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Abstract
A convenient procedure for the direct esterification of cinnamic acids with phenols or 2-(7V- 
phthalimido)ethanol is described. The method is simple and clean, environmentally friendly and 
high-yielding for both electron-releasing and electron-withdrawing substituted phenols. The 
heteropolyacid H6P2Wi8C>62-24 H2O was employed as catalyst, both bulk and supported on silica. 
No stoichiometric activation of the carboxyl group or condensing reagents is necessary. The 
effects of temperature, reaction time, amount of the catalyst used and mole ratio of the reactants 
on the ester yield were checked. Suitable conditions for the reaction include a 1:1 molar ratio of 
reactants and a 1 mmol % mass ratio of catalyst to reactant. Eighteen aryl and phthalimidoethyl 
cinnamates were obtained, yields ranged in 84-95% for most of the esters. The catalyst shown to 
be reusable for at least three times without occurring an appreciable loss of its activity.
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Introduction

Cinnamates are both antioxidant and/or flavoring agents in diverse plant species. A bioactive imidoalkyl 
cinnamate, 2-(N-phthalimido)ethyl cinnamate, is a potent inhibitor of the 17P-hydroxysteroid 
dehydrogenase enzymes involved in diseases such as prostatic and breast cancer, Alzheimer disease and 
benign prostatic hyperplasia.1 Aryl cinnamates have been used as intermediates for diverse heterocyclic 
compounds, for example benzofuranones,2 styryl chromones and pyrazoles.3 Some substituted aryl 
cinnamates are antifungal1 and inhibitory of plant growth.4
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Only a few procedures have been used to prepare aryl cinnamates, including the classic method via 
cinnamoyl chloride,5 or using DCC6 or BOP1 as coupling agents to perform the direct reaction between 
cinnamic acid and a phenol; or from a phosphorane and a benzaldehyde7. However, these methods have 
drawbacks, such as the formation of the carcinogenic by-product HMPA (from BOP)8 or, from the point of 

view of green chemistry, a low atom economy (by using DCC or SOCI2; besides, in the latter case a heating 
at 350° is prescribed).5 Other cinnamates have been obtained using friendly conditions from 
cinnamaldehydes using heterogeneous catalyst and DDQ9, and direct esterification using water-tolerant 
Z1OCI2.8H2O and HfOCl2.8H2O as catalysts10

This work was carried out in the course of our research project for the environmentally friendly 
synthesis of selective pesticides. Up to now, and to the best of our knowledge, no report has been made 
about a simple and clean methodology for carrying out the direct esterification between phenols and oc,P- 
unsaturated acids. A few procedures have been reported for performing the acetylation of alcohols with the 
aid of some heteropolyacid catalysts: starting from acetic anhydride and primary or secondary alcohols11 or 
from acetic acid and primary, secondary, tertiary or benzylic alcohols.12

The use of solid heteropolyacids (HPAs) is convenient because of their redox and superacidic 
properties, and because the reaction mixture involves a heterogeneous catalysis. These characteristics turn 
HP As into useful and versatile catalysts for a number of transformations;1314 both an easy and clean work

up of the product and the recycling of the catalyst can be achieved. The molecular structure of the Wells- 
Dawson (WD) heteropolyacid catalyst (H^WigC^d H2O)1516 shows two identical “half units” PW9 

linked through the oxygen atoms, and consists of a close-packed framework of W(VI)-oxygen octahedra 
WO6 surrounding a central P(V) atom. Wells-Dawson HPA has been reported as a useful catalyst for the 
sustainable synthesis of various organic compounds, for example methyl tert-butyl ether,15 1,1,3-trimefhyl- 
3-phenylindan,17 4-substituted 1,3-dioxanes,18 and coumarins.19 Besides, WD acid as been used to perform 
reactions, reviews including this matter have been published recently.20'21 Over the last years WD-catalyzed 
reactions have been reported, mention can be made of the epoxidation of alkenes and alkenols,22 preparation 
of 1,3-dioxolane derivatives by the reaction of epoxides with carbonyl compounds;23 protection of alcohols 

and phenols as tetrahydropyranyl ethers and their deprotection, cleavage of MOM-ethers of phenols, 
preparation of acylals19 and their cleavage,“4 preparation of benzhydryl ethers of alcohols,and acetylation 
of alcohols.12

Results and Discussion

In connection with our research project on the eco-friendly synthesis of organics related to selective 
pesticides, we wish to report the results obtained for the direct esterification between cinnamic acids (1) and 
phenols (2) or 2-(A-phthalimido)ethanol (3) (see Scheme 1). Wells-Dawson HPA was employed as an eco- 
friendly, reusable catalyst in both bulk and silica-supported forms; in both cases heterogeneous catalysis 
takes place. Structures and the obtained results are shown in Table 1. To optimize the reaction, cinnamic 
acid and phenol were used as substrates; temperature, mole ratio of substrates to WD acid, concentration of 
the solution, and reaction time were varied. All products were identified by comparison of analytical, 
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physical and spectral data with those reported, or with authentic samples prepared following the 
conventional method.

Scheme 1

The WD acid was prepared as described elsewhere13, from an aqueous solution of a/p K^W^O^-IO 

H2O salt, which was treated with ether and concentrated (37%) HC1 solution. Silica-supported WD acid was 
obtained by wet impregnation of Grace Davison silica (Grade 59, specific area= 250 m2/g) with an aqueous 

solution of WD acid; a catalyst containing 40% (by weight) of WD acid was prepared. After impregnation, 
catalyst samples were dried at room temperature in a vacuum desiccator for 8 h.

The optimization experiments were performed until one of the reactants was consumed, or until no 
changes in the composition of the reaction mixture were observed. The reaction proceeds smoothly in 
refluxing toluene using WD acid supported on silica; after 1% (mmol) of supported WD acid was added to 
the solution of reactants, the highest yield of phenyl cinnamate (see Table 1, entry 1) was reached after 120 
min of reaction. The use of 10% (mmol) of supported WD acid did not improve the result; longer reaction 
times caused a lowering of the yield.

When the optimized conditions were applied to the substituted phenolic substrates, high yields of 
cinnamates were attained; the electrical nature of the substituents seems to have no great effects on the 
reaction yield (see Table 1, entries 2,4, 5,10). Typical examples were reacted in the presence of each of the 
catalysts. When bulk WD acid is used, yield and conversion values are very similar to that obtained with 
supported WD acid, but double time is required for attaining comparable yields. Thymol (see Table 1, 
entry) gives a good yield in 2 h reaction, similarly to p-nitrophenol (Table 1, entry 5). Paracetamol did not 
react with cinnamic acid nor with 3,4,5- trimethoxycinnamic acid, after 5 h at 110°C (not cited in Table 1). 
However, phenyl 3,4,5-trimethoxycinnamate was obtained in 22% yield, 95% conversion, in 5 h reaction at 
110°C; a longer reaction time caused a yield decrease. 2-Phthalimidoethanol reacts with cinnamic acid 
giving ester (see Table 1, entry 13) slower than the previously discussed examples; this could be due to the 
protonation of the imide at an O atom. Substitution at the cinnamic acid gives comparable yields to that of 
the unsubstituted acid. Catalyst recycling was checked in two consecutive batches after their first use (see 
Table 1, entries 1 and 11) showing that the catalyst maintains an almost constant activity.
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Table 1. Catalytic preparation of aryl and phthalimidoethyl cinnamates3

3 Reactions were carried out in refluxing toluene, using 1% (mmol) of WD acid. Reaction time 
was 2 h and WD acid is supported (40%) on silica, except when otherwise stated. b Yields 

obtained in the first and second reuse of the recovered catalyst.0 Yield obtained when bulk WD 
acid was used.d Reaction time was 4 h.

Entry Cinnamic acid, 1
R1 group

1 H

Yield 4 (%)

4
5
6
7
8
9
10

Phenol, 2/ Imidoalcohol, 3 Product, 4

a) II
b) 4-CH3
c) 4-OCH3
d) 4-Br

e) 4-NO2
f) 2-OCH3

g) 4-C1
h) 2-Pr Ì-5-CH3
i) 2-C6Hs
j) 4-COC2H;

o 
G group

90 (89. 88)b

93 [92]° d

90 [90]c d
86 [86]° d

85 [86]c d

89

88
85

11 4-CH3

12
k) H
l) 4-OCH3

13 H

o
14 3.4.5-(OCH3)3

15 H
OH

16

91 (90. 88)b
92 [90]c d
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Experimental Section

General Procedures. All melting points were determined with a Buchi Melting Point equipment 
and are uncorrected. Elemental microanalyses were performed in F & M instrument. 'H NMR 
spectra (200, 250 or 400 MHz) and 13C-NMR spectra (50, 62,5 or 100 MHz) were recorded on 

Varian Mercury-200, Bruker Gemini 2000 or Bruker GX-400 spectrometers, respectively. 
Chemical shifts (6) are given from TMS (0 ppm) as internal standard for 'H-NMR, and 13CDC13 
(77.0 ppm) for 13C-NMR.

General procedure for preparing aryl and imidoethyl cinnamates
A solution of a cinnamic acid 1 (1.1 mmol) and a phenol 2 or 2-phthalimidoethanol 3 (1 mmol) 
in toluene (2 ml, or 3 ml when supported catalyst was used) and the bulk or silica-supported WD 
acid (10'2 mmol) were refluxed with stirring for the indicated time. In both cases the catalyst was 

removed by filtration and washed twice with toluene (1 mL each). The organic solution was 
washed with cold IM NaOH (2x2 mL) and H2O (2x2 mL) and then dried over anh. Na2SO4. 
Evaporation of the solvent under reduced pressure and recrystallization from hexanes, or silica 
flash column chromatography gave the pure cinnamate 4.

Compound characterization
Phenyl cinnamate (4a).1 'H NMR (400 MHz, CDC13): 86.64 (1H, d, J= 16 Hz), 7.18 (2H, br d, 

J= 7.5 Hz), 7.25 (1H, br t, J= 7.3 Hz), 7.38-7.46 (5H, m), 7.56-7.62 (2H, m), 7.88 (1H, d, J = 
16 Hz); 13C NMR (100 MHz, CDC13): 117.4, 121.6, 125.8, 128.3, 129.0, 129.4, 130.7, 134.2,

146.6, 150.8, 165.4.
4-Methylphenyl cinnamate (4b).26 'H NMR (400 MHz, CDC13): 2.36 (3H, s), 6.62 (1H, d, J = 

16 Hz), 7.04-7.06 (2H, m), 7.19-7.21 (2H, d, J = 8.1 Hz), 7.41-7.42 (3H, m), 7.57-7.59 (2H, m), 
7.86 (1H, d, J = 16 Hz); 13C NMR (100 MHz, CDC13): 20.9, 117.4, 121.3, 128.3, 129.0, 130.0,

130.6, 134.2, 135.4, 146.4, 148.6, 165.6.
4-Methoxyphenyl cinnamate (4c).27 'H NMR (400 MHz, CDC13): 3.74 (3H, s), 6.55 (1H, d, J = 

16 Hz), 6.81-6.87 (2H, m), 6.99-7.05 (2H, m), 7.32-7.38 (3H, m), 7.48-7.54 (2H, m), 7.78 (1H, 
d, J= 16 Hz); 13C NMR (100 MHz, CDC13): 55.6, 114.5, 117.4, 122.4, 128.3, 129.0, 130.6,

134.2, 144.3, 146.4, 157.3, 165.8.
4-Bromophenyl cinnamate (4d).28 *HNMR (400 MHz, CDC13): 6.60 (1H, d, J= 16 Hz), 7.02- 

7.10 (2H, d, J = 8.9 Hz), 7.25-7.38 (3H, m), 7.40-7.45 (2H, d, J = 8.8 Hz), 7.57-7.62 (2H, m), 
7.86 (1H, d, J= 16 Hz); 13C NMR (100 MHz, CDC13): 117.1, 119.1, 123.7, 128.6, 129.3, 131.1,

132.7, 134.3, 147.3, 150.1, 165.3.
4-Nitrophenyl cinnamate (4e).29 'H NMR (400 MHz, CDC13): 6.63 (1H, d, J= 16 Hz), 7.37 

(2H, d, J= 9 Hz), 7.40-7.50 (3H, m), 7.55-7.65 (2H, m), 7.92 (1H, d, J = 16 Hz), 8.30 (2H, d, J 
= 8 Hz); 13C NMR (100 MHz, CDC13): 116.2, 122.5, 125.2, 128.5, 129.1, 129.5, 133.8, 148.0,

155.6, 164.3.
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2-Methoxyphenyl cinnamate (4f)? *HNMR (400 MHz, CDC13): 3.88 (3H, s), 6.63 (1H, d, J = 

16 Hz), 6.89-7.01 (2H, m), 7.03-7.09 (1H, m), 7.23-7.31 (1H, m), 7.39-7.46 (3H, m), 7.55-7.62 
(2H, m), 7.86 (1H, d, J =16 Hz); 13C NMR (100 MHz, CDC13): 55.9, 112.5, 117.1, 120.8, 

122.9, 126.9, 128.3, 128.9, 130.6, 134.3, 139.9, 146.5, 151.3, 164.9.
4-Chlorophenyl cinnamate (4g).28 *HNMR (400 MHz, CDC13): 6.61 (1H, d, J= 16 Hz), 7.08- 

7.12 (2H, m), 7.35-7.36 (2H, m), 7.41-7.43 (3H, m), 7.57-7.59 (2H, m), 7.85 (1H, d, J = 16 Hz); 
13C NMR (100 MHz, CDC13): 116.9, 123.0, 128.3, 129.0, 129.5, 130.8, 131.1, 134.1, 147.0,

149.3, 165.1.
2-Isopropyl-5-methylphenyl cinnamate (4h).30 *HNMR (400 MHz, CDCI3): 1.20 (3H, s), 1.22 

(3H, s), 2.34 (3H, s), 3.04 (1H, m), 6.67 (1H, d, J= 16 Hz), 6.89 (1H, br s), 7.04 (1H, d, J= 8 
Hz), 7.22 (1H, d, J= 8 Hz), 7.39-7.48 (3H, m), 7.57-7.63 (2H, m), 7.88 (1H, d, J = 16 Hz); 13C 

NMR (100 MHz, CDCh): 116.2, 122.5, 125.2, 128.5, 129.1, 129.5, 133.8, 148.0, 155.6, 164.3 
2-Biphenylyl cinnamate (4i).ht 31 'H NMR (400 MHz, CDC13): 6.47 (1H, d, J= 16 Hz), 7.22- 

7.26 (1H, dd, J= 8, 1.3 Hz), 7.28-7.41 (8H, m), 7.43-7.47 (3H, m), 7.48-7.53 (2H, m), 7.70 (1H, 
d, J = 16 Hz); 13C NMR (100 MHz, CDCI3): 117.1, 123.0, 126.3, 127.4, 128.3, 128.5, 128.9,

130.6, 131.0, 134.2, 134.9, 137.6, 146.5, 147.9, 165.3.
4-Propionylphenyl cinnamate (4j). 'H NMR (400 MHz, CDC13): 1.24 (3H, t, J= 7 Hz), 3.02 

(2H, qt, J= 7 Hz), 6.63 (1H, d, J= 16 Hz), 7.27-7.32 (2H, m), 7.39-7.48 (3H, m), 7.56-7.67 (2H, 
m), 7.99 (1H, d, J = 16 Hz), 8.01-8.08 (2H, m). 13C NMR (100 MHz, CDC13): 8.3, 31.8, 116.8,

121.8, 128.4, 129.1, 129.6, 130.9, 134.0, 134.5, 147.3, 154.4, 164.8, 199.6. Found: C, 77.10; H, 
5.73. Ci8Hi6O3 requires: C, 77.12; H, 5.75.
Phenyl 4-methylcinnamate (4k). 'H NMR (400 MHz, CDC13): 1.24 (3H, t, J = 7.3 Hz), 3.01 

(2H, qt, J= 7.3 Hz), 6.64 (1H, d, J= 16 Hz), 7.26-7.29 (2H, m), 7.45-7.43 (3H, m), 7.59-7.61 
(2H, m), 7.90 (1H, d, J = 16 Hz), 8.04 (2H, d, J= 8.7 Hz). 13C NMR (100 MHz, CDC13): 116.2, 

122.5, 125.2, 128.5, 129.1, 129.5, 133.8, 148.0, 155.6, 164.3. Found: C, 80.63; H, 5.91. 
C16H14O2 requires: C, 80.65; H, 5.92.
4-Methoxyphenyl 4-methylcinnamate (41). 'll NMR (400 MHz, CDCI3): 1.24 (3H, t, J = 7.3 

Hz), 3.01 (2H, qt, J= 7.3 Hz), 6.64 (1H, d, J= 16 Hz), 7.26-7.29 (2H, m), 7.45-7.43 (3H, m), 
7.59-7.61 (2H, m), 7.90 (1H, d, J =16 Hz), 8.04 (2H, d, J = 8.7 Hz). 13C NMR (100 MHz, 

CDCh): 116.2, 122.5, 125.2, 128.5, 129.1, 129.5, 133.8, 148.0, 155.6, 164.3. Found: C, 76.09; 
H, 5.99. C17H16O3 requires: C, 76.10; H, 6.01.
2-Phthalimidoethyl cinnamate (4m).1 'H NMR (400 MHz, CDC13): 1.24 (3H, t, J = 7.3 Hz), 

3.01 (2H, qt, J= 7.3 Hz), 6.37 (1H, t, J= 15.8 Hz), 7.30-7.58 (5H, m), 7.58-7.90 (4H, m), 7.59- 
7.61 (2H, m), 7.90 (1H, d, J = 16 Hz), 8.04 (2H, d, J= 8.7 Hz). 13C NMR (100 MHz, CDC13): 

37.2, 67.7, 105.6, 117.6, 123.4, 128.4, 129.1, 130.4, 130.6, 132.2, 134.3, 145.7, 166.9, 168.3.
2-Phthalimidoethyl 3,4,5-trimethoxycinnamate (4n).32 'll NMR (400 MHz, CDCI3): 1.24 (3H, 

t, J= 7.3 Hz), 3.01 (2H, qt, J= 7.3 Hz), 6.64 (1H, d, J= 16 Hz), 7.26-7.29 (2H, m), 7.45-7.43 
(3H, m), 7.59-7.61 (2H, m), 7.90 (1H, d, J = 16 Hz), 8.04 (2H, d, J= 8.7 Hz); 13C NMR (100 

MHz, CDCh): 37.4, 56.4, 67.6, 105.6, 116.9, 123.4, 130.0, 132.2, 132.3, 134.0, 145.7, 153.6, 
167.0, 168.4.
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1-Naphthyl cinnamate (4o).1111 *HNMR (400 MHz, CDC13): 1.24 (3H, t, J= 7.3 Hz), 3.01 (2H, 

qt, J= 7.3 Hz), 6.64 (1H, d, J= 16 Hz), 7.26-7.29 (2H, m), 7.45-7.43 (3H, m), 7.59-7.61 (2H, 
m), 7.90 (1H, d, J =16 Hz), 8.04 (2H, d, J = 8.7 Hz); 13C NMR (100 MHz, CDC13): 117.0, 

118.1, 121.3, 125.4, 126.0, 126.4, 127.0, 128.0, 128.4, 129.0, 130.8, 134.2, 134.7, 146.7, 147.0,
165.4.
Phenyl a-phenylcinnamate (4p).111 ” *HNMR (400 MHz, CDC13): 1.24 (3H, t, J = 7.3 Hz), 3.01 

(2H, qt, J= 7.3 Hz), 6.64 (1H, d, J= 16 Hz), 7.26-7.29 (2H, m), 7.45-7.43 (3H, m), 7.59-7.61 
(2H, m), 7.90 (1H, d, J = 16 Hz), 8.04 (2H, d, J= 8.7 Hz); 13C NMR (100 MHz, CDC13): 121.6,

125.7, 128.0, 128.3, 128.7, 129.3, 129.4, 129.8, 129.9, 130.8, 132.0, 134.5, 135.5, 142.0, 151.2, 
162.0.

Conclusions

The described procedure provides a clean, fast and useful alternative to prepare aryl and 2- 
phthalimidoethyl cinnamates. In general, the use of supported WD acid affords very good yield 
in lower reaction times and furthermore, allows for their easy separation and recovering. The 
filtered catalyst is ready for immediate reutilization, with no decrease of its activity being noted. 
Advantages of this methodology are: operational simplicity, use of a non-corrosive and reusable 
catalyst, mild conditions, short reaction times and very good yields. The use of the solid catalyst 
allows one to avoid the use of acid chloride or SOCI2, pyridine or coupling agents, contributing 
to a reduction of eventually dangerous waste.
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