salicyl aldehydes, o-hydroxyacetophenone, 2-
hydroxy-1-naphthaldehyde and acetonitriles.2? Derivatives of acetonitrile have rarely been used to
synthesize coumarins.

Coumarins substituted at C-3 occupy a special place in the realm of natural and synthetic coumarins
because of their wide range of activities. 3-Methylcoumarins have anthelmintic, hypnotic and insecticidal
properties;22 3-phenylcoumarins are anticoagulant, coronary constricting agents and fluorescent
brighteners;23 3-(2-benzothyazolyl)coumarins are used as photographic sensitizers, fluorescent dyes,
intermediates for pesticides and pharmaceuticals and as an active medium in laser and in light and solar
collectors.24 3-Ethoxycarbonylcoumarins are key intermediates in the synthesis of many other
coumarins.23

Many methods of synthesis of 3-substituted coumarins are known 26 including the Perkin, 27
Knoevenagel, 18 Reformatsky,2® Pechman 29 and Wittig reactions 23 but the search for new and more
convenient methodologies continues.

We prepared 3-cyanocoumarins by one-pot procedure by the reaction, at room temperature, of saliéyl
aldehydes (1a-f) with malononitrile (2) in heterogeneous alkaline aqueous medium with a subsequent acid
treatment of the reaction mixture 30 (Scheme I). The coumarins (4a-f) were isolated in pure forms by
simple filtration.

The intermediate o-hydroxybenzylidenemalononitriles (3a-f) were not isolated; their conversion to
corresponding 3-cyanocoumaring generally required heating. Extension of this procedure to

o-hydroxyacetophenone (1g) and 2-hydroxy-1-naphthaldehyde (1h) gave the corresponding coumarins
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(4g and 4h). The results are reported in Table L.

The reaction yields are excellent and the process does not require an organic solvent, which is important
from an environmental point of view because pollution is prevented at the source.

It should be noted that the volume of water, the pH of the condensation reaction and stirring significantly
influence the yield and the rate of the reaction. If, for example, the condensation of 1a with 2 is carried out
at pH = 12.4 the yield of coumarin (4a) is only 60% and if stirring is not efficient, the reaction time is
longer.

The methodology has been extended to the preparation of a variety of 3-substituted coumarins by using
salicyl aldehyde (1a) and substituted acetonitriles (5) {Scheme II).32 The reaction conditions and the

results are reported in Table 1L
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Table 1. Reactions of o-Hydroxyarylcarbonyl Compounds (1) with Malononitrile (2) in Water.

Substrate pH?  Temp.(°C)® Time (hY®? Coumarin Yield (%)°

1a 8.3 20-90 2-2.5 4a 90
1b 83 20-90 4-2 4b 75
1c 8.3 20-90 14-2 4c 92
1d 12.4 20-90 5-2 4d 90
le 83 20-90 4-1 de 85
11 83 20-90 1-1 af 80
1g? 8.3 20-90 3-1 4 95
1h 12.4 20-20 2-2 4h 80

@) The value refers to the condensation reaction. The cyclization reaction was carried out under
acidic conditicns {see experimental section). b) The first value refers to the condensation step and
the second to the cyclization one, ¢ Yield of isolated and purified coumarin. ¢ A molar ratio

1/2 = 0.5 was used. ¢ A molar ratio 1g/2 = 2 was used.33

With phenylacetonitrile (Sc) and 2-pyridylacetonitrile (5f), the whole process occurs under alkaline
conditions and with highly hydrophobic acetonitriles (Sc, 5d, Se, Sg and Sh) it is necessary to use’catalytic
amounts of cetyltrimethylammonium bromide (CTABr).34

The synthesis of 3-(2-benzothiazolyl)coumarin (7h) is significant because the preparation of 5h and the
subsequent condensation with 1a were executed in aqueous medium in the same pot and because the
benzothiazolyl group is a masked formyl group which allows the synthesis of the difficultly accessible
3-formylcoumarins.

To evaluate the effect of aqueous medium, we carried out the synthesis of 3-substituted coumarins in
homogeneous ethanolic solution. The results are reported in Table III. The heterogeneous agueous
medium always gave better yields than the homogeneous alcoholic one and the more hydrophobic the

substituted acetonitrile is, the higher is the advantage to carry out the reaction in water.
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Table I, Reactions of Salicyl Aldehyde (1a) with Monosubstituted Acetonitriles (5) in Water.

Nitrile pH®  Temp. (°C)® Time (h)> Coumarin Yield (%)°
Sa 83 20-70 3-2 7a 87
5b 8.3 20-90 1-1 7b 664
Scelg 12.4 90 11 Te 90
S5de 83 20-90 20-4 7d 96
Se¢ 83 20-90 20-4 Te 85
st/ 12.4 90 3 7f 98
Sge 124 90-90 6-1 g 95
Sh ¢ 13.0 20-90 8-0.5 7h 93

For explanation of a, b, ¢ see Table L. 4) The remainder is unreacted salicyl aldehyde, € In the
presence of 0.1 mol/equiv. of CTABTr. D The cyclization reaction also occurs under basic

conditions. £ A molar ratio 1a/Sc = 0.5 was used.




1262 HETEROCYCLES, Vol. 43, No. 6, 1996

Table ITL. Synthesis of 3-Substituted Coumarins by Knoevenagel Reaction in Water and in Ethanol.

Reactants Coumarin Water ¢ Ethanol @
Yield (%) Yield (%)
la+2 4a 90 706
la + S5a Ta 87 80
la+5b 7b 66 35¢
la + Se¢ Te 90 traces
la + 5f 7 98 55
la + 5g Tg 95 20

@ Under the experimental conditions described in Tables I and II. For the preparation
of 7a in ethanolic solution, the condensation step was catalyzed by piperidine 0.05 N

because of the low solubility of NaHCO, in ethanol. & Ref, 30. &/ Ref. 35.

In conclusion, the synthesis of 3-substituted coumarins by the Knoevenagel condensation can be carried
out in water alone by a one-pot procedure. The synthesis of 16 simple 3-substituted coumiarins has been

reported but the procedure may be useful in the preparation of more complex aryl lactonic structures.

EXPERIMENTAL

The coumarins (4a 31, 4b 36, 4¢ 31, 4g 37, 4h 38, 72 39 7p 40 7c 41 7d 42 7 43, 7£ 44 7g 39 Th 45 are
known in the literature. The mp of all known compounds were consistent with those reported in the
literature except for 4b (mp 274-275 °C after recrystallization from H,O0-AcOH; lit., 3¢ 262 °C). The
structures of all the coumarins were consistent with ir (Perkin Elmer mod. 983 instrument), 1H-nmr in
(CD3),S0 (FT Bruker AC 80 spectrometer) and GC-ms (HP 5890 MSD instrument) analyses. All starting

materials were commercial with the exception of nitroacetonitrile 4 and 2-benzothiazolylacetonitrile.4”

General Procedure: o-Hydroxycarbonyl compound (1) (100 mmol), nitrile (2) or (5) (100 mmol) and
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cetyltrimethylammonium bromide (3.64 g, 10 mmol), when necessary (Table II}) were added to an aqueous
solution of NaHCOQO3 (500 ml, 0.05 M) or to an aqueous solution of NaOH (500 m], 0.025 N or 0.05 N;
Table I and II). The mixture was vigorously stirred at room temperature for the times reported in Tables I
and II. The heterogeneous mixture was acidified with conc. HCI (12.5 ml) and then heated at 90 °C or left
at room temperature under stirring for 1-4 h (see Tables I and II). After cooling the solid was filtered,
washed with cold water and dried. The crude coumarin has a purity higher than 98% and can be purified
further on by recrystallization from EtOH, AcOH, Me,CO or mixtures HyO-AcOH and EtOH-EtOAc.

The yields of purified coumarins are reported in Tables I and II.

3-Cyane-5,7-dimethoxycoumarin (4d)

mp 233-235 °C from Me,CO. H-Nmr 8: 8.68 (s, 1H, H4), 6.68 (d, 1H, H-6, ] = 2.0 Hz), 6.57 (d, 1H,
H-8, J=2.0 Hz), 3.92 (s, 3H, OMe), 3.90 (s, 3H, OMe); ms m/z ; 63 (16), 69 (27), 89 (14), 117 (18), 188
(31), 203 (38), 231 (100). Anal. Calcd for C|,HgNOy: C, 62.34; H, 392; N, 6.06. Found: C, 62.15; H,
3.90; N, 6.0.

3-Cyano-8-hydroxycoumarin (4e)

mp 244-245 °C from EtOH-EtOAc. 1H-Nmr 8: 10.4 (br s, 1H, OH), 8.84 (s, 1H, H-4), 7.23 (m, 3H, H-5,
H-6, H-7); ms m/z : 50 (42}, 75(43), 76 (76), 103 {47), 131 (23), 159 (76), 187 (100). Anal Caled for
C1oHsNO;5: C, 64.19; H, 2.69; N, 7.48. Found: C, 64.10; H, 2.60; N,7.40.

3-Cyano-6-nitrocoumarin (4f)

mp 184-185 °C from EtOH-EtOAc. 'H-Nmr &: 9.03 (s, 1H, H-4), 8.77 (d, 1H, H-5, J = 2.8 Hz), 8.56 (dd,
1H, H-7,1=9.5, 2.8 Hz), 7.73 (d, 1H, H-8, J = 9.5 Hz); ms m/z : 62 (31), 63 (31), 87 (41), 88 (46), 142
(29), 158 (47), 186 (57), 216 (100). Anal. Caled for C|gH4N,04: C, 55.57; H, 1.87; N, 12.96. Found: C,
55.52; H, 1.98; N, 12.98.

3-(2-Benzothiazolyl)coumarin (7h)
A mixture of 2-aminothiophenol (12.5 g, 100 mmol), malononitrile (6.6 g, 100 mmol), acetic acid (5.7 mi,
100 mmol) and cetyltrimethylammonium bromide (3.64 g, 10 mmol) in water ( 150 ml) was stirred at room

temperature for 12 h. Water (350 ml), salicyl aldehyde (1a) (12.2 g, 100 mmol) and NaOH (6 g, 150
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mmol) were added and the mixture left at room temperature for 8 h under stirring: The mixture was then
acidified with conc. HCI (23 ml) and heated at 90 °C for 30 min. After cooling the solid was filtered,
washed with cold water and dried. Yields 93%, mp 216-217 °C from EtOH-AcOEt (lit., 45 217-218 °C).
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