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Abstract: A number of , -unsaturated carboxylic acids were reacted with electron rich arenes or heteroarene in the 

presence of trifluoroacetic anhydride (TFAA) and H3PO4 at room temperature to give a variety of chalcone derivatives in 

good to excellent yields. The methodology was used to prepare novel compounds of potential pharmacological 

significances. 
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Chalcones and their derivatives display a range of 
pharmacological properties [1]

 
such as anti-inflammatory 

[2], antimitotic [3],
 
anticancer [4-6]

 
or antimicrobial [7] 

activities. Butein and isoliquiritigenin (Fig. 1) that belong to 
this class are known activators of sirtuin and are reported to 
be beneficial for the treatment of obesity and diabetes via 
exerting their anti-aging effects [8]. Sirtuins are an 
evolutionarily conserved class of proteins that regulate a 
variety of cellular functions such as genome maintenance, 
longevity, and metabolism [9]. Chalcones are also valuable 
synthetic precursors of a large number of natural products 
based on flavonoids, isoflavonoids, neoflavonoids and 
aurones [10]. A number of methods have been reported for 
the synthesis of chalcones (Fig. 2). These include Aldol 
condensation (or Claisen Schmidt reaction) between 
aromatic aldehyde possessing no alpha hydrogens and 
ketone containing at least two alpha hydrogens in the 
presence of a base [11] or iodine [12] or SOCl2/EtOH [13] or 
simply by grinding under a solvent free condition [14]. An 
efficient synthesis of chalcones was achieved by Suzuki 
reaction [15, 16] between cinnamoyl chlorides and 
phenylboronic acids or between aroyl chlorides and 
arylvinylboronic acids. The other methods include SnCl4-
mediated Friedel Crafts alkylation of -chlorovinyl ketones 
[17] or elimination of bromine from ArCHBrCHBrCOAr 
[18].

 
Chalcones can also be prepared via one-pot palladium-

mediated hydrostannylation-coupling reaction sequence[19] 
or gold nano particle catalysed tandem oxidation and crossed 
Aldol rection [20].

 
All these methods however involved the 

use of particular type of ketones/aldehydes or 
environmentally harmful and moisture sensitive acid/alkyl 
chlorides or expensive transition metal catalysts. Moreover, 
preparation of starting materials is cumbersome in some of  
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the cases. Due to our interest in the preparation of drug-like 
small molecules of potential pharmacological importance we 
required an easy access to various chalcones that could 
eventually help us to build a diversity-based compound 
library. Herein we report a new, one-pot and simple 
synthesis of chalcones directly from , -unsaturated 
aromatic acids via a C-C bond forming reaction (Scheme 1).  

OOH

HO OH

X

A (X = OH; Butein) 

B (X = H; isoliquiritigenin)  

Fig. (1). Chalcone derivatives as sirtuin activators. 

The use of TFAA/H3PO4 as an efficient catalyst system 
for C-C bond forming reaction between a carboxylic acid 
and arenes has been studied earlier [21-23].

 
Accordingly, we 

have reported TFAA/H3PO4-mediated smooth C-acylation of 
arenes and heteroarenes [24, 25] and O-acylation of phenols 
[26]. Notably, a variety of carboxylic acids [21-23] 
(including naproxen [22]) has been used for C-acylation 
earlier except cinnamic acid. This prompted us to examine 
the reaction of , -unsaturated aromatic acids with 
(hetero)arenes in the presence of TFAA/H3PO4. Cinnamic 
acid (1) was initially chosen as an acid partner for the present 
dehydrative acylation of arenes (2). Results of this study are 
summarized in Table 1. Thus, the acid 1 (1.0 mol) was 
reacted with anisole 2a (1.0 mol) in the presence of 
commercially available 85% H3PO4 (0.1 mol) and TFAA 
(4.0 mol) at room temperature. Yields of the product i.e. 1-
(4-methoxyphenyl)-3-phenylprop-2-en-1one (3a) was 
examined at different interval of time and was found to be 
76, 88 and 95% after 5, 15 and 60 min, respectively (entries 



54      Letters in Organic Chemistry, 2011, Vol. 8, No. 1 Kankanala et al. 

ArCHO + ArCOCH3 

(Claisen Schmidt Reaction)

or

ArCHO + ArCOCH2P(O)(OEt)2

(Modified Wittig Reaction)

or

ArCOCH3 + ArCH2OH"

(using gold nano particle)

ArCH=CHCOAr ArCOCl + ArCH=CHB(OH)2  

or

ArCHBrCHBrCOAr 

(elimination of Br2)

ArCH=CHCOCl + ArB(OH)2

(under Suzuki condition)
or

ArCOCH=CHCl + ArH

(under  Fridel Crafts condition)

 

Fig. (2). Summary of various methods reported for the synthesis of chalcones. 
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Scheme 1. Preparation of chalcones from , -unsaturated carboxylic acids and (hetero)arenes. 

 

Table 1. TFAA/H3PO4–Mediated Synthesis of Chalcones (3) from Cinnamic Acid (1) and Aryl (thio)ethers (2)
a 

 

O

CO2H

XR
XR

+

TFAA/H3PO4

1 2 3

(X = O, S)

rt

 

 

Entry Aryl (thio)ethers ( 2) Products (3) Time %Yield
b
 

1 
PhOMe 

2a 

O

O  

3a 

5 min 76 

2 2a 3a 15 min 88 

3 2a 3a 30 min 95 

4 
PhSMe 

2b 

O

S  

3b 

10 min 88 

5 
PhOEt 

2c 

O

O  

3c 

45 min 82 

6 
PhOCH2CH2CH3 

2d 

O

O  

3d 

45 min 80 

7 
PhOCH2CH=CH2 

2e 

O

O  

3e 

1 h 75 
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(Table 1). Contd….. 

Entry Aryl (thio)ethers ( 2) Products (3) Time %Yield
b
 

8 
PhOnBu 

2f 

O

O(CH2)3Me
 

3f 

45 min 79 

9 
PhO(CH2)9CH3 

2g 

O

O(CH2)9Me
 

3g 

3h 83 

10 
PhO(CH2)14Me 

2h 

O

O(CH2)14Me
 

3h 

3 h 90 

aAll the reactions were carried out using acid 1 (1.0 mol), arene 2 (1.0 mol), 85% H3PO4 (0.1 mol) and TFAA (4.0 mol) at room temperature. 
bIsolated yield. 

1-3, Table 1). Further increase in time did not improve the 
product yield. The use of lower quantity of TFAA and 
H3PO4 was also examined and found to be less productive as 
the progress of the reaction was slow and the product yield 
was decreased significantly. The product 3a isolated was 
well characterized by NMR, IR and MS. Thus appearance of 
a signal at 1654 cm

-1 
in the IR spectra and 188.7 ppm in 

13
C 

NMR confirmed the presence of a carbonyl group. The 
geometry of the double bond was confirmed as “E” based on 
the observed “J” value (~ 15.0 Hz). Notably, the present C-C 
bond forming reaction was found to be highly regioselective 
as no ortho product was obtained from the reaction mixture. 
Having established the optimum reaction condition and the 
identity of the product we then decided to examine the 
reaction of 1 with other aryl (thio)ethers (2, X = O and S).  

A number of aryl ethers were reacted with cinnamic acid 
to give a variety of chalcones possessing an alkoxy group at 
the p-position of aroyl ring (entries 5-10, Table 1). Apart 
from small and long chain alkyl moiety, the alkoxy group 
may contain an alkenyl moiety (entry 7, Table 1) and was 
well tolerated. The reaction was also found to be effective 
when thioanisole was used (entry 4, Table 1) in place of 
arylether. In general, duration of these reactions varied from 
30 min to 3.0 h providing good to excellent yields of 
products. In order to expand the generality and scope of this 
process we examined the reaction of cinnamic acid 
possessing various substituents on the benzene ring with a 
number of aryl ethers or heteroarenes. The results of this 
study are summarized in Table 2.  

Both electron withdrawing and donating groups such as 
nitro (entries 1, 4, 6, 7 and 9, Table 2) and chloro (entries 2, 
3, 5 and 10, Table 2), respectively present in the reactant 
cinnamic acid (4) was well tolerated and provided the 
desired chalcone (5) in good yields. The use of thiophene (6) 
in place of arylether also provided the expected chalcone 

derivatives in good yields (entries 8-10, Table 2). The 
reaction was completed within 5 min in these cases. The use 
of heteroaryl substituted acrylic acid e.g. (E)-3-(2-
chloroquinolin-3-acylic acid 6c (prepared from 6a via 2-
chloroquinolin-3-aldehyde 6b) [27, 28] was also examined in 
the present C-C bond forming reaction. The corresponding 
chalcone derivative 7 and 8 was obtained when 6c was 
reacted with arylether 2a or thiophene 6, respectively 
(Scheme 2). Some of the chalcones synthesized were 
converted to novel heterocyclic compounds of potential 
biological interest. For example, chalcone 3b on treating 
with urea in the presence of HCl in n-butanol at 120 ºC for 
4h provided corresponding 4,5-diaryl-5,6-dihydropyri-
midinone derivative 9 [29]

 
the methanesulfanyl group of 

which was then oxidized to the corresponding sulfone 10 

(Scheme 3) [30].  

We have shown that electron rich arenes or heteroarene 
participated well in TFAA/H3PO4 mediated C-C bond 
forming reaction with , -unsaturated aromatic acids. The 
use of other arene e.g. toluene and benzene was examined 
and found to be less reactive or inert, respectively in the 
present reaction highlighting the key role played by the 
electron donating groups. The reactivity order thus may be 
presented for arene e.g. ArZ as Z = alkoxy, thioalkyl > alkyl 
>> hydrogen. The use of some other unsaturated carboxylic 
acid such as acrylic acid was also examined. While the 
reaction proceeded well in this case, the product isolated was 
found to be 1,3-bis(4-methoxyphenyl)propan-1-one (i.e. p-
MeOC6H4CH2CH2COC6H4OMe-p) instead of desired 1-(4-
methoxyphenyl)prop-2-en-1-one (i.e. CH2=CHCOC6H4 

OMe-p) as indicated by the spectral data. Perhaps the desired 
product formed underwent a further Michael-type reaction 
with the unreacted anisole present in the reaction mixture. 
The present methodology therefore appeared to be effective 
for the -substituted , -unsaturated acids. A probable 
mechanism for TFAA/H3PO4 mediated reaction of , - 
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Table 2. TFAA/H3PO4–Mediated Synthesis of Chalcones (5) from Substituted Cinnamic Acids (4) and (hetero)arenes (2)
a 

 

O

Y
CO2H

+

TFAA/H3PO4

4 2 (or 6) 5

X
YH X

rt

 

 

Entry 4; X = Aryl ether (2 or 6) Product (5) Time % yield
b 

1 
NO2-m 

4a 

PhOMe 

2a
 

O

O

NO2  

5a 

 

30 min 

 

85 

2 
Cl-o 

4b 
2a 

O

O

Cl

 

5b 

 

3h 

 

86 

3 
Cl-p 

4c 
2a 

O

OCl  

5c 

 

3h 

 

95 

4 
NO2-o 

4d 
2a 

O

ONO2  

5d 

 

30 min 

 

90 

5 4b 2h 

O

O
(CH2)14CH3

Cl

 

5e 

3h 86 

6 4a 2d 

O

O
(CH2)2CH3

O2N

 

5f 

30 min 88 

7 4a 2h 

O

O
(CH2)14CH3

O2N

 

5g 

3h 81 

8 1 

S

 

6 

O

S

 

5h 

5 min 76 
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(Table 2). Contd….. 

Entry 4; X = Aryl ether (2 or 6) Product (5) Time % yield
b 

9 4a 6 

O

S

NO2  

5i 

5 min 67 

10 4b 6 

O

S

Cl  

5j 

5 min 77 

aAll the reactions were carried out using acid 4 or 1 (1.0 mol), arene 2 or 6 (1.0 mol), 85% H3PO4 (0.1 mol) and TFAA (4.0 mol) at room temperature. 
bIsolated yield. 

 

N

O

N

CO2H
OMe

6c

7

Cl
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N

O

6b
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NHCOCH3
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N
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8
Cl
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d
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Scheme 2. Preparation and reaction of heteroaryl substituted acrylic acid with arenes; Reagents and conditions: (a) POCl3, DMF, reflux, 4h, 

83%; (b) CH2(CO2H)2, pyridine, reflux, 2h, 72%; (c) 2a, TFAA/H3PO4, room temperature, 3h, 77%; (d) 6, TFAA/H3PO4, room temperature, 

0.5h, 72%.  

 

N

3b
a

SMe

HN

O

b

N

SO2Me

HN

O

9 10
 

Scheme 3. Synthesis of 4,5-diaryl-5,6-dihydropyrimidinone; Reagents and conditions: (a) Urea, HCl, n-BuOH, 120 ºC, 4h, 66%; (b) 

Oxone
TM

, acetone-H2O (2:1), room temperature, 1h, 58%.  

unsaturated aromatic acids with (hetero)arenes can be 
proposed (Scheme 4) [21-23]. Thus, phosphoric acid that 
plays the role of a covalent catalyst leads to the generation of 
acyl bis(trifluoroacetyl)phosphate E2 from the acylation 
precursor acyl trifluoroacetate E1 generated in situ [22]. The 
acyl bis(trifluoroacetyl)phosphate E2 then acetylates the 
(hetero)arene ring in the presence of phosphoric acid to 
afford the products 3 and 5. A strong electron donating 
group present on the arene ring therefore facilitates the 
acylation step greatly after activation of E2 by phosphoric 

acid as a proton source. It is mention worthy that excess of 
TFAA and TFA (trifluoroacetic acid generated during the 
reaction) can be removed by distillation during a large scale 
synthesis [31] of chalcone and the recovered TFA can be 
converted back to TFAA via dehydration thereby eliminating 
the acid waste.  

In conclusion, a new and regioselective synthesis of 
chalcones has been achieved via TFAA/ H3PO4 mediated C-
C bond forming reaction between cinnamic acids and 
electron rich (hereto)arenes. This is the first example that 
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involves the direct use of , -unsaturated aromatic acid in 
TFAA/ H3PO4 mediated aromatic acylation process. The 
present one-pot method being simple and straightforward is 
easy to handle and does not involve the use of 
unstable/moisture sensitive cinnamoyl chlorides or 
expensive reagents/catalysts. The generality and scope of 
this methodology has been demonstrated in synthesizing a 
variety of chalcone derivatives. The methodology though 
works with electron rich (hetero)arenes is certainly superior 
to the classical Friedel-Crafts acylation technique (which is 
uncommon in the literature perhaps due to the requirement 
of unstable cinnamoyl halides) and other multistep synthesis. 
The methodology was used to prepare novel compounds of 
potential pharmacological significances.  

EXPERIMENTAL 

General method for the preparation of compound 3: A 
slurry of cinnamic acid (1.0 mol) and 85% orthophosphoric 
acid (0.1 mol) and aryl (thio)ethers (1.0 mol) was stirred 
under a normal and open atmosphere. To this mixture was 
added TFAA (4.0 mol) dropwise and the resulting mixture 
was allowed to stir at room temperature according to the 
time indicated in the Table 1 (the progress of the reaction 
was monitored by TLC). After completion the reaction 
mixture was poured into crushed ice (50 g) and extracted 
with diethyl ether (3 x 30 mL). The organic layers were 
collected, combined, washed with 10% Na2CO3 solution (1 x 
25 mL) followed by brine solution (2 x 25 mL), dried over 
anhydrous Na2SO4 and concentrated. The residue obtained 
was purified by column chromatography followed by re-
crystallization to give the desired chalcone.  

Spectral and Analytical Data of Selected Compounds 

Compound 3a: White solid; 
1
HNMR (CDCl3, 400 MHz): 

 3.89 (s, 3H), 6.99 (d, 2H, J = 8.8 Hz), 7.41 (m, 3H), 7.54 
(d, 1H, J = 15.4 Hz), 7.65 (m, 2H), 7.80 (d, 1H, J = 15.7 Hz), 
8.04 (d, 2H, J = 8.8 Hz); 

13
CNMR (CDCl3)  55.4 (p-OCH3), 

113.0 (aromatic C), 121.9 (aromatic C), 128.3 (aromatic C), 
128.9 (aromatic C), 130.3 (aromatic C), 130.8 (aromatic C), 
131.1 (aromatic C), 135.1 (aromatic C), 143.9 (=CH), 163.4 
(=CH), 188.7 (CO); IR (KBr) vmax/cm

-1
: 1654 (CO), 1600 

(C=C), 1572 (C=C), 1259 (C-O), 973, 829, 762; Mass (ESI) 
239.10 (M+1, 100%); Anal. calcd for C16H14O2 C 80.65; H 
5.92; found C 80.61; H 5.83.  

Compound 3b: white solid; 
1
HNMR (CDCl3, 400 MHz) : 

 2.54 (s, 3H), 7.32 (d, 2H, J = 8.5 Hz), 7.43 (m, 3H), 7.52 
(d, 1H, J = 15.8 Hz), 7.65 (m, 2H), 7.81 (d, 1H, J = 15.4 Hz), 
7.96 (d, 2H, J = 8.6 Hz); 

13
CNMR (CDCl3, 100 MHz)  14.7 

(p-SCH3), 121.7 (aromatic C), 124.9 (aromatic C), 128.3 
(aromatic C), 128.9 (aromatic C), 130.4 (aromatic C), 134.3 
(aromatic C), 134.9 (aromatic C), 144.4 (=CH), 145.6 
(=CH), 189.0 (CO); IR (KBr) vmax/cm

-1
: 1655 (CO), 1600 

(C=C), 1572 (C=C), 1220 (C-O), 1184, 1092, 824, 767, 697 
(bending); Mass (ESI) 255.10 (M+1, 100%); Anal. calcd for 
C16H14OS C 75.55; H 5.55, found C 75.50; H 5.44.  

Compound 3c: white solid; 
1
HNMR (CDCl3, 400 MHz) : 

 1.44 (t, 3H, J = 7.0 Hz), 4.12 (q, 2H, J = 7.0 Hz), 6.97 (d, 
2H, J = 8.8 Hz), 7.41 (m, 3H,), 7.54 (d, 1H, J = 15.8 Hz), 
7.65 (m, 2H), 7.80 (d, 1H, J = 15.8 Hz), 8.04 (d, 2H, J = 8.8 
Hz); 

13
CNMR (CDCl3, 100 MHz)  14.7 (CH3), 63.7 

(OCH2), 114.2 (aromatic C), 121.9 (aromatic C), 128.3 
(aromatic C), 128.9 (aromatic C), 130.3 (aromatic C), 130.8 
(aromatic C), 135.1 (aromatic C), 143.8 (=CH), 162.8 
(=CH), 188.6 (CO); IR (KBr) vmax/cm-1: 1656 (CO), 1601 
(C=C), 1574 (C=C), 1254 (C-O), 1184, 1092, 824, 767, 697 
(bending); Mass (ESI) 253.20 (M+1, 100%); Anal. calcd for 
C17H16O2 C 80.93; H 6.40, found C 80.76; H 6.44. 

Compound 3d: light orange solid; 
1
HNMR (CDCl3, 400 

MHz):  1.06 (t, 3H, J = 7.3 Hz), 1.86 (sextet, 2H, J =7.3 
Hz), 4.01 (t, 2H, J = 6.6 Hz), 6.98 (d, 2H, J = 7.0 Hz), 7.43 
(m, 3H), 7.54 (d, 1H, J = 15.8 Hz), 7.65 (m, 2H), 7.80 (d, 
1H, J =15.8 Hz), 8.04 (dd, 2H, J = 6.6 Hz, 4.9 Hz); 

13
CNMR 

(CDCl3, 100 MHz)  10.5 (CH3), 22.5 (CH2), 69.7 (OCH2), 
114.3 (aromatic C), 121.9 (aromatic C), 128.3 (aromatic C), 
128.9 (aromatic C), 130.2 (aromatic C), 130.8 (aromatic C), 
135.1 (aromatic C), 143.8 (=CH), 163.0 (=CH), 188.6 (CO); 
IR (KBr) vmax/cm-1: 1656 (CO), 1601 (C=C), 1574 (C=C), 
1254 (C-O), 1184, 1092, 824, 767, 697 (bending); Mass 
(ESI) 267.20 (M+1, 100%); Anal. calcd for C18H18O2 C 
81.17; H 6.81; Found C 80.44; H 6.76. 

Compound 3e: pale yellow oil; 
1
HNMR (CDCl3, 400 

MHz):  3.34 (d, 2H, J = 6.6 Hz), 5.05 (dd, 2H, J = 12.2 & 
1.5 Hz), 5.97-5.87 (1H, m), 6.64 (1H, J = 15.8 Hz), 7.10-
7.60 (9H, m), 7.86 (d, 1H, J = 16.1 Hz); 

13
C NMR (CDCl3 

100 MHz)  34.6 (CH2), 116.2 (aromatic C), 117.1 (aromatic 
C), 122.4 (aromatic C), 126.1 (aromatic C), 127.4 (aromatic 
C), 128.3 (aromatic C), 128.9 (aromatic C), 130.3 (aromatic 
C), 130.7 (aromatic C), 132.0 (aromatic C), 134.1 (aromatic 
C), 135.8 (aromatic C), 146.6 (=CH), 148.9 (aromatic C), 
165.2 (=CH), 189.4 (CO); Mass (ESI) 265.30 (M+1, 100%); 
Anal calcd for C18H16O2 C 81.17; H 6.10; Found C 80.84; H 
6.17. 

Compound 3f: 
1
HNMR (CDCl3, 400 MHz):  0.99 (t, 3H, 

J = 7.3 Hz), 1.50 (m, 2H), 1.81 (m, 2H), 4.01 (t, 2H, J = 6.5 
Hz), 6.97 (d, 2H, J = 8.8 Hz), 7.41 (m, 3H), 7.54 (d, 1H, J = 
15.8 Hz), 7.69 (m, 2H), 7.80 (d, 1H, J = 15.7 Hz), 8.03 (d, 

Ar

O

Y

Ar
CO2H

1 or 4

3 or 5

YH

TFAA

Ar

O

O

O

CF3

TFAA

H3PO4 Ar

O

O
P

O

OCOCF3

OCOCF3

H3PO4

E1 E2

 

Scheme 4. Probable mechanism for TFAA/H3PO4 mediated reaction of , -unsaturated aromatic acids with (hetero)arenes.  
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2H, J = 8.8 Hz); 
13

CNMR (CDCl3, 100 MHz)  13.8, 19.2, 
31.1, 67.9 (OCH2), 34.6 (CH2), 114.2 (aromatic C), 121.9 
(aromatic C), 128.3 (aromatic C), 128.5 (aromatic C), 128.8, 
129.2, 130 130.3 (aromatic C), 130.2 (aromatic C), 130.3, 
131.3, (aromatic C), 135.1 (aromatic C), 143.8 (=CH), 163.0 
(=CH), 188.6 (CO); IR (KBr) vmax/cm

-1
: 2957, 1655 (CO), 

1600 (C=C), 1572 (C=C), 1256 (C-O), 829, 764, (bending); 
Mass (ESI) 281.20 (M+1, 100%); Anal. calcd for C19H20O2 
C 81.40; H 7.19; Found C 81.14; H 7.11. 

Compound 3g: Pale yellow solid; 
1
HNMR (CDCl3, 400 

MHz):  0.88 (t, 3H, J = 7.0 Hz), 1.26-1.48 (m, 14H), 1.81 
(m, 2H), 4.04 (t, 2H, J = 6.6 Hz), 6.96 (d, 2H, J = 8.8 Hz), 
7.41 (m, 3H), 7.54 (d, 1H, J = 15.8 Hz), 7.64 (m, 2H), 7.80 
(d, 1H, J = 15.7 Hz), 8.03 (d, 2H, J = 8.8 Hz); 

13
CNMR 

(CDCl3, 100 MHz)  14.1 22.6, 26.0, 31.9, 68.2 (OCH2), 
114.2 (aromatic C), 121.8 (aromatic C), 128.3 (aromatic C), 
128.4 (aromatic C), 128.8, 129.3 (aromatic C), 130.2 
(aromatic C), 130.7, 135.1 (aromatic C), 143.8 (=CH), 163.0 
(=CH), 188.6 (CO); IR (KBr) vmax/cm

-1
: 2922, 2850, 1656 

(CO), 1606 (C=C), 1575 (C=C), 1273 (C-O), 829, 764 
(bending); Mass (ESI) 365.30 (M+1, 100%); Anal. calcd for 
C25H32O2 C 82.37; H 8.85; Found C 82.06; H 8.94. 
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