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A new class of novel 7,8-dihydroquinolin-5-(1H,4H,6H)-one derivatives (5a–k) were synthesized by
the one-pot four-component condensation of dimedon, a-ionone, ammonium acetate, and benzaldehyde
derivatives. The structures were characterized by elemental analysis, IR, 1H-NMR, and 13C NMR spec-
tral studies. All the title compounds were screened for antioxidant properties and some of them found
to exhibit potent in vitro antioxidant activity.

INTRODUCTION

Quinoline and their derivatives, which usually possess

diverse biological activities, play important roles as ver-

satile building blocks for the synthesis of natural prod-

ucts and as therapeutic agents [1]. In particular, 2-aryl-

quinolines are biologically active and occur in structures

of a number of antimalarial compounds and antitumor

agents [2]. The biological activity of quinoline com-

pounds has been found to posses antiasthmatic, antibac-

terial, anti-inflammatory, and antihypertensive properties

[3]. Therefore, the synthesis of quinolines has attracted

much attention in organic synthesis, and a number of

general synthetic methods have also been reported [4–

9]. However, some of these methods suffer from several

disadvantages such as harsh reaction conditions, multi-

steps, a large amount of promoters, and/or long reaction

time [10].

In addition, ionones and their derivatives are impor-

tant starting materials for the synthesis of several natural

products and important intermediates in the metabolism

of terpenoids, for example, in carotenoid biosynthesis

[11], and have been isolated from many sources [12].

Ionone derivatives have also different biologically activ-

ity [13–17]. Phenols are reported to quench oxygen-

derived free radicals by donating a hydrogen atom or an

electron to the free radical. Many of these types of com-

pounds have been reported to possess potent antioxidant

activity, anticarcinogenic, antimutagenic, antibacterial,

antiviral, and anti-inflammatory activities to a greater or

lesser extent [18].

In this article, we report on the synthesis of 4-aryl-

7,8-dihydroquinolin-5-(1H,4H,6H)-one derivatives (5a–k)

containing both ionone and phenolic unit. Their antioxi-

dant activity and radical scavenging activities were

assessed by various in vitro assays and compared with

the activities of synthetic and standard antioxidant

compounds.

EXPERIMENTAL

All the reagents and the solvents used were analytical pure
products. The reactions were followed by thin layer chroma-
tography (TLC) on Merck 60 F254 (0.2 mm), silica gel prepre-
pared plates. The isolation of the products was performed by
column chromatography using silica gel Merck 60 (230–400

mesh, 0.04–0.063 mm), or also by preparative TLC on silica
gel Merck 60 F254 (0.5 mm) plates.

Melting points were measured on Electrothermal 9100 appa-
ratus. IR spectrums (KBr or liquid) were recorded on a Jasco
FT/IR-430 spectrometer. 1H and 13C NMR spectra were

recorded on a Brucker Avance III instrument (400 MHz). As
internal standards served TMS (d 0.00) for 1H-NMR and
CDCl3 (d 77.0) for 13C NMR spectroscopy J values are given
in Hz. The multiplicities of the signals in the 1H-NMR spectra

are abbreviated by s (singlet), d (doublet), t (triplet), q (quar-
tet), m (multiplet), br (broad), and combinations thereof.
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Elemental analyses were obtained from a LECO CHNS 932
Elemental Analyzer.

General procedure for synthesis of quinoline derivatives

5a–k. A mixture of dimedon (0.18 g, 1,3 mmol), a-ionone (0.25
g, 1,3 mmol), aldehyde derivatives (0.14 g, 1,3 mmol) and ammo-
nium acetate (0.2 g, 2,6 mmol) in DMSO (5 mL) was heated in the
sealed tube for 2 h. Water was added to mixture and extracted with

EtOAc (3 � 20 mL), dried over anhydrous Na2SO4 and evapo-

rated. Crude products were purified by on a silica gel column chro-

matography or preparative TLC (20 � 20 cm plates, 2 mm thick-

ness, silica gel) using n-hexane/EtOAc (9:1) as eluent. The prod-

ucts were crystallized in n-hexane/EtOAc (9:1).
Antioxidant assay. Total antioxidant activity determina-

tion by ferric thiocyanate method (FTC) The antioxidant ac-
tivity of compounds and standards were determined according
to the ferric thiocyanate method [19]. The percentage inhibi-

tion values were calculated at this point (20 h). The control
vale reached plateau at this time. The inhibition percentage of
lipid peroxidation in linoleic acid emulsion was calculated by
following equation:

Inhibition of lipid peroxidation ð%Þ
¼ 100� AS

AC

� 100

� �

AC is the absorbance of negative control reaction, which

contains only linoleic acid emulsion in sodium phosphate

buffer, and AS is the absorbance in test compounds or positive

control (standard compounds).

Ferric ions (Fe31) reducing antioxidant power assay
(FRAP) The reducing power of synthesized compounds were

determined by the method of Oyaizu [20]. Increased absorb-

ance of the reaction mixture indicates an increase of reduction

capability. Reduction capability is a process of lowering the

positive valence state of an element.

Ferrous ions (Fe21) chelating activity The chelating of fer-

rous ions by synthesized compounds and standards were esti-

mated by the method of Dinis [21]. The percentage of inhibi-

tion of ferrozine-Fe2þ complex formation was calculated by

using the formula given bellow:

Ferrous ions ðFe2þÞ chelating effect ð%Þ
¼ 1� AS

AC

� �
� 100

AC is the absorbance of negative control and AS is the ab-
sorbance of test compounds or positive control (standards).

The control only contains complex formation molecules such
as FeCl2 and ferrozine.

DPPH free radical scavenging activity The methodology of
Blois [22] was used with slight modifications to assess the

DPPH� free radical scavenging capacity of each compounds.
The DPPH� concentration scavenging capacity was expressed
as mM in the reaction medium and calculated from the cali-
bration curve determined by linear regression (R2:0.9845):

Absorbance ¼ 9:692� ½DPPH�� þ 0:215

The capability to scavenge the DPPH� radical was calculated
using the following equation:

DPPH � scavenging effect ð%Þ ¼ 1� AS

AC

� �
� 100

AC is the absorbance of negative control that contains
DPPH� solution, and AS is the absorbance in test compounds
or positive control (standards) [23–25].

Superoxide anion radical scavenging activity Superoxide
radicals were generated by the method of Beauchamp and Fri-
dovich [26] described by Zhishen and coworkers [27] with
slight modification. Decreased absorbance of the reaction mix-
ture indicates increased superoxide anion scavenging activity.

The inhibition percentage of superoxide anion generation was
calculated by using the following formula:

O�
2 scavenging effect ð%Þ ¼ 1� AS

AC

� �
� 100

AC is the absorbance of negative control and AS is the ab-
sorbance of test compounds or positive control (standards)
[19,20].

Statistical analysis. The experimental results were average
of triplicate analysis. The data were recorded as mean 6 standard

deviation and analysed by SPSS (version 11.5 for Windows 2000,
SPSS). One-way analysis of variance was performed by ANOVA
procedures using SPSS software (version 13.0 for Windows,
SPSS, Inc., Chicago). Significant differences between means
were determined by Duncan’s Multiple Range tests. P < 0.05

was regarded as significant and P < 0.01 was very significant.

RESULTS AND DISCUSSION

Chemistry. The 7,8-dihydroquinolin-5(1H,4H,6H)-

one derivatives 5a–5k containing an a-ionone unit were

Scheme 1. Four component one-pot synthesis of 7,8-dihydroquinolin-5(1H,4H,6H)-one derivatives 5a–k.
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synthesized by the one-pot four-component condensation

of dimodone (1), a-ionone (2), ammonium acetate (3),

and various benzaldehydes 4a–k in yields of 72–92%

according to our previously published method [28]

(Scheme 1, Table 1). The reactions were carried out by

heating of the reaction mixture in DMSO in sealed tube

at 120–130�C for 2 h. Crude products were purified by

means of a silica gel column chromatography or prepa-

rative TLC using n-hexane/EtOAc (9:1) as the eluent.

The products were crystallized from n-hexane/EtOAc
(9:1), and their structures were assigned by elemental

analyses, 1H-, 13C NMR and IR spectral data.

Biochemistry. In this study, the antioxidant and radi-

cal scavenging effects of the synthesized compounds

(5a–k) were determined in vitro with different bioana-

lytical methodologies. The antioxidant and radical scav-

enging activities of the compounds (5a–k) were com-

pared with BHA, BHT, and a-tocopherol. These com-

parisons were performed using a series of in vitro tests

including total antioxidant activity by Ferric Thiocya-

nate Method (FTC), DPPH�, and O�
2 radicals scavenging

activities and reducing power methods (Fe3þ-Fe2þ trans-

formation), and metal chelating on ferrous ion (Fe2þ)
activities.

Lipid peroxidation contains a series of free radical-

mediated chain reaction processes and is also associated

with several types of biological damage. The ferric thio-

cyanate method measures the amount of peroxide pro-

duced during the initial stages of oxidation, which is the

primary product of lipid oxidation [29,30]. Total antioxi-

dant activity of each synthesized compounds, BHT and

a-tocopherol were determined by the ferric thiocyanate

method in the linoleic acid system. As can be seen in

Figure 1, some compounds (5j, 5h, 5k, and 5f) have

effective and powerful antioxidant activity by ferric thi-

ocyanate method.

The reducing power associated with antioxidant activ-

ity reflects the electron donating capacity of bioactive

compounds. The reducing capacity for a compound can

be measured by the direct reduction of Fe[(CN)6]
3� to

Fe[(CN)6]
2�. Free Fe3þ addition to the reduced product

leads to the formation of the intense Perl’s Prussian blue

complex (Fe4[Fe(CN)6]3), which has strong absorbance

at 700 nm. As can be seen in Figure 2, compound 5j

and 5k has the most powerful ferric ion (Fe3þ) reducing
capability.

Ferrous ions constitute the most effective pro-oxidants

in food and biological systems. The good chelating

effect is proposed to be more beneficial. Removal of

free iron ions from circulation is a promising approach

to prevent oxidative stress-induced diseases. By being

chelated, iron ion may lose its pro-oxidant properties.

Iron can be found as ferrous (Fe2þ) or ferric ions (Fe3þ)
in nature. The latter is predominant in foods. Ferrous

chelation exhibits important antioxidative effects by

delaying metal-catalyzed oxidation. Ferrous ion

Figure 1. Total antioxidant activities of synthesized components at 20

lg/mL and 20 lg/mL concentration of a-tocopherol and BHT (BHT:

butylated hydroxytoluene).

Figure 2. Total reductive potential of different concentrations (75–360

lg/mL) of synthesized components and reference antioxidant; a-to-
copherol and BHT (BHT: butylated hydroxytoluene).

Figure 3. Ferrous chelating effect of different concentrations of syn-

thesized components and reference antioxidant; a-tocopherol on fer-

rous ions (Fe2þ).
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chelating activities of synthesized compounds (5b-k)

and a-tocopherol are shown in Figure 3. The synthe-

sized compounds except 5j also exhibited considerable

Fe2þ chelating activity.

The free radical chain reaction is a common mecha-

nism of lipid peroxidation. Radical scavengers may

directly react with peroxide radicals. They quench per-

oxide radicals to terminate the peroxidation chain reac-

tions, and improve the quality and stability of food

products. Assays based upon the use of DPPH, ABTSþ,
DMPDþ, and O�

2 radicals are among the most popular

spectrophotometric methods to determine the antioxidant

capacity of molecules. These radicals can directly react

with antioxidants. In addition, these radical scavenging

assays have been used to evaluate the antioxidant activ-

ity of compounds due to the simple, rapid, sensitive,

and reproducible procedures. These tests are standard

assays in antioxidant activity studies, and offer a rapid

technique for screening the radical scavenging activity

of specific compounds. As could be seen in Figures 4

and 5, DPPH � and O�
2 radical scavenging activities of

the synthesized compounds were evaluated, respectively.

The compounds 5j and 5k had marked radical scaveng-

ing capability on DPPH radicals. The other compounds

have lower radical scavenging capability on DPPH radi-

cals than references antioxidants. Among the tested

compounds, compounds 5d, 5f, 5g, and 5k have higher

radical scavenging capability on O�
2 radicals than used

in reference antioxidant (BHA).

Structure activity relationships (SAR). As shown in

Table 1, the compounds 5j and 5k possess the strongest

antioxidant activity, both in radical-scavenging and

reducing power tests. Foti and coworkers [31] indicated

Figure 4. DPPH free radical scavenging activity of different concen-

trations (10–80 lg/mL) of synthesized components and reference anti-

oxidant; BHA, BHT, a-tocopherol (BHA: butylated hydroxyanisole,

BHT: butylated hydroxytoluene; DPPH�: 2,2-diphenyl-1-picryl-hydra-

zyl free radical).

Figure 5. Superoxide anion radical scavenging activity of 25 lg/mL

concentration of synthesized components and reference antioxidant;

BHA (BHA: butylated hydroxyanisole,).

Scheme 2. The mechanism of radical scavenging activities on O�
2 of 5d, 5f, 5g, and 5k.
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that coumarins containing a catechol moiety were stron-

ger than the others of scavenge the peroxyl radical,

which was supported by the observations from other

groups [32]. As a large number of experimental and the-

oretical studies revealed that the catechol group was

beneficial in enhancing the radical-scavenging activity

of natural antioxidants, it is not surprising to see the cat-

echol group playing a key role in enhancing the antioxi-

dant activity of the compounds 5j and 5k.

The most active compounds were 5d, 5f, 5g, and 5k

for radical scavenging activities on O�
2 radicals. The

mechanism of radical scavenging activities on O�
2 of 5d,

5f, 5g, and 5k can be explained as shown in Scheme 2.

In addition, in the all tests, the antioxidant activities

of the tested compounds (5a–5k) increase depending on

the increase in the concentrations of the tested com-

pounds (5a–5k).

CONCLUSIONS

A new class of novel 7,8-dihydroquinolin-5-

(1H,4H,6H)-one derivatives (5a–k) were synthesized via

a simple and effective one-pot four-component conden-

sation of dimodone, a-ionone, ammonium acetate and

benzaldehyde derivatives. All the title compounds were

screened for antioxidant properties. The compounds 5a–

c exhibited very low antioxidant and radical scavenging

activities, whereas, the others 5d–k showed remarkable

antioxidant and radical scavenging activities (ferrous ion

chelating, ferric ion reducing, and radical scavenging

activities on DPPH and O�
2 radicals). The compounds 5j

and 5k were found as the most active compounds.
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[18] Gülçin, _I. Amino Acids 2007, 32, 431.

[19] Mitsuda, H.; Yuasumoto, K.; Iwami, K. Eiyo to Shokuryo

1996, 19, 210.

[20] Oyaizu, M. Jpn J Nutr 1986, 44, 307.

[21] Dinis, T. C. P.; Madeira, V. M. C.; Almeida, L. M. Arch

Biochem Biophys 1994, 315, 161–169.

[22] Blois, M. S. Nature 1958, 26, 1199.
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