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AbstractÐA series of amides of ca�eic acid has been synthesised and their antioxidant properties evaluated as lipid peroxidation
inhibitors. Anilides of ca�eic acid were found to be very e�cient antioxidants with IC50's of 0.3mM. # 2001 Elsevier Science Ltd.
All rights reserved.

The biochemical properties of polyphenolic secondary
plant metabolites such as ¯avonoids, chalcones and caf-
feic acid esters attract much attention in biology and
medicine. These compounds show antiviral, anti-
bacterial, vasoactive, antiatherogenic, antiproliferative
and antiin¯ammatory properties.1 These activities are at
least partially related to their antioxidant properties.

Propolis is the substance that honeybees use to reduce
the size of the entrance and seal holes in their hives and
has been used as antiin¯ammatory medicine for cen-
turies. In a research programme on the biological activity
of ca�eic acid esters isolated from propolis we found
that the ca�eic acid ester of 3-methylbut-2-enol (23)
showed interesting antioxidant activities. The same
activity is already reported for ca�eic acid and several
of its esters.2 Ca�eic acid derived antioxidant com-
pounds occur in various beverages and foodstu�s and
the atherosclerosis preventive activity attributed to these
foodstu�s is due to the presence of these compounds
and analogous polyphenols.3 Lipid peroxidation is
indeed an initial step in the atherosclerosis pathology.
Hence, these compounds are candidates to be used as
drugs in preventive cardiovascular medicine. Their use is
however compromised by the low metabolic stability of
esters. Although literature data on ca�eic esters are scarce
and mainly concern the metabolism of the phenolic
groups, it is clear that the ester group is metabolically very
labile.4 This prompted us to investigate the properties of
a series of corresponding amides 1±21. The antioxidant
activity was determined measuring the inhibition of the

microsomal lipid peroxidation,5 being the most biomi-
metic antioxidant test. The results were compared with
those obtained with the corresponding p-coumaric amide
22, the corresponding ester 23, ca�eic acid 24, p-cou-
maric acid 25 and standard antioxidants such as trolox
26 and quercetine 27.

The amides were synthesized from the free acid and the
amine using BOP as coupling reagent (Scheme 1).6

The ca�eic acid amides show a pronounced antioxidant
activity in the microsomal lipid peroxidation test (Table 1).
Amides with aliphatic amines (1±9,18±21) possess IC50's
in the low micromolar range comparable with the values
obtained for standard antioxidants such as trolox 26.
Ca�eic acid (24) and ester 23 appeared as active as
amide 1, proving that the ca�eoyl group is the most
important moiety for the antioxidant activity in this
series. p-Coumaric acid amides are about 10 times less
active as shown by compound 22 and p-coumaric acid is
only poorly active.

Amides with aromatic amines (10±17) are more active
and show IC50's in the higher nanomolar range and are
more active than quercetin 27 a well known antioxidant
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Scheme 1. Synthesis of amides of ca�eic acid (R=OH) and p-cou-
maric acid (R=H).
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¯avonoid. Most interesting compounds are anilides 10±
13. A phenolic group (11±13) seems less important. The
relatively high activity, although lower than the anilides,
of the dopamine amide 16 can be explained by the pre-
sence of two catechol moieties.

Antioxidant activity and, in particular, inhibition of
lipid peroxidation is a multifactorial event. Propensity
of radical formation and stabilisation, ability of metal
complexation and lipophilicity are important factors for
this inhibitory activity. We focused on the radical sta-
bilisation properties.

The radical scavenging moieties of polyphenolic com-
pounds are the hydroxyl groups. The presence of p-sub-
stituted conjugated side chains and of o-substituted
electron donating groups increase the stability of the
radical and hence, the antioxidative activity. In our pre-
vious study,9 we found that the formation of an internal
H-bond in catechol moieties results in a high propensity
to electron transfer and stabilisation of radical species.
This bond facilitates the delocalisation of the unpaired
electrons in the considered radical and leads to their
overall stabilisation. The H-bond energy (�EH-bond) of
non-substituted catechol, as the total energy di�erence
between the corresponding conformers with and with-
out H-bond, was calculated to be 3.6 kcal/mol in the
neutral state.

We compared the importance of this internal hydrogen
bond in the catechol moiety of the N-methylamide 4a

and the N-anilide 10a, the latter being 10 times more
active. The conformational behaviour of both amides
with and without the H-bond was investigated and
minimal conformers are denoted in Scheme 2.10

The DFT calculation using deMon-KS shows that the
H-bonded N-methyl 4b and N-phenyl 10b compounds
are lower than the non-bonded conformers by 3.8 kcal/
mol, corresponding to a medium strength interaction.

In the corresponding radicals 4c and 10c, the donating
C±O bond of N-methylamide and N-anilide is shortened
relative to the neutral state from 1.379 to 1.264AÊ and
from 1.404 to 1.263AÊ , respectively. The H-bond length
decreases from 2.248 to 2.045AÊ in the case of 4c and
from 2.179 to 2.041AÊ in the case of 10c. The radical
stability �ER was 75.3 kcal/mol and 75.6 kcal/mol
respectively for the radicals, 4c and 10c. This value for
catechol is 78.0 kcal/mol. This re¯ects the in¯uence of
the cinnamoyl group on the radical stabilisation.11 The
�ER in the N-methyl compound with a non-hydrogen
bonded radical was 80.7 kcal/mol. For the conformer

Table 1. Lipid peroxidation inhibitory activity7 of ca�eic acid amides

and related compounds

Acid Amine (R0) IC50

1 Ca�eic 3-Methylbut-2-enyl amine 3.4 mM�0.02
2 Ca�eic Ammonia 2.2 mM�0.07
3 Ca�eic Hydroxylamine 2.1 mM�0.3
4 Ca�eic Methylamined 6.0 mM�0.09
5 Ca�eic Ethylamine 2.7 mM�0.2
6 Ca�eic Isopropylamine 3.9 mM�0.2
7 Ca�eic Isobutylamine 2.2 mM�0.07
8 Ca�eic Isopentylamine 1.4 mM�0.15
9 Ca�eic Allylamine 2.2 mM�0.02
10 Ca�eic Anilined 0.38mM�0.01
11 Ca�eic 2-Aminophenol 0.29mM�0.01
12 Ca�eic 3-Aminophenol 0.37mM�0.03
13 Ca�eic 4-Aminophenol 0.63mM�0.01
14 Ca�eic Benzylamine 1.02mM�0.08
15 Ca�eic Phenethylamine 0.85mM�0.007
16 Ca�eic Dopamine 0.59mM�0.08
17 Ca�eic Tyrosine-OCH3 3.2 mM�0.06
18 Ca�eic Diethylamine 4.1 mM�0.06
19 Ca�eic Pyrrolidine 2.4 mM�0.09
20 Ca�eic Piperidine 3.6 mM�0.04
21 Ca�eic Morpholine 6.1 mM�0.2
22 p-Coumaric 3-Methyl-2-butenyl amine 29.1 mM�3.7
23a Ca�eicb 3-Methyl-2-butenol 3.5 mM�0.2
24 Ca�eic acidc Ð 3.3 mM�0.08
25 p-Coumaric acidc Ð 100mM�0.15
26 Troloxc Ð 2.8 mM�0.15
27 Quercetinc Ð 0.95mM�0.04
a23±27 for comparison.
bEster.
cCommercial products.
dNMR data: ref 8.

Scheme 2. Minimal conformers of N-methylamide 4 and the N-anilide
10.

Scheme 3. Spin delocalisation in the N-methylamide (4c) and the N-
anilide (10c) ca�eoyl radical minimal conformers.
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with the radical on the m-hydroxyl group we found 83.2
and 87.0 kcal/mol, respectively, for the hydrogen and
non-hydrogen bonded radical, indicating clearly the
importance of 4c in the radical formation.

The spin population de®ned as NS(A)=NA"ÿNA# illus-
trates the e�ect of the N-substituent on the ca�eoyl
group on the unpaired spin density distribution showing
an additional mesomeric e�ect with the second aromatic
ring o�ering a positive spin density to the C40-nucleus
and responsible for the more e�ective spin delocalisa-
tion and the higher activity of the N-phenyl compound
10 (Scheme 3).

This study shows that ca�eic anilides are strong inhibi-
tors of lipid peroxidation. Further investigation is
needed to evaluate their complete antioxidant pro®le,
safety and detailed structure±activity relationship.
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