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Neoflavones (4-arylcoumarins) are of considerable 

pharmacological relevance and occur in several natural 

products and synthetic drugs.
1
 Natural and synthetic 

neoflavones have been reported to exhibit various kinds of 

pharmacological activities, such as anticancer,
2
 antimalarial,

3
 

antibacterial,
4
 antiprotozoal,

5
 antivirus,

6
 antidiabetic,

7
 

cytotoxic,
8
 and anti-inflammatory activity.

9
 Merck developed 

a 7-substituted 4-arylcoumarin as a 5-lipoxygenase inhibitor 

for the treatment of inflammatory diseases such as asthma, 

chronic obstructive pulmonary disease and atherosclerosis 

(Figure 1).
10

   

As a result of the promising biological and pharmacological 

activities of neoflavones, several strategies have been 

developed for the construction of the 4-arylcoumarin 

framework. Classically, neoflavones have been synthesized 

using the Pechmann, Perkin, Ponndorf, Houben-Hösch and 

Knoevenagel reactions.
11

 In recent years, transition metal 

catalyzed reactions have emerged as vital synthetic tools for 

the preparation of pharmacologically relevant heterocycles. 

Two synthetic strategies have been developed for the 

assembly of the neoflavone framework: the first one involves 

the formation of the pyrone ring by hydroarylation of 

alkynes,
12

 or by reaction of the alkenyl C-H bond with carbon 

dioxide.
13

 The second one relies on cross-coupling reactions 

of position 4 of activated coumarins with organometallic 

reagents.
14

  

 

In recent years, site-selective cross coupling reactions of 

bis(halides) or bis(triflates) have been developed as a 

promising synthetic tool.
15

 In this context, palladium 

catalyzed cross-coupling reactions of coumarin derivatives 

have also been reported.
16

 Herein, we report what are, to the 

best of our knowledge, the first Suzuki-Miyaura coupling 

reaction of the bis(triflate) of 4,7-dihydroxycoumarin. The 

reactions, which proceed with excellent regioselectivity in 

favour of position 4, provide a convenient approach to various 

arylated coumarin derivatives which are not readily available 

by other methods. 
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Figure 1. A 5-lipoxygenase inhibitor developed by Merck  

 

 

The reaction of 4,7-dihydroxycoumarin (1) with triflic 

anhydride gave bis(triflate) 2 (Scheme 1).
17

 The Suzuki–

Miyaura reaction of 2 with arylboronic acids 3a-f (2.4 equiv) 

afforded 4,7-diarylcoumarins 4a-f in 65-81% yield (Scheme 

2, Table 1).
18,19

 Both electron rich and poor arylboronic acids 

were successfully employed. 
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Scheme1. Synthesis of 2, Conditions; i, 1 (1.0 equiv.), pyridine (4.0 equiv.), 

CH2Cl2, Tf2O (2.4 equiv.), 50°C, 4 h. 
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Scheme 2. Synthesis of 4a-f, Conditions: i, 2 (1.0 equiv.), 3a-f (2.4 equiv.), 

Pd(PPh3)4 (6 mol %), K2CO3 (2M), dioxane, 110 °C, 8 h. 

 

 

Table 1. Synthesis of compounds 4a-f 

3,4 Ar % (4)
a
 

a 4-(MeO)C6H4 68 

b 4-MeC6H4 79 

c 4-(EtO)C6H4 66 

d 3,5-Me2C6H3 81 

e 4-(F3C)C6H4               65 

f C6H5                   79 

a 
Yield of isolated products 

 

The Suzuki–Miyaura reaction of 2 with one equivalent of 

arylboronic acids afforded the 4-aryl-7-

(trifluormethanesulfonyloxy)coumarins 5a-h in 64-82 % yield 

(Scheme 3, Table 2).
20,21

 The reactions proceeded by site-

selectivity attack onto 4-position. During the optimization, it 

proved to be important to carry out the reaction at lower 

temperature (65 °C) as compared to the synthesis of the 

diarylated coumarins. In addition, the employment of toluene 

(instead of dioxane) proved to be important to optimize the 

yield. This might be explained by the solubility of the starting 

materials or change of the reactivity of the catalytic system by 

the solvent. Again, both electron rich and poor arylboronic 

acids gave good yields. The structure of 5d was independently 

confirmed by X-ray crystal structure analyses (Figure 2).
22
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Scheme 3. Synthesis of 5a-h, Conditions: i, 2 (1.0 equiv.), 3a-d,g-j (1.0 

equiv.), Pd(PPh3)4 (3 mol %), K2CO3 (2M), toluene, 65 °C, 6 h. 

 

 

Table 2. Synthesis of compounds 5a-h 

3 5 Ar % (5)
a
 

a a 4-(MeO)C6H4 71  

b b 4-MeC6H4 75 

c c 4-(EtO)C6H4 78 

d d 3,5-Me2C6H5                   82  

g e 4-EtC6H4 73 

h f 2-FC6H4 64 

i g 3,4,5-(MeO)3C6H2     67 

j h 4-(F3CO)C6H4          65 

a Yield of isolated products 

 

                                  

 
 

Figure 2. Ortep plot for compound 5d 

 

The one-pot reaction of 2 with two different arylboronic acids 

(sequential addition) afforded the diarylated coumarin 6 in 



  

65% yield (Scheme 4, Table 3).
23,24

 A fresh portion of the 

catalyst and of solvent (dioxane) had to be added to the 

reaction mixture in the second step in order to obtain a good 

yield of diarylated coumarin 6. 
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Scheme 4. Synthesis of 6. Conditions: i, 1) 2 (1.0 equiv.), (4-

(MeO)C6H4)B(OH)2 (1.0 equiv.), Pd(PPh3)4 (3 mol %), K2CO3 (2M), toluene, 

65 °C, 6 h; 2) (4-MeC6H4)B(OH)2 (1.2 equiv.), Pd(PPh3)4 (6 mol %), K2CO3 

(2M), dioxane, 110 °C, 6 h.  

  

 

In conclusion, we have reported the first Suzuki–Miyaura 

reactions of 4,7-bis(trifluoromethylsulfonyloxy)coumarin. 

These reactions provide a convenient access to a variety of 

arylated coumarins.  The reactions proceeded with very good 

site-selectivity in favour of 4-position. Palladium catalyzed 

cross-coupling reactions of polyhalogenated substrates or of 

bis(triflates) usually proceed in favour of the sterically less 

hindered and electronically more deficient position.
15

 Position 

4 is sterically more hindered than position 7, due to its 

location next to the annulated benzene ring. The selectivity 

can be explained by the highly electron deficient character of 

the 4-position of the coumarin moiety (electron-withdrawing 

effect of the carbonyl group). 
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°C. for 6 h. under argon atmosphere. After cooling to 20 °C, Ar2 

B(OH)2 (1.2 equiv.), K2CO3 (2M, 2ml), Pd(PPh3)4 (6 mole %) and 

1,4-dioxane (2 ml) were added and reaction mixture was heated at 

110 °C for further 6 h. to the reaction mixture H2O (20 ml) and 

CH2Cl2 (25 ml) were added. The organic and the aqueous layers 

were separated and the latter was extracted with CH2Cl2 (2 x 20 

ml). The combined organic layers were dried over (Na2SO4), 
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