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Abstract—A series of 3,5-dialkoxy-4-hydroxycinnamamides 6 and 7 was synthesized, and their antioxidant activity was assessed
using the thiobarbituric acid reactive substance (TBARS) assay. Interestingly, cinnamamides with longer alkoxy groups on the
C-3 and C-5 positions display enhanced inhibition, and most of the compounds in the series tested exhibit excellent lipid peroxida-
tion inhibitory activities. Some cinamamides bearing hexyloxy or 2,6-di-fert-butyl-4-methyl phenol groups have submicromolar

inhibitory activities.
© 2008 Elsevier Ltd. All rights reserved.

Reactive oxygen species (ROS), including the hydroxyl
radical, superoxide anion, hydrogen peroxide, and per-
oxynitric species are continuously generated in the
process of respiration as natural byproducts of oxygen
metabolism.! ROS play an important roles in bio-
chemical processes of the immune system, cell differen-
tiation, and internal signal transduction.”? These
species are sufficiently reactive to cause injury to cells
through the destruction of components such as pro-
teins, lipids, sugars and nucleotides.> Under normal
circumstances, cells are able to defend against ROS
damage through the use of enzymes such as superox-
ide dismutases and catalases.* Small molecule antioxi-
dants such as ascorbic acid (vitamin C), uric acid, and
glutathione also play important roles as cellular anti-
oxidants.’> Thus, under normal conditions ROS are
maintained at constant levels in body by the antioxi-
dant defense mechanism. However, imbalances be-
tween the formation and detoxification of ROS can
result in significant damage to cells, a situation known
as oxidative stress. Oxidative stress leads to the initia-
tion and/or progression of various diseases, including
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for example cancer,® ischemia-reperfusion injury,’ ath-
erosclerosis,® cardiovascular diseases,” inflammation,!?
and neurodegenerative disorders'! such as Alzheimer’s
and Parkinson’s diseases. Because of this, there is a
growing interest in the discovery of natural and
unnatural antioxidants that attenuate oxidative stress
and, as result, can serve as protective agents against
these diseases.!?

In a previous report,'3 we described the synthesis and
antioxidant activities of a series of N-{3-(3,4-dimethyl-
phenyl)propyl}-4-hydroxyphenylacetamides, substi-
tuted at C-3 positions with various alkoxy groups
(1-3) and several N-{3-(3,4-dimethylphenyl)propyl}-4-
hydroxycinnamamides (4, 5). The results of this effort
showed that, among the substances investigated, the 4-
hydroxycinnamamides  had  potent  antioxidant
properties.

The structures of 1 and 2 are closely related to that of
capsaicin, a vanilloid receptor agonist.'* Previous stud-
ies with these amides showed that they are centrally
acting agent with potent analgesic activities.'> These
findings led to current study, aimed at the development
of new antioxidant as neuroprotective agents, which fo-
cus on novel 3,5-dialkoxy-4-hydroxycinnamamides 6
and 7.
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In order to prepare the new 3,5-dialkoxy-4-hydroxyc-
innamamides 6 and 7 as antioxidants, we needed 3,5-
dialkoxy-4-hydroxycinnamic acids 11 with various
alkoxy groups at the C-3 and C-5 ring positions. To
the best of our knowledge, the synthesis of 3,5-dialk-
oxy-4-hydroxycinnamic acids 11 had not been reported
until our recent report,'® even though sinapic acid 11a
is commercially available.!” The 3,5-dialkoxy-4-
hydroxycinnamic acids 11 were generally prepared start-
ing with methyl 4-benzyloxy-3,5-dihydroxybenzoate 8'8
in 38-70% overall yields (Scheme 1).

HO CO,Me
)RBF K2C03
BnO b)Hy PAC
OH
8 9

cone
) LiAlH,
byPcC

X RO X R’
N N
H H
HO

OR

5 6,7

Coupling of the acids 11 with 3-(3,4-dimethyl-
phenyl)propyl amine 12 or 13 using (benzotriazole-1-
yloxy)tripyrrolidinophosphonium hexafluorophosphate
(PyBOP)"” and triethylamine in CH,Cl, and DMF at
0 °C provided the cinnamamides 6 or 7 in 50-95% yields
after flash column chromatography (Scheme 2). Initial
attempts to perform these coupling reactions by using
1,3-dicyclohexycarbodiimide (DCC) and 1-hydroxyben-
zotriazole (HOBt) gave the amides 6 in less than 50%
yields. Amine 13, which is required for the synthesis of
7, was obtained from the benzyl bromide 15 that is
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Scheme 1. Synthesis of 3,5-dialkoxy-4-hydroxycinnamic acids (PCC: pyridinium chlorochromate).
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Compound R n Compound R n
7a CH3 1 79 CH(CH3)(CH,CH,CHg) 1
7b CH3 2 7h CH(CHg3)(CH,CH,CH3) 2
7c (CH,),CH3 1 7i CH(CH,CH3), 1
7d (CHy),CH3 2 7j CH(CH,CH3), 2
7e (CH),CH3 1 7k (CH,)5CH3 1
i (CH5)>,CH3 2 71 (CH5)5CH3 2

Scheme 2. Synthesis of 3,5-dialkoxy-4-hydroxycinnamamides 6.
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Scheme 3. Synthesis of 3,5-di-tert-butyl-4-hydroxyphenyalkyl amines

Table 1. Inhibition test of lipid peroxidation by TBARS assay

0}
RO NS OH
HO
OR 11
Compound R Inhibition of lipid
peroxidation (ICsy, uM)

1 57.17
2a* CH; 25.90
2b* (CH,);CH; 9.28
3¢ 11.77
4 9.94
54 3.41
11a CH; 4.77
11b (CH,);CH; 3.68
11c CH(CH;)(CH,CH,CH;) 4.84
11d CH(CH,CHj3), 2.21
11e (CH,)sCH; 2.24
a-Tocopherol 4.68
BHT 4.03

#See Ref. 13a.

obtained from the corresponding alcohol 14. Reaction
of 15 with NaNj; followed by Pd/C reduction provided
benzyl amine 13a, and reaction of 15 with KCN fol-
lowed by reduction with (CH3),S-BH; gave phenylethyl
amine 13b, in moderate yields (Scheme 3).

The design of 3,5-dialkoxy-4-hydroxycinnamamides 6
and 7 was based on the lipid peroxidation inhibitory
activity data shown in Table 1. The results showed that
(1) homovanillic amide 2a (25.90 pM) was a better inhi-
bition than 1 (57.17 uM), (2) 3,5-dialkoxy-4-hydroxy-
phenylacetamides 3 (11.77 pM) were more active than
3-alkoxy-4-hydroxyphenylacetamides 2 (25.90 uM for
2a), and (3) cinnamamides 4 (9.94uM) and 5
(3.41 uM) have higher potencies than phenylacetamides
2a (25.90 uM) and 3 (11.77 uM). In addition, longer alk-
oxy substituents at the C-3 position of amides 2 were
shown to lead to enhanced inhibition, although the po-
tency was still lower than that of 2,6-di-tert-butyl-4-
methylphenol (BHT) or a-tocopherol.!® Based on these
observed structure-activity relationships, we designed
and prepared 3,5-dialkoxy-4-hydroxycinnamamides 6.

13.

To evaluate the antioxidant properties of the newly syn-
thesized amides, we examined the lipid peroxidation in a
rat brain homogenate by using the thiobarbituric acid
reactive substances (TBARS) assay?’ according to the
method of Stocks.?! We first examined antioxidant
property of the cinamicacids 11 with alkoxy chains of
various lengths (Table 1). Generally, longer alkoxy
groups enhanced inhibition. Also, the order of inhibi-
tion potency was 11e > 11b > 11a. The inhibitory poten-
cies of all the cinnamic acids 11 were comparable with
that of 2,6-di-tert-butyl-4-methylphenol (BHT) or
a-tocopherol, a likely result of the stabilization of the
phenyloxy radicals by the ortho substituted alkoxy
groups.

The preliminary results encouraged an examination of
the cinnamamides 6. We observed that all three amides
6 were more potent inhibitors than the corresponding
acids 11 (Table 2). It is clear that the 3,4-dimethylphe-
nylpropyl amine moiety is responsible for this gain in
inhibitory activity. Among the amides, 6¢ with n-hexyl-
oxy groups was the most potent compound toward inhi-
bition of lipid peroxidation, and 6c is more potent than
5, a substance containing with methoxy substituents.
Important information was gained from these results.
Specifically, we learned that inhibitory activities are
strongly influenced by longer, straight chain alkyoxy
groups rather than shorter, branched alkoxy groups.

Since the amides 6 were found more potent than the
acids 11, we next focused on new cinnamamides 7 that
are linked to with the well-known synthetic radical scav-
enger, BHT. As shown at Table 2, most of these amides
7 were very potent inhibitors. The higher activities of
7a—Tj over 6 are probably a consequence of the presence
of BHT group in the amide. Generally the inhibition po-
tency of 7 was not strongly affected by the alkoxy
groups. The amide 7k and 71 which contain n-hexyoxy
substituents were also investigated, but lower potencies
were observed in for these substances as compared to
other amides. Among these amides, 7c¢ and 7d with pro-
pyloxy groups showed the most potent inhibition
properties.

The results obtained for assessment of the antioxidant
activities of amides 6 and 7 by using ABTS** and DPPH
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Table 2. Inhibition of lipid peroxidation by the newly synthesized amides
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Compound R n Yield(%) from 11 Inhibition of lipid peroxidation (ICsy, uM)
6a CH(CH;)(CH,CH,CHj3) 80 1.33
6b CH(CH,CH3), 84 1.73
6¢ (CH,)sCHj; 95 0.29
Ta CH; 1 68 1.46
b CH; 2 74 0.69
7d (CH,),CH; 2 58 0.26
Te (CH,);CH; 1 50 0.42
7t (CH,);CH; 2 52 0.41
7g CH(CH3)(CH,CH,CH3) 1 58 0.57
7h CH(CH3)(CH,CH,CH3) 2 75 0.36
7i CH(CH,CH3), 1 50 0.82
7§ CH(CH,CH3;), 2 52 0.44
7k (CH,)sCHj; 1 72 3.52
7 (CH,)sCHj; 2 64 2.74
a-Tocopherol 4.68
BHT 4.03

Table 3. ABTS and DPPH radical scavenging activity of the amides
6, 7

Compound ABTS™ (ICs, pM) DPPH (ICsy, pM)
6a 26.3 68.4
6b 49%?* 84.4
6c 28.5 77.7
7a 11.3 80.3
7b 15.6 69.0
Te 24%* 73.0
7d 37%* 114.1
7e 57% 176.8
7f — —
7g 47% 66.6
7h 64%" 85.1
7i 4492 67.7
7i — 55%°
7k 23.2 75%°
7 27.4 75.6

%% inhibition at 150 uM.
9% inhibition at 300 M.

assays?? are given in Table 3. The 2,2-azinobis (3-ethyl-
benzothiazoline-6-sulfonate) (ABTS) assay involves the
long-lived ABTS cation radical, which is chemically pro-
duced by oxidation of the corresponding colorless sul-
fonic acid with potassium persulfate. The green-blue
ABTS®" has excellent spectral characteristics, is stable
over a wide range of pH and is applicable to the study
of both water-soluble and lipid-soluble antioxidants that
convert ABTS®" back to the initial sulfonic acid.>*> The
2,2-diphenyl-1-picrylhydrazyl (DPPH) assay measures
the ability of antioxidants to donate a hydrogen atom
in the conversion of the stable DPPH free radical to
1,1-diphenyl-2-picrylhydrazine.?* The reaction is accom-
panied by a change in color from deep-violet to light-

yellow and is monitored spectrophotometrically. In
these tests, the amides 7a and 7b were found to be the
most active compounds.

In summary, we have synthesized a series of 3,5-dialk-
oxy-4-hydroxycinnamamides 6 and 7 bearing 3,4-dime-
thyphenylpropyl amine and BHT moieties. Studies
have shown that the amides exhibit excellent antioxidant
activities, especially in their inhibition of lipid
peroxidation.
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