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Abstract – Al2O3/MeSO3H (AMA) is found to be an efficient reagent for the 

Pechman condensation reaction of phenols and β- ketoesters under solvent free 

conditions. The reaction protocol is simple, cost- effective, solvent free and gives 

good isolated yield with high purity and good regioselectivity. 

 

INTRODUCTION 

Coumarins are structural units of several products,1 and feature widely in pharmacologically and 

biologically active compounds.2-6 They have been used as additives in food and cosmetics, 7 and in the 

preparation of insecticides, optical brighteners 8 anticoagulants,9a, b and dispersed fluorescent and laser 

dyes.9c There have been many synthetic routes to coumarins, including Pechmann,10a Perkin,10b 

Knoevenagel,10c
 Reformatsky,10d Witting reaction10e and Flash Vacuum Pyrolysis10f

 the first of which is one 

of the most famous and valuable methods of synthesis. The Pechmann reaction has been studied with 

homogeneous acid catalysts such as sulfuric, hydrochloric, phosphoric7 and trifluoroacetic acid,11a and with 

Lewis acids such as FeCl3, ZnCl2, AlCl3, ZrCl4, and also with P2O5, PPA, montmorillonite and other clays. 
12 Solvents such as alcohol, ether, and benzene have been favored. Under some conditions, chromones (4) 

may be also formed (Scheme 1).13  

 

 

 

 

Scheme 1 

However, these methods are associated with one or more disadvantages such as long reaction time, tedious 

work up, low yields, acidic waste, high temperature and expensive reagent. 
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In recent years, the use of inorganic solid oxides as catalysts, reagents, and reaction media have received 

considerable attention because of their high level of chemoselectivity and environmental compatibility as 

well as simplicity of operation and their use of availability at low cost. Thus, a number of heterogeneous 

reactions using inorganic oxides such as SiO2, Al2O3, zeolite, etc. have already been reported.14 

In our last work it was reported that a mixture of Al2O3/MeSO3H (AMA) is an effective reagent for Fries 

rearrangement,15 Beckmann rearrangement,16 direct conversion of aromatic aldehydes to the corresponding 

glycol monoesters,17 hydration of nitriles into amides,18 synthesis of macrocyclic polyether-diesters,19 

synthesis of new hydroxythioxanthone derivatives20 and direct sulfonyltion of phenloes with 

p-toluensulfonic acid.21 When this protocol was applied to the Pechmann synthesis, the expected coumarins 

were obtained as pure products in high yield by solvent-free stirring (Scheme 2).  
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RESULTS AND DISCUSSION 

To exploit simple and suitable condition for synthesis of coumarin derivatives, the reaction of resorcinol 

(5c) with methyl acetoacetate (6a) was chosen as a model, and its behavior was studied under a variety of 

conditions via TLC and 1H NMR and 13C NMR spectroscopy (Table 1). 

Table 1. Results of the reactionsa of 5c and 6a in the presence of different conditions 

Entry Conditions Time (h) Temp. oC Yield (%)b 

1 graphite (0.2 g ) 5 100 5 

2 Al2O3( 0.2 g acidic) 5 rt 0 

3 Al2O3( 0.2 g acidic) 5 100 0 

4 ZnO2 ( 0.2 g ) 5 100 0 

5 SiO2  ( 0.2 g ) 5 100 0 

6 TiO2  (0.2 g ) 5 100 0 

7 AcOH ( 3 mmol ) 5 rt 0 

8 AcOH ( 3 mmol ) 5 100 0 

9 CF3CO2H ( 3 mmol ) 5 rt 15 

10 CF3CO2H ( 3 mmol ) 5 100 20 
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Table 1. Continued 

Entry Conditions Time (h) Temp. oC Yield (%)b 

11 MeSO3H ( 3 mmol ) 5 100 10 c 

12 MeSO3H ( 3 mmol ) 2 rt 78 

13 MeSO3H (0.5 mmol) + (0.2 g ) graphite 3.30 rt 75 

14 MeSO3H (0.5 mmol) + (0.2 g )TiO2 5 rt 10 

15 MeSO3H (0.5 mmol) + (0.2 g ) ZnO2 5 rt 15 

16 MeSO3H (0.5 mmol) + (0.2 g ) SiO2 3.30 rt 70 

17 MeSO3H (0.5 mmol) + (0.2 g ) basic Al2O3 4 rt 70 

18 MeSO3H (0.5 mmol) + (0.2 g ) neutral Al2O3 3 rt 75 

19 MeSO3H (0.5 mmol) + (0.2 g ) acidic Al2O3 20 min rt 96 

a: 5c (1 mmol) and 6a (1.2 mmol). b: Isolated yield. c: The reaction mixture decomposed. 

 

 

According to Table 1, the best results were obtained when a mixture of Al2O3 (0.2 g) and MeSO3H (0.5 

mmol) at room temperature for 20 minutes was used. The results also emphasize the importance of using, 

Al2O3 and MeSO3H concomitantly (compare entries 2, 3, 11, 12 with 19). The use of two equivalents of 

phenol 5c and 1.2 equivalent of methyl acetoacetate (6a) for 7-hydroxyl-4-methylcoumarin (7c) does not 

improve the yield of coumarin in comparison with the case with one equivalent of phenol 5c and 1.2 

equivalent of methyl acetoacetate (6a). 

In the absence of Al2O3 (Table 1, entry 11) the reaction was conducted at 100 ºC for 10 hours, affording 

the 7-hydroxyl-4-methylcoumarin (7c) , in 10 % yield; extension of the reaction time and increase of the 

reaction temperature resulted in the decomposition of the reaction mixture22 to a dark solution. 

Both the acetoacetic esters (ethyl and methyl) reacted almost similarly to produce coumarins. 

The results also show the importance of using acidic Al2O3 in comparison with basic and neutral Al2O3 

(compare entry 19 with entries 18, 17). 

The above mentioned results show the advantages of this method as a new and more suitable way to 

coumarins synthesis.  

To establish the generality and applicability of this method we have carried out these reactions with a 

series of monohydric and polyhydric phenols with various β-ketoesters such as methyl acetoacetate, ethyl 

acetoacetate methyl 4-chloroacetoacetate, 2-carbethoxycylcohexanone and also 2-chloromethyl 

acetoacetate to furnish the corresponding coumarins in good yields. Short reaction times were observed (5 

min–3 h) regardless of structural variations in the phenols or β-ketoesters (Scheme 3, Table 2). Thus, 

several pharmacologically relevant substituent patterns could be introduced with high efficiency under the 

present conditions. 
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Table 2. The results of reaction 5 and 6 in the presence of AMA reagent 

 

Entry 

 

Phenols β-Ketoesters Producta 
MeSO3H 

(mmol) 
Time (h)

Yield 

(%)b 

1 

OH
OH

OH (5a) 
OMe

OO

(6a) 

O O

Me

OH
OH

 (7a)

0.5 15 min 96 

2 

OH

OHOH (5b) 

(6a) 

O O

Me

OH

OH (7b) 

0.5 20 min 97 

3 

OH

OH (5c) 

(6a) 

O O

Me

OH

(7c) 

0.5 20 min 96 
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4 
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O O

Me
MeO
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1 2.30 84 

5 

OH

Me
Me
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O O

Me

Me

Me
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1 3 80 

6 

OH

Me     (5f) 
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O O

Me
Me
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1 2.45 85 

7 

OH

Me (5g) 
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O O

Me

Me

(7g) 

1 3 75 

8 
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Me

Me
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(6a) 

O O

Me

Me

Me

  (7h) 

0.5 2.50 80 

9 (5a) 
ClCH2 OMe

OO

(6b) 

O O

CH2Cl

OH
OH

 (7i) 

0.5 15 min 93 

10 (5b) (6b) 

O O

CH2Cl

OH

OH  (7j) 

0.5 15 min 94 

11 (5c) (6b) 

O O

CH2Cl

OH

  (7k) 

0.5 30 min 88 

12 (5c) 

O O

OEt

(6c) 

OH O O

(7l) 

0.5 10 min 96 
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OH
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0.5 5 min 95 

14 (5c) OMe
Cl

OO
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O O
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0.5 8 min 96 

15 
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O

O
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16 
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O

O
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OH  (7p) 

0.5 2.10 84 

17 
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(6b) 
O

O
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0.5 35 min 90 

18 

OH
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(6d) 
O

O
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Cl

 (7r) 

0.5 40 min 86 

19 

OH

OH  

(6a) 

O O

Me
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0.5 20 min 94c 

a a) Products were characterized by their IR and NMR spectra. b) Yields refer to isolated products. c) The reaction was carried out on a 100 

mmol scale. 

 

Pyrogallol 5a, phloroglucinol 5b, resorcinol 5c and α-naphthol 5i were subjected to the reaction with 

different β-ketoesters as shown in Table 2. 

Yields of 4-(chloromethyl)-7-hydroxy-2H-chromen-2-one (7k), 3-hydroxy-7,8, 9,10-tetrahydro-6H- 

benzo[c]chromen-6-one (7l) and 3-chloro-7-hydroxy-4-methylcoumarin (7n) from resorcinol (5c) were 

similar to those obtained from unsubstituted methyl acetoacetate (Table 2, entries 11, 12, 14). 

The nature of the substituent in the starting phenol seems to have relevant effect on the yield. Some 

phenols having electron-donating groups in the para position to the site of electrophilic substitution gave 
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maximum yields under reaction conditions in short periods of time. Some phenols having an 

electron-withdrawing group such as NO2 and/or Cl did not produce any coumarin. Increase of the reaction 

time to 24 hours or more did not improve the yield of the reaction. Similarly naphthols (Table 2, entries 

15-18) required longer reaction times due to presence of another phenyl moiety.  

As expected, β-naphthol was less reactive than the alpha-isomer, yielding no more than 7% of 

4-methyl-2H-benzo[g]chromen-2-ones in AMA at room temperature. 

Naphthalene-1, 5-diol (5j) was subjected to the reaction with methyl acetoacetate as shown in Table 

2(entry 16). Electron-acceptor effect of the α-pyrone ring in molecule 7p hampers the second 

heterocyclization with participation of the hydroxy group in position 7; however, it is known23 that such 

heterocyclization does occur under more severe conditions. 

p-Methoxyphenol showed no detectable demethylation under the reaction conditions (Table 2, entry 4). 

 In the case of phenols that can form two products, regioselectivity is governed by less steric hindrance 

factors. As illustrated in Table 2, when resorcinol (5c), 3-methylphenol (5g) and 3,4-dimethylphenol (5e) 

were employed, 7-hydroxy-4-methyl-2H-chromen-2-one (7c), 4,7-dimethyl-2H-chromen-2-one(7g) and  

4,6,7-trimethyl-2H-chromen-2-one(7e) were isolated as regioselective isomers in 96%, 75% and 80% 

yields, respectively (Table 2, entries 3, 7 and 5). Similar regiochemical behavior was observed in the 

reaction of resorcinol (5c) with methyl 4-chloroacetoacetate (6b), 2-carbethoxycylcohexanone (6c) and 

methyl 2-chloroacetoacetate (6d) affording 4-(chloromethyl)-7-hydroxy-2H-chromen-2-one (7k), 

3-hydroxy-7,8,9,10-tetrahydro-6H-benzo[c]chromen-6-one(7l) and 3-chloro-7-hydroxy-4-methyl-2H- 

chromen-2-one (7n) in 88%, 96% and 96% yields, respectively (Table 2, entries 11, 12, 14). 

The Pechmann reaction of resorcinol with methyl acetoacetate on a 100 mmol scale (Table 2, entry 19) 

proceeded just as well as the 1 mmol reaction. 

From Table 2, it is observed that for most of the substrates, the reaction time is reduced drastically even at 

ambient conditions in contrast to reported methods,10a with an excellent yield of the coumarins. The 

reactions are remarkably clean, and no chromatographic separation is necessary to get the spectra-pure 

compounds. 

Furthermore, the catalytic activity of the recovered catalyst (Al2O3) was examined. As shown in Table 3, 

the yield of coumarin product in the second and third cycles was almost the same as the first run. In every 

case alumina was easily recovered from the reaction mixture by simple washing with EtOH. It should be 

noted that MeSO3H was not adsorb onto Al2O3 during the reaction and extraction with EtOH. No attempt 

has been made to probe the mechanism of the reaction or gain a greater understanding of catalysis by 

alumina. Obviously, some other reports7, 11a, b showed that Brønsted acid could catalyze Pechmann 

condensation; however, our data demonstrated that MeSO3H only is not working. We assume that due to 

the absorption properties of alumina by bringing to together the two substrates together. 
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Table 3: Recycling of alumina 
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Run MeSO3H (0.5 mmol) Yields (%) 

1 

1 

2 

3 

0 

0.5 

0.5 

0.5 

0 

96 

93 

91 

 

In summary, we have demonstrated an efficient and simple alternative for the preparation of coumarin 

derivatives via the Pechmann condensation using AMA as reagent. The present method has the following 

advantages: (a) The reagent is readily available, safe to handle and inexpensive; (b) the procedure is 

simple; (c) work up is easy; (d) the reaction is carried out at room temperature. In fact, alumina can be 

re-used after simple washing with EtOH that renders a more economic process. All of these facts make 

this method a useful addition to the present methodologies. Hence, we believe that it will find wide 

application in organic synthesis as well as industry. 

EXPERIMENTAL 

Instrumentation, Analysis and Starting Material 

NMR spectra were recorded on a Bruker Avance DPX-250 (1H-NMR 250 MHz and 13C NMR 62.9 MHz) 

spectrometer in pure deuterated solvents with tetramethylsilane as an internal standard. IR spectra were 

obtained using a Shimadzu FT-IR 8300 spectrophotometer. Mass spectra were determined on a Shimadzu 

GCMS-QP 1000 EX instruments at 70 or 20 ev. Melting points determined in open capillary tubes in a 

Büchi-535 circulating oil melting point apparatus. The purity determination of the substrates and reaction 

monitoring were accomplished by TLC on silica gel PolyGram SILG/UV 254 plates. Chemical materials 

were purchased from Fluka, Aldrich and Merck Companies. Acidic alumina (Al2O3) type 540 C was 

purchased from the Fluka-company 

General procedure 

To a mixture of MeSO3H (98%, 0.5-1 mmol and Al2O3, acidic type, 0.2 g), phenol (1 mmol) and β- 

ketoesters (1.2 mmol) were added. The mixture was stirred at rt. The reaction progress was monitored by 

TLC. After completion of the reaction (Table 2), EtOH (10 mL) was added and heated at 70ºC and then 
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filtered. The ethanol solution was then put into a 100 mL beaker containing ice-cold water (30 mL). 

Crystalline product was collected by filtration to give coumarin derivatives, the crude crystals thus 

obtained were recrystallized from EtOH 

Preparation of 7-Hydroxy-4-methyl-2H-chromen-2-one (7c):  Prepared according to the general 

procedure using MeSO3H (98%, 1.06 mL, 7.5 mmol and Al2O3, acidic type, 3 g), resorcinol (1.65 g, 15 

mmol) and methyl acetoacetate (2.23 mL, 18 mmol). The reaction progress was monitored by TLC. After 

the completion of the reaction (Table 2), EtOH (150 mL) was added and heated at 70ºC and then filtered. 

The ethanol solution was then put into a 100 mL beaker containing ice-cold water (450mL). Crystalline was 

collected by filtration to give 7-hydroxyl-4-methylcoumarin in 96% yield; the crude crystals thus obtained 

were recrystallized from EtOH to give pure 7-hydroxyl-4- methylcoumarin as colorless prisms.  

The produced coumarins were known. Specific detailed data for each of the compounds are given 

below: 

1) 7,8-Dihydroxy-4-methyl-2H-chromen-2-one (7a) White solid, mp 236-239 °C, (lit.,25 236-238 ºC ); 

yield 96 %. 1H NMR (250 MHz, DMSO-d6): δ 2.35 (s, 3H), 6.12 (s, 1H), 6.82 (d, 1H, J =8.6 Hz ), 7.09 (d, 

1H, J =8.6 Hz), 9.30 (s, 1H), 10.10 (s, 1H). 13C NMR (62.9 MHz, DMSO-d6): δ 18.2, 110.1, 112.0, 112.7, 

115.4, 132.1, 143.2, 149.3, 153.9, 160.2. IR (KBr, cm-1): 3227 (OH), 1668 (C=O). MS: m/z=192 ( M+), 

176, 164, 147, 136, 118, 89, 77, 63. 

2) 5,7-Dihydroxy-4-methyl-2H-chromen-2-one (7b) White solid, mp 280-284 °C; (lit.,24 281-284 ºC ); 

yield 97 %. 1H NMR (250 MHz, DMSO-d6): δ 2.24 (s, 3H); 5.83 (s, 1H); 6.13 (s, 1H); 6.16 (s, 1H); 10.28 

(s, 1H); 10.50 (s, 1H). 13C NMR (62.9 MHz, DMSO-d6): δ 23.4, 94.4, 99.0, 102.1, 108.8, 154.92, 156.42, 

157.87, 160.03, 160.99. IR (KBr, cm-1): 3252 (OH), 1668 (C=O). 

3) 7-Hydroxy-4-methyl-2H-chromen-2-one(7c) Colorless prisms, mp 185-188 °C; (lit.,24 185 ºC ); yield 

96 %. 1H NMR (250 MHz, DMSO-d6): δ 2.13 (s, 3H), 5.88 (s, 1H), 6.31 (s, 1H), 6.59 (d, 1H, J =8.7 Hz), 

7.34 (d, 1H, J =8.7 Hz), 10.32 (s, 1H). 13C NMR (62.9 MHz, DMSO-d6): δ 18.00, 102.0, 110.15, 111.910, 

112.75, 126.44, 153.39, 154.73, 160.22, 161.06. IR (KBr, cm-1): 3500 (OH), 1681 (C=O). 

4) 6-Methoxy-4-methyl-2H-chromen-2-one(7d) Colorless prisms, mp 164-165 °C; yield 84 %. 1H NMR 

(250 MHz, DMSO-d6): δ 2.30 (s, 3H), 3.81 (s, 3H), 6.36 (s, 1H), 7.14 (s, 1H), 7.17 (d, 1H, J =8.3 Hz), 

7.68 (d, 1H, J =8.3 Hz). 13C NMR (62.9 MHz, DMSO-d6): δ 18.2, 55.7, 108.1, 114.6, 117.4, 119.0, 120.0, 

145.1, 152.9, 155.5, 161. IR (KBr, cm-1): 1705 (C=O). 

5) 4,6,7-Trimethyl-2H-chromen-2-one(7e)27White solid, mp 167-169 °C; yield 80 %. 1H NMR (250 

MHz, DMSO-d6): δ 2.15 (s, 3H), 2.19 (s, 3H), 2.26 (s, 3H), 6.26 (s, 1H), 7.16 (s, 1H), 7.49 (s, 1H). 13C 

NMR (62.9 MHz, DMSO-d6): δ 22.8, 23.5, 24.3, 115.0, 121.5, 121.9, 122.5, 129.9, 131.8, 133.4, 140.6, 

157.6. IR (KBr, cm-1): 1706 (C=O). 
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6) 4,6-Dimethyl-2H-chromen-2-one(7f) Colorless prisms, mp 151-153 °C; (lit.,12f 150-151 ºC) yield 

85 %. 1H NMR (250 MHz, DMSO-d6): δ 2.35 (s, 6H), 6.40 (s, 1H), 7.24 (d, 1H, J =8.40 Hz), 7.40 (d, 1H, 

J =8.40 Hz), 7.58 (s, 1H). 13C NMR (62.9 MHz, DMSO-d6): δ 18.0, 20.3, 114.2, 116.1, 119.2, 125.0, 

132.7, 133.5, 150.9, 153, 159. 8. IR (KBr, cm-1): 1719 (C=O). 

7) 4,7-Dimethyl-2H-chromen-2-one(7g) Colorless prisms, mp 131-132 °C; (lit.,12f 131.5-132 ºC); yield 

75 %. 1H NMR (250 MHz, DMSO-d6): δ 2.36 (s, 6H), 6.26 (s, 1H), 7.22(s, 1H), 7.26 (d, 1H, J=8.7 Hz), 

7.58 (d, 1H, J=8.7 Hz). 13C NMR (62.9 MHz, DMSO-d6): δ 17.9, 20.93, 113.2, 116.3, 117.1, 124.9, 125.3, 

142.6, 152.9, 153.1, 159. 8. IR (KBr, cm-1): 1703 (C=O). 

8) 4, 6, 8-Trimethyl-2H-chromen-2-one (7h) White solid, mp 129-132 °C ; yield 80 %. 1H NMR (250 

MHz, CDCl3): δ 2.30(s, 3H); 2.36 (s, 6H); 6.18 (s, 1H); 7.12 (s, 2H). 13C NMR (62.9 MHz, CDCl3): δ 

15.58, 18.8, 20.9, 114.7, 119.4, 122.0, 126.0, 133.1, 134.1, 150.1, 152.6, 161.2. Anal Calcd for C12H12O2 

(188.222): C, 76.57; H, 6.43. Found: C, 76.51; H, 6.40.IR (KBr, cm-1): 1708 (C=O). 

9)4-(Chloromethyl)-7,8-dihydroxy-2H-chromen-2-one (7i) White solid, mp 128-133 °C, (lit.,28a 

133-135 ºC); yield 93 %. 1H NMR (250 MHz, DMSO-d6): δ 4.47 (s, 2H),6.23 (s, 1H),6.60 (d, 1H, J =8.7 

Hz), 6.9 (d, 1H, J =8.7 Hz), 9.37(s, 1H), 10.07 (s, 1H). 13C NMR (62.9 MHz, DMSO-d6): δ 41.4, 110.0, 

110.9, 112.2, 115.4, 132.4, 134.0, 149.8, 151.3, and 160.1. Anal Calcd for C10H7ClO4 (226.613): C, 

53.00; H, 3.11. Found: C, 53.07; H, 3.09. IR (KBr, cm-1): 3225(OH), 1701 (C=O) 

10) 4-(Chloromethyl)-5,7-dihydroxy-2H-chromen-2-one (7j) White solid, mp 246-248°C; (lit.,28b 

243-245ºC ); yield 94 %. 1H NMR (250 MHz, DMSO-d6): δ 5.01 (s, 2H), 6.19 (s, 2H), 6.25 (s, 1H), 10.43 

(s, 1H), 10.89 (s, 1H). 13C NMR (62.9 MHz, DMSO-d6): δ 44.91, 94.75, 99.17, 99.74, 108.79, 152.01, 

156.47, 157.09, 160.02, 161.470. Anal Calcd for C10H7ClO4 (226.613): C, 53.00; H, 3.11. Found: C, 

52.98; H, 3.15. IR (KBr, cm-1): 3300(OH), 1662(C=O). 

11) 4-(Chloromethyl)-7-hydroxy-2H-chromen-2-one (7k) Colorless prisms, mp 178-181°C; (lit.,28c 

180-181ºC); yield 88 %. 1H NMR (250 MHz, DMSO-d6): δ 4.68 (s, 2H), 6.26 (s, 1H), 6.48 (d, 1H, J =2.2 

Hz), 6.58 (dd, 1H, J =8.74 Hz, J =2.2), 7.40 (d, 1H, J =8.72 Hz), 10.40 (s, 1H). 13C NMR (62.9 MHz, 

DMSO-d6): δ 41.3, 102.2, 109.2, 111.0, 113.0, 126.5, 150.9, 155.23, 160.1, 161.4. Anal Calcd for 

C10H7ClO3 (210.613): C, 57,03; H, 3.35. Found: C, 57.07; H, 3.38. IR (KBr, cm-1): 3363(OH), 

1740(C=O). 

12) 3-Hydroxy-7,8, 9,10-tetrahydro-6H-benzo[c]chromen-6-one (7l) White solid, mp 217-220°C ; 

yield 96 %.1H NMR (250 MHz, CDCl3): δ 1.72-1.79 (m, 4H), 2.50 (t, 2H, J =5.8 Hz), 2.68 (t, 2H, J =5.8 

Hz ), 6.76 (d, 1H, J =8.7 Hz), 6.90 (s. 1H), 7.38(d, 1H, J =8.7 Hz ). 13C NMR (62.9 MHz, CDCl3): δ 21.3, 

21.6, 23.7, 25.3, 103.1, 106.1, 112.9, 118.0, 124.5, 143.0, 147.0, 158.5, 162. Anal Calcd for C13H12O3 

(216.233): C, 72.21; H, 5.59. Found: C, 72.27; H, 5.49. IR (KBr, cm-1): 3280 (OH), 1678 (C=O) 
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13) 3,4-Dihydroxy-7,8,9,10-tetrahydro-6H-benzo[c]chromen-6-one (7m) White solid, mp 265-268 °C; 

yield 95 %. 1H NMR (250 MHz, DMSO-d6): δ 1.68-1.70 (m, 4H), 2.34 (t, 2H, J =5.7 Hz), 2.68 (t, 2H, J 

=5.7 Hz), 6.77 (d, 1H, J =8.6 Hz), 6.90(d, 1H, J =8.6 Hz), 9.67 (s, 2H). 13C NMR (62.9 MHz, DMSO-d6): 

δ 20.9, 21.2, 23.5, 24.6, 111.9, 112.7, 113.8, 118.2, 131.8, 142.0, 148.0, 153.0, 160.0. Anal Calcd for 

C13H12O4 (232.232): C, 67.23; H, 5.21. Found: C, 67.20; H, 5.23. IR (KBr, cm -1): 3463 (OH), 1678 

(C=O). 

14) 3-Chloro-7-hydroxy-4-methyl-2H-chromen-2-one (7n) White solid, mp 236-240 °C; (lit;29 236 ºC) 

yield 96 %. 1H NMR (250 MHz, CDCl3): δ 2.49 (s, 3H), 6.78 (s, 1H), 6.80 (d, 1H, J =9.4 Hz), 7.45 (d, 1H, 

J =9.4 Hz). 13C NMR (62.9 MHz, DMSO-d6): δ 15.6, 101.8, 103.1, 111.6, 113.5, 127.1, 149.0, 152.7, 

158.0, 161.2. IR (KBr, cm-1): 3325 (OH), 1759, 1693 (C=O), 840. 

15) 4-Methyl-2H-benzo[h]chromen-2-one (7o) Light brown solid, mp 168-171 °C; (lit.,12f 170 ºC) yield 

79 %. 1H NMR (250 MHz, DMSO-d6): δ 2.44 (s, 3H), 6.40 (s, 1H), 7.4 -7.67 (m, 4H), 7.93 (d, 1H, J =9.1 

Hz), 8.24 (d, 1H, J =9.1 Hz). 13C NMR (62.9 MHz, DMSO-d6): δ 18.6, 113.8, 121.1, 121.5, 122.1, 123.7, 

126.4, 127.3, 127.9, 128.5, 134.3, 142.2, 154.0, 159. 90. IR (KBr, cm-1): 1711 (C=O). 

16)7-Hyroxy-4-methyl-2H-benzo[h]chromen-2-one (7p) Light green solid, mp 296-298 °C; (lit.,30a 

298-300 ºC) yield 84 %. 1H NMR (250 MHz, DMSO-d6): δ 2.45 (s, 3H), 6.41 (s, 1H), 7.05 (d, 1H, J =8.3 

Hz), 7.42 (t, 1H, J =8.02 Hz), 7.53 (d, 1H, J =8.9 Hz ), 7.9 (d, 1H, J =8.3 Hz), 8.08 (d, 1H, J =8.9 Hz), 

10.47 (s, 1H). 13C NMR (62.9 MHz, DMSO-d6): δ 18.6, 110.9, 111.9, 113.7, 115.1, 118.1, 119.4, 123.5, 

125.4, 127.9, 149.5, 153.3, 154.1, 159.7. Anal Calcd for C14H10O3 (226.227): C, 74.33; H, 4.46. Found: C, 

74.37; H, 4.49. IR (KBr, cm-1): 3220 (OH), 1678 (C=O). 

17) 4-(Chloromethyl)-2H-benzo[h]chromen-2-one (7q) White solid, mp 160-165 °C; (lit.,30b 

165-167ºC) yield 90 %. 1H NMR (250 MHz, CDCl3): δ 4.73 (s, 2H), 6.76 (s, 1H), 7.4-7.61 (m, 4H), 7.81 

(d, 1H, J =9.4 Hz), 8.49 (d, 1H, J =9.4 Hz). 13C NMR (62.9 MHz, CDCl3): δ 41.6, 111.0, 112.7, 115.0, 

119.5, 122.6, 123.2, 124.5, 127.4, 127.7, 129.0, 134.0, 150.4, 160.0. IR (KBr, cm-1): 1716 (C=O). 

18) 3-chloro-4-methyl-2H-benzo[h]chromen-2-one (7r) White solid, mp 247-248 °C; yield 86 %. 1H 

NMR (250 MHz, CDCl3): δ 2.64 (s, 3H), 7.25-7.85 (m, 5H), 8.50 (t 1H, J =9.1 Hz). 13C NMR (250 MHz, 

CDCl3): δ 16.7, 113.8, 120.5, 122.4, 122.1, 124.9, 126.4, 127.3, 127.9, 128.8, 134.3, 145.2, 154.1, 159.8. 

Anal. Calcd for C14H9 ClO2 (244.673): C, 68.72; H, 3.71. Found: C, 68.81; H, 3.66. IR (KBr, cm-1): 1719 

(C=O). 
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