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Abstract : In the present work 3-acetoacetylcoumarin derivatives were synthesized at ambient temperature by reaction
between substituted salicylaldehyde and 4-hydroxy-6-methyl-2ZHpyran-2-one by using B-Cyclodextrin-glycerin as reaction
medium. The existing organic transformation involves Knoevenagel condensation reaction followed by intramolecular ring
opening and then cyclisation.
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1. Introduction

The recent heterocyclic chemistry comprises coumarins based organic molecules which shows far-reaching spectrum of
biological activity such as diuretic, spasmolytic, [1-3], anticonvulsant [4], antitumor [5], antimicrobial [6] and anti-HIV [7] in
addition to insecticidal properties [8]. Chemistry of coumarins has very much promising industrial applications such as laser
dye [9], optical brighteners [10, 11] additives in food and cosmetics [12, 13]. The previously used protocols for synthesis of 3-
acetoacetylcoumarins derivatives are ionic liquids [14], piperidine [15], triethylamine [16], potassium fluoride (KF)-alumina
[17] in organic solvents.

Some of the reported methods of for synthesis of 3-acetoacetylcoumarins derivatives suffer drawbacks like use of expensive
catalyst, hazardous solvents, prolonged reaction time, elevated temperature, tedious work up procedure. These weaknesses
can be overcome by using water as reaction medium in organic transformation [18, 19].

Many organic reactions showed improved rate of reaction in water due to hydrophobic effects, but the low solubility of organic
compounds restricts the use of water as solvent in organic synthesis [20]. Many inorganic catalysts perform better in aqueous
medium rather than organic solvents [21]. However, glycerin is very promising solvent, in which many organic compounds are
readily soluble than in water and alcohol [22].

Supramolecules forms inclusion complex with guest molecule and can be utilized in various actions such as extraction,
purification, reaction catalyst, food industry, perfume industry, drug delivery [23]. Cyclodextrins (CD’s) are cyclic
oligosaccharides which show host-guest complexation by binding organic substrates in its hydrophobic cavity [24]. Among the
other CD’s, B-CD has been extensively used in organic synthesis as catalyst [25-28]. In continuation of our work for using -CD-
glycerin system in organic transformation [29] here we synthesize 3-acetoacetylcoumarin derivatives.

2. Experimental Section
2.1 Material and Methods

B-CD was bought from Himedia and all remaining chemicals from Sigma Aldrich, Spectrochem, s. d. Fine chemical Limited
(India). These chemicals were used by itself exclusive of extra purification. Melting points were determined by an open
capillary method and are uncorrected. Infrared spectra were recorded on Perkin Elmer FT-IR spectrometer (KBr discs ~5%
w/w). NMR spectra were recorded on Bruker Avon 300 MHz spectrometer using CDCl; as solvent and Tetramethylsilane as
internal reference.

2.2 General procedure for synthesis of 3-acetoacetylcoumarins

In a 50 mL round bottom flask, 3-CD (0.227 gm) was added to 15 mL aq. 50% glycerin (v/v) and heated (35-40 °C) under
stirring to obtain homogeneous solution. To this homogeneous solution salicylaldehyde (0.122 gm, 1 mmol) and 4-Hydroxy-6-
methyl-2H-pyran-2-one (0.126 gm, 1 mmol) were added. Resulting mixture was stirred at 40 °C for appropriate duration. The
reaction was monitored with TLC by using Petroleum Ether: Ethyl acetate (8:2) as mobile phase. After completion of reaction
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the product was isolated by simple filtration followed by washing with water (15 mL x 3). The isolated dried crude product
recrystallized with 95% EtOH to afford the corresponding pure 3-acetoacetylcoumarin derivative.

3. Results and discussion

Initially we carried out the model reaction by reacting equimolar quantity of salicylaldehyde and 4-Hydroxy-6-methyl-2H-
pyran-2-one without use of beta cyclodextrin at room temperature in water. However, there is no any product formation
observed which supports the crucial role of @-CD (table 3.1). With 0. 1 mmol (0.227 gm) of $-CD as catalyst gave only 20 %
yield of the corresponding product. As the concentrations of $-CD in reaction medium increases the duration of completion of
reaction reduces however there is no any drastic change in the yield of product. This might be partial solubility of the -CD in
water which lead to incomplete formation of inclusion complex with reagents.

Table 3.1 Optimization of the @-CD for the synthesis of 3-acetoacetylcoumarin

Sr. @-CD Temp. Time Yield a.b
No. (mmol) (°C) (h) (%)

1| e 25 12 Nil

A s 25 12 Nil

3 0.1 25 10 20

4 0.2 25 8 52

5 0.5 25 8 64

6 0.7 25 6 66

7 1.0 25 5 66

a) Reacting substrates: salicylaldehyde (1 mmol), 4-Hydroxy-6-methyl-2H-pyran-2-one (1 mmol) in 15 mL water;
b) Isolated yield of the product.

Next, we carried out several reactions with various concentrations of aq. glycerin solution for the model reaction. There is no
any product formation observed with the concentration below 40% (v/v) at room temperature for model reaction. However,
at 40%, 50 % the product formation was observed with poor yield. The aq. glycerin solution gave good results at elevated
temperature (40 °C) among these aq. 50 % glycerin (v/v) brought better results compared with other concentrations (table
3.2).

Table 3.2 Optimization of the concentration of aq. glycerin

Sr. aq. glycerin Temp. Time Yield a.b
No. % (v/v) (°C) (h) (%)
1 10 25 15 Nil
2 20 25 15 Nil
3 30 25 15 Nil
4 40 25 15 10

5 50 25 12 30
6 10 40 15 10
7 20 40 12 25
8 30 40 10 35
9 40 40 8 45
10 50 40 6 75
11 60 40 7 72
12 70 40 5 70
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a) Reacting substrates: salicylaldehyde (1 mmol), 4-Hydroxy-6-methyl-2H-pyran-2-one (1 mmol) in 15 mL aq.
glycerin; b) Isolated yield of the product.

Our next goal was to use $-CD in combination with aq. 50 % glycerin (v/v). No formation of desired product in absence
of B-CD, showing its participation in the reaction medium was crucial. The model reaction showed excellent results with 0.1
mmol of $-CD in combination with aq. 50 % glycerin (v/v) (table 3.3). With increase in $-CD concentration there is no any
drastic change in the yield of product was observed hence we utilize this optimized condition for formation of various
derivatives of the 3-acetoacetylcoumarin.

Table 3.3 Optimization of @-CD - aq. glycerin concentration

Sr. aq. glycerin @-CD Temp. Time Yield ab
No. % (v/v) (mmol) (°C) (h) (%)

1 50 0.0 25 12 30

2 50 0.1 25 8 45

3 50 0.0 40 6 75

4 50 0.1 40 1 98

5 50 0.2 40 1 97

6 50 0.5 40 1 97

7 50 0.7 40 1 98

8 50 1.0 40 1 98

a) Reacting substrates: salicylaldehyde (1 mmol), 4-Hydroxy-6-methyl-2H-pyran-2-one (1 mmol) in 15 mL agq.
Glycerin; 5-CD; b) Isolated yield of the product.

The scope of the reaction was studied with substituted salicylaldehyde with diverse functional groups such as -OMe, -OEt, -
NO2, and -Cl to synthesize the corresponding 3-acetoacetylcoumarins in good to excellent yield (Scheme 1). The 3,5-dichloro
salicylaldehyde reacted slowly and gave the corresponding 3-acetoacetylcoumarins in poor yield. The results are tabulated in
below (table 3.4).

OH

OH O
R CHO . p-CD-glycerine .
+ ‘ - 2 AN
OH o o  40°C o0
R,
R
1a-f 2 3a-f
Scheme 1 Synthesis of 3-acetoacetylcoumarins.
Table 3.4 Synthesis of 3-acetoacetylcoumarins derivatives 2
Time M.P. ¢
ield b (©

Entry | Ry R: Product (h) Yield b (%) C)
1 H H 3a 2.0 98 144-146
2 H NO; 3b 1.5 96 210-21201430]
3 OMe H 3c 2.0 97 172-174(14.30]
4 OEt H 3d 2.5 98 202-204
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5 al cl 3e 3.0 89 200-202(14.30]

20H-naphthalene-

6 1-carbaldehyde

3f 3.5 94 222-224

a) Reaction conditions: salicylaldehyde (1 mmol), 4-Hydroxy-6-methyl-2H-pyran-2-one (1 mmol), 0.1 mmol $-CD-aq. 50
% glycerin (v/v) in 15 mL solution stirred at 40 °C;
b) Isolated yield of product; c) Melting point match with literature value.

In a plausible mechanism, 2-hydroxybenzaldehyde (1) undergoes Knoevenagel condensation with 4-Hydroxy-6-methyl-
2H-pyran-2-one (2) to give corresponding intermediate 3-salicylidenepyrane-2,4-dione. This intermediate undergoes a ring-
opening reaction mediated by a nucleophilic attack of the phenolic OH group onto the lactone carbonyl followed by
intramolecular cyclization yielding the desired final product 3-acetoacetylcoumarin (Figure 1).

o

C Q (OH
'/H\ / Knoevenagel — \
‘ condensation
o}
1
2
Nucleophilic
k
OH o attac (O
X AN Ring
opening

3

Figure 1 Plausible reaction mechanism for synthesis of 3-acetoacetylcoumarin.

3.1 Spectral analysis of synthesized 3-acetoacetylcoumarin derivatives

8-Nitro-3-acetoacetylcoumarin (3b); IR (KBr, cm'1): Bmax 1740, 1612, 1575, 1530, 1480, 1425, 1344, 1280, 1187, 1107, 999,
925, 822; 1H NMR (300 MHz, CDCl3): 6 15.74 (1H, s), 8.72 (1H, s), 8.47-8.60 (2H, m), 7.51 (1H, d, J= 9.3), 7.01 (1H, s), 2.32 (3H,
s); 3C NMR (75 MHz, CDCl3): 6§ 200.67, 169.81, 157.43, 156.48, 144.37, 143.69, 129.86, 128.14, 127.58, 125.16, 122.83, 118.50,
117.85,102.22, 27.89.

8-Methoxy-3-acetoacetylcoumarin (3c); IR (KBr, cm'1): Bnax 1748, 1608, 1558, 1507, 1363, 1183, 1116, 1034, 816; 'H NMR
(300 MHz, CDCl3): 6 15.92 (1H, s), 8.65 (1H, s), 7.29-7.32 (1H, m), 7.17-7.22 (2H, m), 7.07 (1H, s), 4.01 (3H, s), 2.30 (3H, s); 13C
NMR (75 MHz, CDCl3): 6 199.89, 171.80, 157.50, 146.92, 145.66, 144.00, 124.80, 120.72,119.12, 115.37,101.77, 56.32, 27.62.
6,8-Dichloro-3-acetoacetylcoumarin (3e); IR (KBr, cm'1): Blmax 1740, 1600, 1568, 1412, 1365, 1273, 1183, 1096, 1011, 829; 1H
NMR (300 MHz, CDCl3): 6§ 15.72 (1H, s), 8.53 (1H, s), 7.60 (1H, d J= 3.0 Hz), 7.52 (1H, d J= 3.0 Hz), 7.00 (1H, s), 2.30 (3H, s); 13C
NMR (75 MHz, CDCl3): 6§ 200.39, 170.20, 156.31, 148.59, 142.49, 131.50, 130.07, 125.00, 121.57,121.50, 120.27, 102.17, 27.80.
2-(1-hydroxy-3-oxobut-1-en-1-yl)-3H-benzo[f]chromen-3-one (3f); IR (KBr, cm1): Bm. 1738, 1602, 1560, 1470, 1432, 1350,
1271, 1177, 1092, 966, 820; 'H NMR (300 MHz, CDCl3): § 16.00 (1H, bs), 9.00 (1H, s), 8.38 (1H, d, J= 9.0), 8.10 (1H, d, J]=9.0),
795 (1H, d, J=6), 7.77 (1H, t, J]= 7.8 Hz, ]= 7.8 Hz), 7.63 (1H, t,, J]= 7.5 Hz, J]= 7.5 Hz), 7.49 (1H, d, ]= 9Hz), 2.31 (3H, s), 7.12 (1H,
s); 13C NMR (75 MHz, CDCl3): § 198.40, 171.64, 157.16, 154.91, 139.96, 135.79, 130.26, 129.40, 129.19, 129.08, 126.60, 121.74,
118.97,116.48,113.04,101.49, 27.47.
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4. Conclusion

In conclusion, the current protocol for synthesis of 3-acetoacetylcoumarin is eco-friendly and advantageous process as the @-
CD as well as glycerin both are biodegradable, nontoxic, inexpensive and easily available. 3-acetoacetylcoumarins synthesized
in water at ambient temperature. This technique serves as green approach from environment viewpoint which is a major
requirement of various chemical industries nowadays.
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