
INTRODUCTION

Reactive oxygen species which comprises free radicals
such as superoxide anion radicals (O2

•–), hydroxyl radicals
(OH•) and non-free radical species such as hydrogen peroxide
(H2O2) and singlet oxygen (1O2)1,2, damages nucleic acids,
lipids, proteins, carbohydrates and DNA which leads to
mutation and several diseases. Hence scavenging the free radicals
is important to prevent numerous diseases. Antioxidants are
the compounds which have the ability to trap free radicals,
they could be either synthetic or natural, scavenge the free
radicals, such as peroxide, hydroperoxide or lipid peroxides
and thus inhibit the oxidative mechanisms that lead to degene-
rative diseases. Several synthetic compounds with good anti-
oxidant behaviour have been found in literature3-7. In recent
decades, the interest has increased considerably in finding
naturally occurring antioxidants in foods or medicinal plants
to replace synthetic antioxidants, which are being restricted
due to their side effects such as inflammation and carcino-
genicity etc. Natural antioxidants can protect the human body
from free radicals and retard the progress of many chronic
diseases. Several previous literatures show large number of plants
that can be used against diseases, in which reactive oxygen
species and free radical play important role. Turmeric which
contains curcumin (Curcuma longa) is a natural tropical plant
that has been used since ancient times as a spice, as a beauty
care agent and as a traditional medicine8. Curcumin is the major
active polyphenol compound and this agent has been exten-
sively investigated for its pharmacological activities that include
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anticancer, antiinflammatory, antioxidant, antiulcer, immuno-
modulatory, antiviral, antifungal, wound healing, antibacterial,
neuroprotective and antiaging effects. Encompassing investi-
gation over the last five decades has indicated that curcumin
reduces blood cholesterol and thus has a potential against various
malignant diseases, diabetes, allergies, arthritis, Alzheimer's
disease and other chronic illnesses9-12. The significant anti-
oxidant activity of curcumin to be mainly due to the phenolic
–OH group, although a small fraction may be due to the CH2

site13-15. The antioxidative properties of curcumin act not only
against lipid peroxidation but also prevent DNA damage.
Further studies revealed that the antioxidant properties of
curcumin positively influenced antioxidant and phase-II
metabolizing enzyme activity in mice and more over diminished
iron-induced oxidative damage of lipids and DNA in vitro and
in mice treated with ferric nitrilo triacetate (Fe-NTA). Thus
curcumin was able to prevent Fe-NTA-induced lipid peroxi-
dation, DNA damage and protein carbonylation in the kidney
of these mice16.

By considering all the literature applications of curcumin,
we have concluded the antioxidant activity of curcumin to be
mainly from the phenolic -OH group and a small fraction due
to the CH2 site. Hence, the modification of the curcumin in
the active methylene site and keto site will have impact in its
antioxidant behaviour. Herein we report the synthesis of three
curcumin derivatives having modification in active methylene
group and keto groups and investigated the effect of these
structural modifications on antioxidant behaviour.
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EXPERIMENTAL

Curcumin, triphenyl phosphine, N,N-dimethylamino
benzaldehyde, piperidine, 4-amino phenol, 4-hydroxy benzal-
dehyde, 2,2'-diphenyl-1-picrylhydrazyl (DPPH), 2,2'-azino-bis-
3-ethyl benzthiazoline-6-sulphonic acid (ABTS), calcium chloride,
silica gel for column (200-400 mesh), silica gel for TLC (350
mesh) potassium bromide, potassium persulphate, paraffin wax,
acetone, distilled water, methanol, ethanol, chloroform, petro-
leum ether, ethyl acetate are were procured commercially.

Synthesis of curcumin derivatives
Synthesis of 4-(4-hydroxybenzylidene)-1,7-bis(4-hydroxy-

3-methoxyphenyl) hepta-1,6-diene-3,5-dione (1): Curcumin
(0.2210 g, 0.6 mmol) and 4-hydroxy benzaldehyde (0.8616
g, 0.6 mmol) (1:1 equivalent) were taken in 100 mL round-
bottom flask along with triphenyl phosphine (0.1836 g, 0.70
mmol) in 30 mL of chloroform. The reaction mixture was
stirred at 75 °C for 12 h in an oil bath. The progress of the reaction
was continuously monitored using thin layer chromatographic
technique and the completion of the reaction was confirmed
by Rf values. The reaction mixture was evaporated to dryness
at room temperature, the resultant compound was extracted
repeatedly with chloroform-water mixture. The organic layer
was separated and dried to get yellow coloured solid as product
(Scheme-I). Further the product was purified by column
chromatography by using petroleum ether/ethyl acetate
mixture (1:1) as eluent. Yield: 69.4 % (0.752 g); Yellow solid.
m.f.: C28H24O7; m.w.: 472.49; m.p.: 70 °C. IR (KBr, νmax, cm-1):
3392 (O-H), 3051 (C-H) (aromatic ring) 2920 νas(C-H)
(methyl), 2800 νs(C-H) (methyl), 1621 νs(C=O), 1584 ν(C=C),
1511, 1435 ν(aromatic C=C) 1282 νas(C-O-C), 1206 ν(C-O)
(phenolic hydroxyl group), 814 δ(C-H), 693 ρ(C-H); 1H NMR

(400 MHz, CDCl3) ppm: 3.95 (s, 6H, Ar-OCH3
a), 6.47 (d, 2H,

Ar cCH), 6.84 (d, 2H, Ar dCH-OCH3), 6.91 (d, 2H, Ar eCH),
7.05 (d, 2H, Ar fCH), 7.12 (s, 2H, gCH), 7.61 (d, 2H, hCH),
7.76 (d, 2H, iCH), 8.98 (s, 1H, jCH(CO)).

Synthesis of 3,5-bis-(4-hydroxy-phenyl)-imido-1,7-
bis(4-hydroxy-3-methoxyphenyl) hepta-1,6-diene (2): The
compound 2 was synthesized by the literature procedure18,19.
Curcumin (0.2210 g, 0.6 mmol) and 4-amino phenol (0.1308 g,
1.2 mmol) (1:2 equivalent) were taken in a 100 mL round-
bottom flask along with piperidine (catalytic amount) as the
proton scavenger in 30 mL of methanol. The reaction mixture
was stirred at room temperature for 6 h. The progress of the
reaction was monitored by TLC. TLC (Rf): 0.0465 (ethyl acetate:
petroleum ether -1: 0.5). After the completion of the reaction,
the reaction mixture was concentrated by evaporation using
water bath and the resulting residue was dried under vacuum
overnight. The yellowish brown color solid was recrystallized
from ethanol (Scheme-II). Yield: 56.9 % (0.292 g); Yellowish
brown solid, m.f: C33H30N2O6; m.w.: 550.61; m.p.: 100 °C. IR
(KBr, νmax, cm-1): 3369 ν(O-H), 2929 νas(C-H), 2800 νs(C-H),
1577 ν(C=N) and ν(C=C), 1514, 1458, 1430 ν(aromatic C=C),
1379 ν(C-N), 1274 νs(C-O-C), 1206 ν(C-O) (phenolic
hydroxyl group), 846 δ(C-H), 758 ρ(C-H); 1H NMR (400
MHz, CDCl3) ppm: 3.50 (s, 2H, =N-aCH2-N=), 3.94 (s, 6H,
Ar-OCH3

b), 5.80 (s, 4H, -OHc), 6.47 (d, 2H, dCH), 6.92-7.14
(m, 14H, Ar e-jCH), 7.61 (d, 2H, kCH).

Synthesis of 4-[4-(dimethylamino)benzylidene]-1,7-
bis(4-hydroxy-3-methoxyphenyl) hepta-1,6-diene-3,5-dione
(3): Curcumin (0.2210 g, 0.6 mmol) and N,N-dimethylamino
benzaldehyde (0.0894 g, 0.6 mmol) (1:1 equivalent) were taken in
100 mL round-bottom flask in the presence of triphenyl phosphine
(0.1836 g, 0.70 mmol) in chloroform (50 mL) (Scheme-III). The
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reaction mixture was stirred at 75 °C for 12 h in an oil bath.
The progress of the reaction was continuously monitored using
thin layer chromatographic technique and the completion of
the reaction was confirmed by Rf values. The reaction mixture
was evaporated to dryness at room temperature, the resultant
compound was extracted repeatedly with chloroform-water
mixture. The organic layer was separated and dried to get yellow
colored solid as product. Further the product was purified by
column chromatography by using petroleum ether/ethyl acetate
mixture (1:1) as eluent. Yield: 60.2 % (0.378 g); Yellow colour
solid; m.f.: C30H29NO6; m.w.: 499.56; m.p.: 120 °C. IR (KBr,
νmax, cm-1): 3380 ν(O-H), 2923 νas(C-H), 2800 νs(C-H), 1512
ν(C=C), 1374 ν(C-N), 963 δ(C-H), 725 ρ(C-H); 1H NMR (400
MHz, CDCl3) ppm: 3.09 (s, 6H, Ar-N-(aCH3)2), 3.95 (s, 6H,
Ar-OCH3

b), 6.45 (d, 2H, Ar dCH), 6.49 (d, 2H, Ar eCH), 6.69 (s,
2H, Ar fCH), 6.92 (d, 2H, Ar gCH), 7.05 (d, 2H, Ar hCH), 7.11
(d, 2H, iCH), 7.76 (d, 2H), 8.73 (s, 1H).

Antioxidant studies

DPPH scavenging activity: The radical scavenging
activity of the synthesized curcumin derivatives towards 2,2'-
diphenyl-1-picrylhydrazyl (DPPH) free radical was monitored
according to the earlier reported procedure20. One mL of 0.135
mM DPPH prepared in methanol was mixed with 1.0 mL of
sample solutions of compounds 1, 2 and 3 with various
concentrations ranging from 50-250 mg/mL. The reaction
mixture was vortexed thoroughly and left in dark at room
temperature for 0.5 h. The absorbance was measured spectro-
photometrically at 517 nm. The percentage of inhibition activity
of DPPH by the synthesized curcumin derivatives was
calculated from the following equation:

DPPH scavenging activity (%) = [(Acontrol – Asample)]/(Acontrol)] × 100

where A control is the absorbance of DPPH + methanol.
A sample is the absorbance of DPPH radical + sample

(i.e., standard or curcumin derivatives).
ABTS scavenging activity: The antioxidant properties

of the synthesized curcumin derivatives (1, 2 and 3) are deter-
mined by the ABTS scavenging activity. The working standard
solution was prepared by mixing two stock solutions of 7 mM
ABTS solution and 2.4 mM potassium persulphate solution
in equal amount and allowed to react for 12 h at room tempe-
rature in the dark. 1 mL of the resulting solutions was allowed
to react with 1 mL of the curcumin derivative with different
concentration ranging from 50 to 250 mg/mL and the reaction
mixture was vortexed and absorbance was measured at 734
nm after 6 min interval. The percentage of inhibition capacity
of ABTS by the synthesized curcumin derivatives are calcu-
lated from the following equation;

ABTS scavenging activity (%) = [(Acontrol – Asample)]/(Acontrol)] × 100

where A control is the absorbance of ABTS + methanol. A
sample is the absorbance of ABTS radical + sample (i.e.,
standard or curcumin derivative).

RESULTS AND DISCUSSION

Characterization of 4-(4-hydroxybenzylidene)-1,7-bis-
(4-hydroxy-3-methoxyphenyl)hepta-1,6-diene-3,5-dione
(1): The infrared spectrum of compound 1 showed the broad

absorption band at 3392 cm-1 corresponding to ν(O-H) vibration
of hydroxyl group. The absorption band at 3051 cm-1 is assign-
able to ν(C-H) vibration of aromatic ring. The absorption bands
at 2920 and about 2800 cm-1 are due to the νas(C-H) and νs(C-H)
vibrations, respectively of the methyl group. The absorption
band at 1621 cm-1 is assignable to the νs(C=O) vibration of the
carbonyl group. The absorption band at 1584 cm-1 is attributed
to the aliphatic ν(C=C) vibration of alkene group. The absorp-
tion bands at 1511 and 1435 cm-1 are due to the νs(C=C) vibrations
of the aromatic ring. The absorption bands at 1282 and 1024
cm-1 are attributed to the νas(C-O-C) and νs(C-O-C) vibrations,
respectively of the methoxy group. The absorption band at
1206 cm-1 is due to ν(C-O) vibration of phenolic hydroxyl
group. The absorption bands at 814 and 693 cm-1 are due to
δ(C-H) and ρ(C-H) vibrations, respectively17.

The 1H NMR spectrum of compound 1 in CDCl3 contains
signals for ten different kinds of proton environments. The
signal at 3.95 ppm (6H, s) is assignable to the methoxy protons
of the curcumin (Ar-OCH3

a). The resonance for the hydroxyl
protons is not observed in the spectrum since the -OHb protons
may undergo very fast exchange with the deuterated solvent.
The signal at 6.47 ppm (2H, d) is assignable to the aromatic
cCH protons adjacent to -OH group of curcumin. The signal at
6.84 ppm (2H, d) is attributed to the dCH aromatic methine
protons adjacent to -OCH3 group of curcumin. The signal at
6.91 ppm (2H, d) is due to the aromatic eCH methine protons
adjacent to the -OH group of 4-hydoxy benzaldehyde
functionality. The resonance at 7.05 ppm (2H, d) is attributed
to the fCH aromatic methine protons of the curcumin
functionality. The singlet at 7.12 ppm (2H, s) is assignable to
the gCH aliphatic methine proton adjacent to the carbonyl
group. The doublet at 7.61 ppm (2H, d) is assignable to the
hCH aromatic methine proton of the 4-hydoxy benzaldehyde
functionality. The resonance at 7.76 ppm (2H, d) is due to the
iCH aliphatic methine proton adjacent to the aromatic ring.
The signal at 8.98 ppm (1H, s) is due to the jCH aliphatic
methine proton adjacent to the carbonyl group11.

Characterization of 3,5-bis-(4-hydroxy-phenyl)-imido-
1,7-bis-(4-hydroxy-3-methoxyphenyl) hepta-1,6-diene (2):
Infrared spectrum showed the broad absorption band at 3369
cm-1 corresponding to the ν(O-H) vibration of the hydroxyl
group. The absorption band at 2929 cm-1 is due to the νas(C-H)
vibration of methyl group. The absorption band at about 2800
cm-1 is assignable to the νs(C-H) vibration of methyl group.
The absorption band at 1577 cm-1 is assignable to the ν(C=N)
vibration and which is merged with the ν(C=C) vibrational
absorption band of alkene group. The absorption bands at 1514,
1458 and 1430 cm-1 are attributed to the ν(C=C) vibrations of
the aromatic ring. The absorption band at 1379 cm-1 is due to
the ν(C-N) vibration and δs(C-H) vibration of methoxy methyl
group. The absorption bands at 1274 and 1028 cm-1 are due to
the νs(C-O-C) and νas(C-O-C) vibrations of methoxy group.
The absorption band at 1206 is due to the ν(C-O) vibration of
phenolic hydroxyl group. The absorption band at 846 and 758
cm-1 are due to the δ(C-H) and ρ(C-H) vibrations, respectively
of methylene group17.

The 1H NMR spectrum of compound 2 in CDCl3 contains
signals for eleven different kinds of proton environments. The
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signal at 3.50 ppm (2H, s) is assignable to the centre methylene
protons (=N-aCH2-N=) which are in between two methine
groups of curcumin. The resonance at 3.94 ppm (6 H, s) is
attributed to the methoxy protons (Ar-OCH3

b) of the curcumin.
The signal at 5.80 ppm (4H, s) is due to the hydroxyl protons
(-OHc). The doublet at 6.47 ppm (2H, d) is attributed to the
aliphatic dCH protons. The signals between 6.92 to 7.14 ppm
(14H, m) are due to the compound e-j aromatic methine
protons of both curcumin and 4-aminophenol functionalities.
The doublet at 7.61 ppm (2H, d) is assignable to the aliphatic
kCH protons adjacent to the aromatic ring of curcumin func-
tionality11.

Characterization of 4-(4-(dimethylamino)benzy-
lidene)-1,7-bis-(4-hydroxy-3-methoxyphenyl)hepta-1,6-
diene-3,5-dione (3): The infrared spectrum showed the broad
absorption band at 3380 cm-1 corresponding to the ν(O-H)
vibration of hydroxyl group. The absorption band at 2923 cm-1

is due to the νas(C-H) vibration of methyl group. The absorption
band at ≈ 2800 cm-1 is assignable to the νs(C-H) vibration of
methyl group. The absorption band at 1594 cm-1 is assignable
to the ν(C=O) vibration of the carbonyl group which is merged
with the ν(C=C) vibrational absorption band of alkene group.
The absorption bands at 1512, 1509 and 1425 cm-1 are
attributed to the ν(C=C) vibration of the aromatic ring. The
absorption band at 1374 cm-1 is due to the ν(C-N) vibration of
tertiary amine and δs(C-H) vibration of methyl group. The absor-
ption bands at 1271 and 1028 cm-1 are due to the νas(C-O-C)
and νs(C-O-C) vibrations, respectively of the methoxy group.
The absorption band at 963 cm-1 is due to δ(C-H) vibration of
alkene. The absorption band at 725 cm-1 is due to the ρ(C-H)
vibration of the methyl group17.

The 1H NMR spectrum of compound 3 in CDCl3 con-
tains signals for eleven different kinds of proton environments.
The signal at 3.09 ppm (6H, s) is assignable to the methyl
protons (Ar-N-(CH3

a)2) attached to the nitrogen atom of dim-
ethyl amino benzaldehyde. The resonance at 3.95 ppm (6H,
s) is attributed to the methoxy protons (Ar-OCH3

b) of the
curcumin. The signal for the hydroxyl protons (-OHc) is not
observed in the spectrum since these labile protons will un-
dergo very fast exchange with the deuterated solvent. The sig-
nals at 6.45 (2H, d), 6.49 (2H, d), 6.69 (2H, s), 6.92 (2H, d)
and 7.05 (2H, d) are due to the aromatic d-hCH methine pro-
tons. The signal at 7.11 ppm (2H, d) is due to the iCH aliphatic
methine protons adjacent to the carbonyl group. The resonance
at 7.76 ppm (2H, d) is attributed to the jCH aliphatic methine
proton of curcumin which is adjacent to the aromatic ring. The
singlet at 8.73 ppm (1H, s) is assignable to the kCH aliphatic
methine proton which is in between methylene group of curcumin
and aromatic ring of benzaldehyde11.

DPPH and ABTS radical inhibition activity studies

DPPH radical inhibition activity studies: DPPH scaven-
ging activity of curcumin derivatives were investigated by
comparing curcumin as the reference sample. Figs. 1-3 show
the comparison of scavenging activities of curcumin derivatives
(1, 2 and 3) with curcumin. The results reveals the fact that
the modification of curcumin structure on the active methylene
group increases the scavenging activity but the modification
on two carbonyl groups decrease the percentage of inhibition.
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Fig. 1. Plot of % of inhibition vs. concentration of 4-(4-hydroxyben-
zylidene)-1,7-bis-(4-hydroxy-3-methoxyphenyl)hepta-1,6-diene-
3,5-dione (1) (curve B) and curcumin (curve A) by DPPH scavenging
activity study
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Fig. 2. Plot of % of inhibition vs. concentration of 3,5-bis-(4-hydroxy-
phenyl)-imido-1,7-bis-(4-hydroxy-3-methoxyphenyl) hepta-1,6-
diene (2) (curve B) and curcumin (curve A) by DPPH scavenging
activity study
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Fig. 3. Plot of % of inhibition vs. concentration of 4-(4-(dimethylami-
no)benzylidene)-1,7-bis-(4-hydroxy-3-methoxyphenyl)hepta-1,6-
diene-3,5-dione (3) (curve B) and curcumin (curve A) by DPPH
scavenging activity study
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The percentage of inhibition of compound 1 is higher than
curcumin around 200 mM concentrations, while the curcumin
have better inhibition with other concentrations. The inhibition
rate was higher for the compound 3 than curcumin in all concen-
trations. At 150 µM concentration the inhibition was 70 % for
compound 3 whereas curcumin shows 70 % inhibition at 250
µM only. The only structural difference between the com-
pounds 1 and 3 is as follows; the compound 1 has electron
donating hydroxyl group while 3 has N,N'-dimethyl electron
donating group. Hence, the results suggest that by introducing
more electron donating groups will lead to better percentage
of inhibition. While for the compound 2, the percentage of
inhibition is only around 45 % at higher concentration. Although
the compound has two phenolic -OH groups which is expected
to increase the antioxidant behaviour of curcumin, but the
decrease in activity suggests the importance of two keto groups
in curcumin moiety for antioxidant behaviour. Hence the
modification on active methylene group with electron donating
groups will produce better percentage of inhibition which in
turn increases the antioxidant property of the compound than
modifying keto groups in curcumin.

The IC50 value of curcumin is achieved at less than 50 µM
concentration. For the compounds 1 and 3 also the IC50 value
found to be less than 50 µM concentration. But, for compound
2 the IC50 value was not achieved even at higher concentration
(250 µM). This further supports the dramatic negative effect
of antioxidant activity on modifying the two keto groups in
curcumin derivatives.

ABTS radical inhibition activity studies: ABTS scaven-
ging activity of curcumin derivatives (1, 2 and 3) were analyzed
by comparing curcumin as the reference sample. Figs. 4-6
show the comparison of scavenging activity of curcumin deri-
vatives (1, 2 and 3) with curcumin. The inhibition activities of
the synthesized derivatives are similar to the results obtained
from DPPH radical inhibition studies. The compound 2 has
lower scavenging activity compared to that of the compounds
1 and 3. These results also reveal the fact that the modification
on the active methylene group of curcumin increases the
scavenging activity but the modification on two carbonyl
groups decreases the percentage of inhibition. The concen-
tration required to the reach IC50 value in ABTS study was
very much lower than the concentration needed for DPPH
scavenging activity. For curcumin derivatives 3 and 1, the IC50

value reaches at a very low concentration of around 0-5 µM.
But for the compound 2 the IC50 value reaches only at 25 µM
solution. The percentage of inhibition of the compound 3 is
higher than the curcumin in all the concentrations, while the
compound 1 has lower inhibition property than that of curcumin
standard. Finally, the scavenging properties of the curcumin
derivatives (1, 2 and 3) from both DPPH and ABTS studies
suggest that the effect of structural modifications in curcumin
on antioxidant abilities. The order of the radical scavenging
activity of curcumin and the curcumin derivatives (1, 2 and 3)
is given above.

Conclusion

Three curcumin derivatives with different substituents
were synthesized and characterized by 1H NMR and FT-IR
spectroscopic techniques. The antioxidant behaviours of the
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Fig. 4. Plot of % of inhibition vs. concentration of 4-(4-hydroxybenz-
ylidene)-1,7-bis-(4-hydroxy-3-methoxyphenyl)hepta-1,6-diene-3,5-
dione (1) (curve B) and curcumin (curve A) by ABTS scavenging
activity study
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Fig. 5. Plot of % of inhibition vs. concentration of 3,5-bis-(4-hydroxy-
phenyl)-imido-1,7-bis-(4-hydroxy-3-methoxyphenyl) hepta-1,6-
diene (2) (curve B) and curcumin (curve A) by ABTS scavenging
activity study
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Fig. 6. Plot of % of inhibition vs. concentration of 4-(4-(dimethylamino)
benzylidene)-1,7-bis(4-hydroxy-3-methoxyphenyl)hepta-1,6-diene-
3,5-dione (3) (curve B) and curcumin (curve A) by ABTS scavenging
activity study

synthesized derivatives were compared with curcumin which
is taken as standard by DPPH and ABTS scavenging activity
studies. Interestingly it is observed that the scavenging activity
of the curcumin is increased when the substitution is carried
out in active methylene site. But the conversion of keto group
in to imine moiety decreases the scavenging activity. The
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results suggest that the two carbonyl moieties in the curcumin
derivatives have significant effect in the radical scavenging
properties. The results were further supported by the IC50 value.
Compared to the compounds 1 and 3 with strong donating
strength shows higher scavenging activity. This shows that the
strength of electron donating group also has impact in
antioxidant activity of curcumin. All these results will provide
basic insights in future designing of curcumin derivatives for
better antioxidant properties.
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