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Abstract
Tris(pentafluorophenyl)borane [B(C6F5)3] catalyzed simple, efficient and environmentally benign protocol has been developed 
for the Pechmann condensation using variety of phenols and β-ketoesters under solvent-free conditions to afford coumarin 
derivatives. The present protocol displayed significant advantages such as low catalyst loading, short reaction time, mild 
reaction conditions, low toxicity, easy work-up, high yields, and compatibility with other functional groups. In addition, it is a 
convenient, clean, and fast alternative approach for synthesizing variety of coumarin derivatives. Moreover, the applicability 
of this method towards large-scale synthesis demonstrated its suitability for the industrial application.
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Introduction

Coumarin and its derivatives constitute an important class 
of heterocycles, occupying an important place in the realm 
of natural products and synthetic organic chemistry [1]. 
They are widely used as additives in food, agrochemicals, 
perfumes, cosmetics, pharmaceuticals, insecticides, optical 
brightener, laser dyes, and in the preparations of dispersed 
fluorescent [2, 3]. The widespread biological activities of 
coumarins such as anticancer, anti-psoriasis, anti-coagulant, 
anti-HIV, anti-inflammatory, and antibiotic activities have 
aroused great interest in the area of pharmacology and syn-
thetic chemistry [4–9]. Coumarins have been synthesized by 
several methods, including Pechmann, Perkin, Reformatsky, 
Knoevenagel, and Wittig reactions [10–15].

Pechmann reaction is one of the most common meth-
ods for the synthesis of coumarin and its derivatives. 
This method involves the reaction between phenols and 
β-ketoester by employing various catalysts such as  H2SO4, 
 P2O5,  FeCl3,  ZnCl2,  TiCl4,  POCl3,  AlCl3, PPA, In(OTf)3, 
HCl, samarium(III) nitrate, phosphoric acid, and trifluoro-
acetic acid [16–23].

Similarly, several heterogeneous catalysts were utilized to 
carry out Pechmann condensation such as Al-SBA-1 molec-
ular sieve, Al-MCM-4, heteropolyacids,  H14[NaP5W30O110], 
Keggin structures, mesoporous zirconium phosphate, sil-
ica triflate, melamine–formaldehyde resin supported  H+, 
 ZrOCl2·8H2O/SiO2, PEG-SO3H, poly(4-vinylpyridine)-sup-
ported copper iodide, PVP supported phosphotungstic acid 
montmorillonite, and other clays [24–33]. In recent years, 
several researchers are also involved in exploring the utility 
of nanomaterial based catalyst for the synthesis of substi-
tuted coumarins [34–42]. In addition, ionic liquids, micro-
wave irradiations, Nafion-H have also been well documented 
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for the Pechmann condensation [43–48]. However, in the 
current context of environmental bang, many of the reported 
protocols are not attractive as they require high catalyst load-
ing (e.g., sulfuric acid in 10–12 equivalents, phosphorus 
pentoxide in five-fold excess, trifluoroacetic acid in three to 
four equivalents), use of organic solvents, sometimes longer 
reaction time, low yields and very often temperature to the 
extent of 150 °C [49–51]. Despite extensive researches on 
coumarin synthesis, it is still an active research area which 
is in need to develop, and demands novel synthetic method-
ologies, which simplifies the synthesis and minimizes the 
drawbacks.

In this regard, tris(pentafluorophenyl)borane [B(C6F5)3] 
has emerged as a powerful Lewis acid and is gaining sig-
nificance because of its no-toxicity, thermal stability, water 
tolerant and requires no special care during its handling. 
The potential of B(C6F5)3 in various organic transforma-
tions such as Ferrier azaglycosylation, epoxide ring opening, 
Friedel–Crafts alkylation of activated arenes, polymethyl-
hydrosiloxane (PMHS) activation for reduction of differ-
ent functional groups, etc. have been explored [17, 52–55]. 
Recently, an efficient protocol for [3 + 2] cycloaddition, 
acylation, oxidative esterification, reductive amination, and 
Biginelli reaction have been reported using B(C6F5)3 as cata-
lyst [56–60]. The versatility of tris(pentafluorophenyl)borane 
encouraged us to study its utility for the Pechmann conden-
sation to achieve various coumarin derivatives. We herein 
disclose the remarkable catalytic activity of B(C6F5)3, for the 
efficient synthesis of coumarins, under solvent-free condi-
tions (Scheme 1). To the best of our knowledge, this is the 
first demonstration of Pechmann condensation by employing 
B(C6F5)3 as catalyst.

Results and discussion

To investigate the catalytic efficiency of B(C6F5)3 and to 
determine the most appropriate reaction conditions for the 
synthesis of coumarins, a model reaction was performed 
comprising a mixture of phenol (1a) and ethyl acetoacetate 
(2a) in a sealed tube, under various reaction conditions and 
the results are summarized in Table 1.

Initially, the reaction did not proceed satisfactorily, 
when the reaction was carried out with 1 mol% of B(C6F5)3 
at 0 °C—room temperature (Table 1, entry 1). However, 

42% yield of coumarin 3a was isolated, when the reaction 
temperature was raised to 50 °C for 45 min (Table 1, entry 
2). In an attempt to improve the conversion and yield, the 
reaction was repeated using 5 mol% of B(C6F5)3 as cata-
lyst. Pleasingly, this resulted in complete conversion of 1a 
into 3a within 30 min gave 94% of product yield (Table 1, 
entry 3). Further improvement was not observed in terms of 
reaction time/yield either on increasing the catalyst loading 
or temperature (Table 1, entries 4 & 5). Interestingly, the 
yields remained considerably high even when the quantity 
of B(C6F5)3 was reduced from 5 mol% to 3 mol% (Table 1, 
entry 6). Further reductions in the amount of catalyst led to 
protracted reaction time and declined yields (Table 1, entry 
7). The influence of other solvents such as EtOH, water, and 
THF have also been evaluated and the results revealed that 
neat condition was superior to give excellent yield of the 
product rather than using solvent (Table 1, entries 8–10). 
The reaction was unfruitful in the absence of catalyst, sig-
nifying the crucial role of the B(C6F5)3 catalyst in Pech-
mann condensation process (Table 1, entry 11). Based upon 
these results, 3 mol% of B(C6F5)3 under neat conditions was 
considered to be optimum concentration of catalyst for this 
reaction.

To establish the generality and scope of present meth-
odology, we evaluated a variety of phenols under the opti-
mal reaction conditions and the results are presented in 
Table 2. In all the cases, the Pechmann condensation pro-
gressed well to afford the corresponding coumarin deriva-
tives 3 in good to excellent yields (78–96%) in a short 
reaction time (Table 2, entries 1–17). The results indi-
cated that the phenols bearing electron-donating groups 
were well tolerated under the optimal reaction conditions 
and provided the corresponding coumarin derivatives 

Scheme 1

Table 1  Optimization of reaction conditions for the synthesis of cou-
marin  derivativesa

a Reaction conditions: phenol (1 mmol), ethtyl acetoacetate (1 mmol) 
are used
b Isolated yield

Entry B(C6F5)/
mol%

Temp./°C Solvent Time/min Yieldb/%

1 1 0‒rt Neat 90 Trace
2 1 50 Neat 45 42
3 5 70 Neat 30 94
4 5 100 Neat 30 92
5 7 70 Neat 30 94
6 3 70 Neat 30 94
7 2 70 Neat 45 82
8 3 70 EtOH 30 84
9 3 70 H2O 30 Trace
10 3 70 THF 30 64
11 – 70 Neat 30 00
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Table 2  B(C6F5)3-catalyzed 
synthesis of coumarin  derivativesa,b

Entry R R1 R2 Time

/min

Prod. Yieldc

/%

M.p. /ºC

observed 

(literature)

Ref.

1 Me Et 30 3a 94 81-83 
(82-84)

[22, 38]

2 Me Et 30 3b 96 166-167

(164-166)

[48]

3 Me Et 30 3c 96 162-164

(161-162)

[22, 48]

4 Me Et 30 3d 92 131-133

(130-132)

[21]

5 Me Et 55 3e 86 153-155

(151-153)

[22]

6 Me Et 50 3f 88 182-184

(180-183)

[48]

7 Me Et 25 3g 95 186-188

(185-187)

[38, 47]

8 Me Et 55 3h 82 255-257

(253-255)

[48]

9 Me Et 60 3i 84 181-184

(180-185)

[38]

10 Me Et 75 3j 79 234-235

(236-239)

[46, 47]

11 Me Et 60 3k 86 137-139

(135-137)

[48]

12 Me Et 30 3l 90 178-180

(176-180)

[38]

13 Me Et 45 3m 78 152-154

(154-156)

[38]

14 Me Et 35 3n 88 2250227

(223-225)

[45]

15 Me Me 35 3o 92 186-188

(185-187)

[49]

16 Ph Et 30 3p 95 252-254

(251-253)

[23]

17 ClCH2 Et 35 3q 90 178-179

(177-179)

[23]

a Reaction conditions: phenol (1 mmol), β-dicarbonyl compound (1 mmol), B(C6F5)3 (3 mol%), 70 
°C (oil bath), under neat condition
b R2 = OEt 2a, R2 = OMe 2b, R1 = Ph 2c, 2 R1 = ClCH2 2d
c Isolated yield 3
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3b–3d in excellent yields (Table 2, entries 2–4). How-
ever, the phenols tethered with electron withdrawing 
groups decreased the rate of reaction and afforded desired 
product in less yields relatively (Table 2, entries 5 & 6). 
The reaction of resorcinol (1g) with 2a was successfully 
accomplished within 25 min to achieve 7-hydroxy-4-me-
thyl-2H-chromen-2-one (3g) in 95% yield (Table 2, entry 
7). Whereas, orcinol (1h) reacted in sluggish manner under 
the standard reaction condition, which could be due to the 
steric hindrance of the methyl group ortho to the position 
of hydroxyl alkylation (Table 2, entry 8).

The reactivity of phloroglucinol (1i) with ethyl ace-
toacetae (2a) was found to be superior to pyrogallol (1j) 
(Table 2, entries 9 & 10). This might be due to the presence 
of two hydroxyl groups at meta position in 1i, which pro-
mote the activation of aromatic ring. Similarly, catechol (1k) 
could also be used under the optimal reaction conditions to 
obtain 3k in 86% yield (Table 2, entry 11). Furthermore, we 
explored the reactions of 2-naphthol (1l) with ethyl acetoac-
etate using 3 mol% of B(C6F5)3, which proceeded smoothly 
to afford 3l in 90% yields (Table 2, entry 12), however, 1m 
took longer reaction time for the completion of reaction and 
gave 78% of product yield (Table 2, entries 13). Interest-
ingly, 3-aminophenol (1n) also reacted well, under standard 
reaction condition to afford 3n in 88% yield (Table 2, entry 
14).

Additionally, the scope of this protocol was further inves-
tigated using different β-keto esters 2b-2d with 1g under 
the optimized reaction conditions. As expected, the reaction 
of 1g with methyl acetoacetate (2b) under optimal reaction 
conditions gave 92% of product yield (Table 2, entry 15). 
Similarly, 1g was reacted efficiently with ethyl benzoylac-
etate (2c) and ethyl 4‐chloroacetoacetate (2d) to afford cor-
responding coumarins 3p, 3q in excellent yields (Table 2, 
entries 16 & 17). The above results clearly indicate the scope 
and generality of B(C6F5)3 catalyst for the synthesis of sub-
stituted coumarins using various phenols without affecting 
the presence of other functional groups and the Pechmann 
condensation proceeds well, irrespective of the position and 
electronic nature of the substituents.

In the light of above finding, we extended the scope 
of present protocol towards the large-scale synthesis of 
7-hydroxy-4-methyl-2H-chromen-2-one (3g). On large-scale 
operation, the reaction of resorcinol (1g) (5.0 g, 1 equiv.) 
with equimolar amounts of ethyl acetoacetate (2a, 5.9 g, 1 
equiv.) by employing 3 mol% (0.69 mg) of B(C6F5)3 under 
neat condition at 70 ºC for 45 min to obtain 3g in 94% yield 
(Scheme 2).

The plausible mechanism for the synthesis of substi-
tuted coumarin in the presence of B(C6F5)3 under sol-
vent-free conditions is shown in Scheme 3. The catalyst 
allows the Pechmann condensation by the activation of 2a, 
which makes the carbonyl group more susceptible towards 

nucleophilic attack by phenol and favor the trans-esterifi-
cation followed by an attack to the activated carbonyl by 
the aromatic ring at ortho-position to form the coumarin 
skeleton. Finally, subsequent re-aromatization and elimi-
nation of water give the desired product.

Conclusion

In summary, we have developed an efficient and facile 
method for the synthesis of various coumarins derivatives 
via Pechmann condensation using catalytic amount of 
B(C6F5)3. The advantages of this method are environmen-
tal benign, low catalyst loading, less-toxicity of catalyst, 
solvent-free condition, high yields of the desired prod-
ucts, and simple experimental procedure. Moreover, the 
applicability of the present protocol for large-scale syn-
thesis highlights its possibility for bulk synthesis. Further 
work to explore the utility of B(C6F5)3 as catalyst in other 
organic transformations is in progress.

Experimental

General experimental procedure

In a sealed tube, a mixture of 100 mg phenol (1.06 mmol) 
and 138.28 mg ethyl acetoacetate (1.06 mmol) was heated 
(70 °C) in the presence of 16.32 mg B(C6F5)3 (0.03 mmol). 
After the completion of reaction, as indicated by TLC 
analysis, the reaction mixture after being cooled to room 

Scheme 2

Scheme 3
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temperature, was poured onto 40 g crushed ice and stirred 
for 5–10 min. The solid products were filtered off, washed 
with ice-cold water, and recrystallized from hot ethanol to 
afford pure coumarin derivatives 3. The known compounds 
were identified by comparison of their spectral data and 
physical properties with the reported literature.
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